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Study objectives: To study circulatory endotoxin (ET) in
patients with sepsis syndrome (SS) in order to answer
three questions: (a) How often and at which concentra-
tion is ET present in the plasma of patients with SS and
is the presence of ET a prognostic marker in this situa-
tion? (b) Is detection of ET helpful in predicting Gram-
negative bacterial infections with or without bactere-
mia? (c) What are the kinetics of clearance of ET
concentrations in plasma?
Design: Prospective study of consecutive patients ful-
filling Bone's criteria for SS.
Setting: Medical ICU in a teaching hospital.
Patients: The study included 93 patients. The simplified
acute physiologic score was 19 ± 6, 49 percent were in
shock, and 54 percent were mechanically ventilated.
The mortality at day 28 was 53 percent.
Measurements: Endotoxin determinations and blood
cultures were performed simultaneously at the onset
(day 1) of SS. Samples were collected on several days
from 48 patients. Endotoxin concentration was deter-
mined using an end point chromogenic Limulus assay.
For the first ET determination, the mean circulatory
level (mean ± SEM) was calculated among patients
with detectable ET, thus excluding patients with a null
value for ET.
Results: On day 1, ET was detected in 44 patients (47
percent; 60.2 ± 16.5 pg/ml) and was statistically more
frequent in patients with shock, elevated plasma lactate,
and organ failure. There was no statistical difference for
age, gender, ratio of PaO2 to fraction of inspired oxygen.

Sepsis associated with organ dysfunction or shock,
or both, is still a leading cause of death and is on

the rise.1'2 Gram-negative bacteria (GNB) account
for approximately 50 percent of documented infec-
tions.'3'4 There are several lines of evidence for the
participation of endotoxin (ET) originating from
GNB in the inflammatory response observed in
patients with severe GNB-related sepsis.5'6 Treat-
ments aimed at neutralizing or antagonizing ET have
been tried for more than 20 years. Although initial
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Among patients with proven Gram-negative bacterial
infection (n = 46), ET was detected in 67 percent as
compared with 28 percent without Gram-negative bac-
terial infection (p = 0.0001). On day 1, among 19 patients
who had positive blood cultures with Gram-negative
bacteria (GNB), 15 had detectable ET (79 percent,
61 ± 22 pg/ml). In 14 other patients whose blood cultures
were positive for GNB but became negative on day 1, 9
had detectable ET (64 percent; 36 ± 6.5 pg/ml). Endo-
toxin declined linearly between days 1 and 4.
Conclusion: In our study, the plasma ET concentration
predicts neither Gram-negative infection, with or with-
out bacteremia, nor the outcome. However, when ET is
present in the plasma of patients with SS it remains de-
tectable for a long period of time as compared to its
rapid disappearance from plasma of animals or healthy
human volunteers receiving ET intravenously. This slow
clearance of ET suggests either a continuous release or
a defect in its clearance. (Chest 1994; 106:1194-1201)

ET=endotoxin; FDA=Food and Drug Administration;
GNB=Gram-negative bacteria; LAL=Limulus amebocyte
lysate; LPS=lipopolysaccharide; OSF=organ system fail-
ure; PRP=platelet-rich plasma; SAPS=simplified acute
physiologic score; SS=sepsis syndrome

Key words: endotoxin; Gram-negative bacteremia; sepsis
syndrome

results with polyclonal7,8 or monoclonal9"10 anti-ET
antibodies were promising, confirmatory data are
lacking. To date, no anti-ET monoclonal antibodies
have been approved by the Food and Drug Admin-
istration (FDA).11"12
The lack of efficacy of the anti-ET drugs could be

related in part to the absence of circulatory ET in
patients with sepsis syndrome (SS).13 Surprisingly,
few studies have assessed ET level in the plasma of
patients with SS, and the results often are contradic-
tory. The observed discrepancies could be explained
in several ways: the assays used to measure ET were
different, the patients had different types of infec-
tions or different levels of severity, the number of ET
determinations per patient or the timing of blood
cultures differed. Danner et al'4 found ET to be
present in 11 of 19 patients with positive GNB blood
cultures, but endotoxin also was present in the plasma
of 32 patients with septic shock without GNB bacte-
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remia. The sensitivity of the assay for predicting
GNB bacteremia was therefore only 58 percent and
the specificity, 78 percent.14 Van Deventer et al'5
used ET as an indicator of the risk of developing SS
among high-risk patients. The sensitivity of ET
determinations was 79 percent and the specificity, 96
percent. Wortel et al'6 measured plasma ET in a
subgroup of 82 patients of the HA-IA (a monoclonal
antilipid A antibody) trial and found a sensitivity of
56 percent and a specificity of 82 percent.16 These
studies neither indicated whether the previous blood
cultures were positive nor when the first ET assay was
performed in relationship to the onset of SS.
We conducted a study to measure circulating ET

coupled with blood cultures in patients with a SS as
defined by Bone et all in order to answer the follow-
ing questions: Is ET a prognostic marker of SS and
how often and at which concentration is it present in
the plasma of patients with SS? Is knowledge of ET
concentrations helpful in predicting GNB infection
with or without bacteremia? What are the kinetics of
ET concentrations in plasma?

MATERIALS AND METHODS
Patient Eligibility
Over an 18-month period (September 1992 through March

1993), 93 patients admitted to the ICU of Saint Antoine Hospital
fulfilled the criteria for SS as defined by Bone et all and were
consecutively included in the study. Among these patients, 48 had
serial daily samplings over a 10-month period. Shock was defined
as a systolic blood pressure below 90 mm Hg for more than 1 h,
which was unresponsive to plasma expanders and requiring ino-
tropic or vasoactive agents (dopamine or norepinephrine), or
both. Disseminated intravascular coagulation was defined as
either a drop in the platelet count of 25 percent or more plus a
greater than 20 percent increase in prothrombin or a greater than
20 percent partial thromboplastin time plus D-dimer more than
0.5 ng-L.-l The initial blood samples were obtained as soon as
possible after admission and the delay between the beginning of
SS (defined by the first organ dysfunction) and the first sampling
was noted. The severity was assessed by the simplified acute
physiologic score (SAPS)'7 and organ system failure (OSF).18
Survival was defined as being alive at 28 days after meeting cri-
teria for SS. Immunosuppression was defined as the presence of
one of the following: AIDS, solid tumor treated with chemother-
apy, any hematologic cancer, or steroid treatment (>0.5 mg/kg
of body weight per day). Among the 93 patients who consented
to participate, 17 were included in a prospective double-blind,
placebo-controlled randomized, multicenter trial of a monoclonal
antibody to tumor necrosis factor-alpha. Two patients with pur-
pura fulminans had received HA-lA.

Collection of Data and Blood Sampling
Samples for determination of circulating total ET and for blood

cultures were collected simultaneously from each patient. The
first sampling was performed after a mean of 16 ± 3 h after the
first organ dysfunction.
Endotoxin Assay: Blood (4 ml) was collected through a

peripheral vein into nominally sterile ET-free plastic tubes con-
taining sodium heparin, 120 IU (Endotube - Chromogenix). No
ET was detected in empty tubes filled with pyrogen-free water.
After sampling, the tubes were immediately immersed in ice.

Centrifugation was performed within 1 h after sampling (190 g
for 10 min at 4°C) and platelet-rich plasma (PRP) was separated
and stored at -200C (Falcon tubes) until the assay was performed.
The determination of the ET concentration was based on an end
point Limulus assay as described by Van Deventer et al.15 All
samples were processed in a laminar flow hood. Inhibiting and
enhancing plasma components were eliminated by dilution (ten-
fold in pyrogen-free water) and heating (15 min at 75°C) before
the assay was performed. Diluted heated PRP (50 ml) was incu-
bated in a microtiter plate with the Limulus amebocyte lysate
(LAL) (50 ml) for 40 min at 370C, and chromogenic substrate S
2423 was added followed by 5 min of continued incubation. The
optical density values at 405 nm were read after addition of 50
percent acetic acid (50 ml). All assays were performed in dupli-
cate and blanks were obtained by addition of acetic acid prior to
addition of the substrate. The ET concentrations were read on a
standard curve in PRP. Standard curves were drawn with ET
prepared from Escherichia coli 0111: B4 diluted in ET-negative
PRP from healthy donors. The lower detection limit is 5 pg/ml
(0.06 ET unit/ml) and the assay time is 2.5 h. A standard dose of
20 pg/ml of ET (spike) was added to each sample. This procedure
enabled us to test the effectiveness of the heating-dilution step.
The recovery of spiked ET in PRP from patients is calculated as
follows: ([ET] in spiked samples - [ET] in nonspiked samples) X
100/20 and should be between 75 and 125 percent. This meth-
odology has been described and used by Joop et al'9 and is rec-
ommended by the FDA guidelines on validation of the LAL test.20
The within- and between-assay variation coefficients of the assay
at 100 pg/ml PRP were 6 and 5 percent, respectively. At 10 pg/ml
PRP, values of 10 and 15 percent were obtained.

Blood Cultures: Ten milliliters of blood was distributed into
aerobic and anaerobic bottles (BCB Combi set, Roche). Accord-
ing to the results of blood cultures obtained at the time of the first
ET determination, GNB infections were classified into three
groups: (1) no previous or actual positive blood culture, (2) pos-
itive blood cultures 24 to 48 h before ET determination, but no
positive blood culture at the time of admission, and (3) blood
culture positive at the time of admission.

Statistical Analysis
For continuous variables, means + SEM were calculated, and

absolute and relative frequencies were measured for discrete
variables. Differences between groups were examined for statis-
tical significance by a Mann Whitney U Test in the case of con-
tinuous variables and by Fisher's exact test in the case of discrete
variables.

For the first ET determination, the mean circulatory level was
calculated among patients with detectable ET, thus excluding
patients with a null value for ET. For the sequential analysis of
ET, the means were calculated including all patients with
detectable ET at least once. Most of these patients with initial
positive circulatory ET tested negative on a secondary test, so
these null ET values were integrated into the calculations of
means of ET at days 2, 3, and 4.

RESULTS

General Characteristics of the Patients With
Sepsis Syndrome

Patients: The severity of the condition of the 93
patients studied was assessed by a SAPS of 19 ± 6
(Table 1). The condition of the patients at the time
of the first sampling was as follows: shock, 49 percent;
mechanical ventilation, 54 percent; anuria requiring
hemodialysis, 6 percent. The population was mainly
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Table 1-Characteristics of the Global Population With Sepsis Syndrome*

All
Patients Survivors Nonsurvivors Probability

Characteristics (n=93) (n=44) (n=49) Value

Age, yr 52.7+2 53.6±3 51.9+2.6 >0.1
Males/Females 55/38 27/17 28/21 >0.1
Body temperature

Hyperthermia, >38.3°C 77 (83) 40 (91) 37 (76) 0.05
Hypothermia, <35.6°C 16 (17) 4 (9) 12 (24)

Presence of shock 46 (49) 16 (35) 30 (65) 0.02
Arterial lactates levels, mmol/L 5.4 ±0.5 4.3 ±0.6 6.3 ±0.8 0.06
Arterial pH 7.37±0.01 7.41±0.01 7.34±0.02 0.003
Disseminated intravascular coagulation 50 (54) 22 (44) 29 (56) >0.1
PaO2/FIo2 ratiof 287 ±14 320 ±18 258 ±20 0.03
SAPS 19 ±0.7 16.5 ±0.8 21.3 ± 1 0.0003
OSF 1.7±0.13 1.07±0.14 2.27±0.18 0.0001
GNB infection 46 (49) 24 (55) 22 (45) >0.1
Site of infection 0.003

Lung 25 (27) 8 (18) 17 (35)
Kidney 16 (17) 13 (30) 3 (6)
Peritoneum 13 (14) 8 (18) 5 (10)
Cerebrospinal fluid 5 (5) 4 (9) 1 (2)
Miscellaneous 34 (37) 11 (25) 23 (47)

*Quantitative values are expressed as the mean ± SEM and comparisons were performed with a Mann-Whitney U test. Qualitative values are ex-
pressed as numbers and a percentage within each group and statistical comparisons were performed with Fisher's exact test.
fFlo2=fraction of inspired oxygen.

patients in the medical ICU with immunosuppression
in 49 percent. Chemotherapy-induced leukopenia
(<500 leukocytes/mm3) was observed in 9 patients.
Mortality was 53 percent.
Documentation of Infection: Sepsis syndrome was

related to a GNB infection in 49.4 percent, to another
documented infection (mainly Gram-positive cocci)
in 33.3 percent, and to noninfectious etiology (even
after autopsy) in 17.2 percent of the patients. The
primary sites of infection were the lung (27 percent),
the kidney (17 percent), the peritoneum (14 percent),
the meninx (5 percent), and miscellaneous areas (37

Table 2-Results of Initial Plasma Endotoxin
Determination According to the Etiology

of the Sepsis Syndrome

ET <5
ET >5 pg/ml, pg/ml, Probability

Etiology of SS No. (Mean ± SEM) No. Value

Global population, 44 (60.2 ± 16.5) 49
n=93

Documented 37 (52.5 ± 13.5) 40 NS*
infection, n=77

No infection, 7 (101 ± 79) 9
n=16

GNB infection, 31 (59.8±15.7) 15 0.0001
n=46

No GNB infection, 13 (61.2±43) 34
n=47

GNB bacteremia, 24 (51.7 ± 14) 9 0.0003
n=33

Gram-positive cocci 2 (13 ± 3) 17
bacteremia, n=19

*NS, not significant.

percent [central venous line, endocarditis, medias-
tinitis, gynecologic or pharyngeal infection]).

Results of Initial Endotoxin Determination

Endotoxin was detectable in the plasma of 44 pa-
tients (47 percent). Among these patients, the mean
value of circulatory ET was 60.2 ± 16.5 pg/ml
(range, 6 to 574 pg/ml). It is interesting to note that
patients without a documented source of infection
had detectable ET at a frequency similar to the rest
of the population with quantitative values even
higher, although the difference was not statistically
significant (Table 2). The patients with GNB infec-
tions were more frequently endotoxemic than pa-

Table 3-Characteristics of the Patients With or
Without Detectable Circulatory Endotoxin

ET >5 pg/ml, ET <5 pg/ml,
No. No. Probability

Characteristics (Mean ± SEM) (Mean + SEM) Value

Population, n=93 44 49
Age, yr 50.4+ 2.7 54.8 +2.8 >0.1
Shock +, n=46 29 (70.7 ±22.8) 17 0.002
Shock-, n=47 15 (40 ±20) 32
Lactates levels, 6.8 ±0.85 3.9±0.5 0.02
mmol/L

PaO2/FIo2 ratio, 285 ±16 290± 25 >0.1
mm Hg*

SAPS 20.8±1.1 17.5±0.8 0.1
OSF 2.1+0.2 1.3+0.1 <0.001
Survivors, n=44 17 (55 ±22) 27 0.1
Nonsurvivors, 27 (63.5±23) 22
n=49

*FIo2=fraction of inspired oxygen.
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Table 4-Characteristics of Patients With a
Documented Grantmnegative Bacterial Infection With

or Without Detectable Circulatory Endotoxin

ET >5 pg/ml, ET <5 pg/ml,
No. No. Probability

Characteristics (Mean ± SEM) (Mean ± SEM) Value

Population, 31 15
n=46

Age, yr 49.8±3.2 65±3.8 0.007
Shock +, n=26 20 (65.6±19.5) 6 0.1
Shock -, n=20 11 (49.3±27.7) 9
Lactates levels, 6.2±0.9 2.9±0.8 <0.05
mmol/L

PaO2/FIo2, 285 ± 29 307 ± 28 >0.1
mm Hg*

SAPS 19±1.2 16.7 +1.4 >0.1
OSF 1.9±0.2 1.2±0.3 <0.05
Survivors, 15 (61.4±24.8) 9 >0.1
n=24

Nonsurvivors, 16 (58.3 ± 20.6) 6
n=22

*FIo2=fraction of inspired oxygen.

tients without GNB infection, but once ET was
present, the quantitative values were similar in the
two groups (Table 2). According to the primary site
of infection, ET was detected in 40, 50, 54, and 80
percent, respectively, for lung, kidney, peritoneum,
and cerebrospinal infections.

Endotoxin was detected significantly more often in
patients with shock, multiple organ dysfunctions, or
elevated plasma lactate levels. Age, gender, SAPS, or
outcome were not significantly different among pa-
tients with or without detectable plasma ET (Table
3).
The results for patients with proven GNB infection

are indicated in Table 4. The endotoxemic patients
were younger and had a tendency to be more severely
ill than the nonendotoxemic patients. Twenty-six
patients had shock with ET detectable in 77 percent
(66 ± 6 pg/ml), and the frequency of detectable
endotoxemia was similar whether they had bactere-
mia (n = 17; ET, 74 percent) or not (n = 9; ET, 67
percent). The patients with GNB bacteremia were
studied in terms of the delay between the blood cul-
ture and the first ET determination. Among the 19
patients with positive GNB blood cultures simulta-
neous to the first ET determination, ET was detected
in 15 (79 percent, 61 ± 22 pg/ml). The four patients
without endotoxemia hadE coli (n = 2), Haemophilus
influenzae (n = 1), and Bacteroides fragilis (n = 1)
bacteremia. Fourteen other patients had positive
blood cultures less than 48 h before the first sampling
for ET, while the blood cultures performed simulta-
neous to the ET determination were negative (they
had received antibiotics in the meanwhile). In this
subgroup, ET was detected in 9 patients (64 percent;
36 ± 6.5 pg/ml), while 5 patients with E coli bacte-

remia had no detectable ET. The prevalence of de-
tectable ET or its concentration was not statistically
different between the patients with previous or
simultaneous positive GNB blood cultures. Thirteen
patients had a documented GNB infection without
any positive blood culture. In this group, ET was
detected in 7 patients (54 percent; 87.6 ± 52.6).
Among the six patients without endotoxemia, three
had peritonitis and three, pyelonephritis. At last,
there was no difference in the detection or concen-
trations of ET between GNB-infected patients with
(24 of 33; 51.7 + 15 pg/ml) or without bacteremia
(7 of 13; 87.6 + 52.6 pg/ml).

Serial Determinations of Endotoxin
Measurements of ET were performed on several

days in 48 patients until resolution of the SS or death.
Endotoxin was recovered at least once in 31 patients.
In only 2 cases was ET not detected in the first sam-
ple on day 1 but on day 3 for a patient with shock and
a severe Staphylococcus aureus infection and on day
4 for a second patient with pyelonephrosis due to
Klebsiella pneumoniae. For both cases, the ET val-
ues were just above the detection limit of 5 pg/ml.
The percentage of patients with detectable circulat-
ing ET declined with time with 94 percent on day 1,
78 percent on day 2, 40 percent on day 3, and 27
percent on day 4 (p <0.01 by one-way analysis of
variance). As indicated in Figure 1, the mean values
of ET decreased progressively with time. Seventeen
patients with GNB bacteremia had serial determi-
nations of ET. All patients had an adequate antibiotic
regimen, and blood cultures were negative on day 2
for all patients. Endotoxin increased from day 1 to
day 2 in 5 patients, while ET constantly declined in
the 12 other patients. There was no statistical differ-
ence in mortality among these two groups of patients.

pg/mi 80-

60 -

40 -

20 -

n I k A0<f0

Day 1 Day2 Day3 Day4

FIGURE 1. Serial determinations of ET level in the plasma. The
results are expressed as mean ± SEM for all patients.
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DISCUSSION
Contribution of Endotoxin Determinations to the
Selection of High-Risk Patients

Sepsis and septic shock remain a leading cause of
death, and there are several lines of experimental
evidence to suggest that ET is implicated. The nat-
ural history of ET in human septic disease is not well
documented, although extensive antilipopolysaccha-
ride (LPS) treatment trials have been performed. In
this study, we investigate whether a rapid endotoxin
assay would be useful in identifying a population
with a high risk of death and who could benefit from
anti-LPS or anticytokine therapy. We found that
quantitative or qualitative values for ET did not dis-
criminate between patients with or without docu-
mented infection. Moreover, we were unable to find
any differences among patients with GNB infection
whether they had bacteremia or not and this further
questions the subgroup analysis performed in the
recently published anti-LPS treatment trails.9"11 The
lack of differences in the level of ET among survivors
and nonsurvivors also has been found by Casey et al2l
and the relationship between plasma ET levels and
severity of the condition has been questioned.22
However, Danner et al14 found a higher mortality
among endotoxemic patients, and in the case of sys-
temic meningococcal disease, there was also a corre-
lation between endotoxemia and the mortality rate23
as well as between ET level as assessed by LAL assay
and by gas chromatography.24 These differences
could be partly explained by a variation in the degree
of ET toxicity depending on the strains. For example,
Danner et al14 showed that Psuedomonas aerugi-
nosa-infected dogs were sicker than dogs infected
with E coli despite an ET concentration tenfold
lower. 25
We found that simple clinical and biological

criteria such as the presence of shock, acidosis,

hypoxemia, hypothermia, and the site of infection
were good predictors of mortality. Calandra et a126
found similar results in a multicriteria analysis, and
in this study tumor necrosis factor was not a good
factor for predicting mortality. Casey et al2' were
required to express LPS and cytokines values as a
score in order to find a correlation between this score
and mortality. Even with this score, the prediction
was weak for the patients with sepsis of intermediate
severity.

In summary, we believe that initial circulatory ET
assessed by the LAL chromogenic method should not
be used as a criteria for inclusion in anticytokine tri-
als or even in anti-LPS trials.

Prediction of Gram-Negative Bacteremia With
Endotoxin

It is difficult to predict GNB infection from simple
clinical factors.27 The accuracy of prediction by
physicians of GNB bacteremia is no more than 40
percent either in the United States9 or in France.28 So
ET determinations could be useful for that purpose.
This has been tried since 197029 with overall poor
results. In 1979, Elin30 analyzed the results of 17 re-
ported studies and concluded that the clinical rele-
vance of the LAL assay for predicting GNB bacter-
emia could not be established. The breakthrough
came with the development of an increased sensi-
tivity of the LAL assay by using chromogenic
substrates and with the improvement of methods for
eliminating plasma activators and inhibitors.31 How-
ever, even with these new assays, the recently pub-
lished results of ET are mixed (Table 5). These dis-
crepancies could be explained by several factors: the
assays for ET are not standardized (gelification or
chromogenic methods, different techniques for elim-
ination of plasma activators and inhibitors, different
LPS and vehicles used for standard curves). The se-

Table 5-Prediction of Gram-negative Bacteremia With the Limulus Amebocyte
Lysate Assay in Patients With Sepsis in Various Studies

Assays Detection
Inclusion for Limit, Sensitivity, Specificity,

Study Year Criteria ET pg/ml Patients % %

Thomas et a132 1984 Risk of GNB bacteremia Chromogenic 10 51 67 97
Pearson et a133 1985 Septic patient ? Gelification, chromogenic ? 45 90 94
Van Deventer et al'5 1988 Risk of GNB bacteremia Chromogenic 5 473 79 96

84* 60*
Shenep et a134 1988 Risk of GNB bacteremia Gelification 25 36 90 81
Brandtzaeg et a123 1989 Meningococcal infection Chromogenic 25 42 69 100
Danner et all4t 1991 Septic shock Chromogenic 10 100 58 78
Wortel et al16 1992 SS Chromogenic 3 82 56 82
Present study 1993 SS Chromogenic 5 93 79 61

731 671
*After combination of data gathered from patients with an initial SS and patients with SS during the follow-up.
tEndotoxin measurements were made every 4 h during the first 24 h and simultaneous blood cultures were not always performed.
tResults obtained for patients with previous or simultaneous GNB bacteremia.
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verity of the patients' conditions varies from one
study to another, with several even including patients
without sepsis syndrome.15 The reference to simul-
taneous blood cultures is sometimes lacking.14 The
strains responsible for sepsis may have different
releasing ET characteristics (ie, in the study of
Brandtzaeg et a123 Neisseria meningitidis-related
infection was only explored). Previous GNB bacter-
emia could interfere with the calculated sensitivity
and specificity of ET determinations and should be
indicated (ie, this information is lacking in the study
by Wortel et al16).

In our patients, the sensitivity and specificity of ET
for GNB bacteremia at the time of admission were
79 percent and 61 percent, respectively (Table 5).
When all patients with GNB bacteremia were pooled
(n = 33), the sensitivity was 73 percent and specific-
ity, 67 percent.
What are the hypotheses to explain the lack of ET

plasma detection while GNB are present in the blood
(false-negative results)?

1. Presence of plasma inhibitors of the LAL.
This has been ruled out, since exogenously added ET
(spiked sample) was recovered, indicating that the
dilution-heating procedure was accurate.

2. Endotoxin with no activity on the LAL. This
biologically inactive ET already has been described.35
This outlines that the LAL assay tests the capacity of
plasma to activate the LAL cascade, but that it is not
a true and direct measurement of ET.
What are the hypotheses to explain ET plasma

detection in spite of the absence of documented GNB
infection (false-positive results)?

1. Endotoxin translocating from the digestive
tract. Intestinal endotoxemia without bacteremia has
been described in several experimental animal mod-
els.36 Acute bowel ischemia is a common phenome-
non in patients with septic shock and could explain
the low level of ET in patients without GNB infec-
tion. Interestingly, among the 47 patients without
GNB infection, ET was detected in 45 percent when
there was shock as compared to 15 percent in patients
without shock (p <0.05). Furthermore, liver failure
or cirrhosis may impair the ET hepatic clearance.37-38
The contribution of the liver cannot be assessed in our
study because of the small size of the population.

2. Yeast cell wall component activation of the
LAL. A specific assay has been developed in order to
render the assay completely ET-specific.39 We did
not use this assay, but as in the study of Wortel et al,'6
two patients in our study with pure fungal sepsis had
no positive LAL results.

3. Low number of circulating bacteria. It is now
recognized that ET is normally produced during the
normal growth of GNB so we can speculate that at the
beginning of a GNB infection, a small burden of GNB

can produce ET while the standard microbiological
methods are not sensitive enough to detect the bac-
teria. Howver, in the few studies with quantitative
blood cultures, there was no clear correlation be-
tween the level of ET and bacterial density.23

Determination of Clearance of ET
Among patients with detectable ET and with serial

sampling (31 of 48), ET was positive in the first
sample in 29 of 31 of the cases. This result suggests
that the repetition of ET measurements more than 24
h after the first sampling does not strongly increase
the detection of endotoxemia, but the repetition of
the samples, every 4 h during the first 24 h, enabled
Danner et al14 to detect ET after the first sample in
more than 50 percent of the patients. In the study of
Wortel et al,'6 only 17 percent of the initially
nonendotoxemic placebo recipients became endot-
oxemic within 24 h. Our high rate of detection of ET
in the first sample could be explained by the short
delay between the beginning of the SS and the first
sampling for ET.
The mechanism of ET cleatance is still not com-

pletely understood but involves natural anti-ET an-
tibodies, binding to high-density liproproteins and
macrophages. Endotoxin administered by bolus in-
fusion in animals is cleared in less than 3 h, while in
slow infusion it is more slowly.38 In a recent report,
a laboratory worker self administered intravenously
1 mg of Salmonella minnesota ET, a dose that is
about 4,000 times higher than the dose used for
studying ET effects in healthy volunteers. He devel-
oped shock and multisystem organ failure. The cir-
culatory cytokines (tumor necrosis factor alpha, IL-1,
IL-6, and IL-8) were very high 3.6 and 6.8 h after the
injection, but ET in serum was only slightly elevated
6.8 h after injection and below the detection limit
after 11.5 h.40 In animal models, lethal experimental
E coli infection may be associated with transient en-
dotoxemia4' or persistent endotoxemia even though
E coli is no longer detected in blood.42 In human
sepsis, ET usually is present for a longer period.
Among the initially endotoxemic patients, ET is still
detectable in 25 percent'4 to 62 percent16 after 24 h.
In our patients with GNB infections, 64 percent were
endotoxemic after day 1, while at that time none
were still bacteremic. Brandtzaeg et a123 found that
ET was always negative within the first 40 h and
never found an increase of ET. McCartney et a143
found that all 9 patients with secondary negative ET
survived, while all of the 18 patients with persistent
ET ultimately died. In a few patients with GNB
sepsis, Shenep et a134 documented a secondary in-
crease of free ET induced by antibiotics. This
potential ET-releasing effect of antibiotics has been
reviewed recently41 and its relevance to human pa-
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thology seems questionable. Among the 17 GNB
bacteremic patients of our study with serial ET de-
terminations, we were unable to find any relationship
between evolution of ET level and outcome. How-
ever, the design of our study does not allow us to draw
firm conclusions about the effect of antibiotics on ET
release.

CONCLUSION
In our study, plasma ET concentrations predict

neither Gram-negative infection with or without
bacteremia, nor the outcome. However, when ET is
present in the plasma of patients with SS, it remains
detectable for a long period of time as compared with
its rapid plasma disappearance in animals or healthy
human volunteers receiving ET intravenously. This
slow clearance of ET suggests either a continuous
release or a defect in its clearance.
ACKNOWLEDGMENT: We thank Dr. Christine Brahimi-Horn
for reviewing the English language content of this manuscript.

REFERENCES
1 Bone RC, Fisher CJ Jr, Clemmer TP, Slotman GJ, Metz CA,

Balk RA, et al. Sepsis syndrome: a valid clinical entity. Crit Care
Med 1989; 17:389-93

2 Centers for Disease Control. Increase in national hospital
discharge survey rates for septicemia-United States, 1979-1987.
MMWR 1987; 39:31-4

3 Kreger BE, Craven DE, Carling PC, McCabe WR. Gram-neg-
ative bacteremia: III. Reassessment of etiology, epidemiology,
and ecology in 612 patients. Am J Med 1980; 268:332-43

4 Young LS, Martin WJ, Meyer RD, Weinstein RJ, Anderson ET.
Gram-negative rod bacteremia: microbiologic, immunologic,
and therapeutic considerations. Ann Intern Med 1977; 86:456-71

5 Brade H, Brade L, Rietschel E. Structure-activity relationships
of bacterial lipopolysaccharides (endotoxins). Zbl Bakt Hyg
1988; A268:151-79

6 Bone RC. The pathogenesis of sepsis. Ann Intern Med 1991;
115:457-69

7 Ziegler EJ, McCutchan JA, Fierer J, Glauser MP, Sadoff JC,
Douglas H, et al. Treatment of Gram-negative bacteremia and
shock with human anti-serum to a mutant Escherichia coli. N
Engl J Med 1982; 307:1225-30

8 Baumgartner JD, Glauser MP, McCutchan JA, Ziegler EJ, Mell
GV, Klauber MR, et al. Prevention of Gram-negative shock and
death in surgical patients by antibody to endotoxin core
glycolipid. Lancet 1985; 1:59-63

9 Ziegler EJ, Fisher CJ, Sprung CL, Staube RC, Sadoff JC, Foulke
GE, et al. Treatment of Gram-negative bacteremia and septic
shock with HA-IA human monoclonal antibody against endo-
toxin: a randomized, double-blind, placebo-controlled trial. N
Engl J Med 1991; 324:429-36

10 Greeman RL, Schein RMH, Martin MA, Wenzel RP, MacIn-
tyre NR, Emmanuel G, et al. A controlled clinical trial of E 5
murine monoclonal IgM antibody to endotoxin in the treatment
of Gram-negative sepsis. JAMA 1991; 266:1097-1102

11 Wenzel R, Bone R, Fein A, Quenzer R, Schentag J, Gorelick KJ,
et al. Results of a second doubled-blind, randomized, controlled
trial of antiendotoxin antibody E5 in Gram-negative sepsis. In:
Program and abstracts of the 31st interscience conference on
antimicrobial agents and chemotherapy (American Society for
Microbiology) Sept 29-Oct 2, 1991, Chicago, Ill, [abstract 1170],
1991; 294

12 Fink MP. Adoptive immunotherapy of Gram-negative sepsis:
use of monoclonal antibodies to lipopolysaccharide. Crit Care
Med 1993; 21:S32-S39

13 Warren HS, Danner RL, Munford RS. Anti-endotoxin mono-
clonal antibodies. N Engl J Med 1992; 326:1153-56

14 Danner RL, Elin RJ, Hosseini JM, Wesley RA, Reilly JM, Parillo
JE. Endotoxemia in human septic shock. Chest 1991; 99:169-75

15 Van Deventer SJH, Buller HR, Ten Cate JW, Sturk A, Pauw W.
Endotoxemia: an early predictor of septicaemia in febrile pa-
tients. Lancet 1988; 1:605-09

16 Wortel CH, Von der Mohlen MAM, Van Deventer SJH, Sprung
CL, Jastremski M, Lubbers MJ, et al. Effectiveness of a human
monoclonal anti-endotoxin antibody (HA-1A) in Gram-nega-
tive sepsis: relationship to endotoxin and cytokine levels. J In-
fect Dis 1992; 166:1367-74

17 Legall JR, Loirat P, Alperovitch A, Glaser P, Granthil C,
Mathieu D, et al. A simplified acute physiologic score for ICU
patients. Crit Care Med 1984; 12:975-77

18 Knaus WA, Draper EA, Wagner DP, Zimmerman JE. Prognosis
in acute organ-system failure. Ann Surg 1985; 11:685-93

19 Jook K, Koen IY, Oudemans van Straaten HM, Sturk A. Endo-
toxin testing in plasma of cardiovascular patients: a recovery
study. Bacterial Endotoxin: Recognition and Effect on Mech-
anisrs. Proceedings of the second conference of the Interna-
tional Endotoxin Society, Vienna, Austria, Aug 17-20, 1992,
abstract 263

20 FDA guideline on validation of the Limulus amoebocyte lysate
test as an end product endotoxin test for human and animal
parenteral drugs, biological products and medical devices. Di-
vision of Manufacturing and Product Quality (HFN-32), Office
of Compliance, Center for Drug Evaluation and Research.
Rockville, Md: Food and Drug Administration, 1987

21 Casey LC, Balk RA, Bone RC. Plasma cytokine and endotoxin
levels correlate with survival in patients with the sepsis syn-
drome. Ann Intern Med 1993; 119:771-78

22 Hurley JC. Reappraisal of the role of endotoxin in the sepsis
syndrome. Lancet 1993; 341:1133-35

23 Brandtzaeg P, Kierulf P, Gaustad P, Skulberg A, Bruun JN,
Halvorsen S, et al. Plasma endotoxins as a predictor of multi-
ple organ failure and death in systemic meningococcal disease.
J Infect Dis 1989; 159:195-204

24 Brandtzaeg P, Bryn K, Kierulf P, Ovstebo R, Namork E, Aase
B, et al. Meningococcal endotoxin in lethal septic shock plasma
studied by gas chromatography, mass-spectrometry, ultracen-
trifugation, and electron microscopy. J Clin Invest 1992;
89:816-23

25 Danner RL, Natanson C, Elin RJ, Hosseini JM, Banks S,
MacVittie TJ, et al. Pseudomonas aeruginosa compared with
Escherichia coli produces less endotoxemia but more cardio-
vascular dysfunction and mortality in a canine model of septic
shock. Chest 1990; 98:1480-87

26 Calandra T, BaumgartnerJD, Grau GE, Wu MM, Lambert PH,
Schellekens, J, et al. Prognostic values of tumor necrosis
factor/cachectin, interleukin-1, interferon-a, and interferon-y
in the serum of patients with septic shock. J Infect Dis 1990;
161:982-87

27 Peduzzi P, Shatney C, Sheagren J, Sprung C. Predictors of
bacteremia and Gram-negative bacteremia in patients with
sepsis. Arch Intern Med 1992; 152:529-35

28 Comite national D'evaluation du Centoxin. Bilan d'un an
d'utilisation du Centoxin® en france. Bull Epidemiol Hebdo-
mad 1993; 9:37-9

29 Levin J, Poore TE, Zauber NP. Detection of endotoxin in the
blood of patients with sepsis due to gram-negative bacteria. N
Engl J Med 1970; 283:1313-16

30 Elin RJ. Clinical utility of the Limulus test with blood, CSF and
synovial fluid. In: Cohen E, ed. Biochemical application of the

Endotoxemia and Bacteremia in ICU Patients with Sepsis (Guidet et al)1 200

Downloaded From: http://pbuxkpw.chestpubs.org/ on 12/12/2013



horsehose crab (limulidae). New York: Alan R Liss, 1979;
279-92

31 Roth RI, Levin FC, Levin J. Optimization of detection of bac-
terial endotoxin in plasma with the Limulus test. J Lab Clin Med
1990; 116:153-61

32 Thomas LL, Sturk A, Biiller HR, Ten Cate JW, Spijker RE, Ten
Cate H. Comparative investigation of a quantitative chromoge-
nic endotoxin assay and blood cultures. Am J Clin Pathol 1984;
82:203-06

33 Pearson FC, Dubezak J, Weary M, Bruszer G, Donohue G.
Detection of endotoxin in the plasma of patients with Gram-
negative bacterial sepsis by the Limulus amebocyte lysate as-
say. J Clin Microbiol 1985; 21:865-68

34 Shenep JL, Flynn PM, Barrett FF, Stidham GL, Westenkirch-
ner DF. Serial quantitation of endotoxemia and bacteremia
during therapy for Gram-negative bacterial sepsis. J Infect Dis
1988; 157:565-68

35 Chaby R, Pedron T, Girard R. Nontoxic forms of lipopolysac-
charides, poorly cleared in vivo, are present in variable amounts
in phenol-extracted endotoxins. J Infect Dis 1993; 167:131-40

36 Van deventer SJH, Ten Cate JW, Tytgat GNJ. Intestinal
endotoxemia: clinical significance. Gastroenterology 1988; 94:
825-31

37 Kokuba Y, Nakao A, Takagi H. Changes in the blood endotoxin
concentration after digestive surgery. Jpn J Surg 1993; 23:
100-04

38 Bottoms GD, Gimarc S, Pfeifer C. Plasma concentrations of
endotoxin following jugular or portal injections of endotoxin
and following gastrointestinal ischemia due to hemorrhage.
Circ Shock 1991; 33:1-6

39 Obayashi T, Tamura T, Tanaka S. A new chromogenic endot-
oxin-specific assay using recombined Limulus coagulation en-
zymes and its clinical application. Clin Chim Acta 1985;
149:55-65

40 Taveira da Silva AM, Kaulbach HC, Chuidian FS, Lambert DR,
Suffredini AF, Danner RL. Shock and multiple organ dysfunc-
tion after self-administration of Salmonella endotoxin. N Engl
J Med 1993; 328:1457-60

41 Creasey AA, Stevens P, Kenney J, Allison AC, Warren K, Catlett
R, et al. Endotoxin and cytokine profile in plasma of baboons
challenged with lethal and sublethal Escherichia coli. Circ
Shock 1991; 33:84-91

42 Wessels BC, Wells MT, Gaffin SL, Brock-Utne JG, Gathiram P,
Hinshaw LB. Plasma endotoxin concentration in healthy
primates and during E coli-induced shock. Crit Care Med 1988;
16:601-05

43 McCartney AC, Banks JG, Clements GB, Sleigh JD, Tehrani M,
Ledingham IM. Endotoxemia in septic shock: clinical and post
mortem correlations. Intensive Care Med 1983; 9:117-22

44 Hurley JC. Antibiotic-induced release of endotoxin: a reap-
praisal. Clin Infect Dis 1992; 15:840-54

CHEST! 106 / 4 / OCTOBER, 1994 1201

Downloaded From: http://pbuxkpw.chestpubs.org/ on 12/12/2013




