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Abstract. Animal experiments were carried out to investigate whether a pro-
tective effect can be achieved in endotoxemia by intravenous (i.v.) application
of a polyclonal immunoglobulin preparation (IVIG-IgG/A/M) enriched with
12% IgM and 12% IgA. Following administration of IVIG-IgG/A/M
(500 mg/kg), endotoxemia was induced by intraperitoneal inoculation of a sub-
lethal dose (5×108 CFU/kg) of Escherichia coli (E. coli) and subsequent i.v.
administration of an antimicrobial agent (Imipenem). Plasma endotoxin activ-
ity, IL-6 activity, mean arterial pressure, and skeletal muscle oxygen pressure
(tpO2) were measured at regular intervals over a total observation period of
7 h. Prophylactic administration of IVIG-IgG/A/M was found to significantly
attenuate (P<0.01) the antibiotic-induced increase in endotoxin activity as
compared to the albumin control group. Limited endotoxemia in the IgG/A/M
group was associated with reduced levels of circulating IL-6 (P<0.01). Both
lipopolysaccharide-induced hypotension and depression of tissue oxygenation
were attenuated (P<0.01) by pre-treatment with IVIG-IgG/A/M. The experi-
mental results suggest that in endotoxemia the polyclonal immunoglobulin
preparation has a prophylactic protective effect on the acute phase responses
and reduces the cardiodepressant effects of E. coli septicaemia.
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Introduction

The therapeutic value of passive immunization with polyclonal immunoglob-
ulin preparations in serious gram-negative infections is still a matter of con-
troversy. This contributes to the lack of convincing, quantitative data on the
degree and scope of the protective capacity of immunoglobulin preparations
in sepsis syndrome. In spite of the development of more and more potent anti-
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microbial agents, the mortality rate in patients with serious gram-negative in-
fections is still 20–30% [2, 37]. The development of septic shock increases
the fatality rate to 43–80% [46, 47].

It is well accepted that many of the pathophysiological sequelae observed
during serious gram-negative bacterial infections are related to the effects of
endotoxin (lipopolysaccharide [LPS]) [13], an integral component of the outer
membrane of gram-negative bacteria, upon the mammalian host. LPS provokes
the release of a series of so-called secondary mediators that appear to be re-
sponsible for the deleterious effects. Depending on their mode of action, anti-
biotics induce more or less endotoxin release in gram-negative infections 
[18, 33]. The concentration of endotoxins in the plasma as well as the dura-
tion of endotoxemia both correlate closely with development of septic organ
failure [9, 15]. For this reason, the therapeutic concept for septic patients should
cover not only removal of the focus, antimicrobial therapy and reduction of
the effects of mediators, but should also employ means to reduce endotoxic-
ity [12, 34, 38]. 

In addition to cross-reactive monoclonal antibodies that bind to common
antigens on LPS [35, 48], polyclonal antibody preparations have also been
used in therapy of sepsis as hyperimmune serum [16, 47] and as immunoglob-
ulin preparations [19, 27, 41].

Positive initial clinical results [24, 25, 29, 48] indicating that prognosis of
septic organ failure might be improved significantly by the administration of
monoclonal antibodies directed against the deep core region of LPS were not
supported by subsequent studies [5, 30]. Failure of the monoclonal antibodies
HA-1A and E5 aroused the suspicion that these reagents may not effectively
bind endotoxin or neutralize its harmful effects. Previously published experi-
mental studies on the protective capacity of polyclonal antibody preparations
show contradictory results [22, 40, 42]. Therefore, the aim of our experimen-
tal studies was to clarify the therapeutic value of IgM-enriched immunoglob-
ulin preparations in endotoxemia with special regard to endotoxin- and IL-6
levels and bacterial count in blood.

In this study a commercially available polyclonal immunoglobulin prepar-
ation (IVIG-IgG/A/M) enriched with 12% IgM was used, which had already
led to positive results in clinical trials [27, 36, 41]. An established rat intra-
abdominal infection model was chosen to evaluate the protective capacity in
endotoxemia of this immunoglobulin preparation under standardized condi-
tions.

Materials and methods

Immunoglobulin

A polyclonal immunoglobulin preparation with 12% IgM was used (Pentaglobin 76% IgG,
12% IgM and 12% IgA, lot no.: 146044, BIOTEST-Pharma AG, Dreieich, Germany).

Albumin

A 5% human albumin solution, lot no.: 188011 (Behring AG, Marburg, Germany) was used.
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Bacteria

An E. coli strain (ONT:H16) isolated from septic patient blood cultures was used in the ex-
periments.

Animal model

The experiments were performed on male Wistar rats (body weights between 300 g and
350 g). Anesthesia was initiated with 90 mg ketamine/kg of b.w. i.p. (Ketanest , Parke-Da-
vis) and continued with 25 mg ketamine/kg b.w. (i.m. every 30 min). A quantity of 0.6 ml
of blood (35 IU heparin/ml) was taken from the jugular vein at the beginning of the experi-
ment and 1, 3, 5, and 7 h later. The bacterial count was determined in the blood. Endotox-
in and IL-6 activity were determined in the plasma. The animals were randomized in two
groups. Immediately after the first blood sample, a 12% IgM-enriched immunoglobulin
preparation (Pentaglobin, 500 mg/kg b.w.) was administered intravenously (i.v.) to one
group of the animals (IgG/A/M group, n=13). A placebo group (n=13) received albumin
(500 mg/kg b.w.).

Following i.v. administration of the protein solutions in both groups, a suspension of
E. coli, 5×108 CFU/kg b.w., was administered intraperitoneally (i.p.). A further group of
seven animals (control group) received no bacteria (0.9% NaCl instead), but instead re-
ceived albumin as in the placebo group. One hour after i.p. bacterial challenge, all three
groups were treated with 14 mg/kg b.w. imipenem (=28 mg/kg imipenem/cilastine = Zie-
nam, MSD Munich, Germany) through the jugular vein. 

Mean arterial pressure (MAP), measured in the cannulated left common carotid artery,
was monitored continuously throughout the 7-h experiment.

Registration of skeletal muscle oxygen pressure

Mean skeletal muscle oxygen pressure (tpO2) was continuously recorded throughout the 
7-h experiment using a Licox 2-channel metering device (GMS, Kiel, Germany). For this
purpose a modified Clark-type microcatheter electrode integrating local tpO2 distribution
over a range of 7 mm (GMK-pO2-COS 200, GMS, Kiel, Germany) was implanted in the
left triceps surae muscle. Recorded values were temperature-corrected by means of an Ni/-
NiCr thermoelement placed in the contralateral triceps surae muscle of the animal.

Bacterial count

To determine the blood bacterial count, 100 µl of blood from each animal was incubated on
blood agar plates for 24 h at 37°C.

Anti-LPS titer

LPS extraction of the E. coli strain used (ONT:H16) and determination of ELISA titers
against these LPS and against LPS from E. coli O111:H– were performed as described by
Autenrieth et al. [3].

Determination of plasma endotoxin activity

Plasma endotoxin activity was determined by means of a modified LAL test using a chro-
mogenic substrate [32]. After 1:40 dilution with 0.9 % NaCl and heating (80°C, 5 min)
100 µl of the solution was incubated with 50 µl Limulus lysate (Pyroquant 50, Associates
of Cape Cod) for 45 min at 37°C. Then 100 µl chromogenic substrate (S-2423, Chromo-
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genix, Mølndal, Sweden) was added and the mixture incubated for 4 min (37°C). Incuba-
tion was stopped by addition of 50 µl of glacial acetic acid. Optical density was measured
at 405 nm. The sensitivity was 0.02 EU/ml.

The calibration curve was established by spiking the pooled plasma of healthy rats with
E. coli endotoxin (EC-5).

Dose-dependency of inhibition of LAL-activity by IgG/A/M

To quantify a possible dose-dependency of the effect of IgG/A/M on endotoxin activity, the
immunoglobulin preparation was administered to the animals in various concentrations
(62.5 mg/kg, 250 mg/kg and 500 mg/kg b.w.). For these additional experiments a study de-
sign was used as described above. The observation period was limited to 5 h. 

The percentage of endotoxin inactivated by different doses of IgG/A/M was compared
to the percentage of endotoxin inactivation in the albumin placebo group 5 h after bacteri-
al challenge.

Determination of IL-6 activity in plasma

IL-6 activity was determined by using an IL-6-dependent B9.9–3A4 cell proliferation as-
say [45]. The assay is performed in 96-well flat-bottom microtiter plates, whereby 2×103

cells were used in each well for a test volume of 200 µl. A quantity of 100 µl of culture me-
dium (RPMI 1640, 10 % FCS, 5×10–5M 2-mercaptoethanol) was added to the sample vol-
ume of 33 µl and diluted 1:4 in seven steps. A standard preparation of IL-6 standard giv-
ing 330 U/ml was used as a positive control. Following incubation (50 h, 37°C, 5% CO2)
10 µl MTT solution (5 mg/ml in PBS, pH 7.4) was added to each well and the cells were
incubated for a further 3 h. The MTT reaction was stopped by adding 100 µl of isopropa-
nol. Optical density was then measured at 550 nm with a microplate reader (MR 700; Dy-
natech). IL-6 activity in the samples was determined by using a standard preparation of IL-
6 (330 U/ml) followed by comparison of the dilutions, revealing a proliferation of 50 % by
probit analysis [23]. The results are given in units of IL-6 activity per milliliter.

Statistics

All results are expressed as mean values ± SD. The significance of differences in values
was assessed by the Mann-Whitney U-test and the unpaired Student’s test (for influence of
IgG/A/M dose). P<0.05 was considered statistically significant.

Results

Anti-LPS titer

In the lot of IgG/A/M used in these experiments, the anti-LPS ELISA titers
against the LPS of the E. coli ONT:H16 were found to be in a similar range
(1:1600) when compared with the ELISA titers against LPS from E. coli
O111:H– used as a reference strain (1:800).

Blood bacterial count

Immediately following i.p. administration of 5×108 E. coli CFU/kg b.w. into
the peritoneal cavity, the bacterial count in the blood began to rise and reached,
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in the albumin group, approx. 1,800 CFU/ml after 1 h. At this point, the blood
bacterial count in the IgG/A/M group (1,600 CFU/ml) was somewhat lower
than in the albumin group, although the differences were not significant. In
both groups, administration of the antibiotic led to a reduced blood bacterial
count that was registered as early as 60 min later. Two hours after administra-
tion of the antibiotic, the blood bacterial counts were significantly lower
(P<0.05) in the animals of the IgG/A/M group (102±70 CFU/ml) than in those
of the albumin group (238±181 CFU/ml). Bacteria were detectable in the blood
of both groups until the end of the experiment (7 h after i.p. bacterial chal-
lenge), whereby the differences between the two groups were no longer sig-
nificant. No positive blood cultures were found in animals of the 0.9% NaCl
control group, which had received no E. coli.

Inhibition of LAL activity in plasma

A gradual slight increase in plasma endotoxin activity could be detected 1 h
after i.p. administration of the bacteria in both the albumin group and the
IgG/A/M treated group (Fig. 1), which continued to increase until the end of
the observation period.

Considerable differences were, however, found between plasma endo-
toxin activity in the two groups as early as 2 h after administration of the
antibiotic (i.e. 3 h after the beginning of the experiment), which are highly
significant (P<0.01). At this time, mean endotoxin activity in the IgG/A/M
group was 2.11±0.68 EU/ml and 12.14±7.07 EU/ml in the albumin group.
In the albumin group, plasma endotoxin activity rose continuously 
throughout the experiment, reaching 44.42±9.58 EU/ml 6 h after bacterial
challenge (Fig. 1). At this point, endotoxin activity in the albumin group was
approximately four times that found in the group treated with IgG/A/M
(11.15±3.11 EU/ml).

In the control group animals, which were treated with albumin and an anti-
biotic but no E. coli, plasma endotoxin activity increased minimally 1 h after
administration of the antibiotic (0.08±0.07 EU/ml) and reached levels of
0.11±0.07 EU/ml at the end of the observation period.

Dose dependency of IgG/A/M and LAL activity in plasma

To find out whether there was a correlation between plasma endotoxin 
inactivation and the IgG/A/M dose administered, the percentage of endo-
toxin inactivation was measured 5 h after i.v. IgG/A/M administration for
different doses of the immunoglobulin preparation (6.25 mg/kg, 250 mg/kg,
500 mg/kg).

A comparison of the endotoxin inactivation percentages revealed signifi-
cant differences between the various IgG/A/M doses (P<0.01). Increasing the
IgG/A/M dose led to a decrease in plasma endotoxin activity. Mean inactiva-
tion is 41% (41±4%, n=8) at an IgG/A/M dose of 62.5 mg/kg b.w., 79%
(79±6%, n=14) at 250 mg/kg b.w. and 87 % (87±3%, n=13) with an IgG/A/M
dose of 500 mg/kg b.w.
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Inhibition of LPS-induced IL-6 secretion

A significant increase in plasma IL-6 activity could be found after adminis-
tration of the antibiotic. The increase in IL-6 activity was much greater in the
albumin group than in the animals treated with IVIG-IgG/A/M (Fig. 2). Two
hours after administration of the antibiotic, plasma IL-6 activity in the
IgG/A/M group was significantly lower (P<0.01) than in the albumin group.
This difference between the therapy and albumin groups remained until the
end of the experiment (Fig. 2).
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Fig. 1. Antibiotic induced endotoxemia in intraabdominal E. coli infection. Effect of i.v.
immunoglobulin preparation (IgG/A/M) or i.v. albumin on plasma endotoxin activity in an-
imal model. (Mean ± SD, n=13). The control group animals (n=7) received no E. coli (0.9%
NaCl instead) but albumin, as in the placebo group (500 mg/kg). **P<0.01 versus albumin
group



Inhibition of endotoxin-induced hypotension

A continuous decrease in MAP was observed in the albumin-group animals
beginning 3 h after bacterial challenge, i.e. 2 h after i.v. administration of the
antibiotic (Fig. 3). The resulting difference in MAP as compared to the con-
trol group was highly significant (P<0.01) at the end of the observation pe-
riod. At this time the difference in MAP compared with values at the begin-
ning of the experiment was 55 mm Hg in the albumin group.

A much more stable MAP was registered in the animals of the IgG/A/M
group than in those of the albumin group. Four hours after antibiotic admin-
istration, MAP in the IgG/A/M group was significantly (P<0.05) higher than
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Fig. 2. Inhibition of lipopolysaccharide (LPS)-induced IL-6 secretion in antibiotic induced
endotoxemia in rats by pretreatment with i.v. IgG/A/M (n=13) as compared to the albumin-
group (n=13). (Mean ± SD). *P<0.05 versus albumin group; **P<0.01 versus albumin
group



MAP in the albumin group. In the further course of the experiment, the dif-
ferences in MAP between the two groups became even more pronounced and
were highly significant (P<0.01) at the end of the experiment. For the IgG/A/M
group, the mean difference from the initial value was only 21 mm Hg at this
point (Fig. 3).

As was to be expected, only a slight decrease in MAP was registered in the
control group animals. At the end of the experiment, the mean MAP decrease
in this group did not exceed 15 mm Hg below the initial value. 
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Fig. 3. Prevention of endotoxin-induced hypotension in rat model by i.v. administration of
IgG/A/M. Mean arterial pressure (MAP) of the albumin group (n=13), the IgG/A/M group
(n=13) and the 0.9% NaCl control group (n=7). (Mean ± SD). The control group animals
received no E. coli (0.9% NaCl instead) but albumin, as in the placebo group (500 mg/kg).
*P<0.05 versus IgG/A/M group; **P<0.01 versus IgG/A/M group



Inhibition of LPS-induced decrease of tpO2

tpO2 varied greatly among the animals in the three groups during the second
half of the observation period. Muscle oxygen pressure in the control group
(no bacterial challenge) had slightly increased approximately 3 h after the be-
ginning of the experiment. The same parameter in the albumin placebo group
had decreased 2 h after administration of the antibiotic. This decrease contin-
ued until the end of the observation period. The mean difference from the in-
itial value was 18 mm Hg (Fig. 4).

The course of the skeletal muscle oxygen pressure could be compared with
that of blood pressure in the IgG/A/M group. Muscle oxygen pressure in the
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Fig. 4. Skeletal muscle oxygen pressure in endotoxemic rats. Influence of i.v. administra-
tion of IgG/A/M or albumin (Mean ± SD, n=12). The control group animals (n=6) received
no E. coli (0.9% NaCl instead) but albumin, as in the placebo group (500 mg/kg). *P<0.05
versus IgG/A/M group; **P<0.01 versus IgG/A/M group



IgG/A/M group was much more stable than in the albumin placebo group. In
the IgG/A/M group, this parameter was significantly higher (P<0.05) 4 h af-
ter administration of the antibiotic, when compared with the albumin group.
At the end of the experiment, the tpO2 differences between the two groups
were highly significant (P<0.01).

Discussion

Since clinical studies [16, 41] have confirmed that therapy with polyclonal im-
munoglobulin preparations can be expected to have a beneficial effect in sep-
ticemia, these agents are accorded a certain significance within adjunctive con-
cepts for the treatment of septicemia [8]. The benefit of adjunctive therapy of
sepsis with polyclonal immunoglobulin preparations is still a matter of con-
troversy [5, 6, 46]. One of the reasons for this contradictory situation may be
that significant effects were not found after the administration of polyclonal
immunoglobulin preparations in some clinical trials [11, 28]. In spite of im-
proved scoring systems, clinical studies involving patients with sepsis syn-
drome in many cases still face the problem that the results are influenced to a
considerable degree by the differences in septic status of patients when en-
rolled. The point in the course of sepsis at which adjuvant treatment is started
has a significant influence on patient outcome [8].

Very few convincing experimental data have been published to prove the
reduction of endotoxemia by polyclonal immunoglobulin preparations. Most
experimental studies on the therapeutic relevance of immunoglobulin prepar-
ations address only partial aspects of the effects of immunoglobulin therapy,
such as opsonic activity [22] or antipyretic activity [26]. The observation that
no protective effect was achieved in endotoxin shock after i.v. administration
of a polyclonal IgG preparation [40] cast considerable doubt on the efficacy
of immunoglobulin therapy in endotoxemia.

Characteristics of an anti-endotoxin agent that would be desirable for ther-
apeutic application include specific and avid binding of LPS concomitant with
LPS neutralizing activity to prevent triggering of the lethal sepsis syndrome.
Since the binding of the anti-LPS antibody to a certain region of LPS in vi-
tro is not sufficient to predict the efficacy of these agents in vivo, an animal
model was chosen to quantify the LPS-neutralizing capacity of polyclonal
immunoglobulin preparations in which the endotoxemia originates from a
gram-negative focus. In the experimental setting, endotoxin was not admin-
istered as a bolus, but a more continuous release of endotoxin was induced
by administration of an antimicrobial agent. The object of these experiments
was the quantification of the influence of an IgG/A/M preparation on endo-
toxin activity and endotoxin-associated pathophysiological changes rather
than the influence on mortality rate. Therefore, a sublethal dose of bacteria
was administered. Since preliminary experiments did not show clinically rel-
evant effects in rats below a certain blood endotoxin activity level, the bac-
terial count selected for the injections was relatively high. Due to the result-
ing high endotoxin level, an increased dosage of polyclonal immunoglobulin
preparation – above the recommended human dose – was selected for the ex-
periment.

334



In the albumin group, a clear relation was seen between the plasma endo-
toxin activity levels measured in the LAL test and the secretion of IL-6 by
macrophages. The changes in the clinical parameters observed in the albumin
group such as the drop in mean arterial pressure and the decrease in tissue oxy-
gen pressure correlated closely with the increase in endotoxin activity meas-
ured in the plasma. The drop in blood pressure observed in animals with high
plasma endotoxin levels was due to a decrease in cardiac output seen in endo-
toxemia [1] and was caused by an increase in NO release, since endotoxin in-
duces increased formation of NO from L-arginine[21].

Changes in tissue oxygen pressure in skeletal muscle are a very sensitive
indicator of microcirculatory disorders leading to reduced oxygen supply. This
parameter facilitates early and sensitive registration of microcirculatory dis-
orders [7, 20]. The decreased tissue oxygen pressure concomitant with increas-
ing plasma endotoxin activity reflects changes in both cardiac output and lo-
cal shunting processes. 

As seen in the experiments, prophylactic administration of polyclonal IVIG-
IgG/A/M enriched with 12% IgM prevented a marked increase of endotoxin
activity in plasma following i.v. application of the antibiotic. As an indicator
of the protective capacity of IgG/A/M, the difference in plasma endotoxin ac-
tivity between the IgG/A/M and albumin control groups was highly signifi-
cant as early as 2 h after administration of the antibiotic. The reduction of
plasma endotoxin activity by IgG/A/M was dose-dependent. Following ad-
ministration of 500 mg/kg of IgG/A/M, the difference between the therapy and
albumin groups reached a maximum of approximately 87% in this animal
model.

Prophylactic i.v. administration of IgG/A/M not only prevented endotoxin-
induced hypotension, as seen in the MAP of the IgG/A/M group at the end of
the experiment, it also reduced endotoxin-induced microcirculatory disorders
measured in skeletal muscle as reflected in tissue oxygen pressure.

Many of the pathophysiological responses in sepsis syndrome are known
to be mediated by the network of cytokines [31]. 

In animal experiments as well as in clinical studies interleukin-6 seems to
be a good marker of severity during bacterial infection and correlates well with
outcome [4, 14, 39]. Because of its well-defined role in sepsis, IL-6 measure-
ment was included in the experimental protocol of the present study. 

As reflected by differences of IL-6 levels between the albumin and therapy
groups, the release of potentially deleterious endogenous secondary mediators
in response to E. coli LPS is markedly reduced by the polyclonal antibody
preparation used in these experiments.

The relation observed in our experiments between reduction of endotoxin
activity and IgG/A/M dose does not in itself provide a sufficient answer to the
question of how the protective effect is achieved. Since antibody titers against
the LPS from the E. coli strain used in the experiments were found to be rel-
atively high in the IgG-fraction as well as in the IgM-fraction of the IgG/A/M
lot used, it may be assumed that the protective effect of this IgG/A/M-prepar-
ation is achieved mainly by anti-LPS antibodies. Antibodies against LPS may
be directed against one or more of the three principal regions of the LPS mole-
cule: i.e. (1) the outermost O-antigen polysaccharide region unique to each
particular strain of gram-negative bacteria, (2) the core polysaccharide region
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similar in many strains of gram-negative bacteria that couples O-antigen poly-
saccharide to the (3) highly conserved lipid A region representing the portion
of the LPS molecule responsible for toxicity. It has been proposed that anti-
LPS antibodies may act by enhancing microbial killing, thereby preventing
bacterial proliferation and endotoxin release, by neutralizing the toxic effects
of LPS or by promoting LPS clearance from the systemic circulation.

The inhibitory activity of IgG/A/M in the LAL assay, on IL-6 release and
on the other biological activities of LPS could be explained by some form of
steric hindrance, disaggregation of supramolecular LPS structures, or by a
modification of the conformation of the LPS molecule after binding of the anti-
body. No matter what hypothesis is used to explain the blockage of lipid A
binding to the macrophage cell membrane by the antibodies of the IgG/A/M
preparation, our animal experiments demonstrate that i.v. IgG/A/M with high
antibody titer against causative human pathogenic organism is highly effec-
tive in neutralizing the pathophysiological effects of LPS.

The significantly lower bacterial counts in the IgG/A/M group found 2 h af-
ter administration of the antibiotic reflects the antibacterial activity of the poly-
clonal immunoglobulin preparation in addition to the endotoxin-binding effect.
The synergistic effect postulated for combined administration of polyclonal im-
munoglobulin preparations with an antibiotic [17] is confirmed by these results.

Some authors assume that the antibodies of the IgM fraction provide more
protective capacity than those of the IgG fraction [29, 43, 44]. Because of the
higher opsonic activity of IgM antibodies, one can expect that IgM anti-LPS
will enhance the complement-mediated internalization of LPS by macrophages
better than will IgG anti-LPS [22, 35]. Fc-mediated and opsonin-mediated anti-
body interactions may play an important role in the protective activity of anti-
LPS antibodies [10]. The lack of the IgM fraction might also explain the lim-
ited protection of i.v. IgG observed both in animal experiments [40] and in
clinical trials [8]. This leads to the conclusion that the neutralization capacity
of i.v. IgG possibly does not suffice to achieve rapid, i.e. therapeutically rel-
evant, inactivation of the endotoxin. Experimental studies should be performed
to elucidate further the possible influence of the immunoglobulin classes on
the endotoxin-neutralizing capabilities of antibody preparations.

Acknowledgements. We are indebted to Prof. H. Karch, Department of Microbiology, Univer-
sity of Wuerzburg, Germany, for isolation of the LPS from the E. coli strain and determina-
tion of the ELISA titers in the IgG/A/M lot. We would also like to thank Prof A. Ulmer, De-
partment of Immunology and Cell Biology, Forschungszentrum Borstel, Germany, for mak-
ing determination of the IL-6 activity possible. Thanks are also due to Prof. S Aleksic, Ger-
man Reference Center for Enterobacteriaceae, Hamburg, Germany, for typing the E. coli strain.
This study was approved by the Animal Research Committee at Kiel University. Care and
handling of the animals were in accordance with the National Institutes of Health guidelines. 

References

1. Abel FL (1989) Myocardial function in sepsis and endotoxin shock. Am J Physiol 257:
1265–1281

2. Apri M, Renneberg J, Andersen H-K, Nielsen B, Larsen SO (1995) Bacteremia at a
Danish University Hospital during a twenty-five-year period (1968–1992). Scand J In-
fect Dis 27:245–251

336



3. Autenrieth IB, Schwarzkopf A, Ewald JH, Karch H, Lissner R (1995) Bactericidal prop-
erties of Campylobacter jejuni-specific IgM antibodies in commercial immunoglobu-
lin preparations. Antimicrob Agents Chemother 39(9):1965–1969

4. Ayala A, Kisala JM, Felt JA, Perrin MM, Chaudry IH (1992) Does endotoxin tolerance
prevent the release of inflammatory monokines (interleukin-1, interleukin-6, or tumor
necrosis factor) during sepsis? Arch Surg 127:191–197

5. Baumgartner JD, Glauser MP (1993) Immunotherapy of endotoxemia septicemia. Im-
munobiology 187:464–477

6. Baumgartner JD, Glauser MP, McCutchan JA, Ziegler EJ, Melle G van, Klauber MR,
Vogt M, Muehlen E, Luethy R, Chiolero R, Geroulanos S (1985) Prevention of gram-
negative shock and death in surgical patients by antibody to endotoxin core glycolip-
id. Lancet 2:59–63

7. Beerthuizen RI, Goris JA, Kreuzer FJ (1989) Early detection of shock in critically ill
patients by skeletal muscle PO2 assessment. Arch Surg 124:853–855

8. Bone RC (1991) A critical evaluation of new agents for the treatment of sepsis. JAMA
266:1686–1690

9. Brandtzaeg IP, Kierulf P, Gaustad P, Skulberg A, Bruun JN, Halvorsen S, Sørensen E
(1988) Plasma endotoxin as a predictor of multiple organ failure and death in system-
ic meningococcal disease. J Infect Dis 159:195–204

10. Burd RS, Battafarano RJ, Cody CS, Farber MS, Ratz CA, Dunn DL (1993) Anti-endo-
toxin monoclonal antibodies inhibit secretion of tumor necrosis factor-alpha by two
distinct mechanisms. Ann Surg 218:250–261

11. Calandra T, Glauser MP, Schellekens J, Verhoef J, et al (1988) Treatment of gram-neg-
ative septic shock with human IgG antibody to Escherichia coli J5: a prospective, dou-
ble-blind, randomized trail. Infect Dis 158:312–319

12. Caplan ES (1993) Role of immunmodulator therapy in sepsis. Am J Surg 165 [Suppl
2A]:20–24

13. Cross AS, Opal SM (1995) Endotoxin’s role in Gram-negative bacterial infection. Curr
Opin Infect Dis 8:156–163

14. Damas P, Ledoux D, Nys M, Vrindts Y, DeGroote D, Franchimont P, Lamy M (1992)
Cytokine serum level during severe sepsis in human IL-6 as a marker of severity. Ann
Surg 215:356–362

15. Danner RL, Elin RJ, Hosseini JM, Wesley RA, Reilly JM, Parrillo JE (1991) Endotox-
emia in human septic shock. Chest 99:169–175

16. De Maria A (1988) Immunization with rough mutants Salmonella minnesota: initial
studies in human subjects. J Infect Dis 158:301–311

17. De Simone C, Delogu G, Corbetta G (1988) Intravenous immunoglobulins in associa-
tion with antibiotics: a therapeutical trial in septic intensive care unit patients. Crit Care
Med 16:23–26

18. Dofferhoff AS, Nijland JH, Vries-Hospers HG de, Mulder PO, Weits J, Bom VJ (1991)
Effects of different types of antimicrobial agents on endotoxin release from gram-neg-
ative bacteria: an in-vitro and in-vivo study. Scand J Infect Dis 23:745–754

19. Dominioni L, Dionigi R, Zanello M, Chiaranda M, Dionigi R, Acquarolo A, Ballabio
A, Sguotti C (1991) Effects of high-dose IgG on survival of surgical patients wth sep-
sis scores of 20 or greater. Arch Surg 126:236–240

20. Fiddian-Green RG (1991) Should measurements of tissue pH and PO2 be included in
the routine monitoring of intensive care unit patients? Crit Care Med 19:141–143

21. Flemming I, Julou-Schaeffer G, Gray GA, Parratt JR, Stoclet JC (1991) Evidence that
an L-arginine/nitric oxide dependent elevation of tissue cyclic GMP content is involved
in depression of vacular reactivity by endotoxin. Br J Pharmacol 103:1047–1052

22. Garbett ND, Munro CS, Cole PJ (1989) Opsonic activity of a new intravenous immuno-
globulin preparation: Pentaglobin compared with Sandoglobin. Clin Exp Immunol 76:8–12

23. Gillis S, Ferm FF, Ou W, Smith KA (1978) T cell growth factor: parameters of produc-
tion and a quantitative microassay for activity. J Immunol 120:2027–2032

24. Greenberg RN, Wilson KM, Kunz AY, Wedel NI, Gorelick KJ (1992) Observations us-
ing antiendotoxin antibody (E5) as adjuvant therapy in humans with suspected, seri-
ous, gram-negative sepsis. Crit Care Med 20:730–735

337



25. Greenman RL, Schein RM, Martin MA, Wenzel RP, MacIntyre NR, Emmanuel G,
Chmel H, Kohler RB, McCarthy M, Plouffe J, Russell JA, the Xoma Sepsis Study Group
(1991) A controlled clinical trial of E5 murine monoclonal IgM antibody to endotox-
in in the treatment of gram-negative sepsis. JAMA 266:1097–1125

26. Iwata M, Shimozato T, Tokiwa H, Tsubura E (1987) Antipyretic activity of a human
immunoglobulin preparation for intravenous use in an experimental model of fever in
rabbits. Infect Immun 55:547–554

27. Jackson SK, Parton J, Barnes A, Poynton CH, Fegan C (1993) Effect of IgM-enriched
intravenous immunoglobulin (Pentaglobin) on endotoxemia and anti-endotoxin anti-
bodies in bone marrow transplantation. Eur J Clin Invest 23:540–545

28. Jesdinsky HJ, Tempel G, Castrup HJ, Seifert J (1987) Cooperative group of addition-
al immunoglobulin therapy in severe bacterial infections: results of a multicenter ran-
domized controlled trial in cases of diffuse fibrinopurulent peritonitis. Klin Wochenschr
67:1132–1138

29. McCabe WR, DeMaria A J, Berberich H, Johns MA (1988) Immunisation with rough
mutants of Salmonella minnesota: protective activity of IgM and IgG antibody to the
R595(Re chemotype) mutant. J Infect Dis 158:291 –300

30. McCloskey RV, Straube RC, Sanders C, Smith SM, Smith CR the CHESS Trial Study
Group (1994) Treatment of septic shock with human nonoclonal antibody HA-1A. Ann
Intern Med 121:1–5

31. Mileski WJ (1991) Sepsis – what it is and how to recognize it. Surg Clin North Am 71:
749–764

32. Nitsche D, Kriewitz M, Rossberg A, Hamelmann H (1987) The quantitative determi-
nation of endotoxin in plasma samples of septic patients with the peritonitis using the
chromogenic substrate and its correlation with the clinical course of peritonitis. In: Wat-
son SW (ed) Detection of bacterial endotoxin with Limulus amoebocyte lysate test. AR
Liss, New York, pp 417–429

33. Nitsche D, Schulze C, Oesser S, Dalhoff A, Sack M (1996) Impact of different of class-
es of antimicrobial agents on plasma endotoxin activity. Arch Surg 131:192–199

34. Opal SM, Yu RL Jr (1998) Anitendotoxin strategies for the prevention and treatment
of septic shock. New approaches and future directions. Drugs 55(4):497–508

35. Pollack M, Huang AI, Prescott RK, Young LS, Hunter KW, Cruess DF, Tsai CM
(1983) Enhanced survival in Pseudomonas aeruginosa septicemia associated with
high levels of circulating antibody to Escherichia coli endotoxin core. J Clin Invest
72:1874–1881

36. Poynton CH, Jackson S, Fegan C, Barnes RA, Whittaker JA (1992) Use of IgM en-
riched intravenous immunoglobulin (Pentaglobin) in bone marrow transplantation.
Bone Marrow Transplant 9:451–457

37. Reuben AG, Musher DM, Hamil RJ, Broucke I (1989) Polymicrobial bacteremia: clin-
ical and microbiologic patterns. Rev Infect Dis 11:161–183

38. Rietschel ET, Schade U, Jensen M, Wollenweber HW, Lüderitz O, Greisman SG (1982)
Bacterial endotoxins: chemical structure, biological activity and the role in septicae-
mia. Scand J Infect Dis [Suppl] 31:8–21

39. Rintala E, Pulkki K, Mertsola J, Nevalainen T, Nikoskelainen J (1995) Endotoxin, inter-
leukin-6 and pospholipase-A2 as markers of sepsis in patients with hematological ma-
lignancies. Scand J Infect Dis 27:39–43

40. Saladino R, Baldwin G, Alpert G, Parsonnet J, Gillis Z, Thompson C, Siber G, Fle-
isher G (1992) Effect of a human immunoglobulin preparation for intravenous use in
a rabbit model of meningococcal endotoxin-induced shock. Crit Care Med 20:
816–822

41. Schedel I, Dreikhausen U, Nentwig B, Höckenschnieder M, Rauthmann D, Balikcio-
glu S, Coldewey R, Deicher H (1991) Treatment of gram-negative septic shock with
an immunoglobulin preparation: a prospective, randomized clinical trial. Crit Care Med
19:1104–1113

42. Shimozato T, Iwata M, Tamura N (1990) Suppression of tumor necrosis factor-alpha
production by human immunoglobulin preparation for intravenous use. Infect Immun
58:1384–1390

338



43. Teng NH, Kaplan HS, Hebert JM, Moore C, Douglas H, Wunderlich A, Braude AL
(1985) Protection against gram-negative bacteremia and endotoxemia with human
monoclonal IgM antibodies. Proc Natl Acad Sci USA 82:1790–1794

44. Trautmann M, Held TK, Susa M, Karajan MA, Wulf A, Cross AS, Marre R (1998) Bac-
terial lipopolysaccharide (LPS)-specific antibodies in commercial human immunoglob-
ulin preparations: superior antibody content of an IgM-enriched product. Clin Exp Im-
munol 111:81–90

45. Ulmer AJ, Heine H, Feist W, Kusumoto S, Kusama T, Brade H, Schade U, Rietschel
ET, Flad HD (1992) Biological activity of synthetic phosphonooxyethyl analogs of lip-
id A and lipid A partical structures. Infect Immun 60:3309–3314

46. Werdan K, Pilz G (1996) Supplemental immune globulins in sepsis: a critical apprai-
sal. Clin Exp Immunol 104 [Suppl.1]:83–90

47. Ziegler EJ, McCutchan JA, Fierer J, Glauser MP, Sadoff JC, Douglas H, Braude AL
(1982) Treatment of gram-negative bacteremia and shock with human antiserum to a
mutant Escherichia coli. N Engl J Med 307:1225–1230

48. Ziegler EJ, Fisher CJ, Sprung CL, Straube RC, Sadoff JC, Foulke GE, Wortel CH, Fink
MP, Dellinger RP, Teng NH, Allen IE, Berger HJ, Knatterud GL, LoBuglio AF, Smith
CR, et al (1991) Treatment of gram-negative bacteremia and septic shock with HA-1 A
human monoclonal antibody against endotoxin. A randomized, double-blind, placebo-
controlled trial. N Engl J Med 324:429–436

339




