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Abstract

In vitro and animal studies have demonstrated the
different endotoxin release after penicillin-bind-
ing protein (PBP)-2-specific antibiotics (e.g.,
imipenem) and PBP-3-specific antibiotics (e.g.,
cephalosporins). Clinical reports are still missing,
with the exception of a few reports on the antibi-
otic-induced endotoxin release in urosepsis and
meningitis. However, recent studies in animals and
humans have indicated a difference in the patho-
mechanism of systemic sepsis (e.g., urosepsis,
adult respiratory distress syndrome) and intra-
abdominal infection. The immune system in
patients with intra-abdominal sepsis may be
harmed by minor amounts of endotoxin. In surgi-
cal intensive care and intra-abdominal infections,
beta-lactam antibiotics are widely used, and the
possibility of antibiotic-induced endotoxin release
may be of clinical interest. We have investigated
the after
the administration of ceftriaxone, cefotaxime,
ciprofloxacin, and imipenem. After imipenem
administration, we did not observe any limulus
amocbocyte lysate (LAL) activity; cefotaxime and
ceftriaxone, however, were associated with endo-
toxin release. There was also a difference in
interleukin (IL)-6 levels visible. Clinical acute
physiology parameters showed no difference.

antibiotic-induced endotoxin release

In general, the pathogenesis of intra-abdominal
infection is complex. Therefore it may be difficult
to correlate clinical outcome with endotoxin
release. It should be mentioned that we have new
methods of testing and monitoring available that

should be used in further studies to evaluate the
cffect of antibiotics on endotoxin release.

Introduction

Sepsis and intra-abdominal infections continue to
be a challenge in hospitals despite intensive care
treatment and potent antibiotics. Sepsis has a
large impact on the socioeconomic system in
Europe and the United States. Every year 500,000
patients will suffer from sepsis in the United
States, and similar numbers are expected for
Europe. Of these, 175,000 patients will die from
sepsis.! Overall, sepsis mortality is 35 percent;
however, in surgical patients, the mortality may
be even higher, ranging from 40 to 70 percent.’
The mortality rate in surgical patients has not
changed within the past decades, despite the
introduction of powerful antibiotics (e.g., beta-
lactam antibiotics).” For surgeons, the surgical
therapy is still the mainstay for peritonitis treat-
ment. Antibiotics play a role of adjuvant therapy.
It is true that, without focus elimination, the mor-
tality rate in surgical patients is even higher (80
to 100 percent). Kirschner was the first surgcon
in 19206 to demonstrate that surgical therapy with
focus elimination, debridement, and intraperi-
toneal lavage can lower mortality to 70 to 80 per-
cent without any antibiotic  given.' Nowadays,
we know that the immune system in surgical
patients is in a critical balance,” and outcome may
be mainly determined by the patient’s own
immune response.” We have demonstrated that in
patients with clective aortic aneurysm repair, the
immune system is challenged by minor amounts



of endotoxin released after cross-clamping of the
aorta.” This has led to the conclusion that in
patients with severe peritonitis and an immune
system challenged repeatedly by infection and
operiation, only minor amounts of endotoxin may
be relevant to tip the balance to deterioration.
This may be caused by antibiotic-induced endo-
toxin release.

A report by Jackson and Kropp in 1992 has
revealed that there may be different endotoxin
release after different antibiotics. In penicillin-
binding protein (PBP)-2-specific antibiotics, less
endotoxin was detected in vitro than after PBP-
3-specific antibiotics (e.g., cephalosporins).” This
was supported by other investigators who found
similar results in vitro.”* Also, several studies
performed in different animal models support
the notion that PBP-2-specific antibiotics release
less endotoxin, =+

With regard to surgical patients, several questions
nced to addressed:

1. 1s endotoxin of clinical importance?

2. Is there a difference between intra-abdomi-
nal infection (surgery) and systemic sepsis
(c.g., adult respiratory distress syndrome
[ARDS]), and what does this mean for studies
and treatment of patients?

3. Is the pathogen relevant to antibiotic-
induced endotoxin clinical
circumstances?

release  in

4. Can we observe clinical changes in patients
with regard to different endotoxin release,
and what would be the clinical parameters
to study?

5. How can we improve our study sctup to be
able to see the differences?

6. What is the conclusion for clinical therapy?

Clinical Relevance of Endotoxin

In several animal studies, it was demonstrated
that endotoxin is one of the most important trig-
ger substances for the inflaimmatory response
in sepsis.®* It activates macrophages and
polymorphonuclear cells to release pro-inflam-
matory  cytokines.**** These inflammatory
cvtokines are responsible for some clinical symp-
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toms (c.g.. fever, hypotension)™ in septic patients.
It was concluded that blocking either endotoxin
or tumor necrosis factor (I'NF) may be beneficial
for the clinical follow-up and outcome.™
However, most of the clinical studies failed to
improve survival.""  Endotoxin, which is
released from the cell wall of disintegrating gram-
negative pathogens, may not be present, because
there are not always gram-negative pathogens
present. The incidence of gram-negative bac-
teremia in patients with sepsis syndrome in the
intensive care unit (ICU) who are receiving
antibiotics may be so low that endotoxin may not
be relevant.™ In surgical patients with intra-
abdominal infections, pathogens are invading the
peritoneal cavity and have been associated with
the severity of discase. However. in a recent study
by Schoffel et al,”” microorganisms and antibiotic
treatment in intri-abdominal infections were not
considered to be major determinants of the clini-
cal course of peritonitis. The failure to increasc
survival with anti-endotoxin antibodies is often
used as an argument against the clinical signifi-
cance of endotoxin. Patients treated with ES, a
monoclonal antibody against endotoxin  struc-
tures, did not show a difference in 30-day mortal-
ity or a difference in mortality with gram-negative
sepsis and organ failure." However, in this study,
there was evidence that E5 positively influenced
the resolution of organ failure or prevented ARDS
and central nervous system (CNS) dysfunction.
So, organ dysfunction or organ failure may be
associated with endotoxin release. Several studies
were performed to investigate a correlation of
endotoxin with clinical parameters or outcome.
Berger reported a correlation of endotoxemia
with pulmonary and infectious complications in
surgical patients." He further evaluated endotox-
in levels in patients with urinary tract infection
and could demonstrate that endotoxin determi-
nation in urine may be a sensitive method for the
detection of bacterial contamination.” This is
supported by Schoffel's study, in which the pres-
ence of intra-abdominal pathogens was associat-
ed with high local and systemic levels of endo-
toxin. Cytokines are released after intravenous
(IV) endotoxin administration in healthy volun-
teers.” In patients with hematological malignan-
cies who received cytotoxic medication, inter-
levkin-6 (1L-0), phospholipase A2 (PLA 2), and C
reactive protein (CRP) were valuable tools for the
detection of sepsis. "



For the critical evaluation of endotoxin in clinical
sepsis, the technique and method of endotoxin
determination is a crucial step. Most of the com-
mercially available tests function very well in
plasma free solutions and give reproducible
results in these circumstances. However, in the
meantime, we know that there are several com-
pounds in the blood (e.g., plasma proteins, lipids,
bacterial permeability-inducing [BPI] factor) that
may interfere with the limulus amoebocyte lysate
(LAL) reaction. We also do not know if endotox-
in is active below the detection limit of our
assays. So, negative endotoxin results do not rule
out endotoxin in the blood.” To optimize the
endotoxin determination, we are using a Kinetic
LAL assay with internal standard that can take the
interference of plasma proteins with the LAL into
account.”The use of unheated plasma (with plas-
ma proteins) allows us to measure how much
added endotoxin in known concentrations can
be neutralized by the blood’s own neutralizing
compounds (e.g., plasma proteins, lipids) (endo-
toxin neutralizing capacity).”” Other methods are
indirect methods to verify endotoxin in the plas-
ma. One deals with endotoxin core antibodies;"™
others use TNF-alpha as a method to describe
effects of endotoxin.™ This is based on the
assumption that endotoxin is responsible for
TNF-alpha release. IL-6 has been evaluated in clin-
ical sepsis and peritonitis.”™* Outcome and com-
plications have been correlated with IL-6 levels.
In principle, no test method is perfect or can
measure the mediators or endotoxin without any
interference. Clinically, several methods should
be used to evaluate antibiotic-induced endotoxin
release. They should be reproducible, fast, and
casy to handle. A system to measure IL-6 within
70 minutes is available now and has been tested
by us.*

Differences in Intra-Abdominal Sepsis
and Systemic Sepsis

The pathogenesis of sepsis is complex. Several
cell and immune compartments become activat-

cd and may influence one another. The idea of

having many septic patients in a study may be
appealing with regard to time and costs.
However, recent clinical trials in which the inclu-
sion criteria did not discriminate between differ-
ent expressions of sepsis were hampered by the
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fact that intra-abdominal sepsis and systemic sep-
sis may not follow the same rules.® Several stud-
ics helped us to understand this difference. The
concept that TNF-alpha is detrimental and block-
ing TNF-alpha is good was first challenged by
Echtenacher, who nicely demonstrated in a cecal
ligation puncture (CLP) model that the adminis-
tration of anti-I'NF-alpha antibodies increased
mortality, while the addition of TNF-alpha
reversed the trend.® In another animal study, sys-
temic sepsis and intra-abdominal sepsis were
comparcd. Systemic pretreatment with anti-TNF-
alpha Ab decreased mortality following 1V chal-
lenge with Escherichia coli, but was ineffective
in intra-abdominal sepsis.”” The notion that intra-
abdominal sepsis is different from systemic sepsis
is further supported by a study in which TNE IL-1
beta, and I1-6 were increased less than they were
after systemic lipopolysacccaride (LPS) injection.
Treatment  resulted in  different  outcomes,
depending on the type of infection. Pretreatment
with dexamethasone, ibuprofen, and L-arginine
led to a reduced survival; antibiotics and pentox-
ifylline improved survival in mice in which CLP
was performed. LPS mortality was reduced with
chlorpromazine and dexamethasone.™ There is
evidence that endotoxin or LPS leads to a variable
challenge of the immune system, according to the
type of sepsis. Our own clinical investigations
demonstrated that in peritonitis, TNE IL-1, and [IL-
6 were higher in peritoneal exudate than in plas-
ma. While plasma TNE IL-6, elastase, and neopterin
remained clevated in non-survivors, peritoneal
TNF and elastase decreased in survivors.” The
pathomechanism in clinical peritonitis is not fully
understood and deserves further attention. This
also may explain why several studies have failed
to demonstrate an effectiveness of compounds
against sepsis.

Relevance of Pathogens in
Peritonitis/Intra-Abdominal Infection
and Their Relationship to Antibiotic-
Induced Endotoxin Release

athogens get access to the peritoneal cavity
mostly after perforation of the intestine or an
infection of intra-abdominal organs. In general,
these are normal pathogens of the gastrointesti-
nal flora. The most often isolated pathogens are
listed in Table L In cases of immunosuppres-



Pathogens Peritonitis (%) Intra-abdominal Immuno-

abcess (%) compromised
patients (%)

E. coli 61 68 53

Streptococci 28 i7 43

Klebsiella, 26 15 i3

Enterobacter

Proteus 23 25 11

Pseudomonas 8 6 19

Staphylococci 8 15

Serratia marcesens 17

Eubacteria 25 6

Clostridia 18 35 9

Bacteroides 15 59 23

Fusobecteria 9 27

Candida 2 21

Others 4

Table I: Pathogens in intra-abdominal infections. (Modified according to Wang, 1997, and Hau, 1979.)

sion, there can be alterations in the quantity of
pathogens isolated. The pathogens (e.g.,
Pseudomonas, Serratia, and Candida) may be
more often isolated.”

We have demonstrated differences in pathogen
distribution with regard to pathogens in nosoco-
mial wound infections and all nosocomial
infections. In wound infections, including deep
wound infections such as peritonitis, E. coli,
Staphylococcus aurens, and enterococci were
the dominant pathogens, whereas in overall dis-
tribution E. coli, Candida, enterococci, and coag-
ulase-negative staphylococci were the prevalent
pathogens. The rate of isolation of pathogens can
also be attributed to the ICU patients or patients
in the general surgery ward. E. coli, . aureus, and
enterococcei were observed in isolates from
patients in the general ward; Candida, coagulase-
negative Staphylococci, and enterococci were
found in isolates from patients in the ICU.
Different operations show different distributions
of isolates; pancreatic operations are prone to
have infections with coagulase-negative staphylo-
cocci, Candida, and Pseudomonas.”

The in vitro studies on antibiotic-induced endo-
toxin release investigated mainly the effect of
selected pathogens on antibiotic-induced endo-
toxin release. Several in vitro studies have
revealed that endotoxin release after antibiotic
administration may also be influenced by the
type of pathogen used in the model (Table II).
Induction of LPS in P aeruginosa cultures sug-
gested that ceftazidime-induced filamentation
released larger quantities of bioreactive endotox-
in than did non-filamentous fast-lyzing imipen-
em.” Total endotoxin levels increased after single
treatment with cefuroxime or aztreonam, where-
as ceftazidime, tobramycin, or a combination of
tobramycin with cefuroxime released less endo-
toxin. The increase in free endotoxin was higher
than that in total endotoxin.®’ In whole blood
assays, endotoxin was higher when cells were
treated with ceftazidime or ciprofloxacin than
when imipenem or gentamicin was used.”
Crosby reported that cefotaxime, ciprofloxacin,
and piperacillin caused significant endotoxin
release in vitro in cultures of Enterobacter cloa-
cae and E. coli. Little endotoxin was released
when bacteria were exposed to tobramycin.®




Pathogens

Antibiotics

Authors

L. coli, Salmonella

I coli

E. coli

E. cloacae, E. coli

E. coli

Salmonella minnesota
L. coli

L. coli

I coli, K. pneumoniae,
I. cloacae, P aeruginosa,
S anreus

Haemophilis influenzae
type b

E. coli

Haemopbilus influenzae

P aeruginosa

E. coli

ES mAbDb, amoxicillin, gentamicin

Ceftazidime, ciprofloxacin, imipenem,
gentamicin, polymyxin B, rBPI-21

BPI, antibacterial 15-kDa protein
isoforms (p15s), defensins

Cefotaxime, ciprofloxacin, piperacillin
Ceftazidime, imipenem

Teicoplanin

Mab 8G9, polymyxin B

Cefuroxime, ceftazidime, aztreonam,
imipenem, taurolidine

Aztreonam, imipenem, quinolones

Ceftriaxone, imipenem, polymyxin B

Gentamicin, amoxicillin, ciprofloxacin

Ampicillin, cefotaxime, amikacin

Imipenem, ceftazidime

Imipenem, tobramycin, ceftazidime,

Seelen et al, 1995

Prins et al, 1995

Levy et al, 1995

Crosby et al, 1994
Bucklin et al, 1994
Foca et al, 1993

Burd et al, 1993
Dofferhoff et al, 1993

Eng et al, 1993

Arditi et al, 1993

Van den Berg et
al, 1992

Bingen et al, 1992

Jackson and Kropp,

1992
Dofferhoff et al, 1991

chloramphenicol

E. coli

cefuroxime, aztreonam,

Amikacin, ciprofloxacin, ceftazidime,
cefotaxime, aztreonam, imipenem

Simon ct al, 1991

Table II: In vitro studies of antibiotic-induced endotoxin/cytokine release in pathogens.

It was also demonstrated that with regard to the
pathogen, antibiotic-induced endotoxin release
may be different within the same antibiotic. In
E. coli, ceftazidime released more endotoxin than
imipenem; however, in P aeruginosa, endotoxin
release was equal.”” Tt is obvious that the studies
are important to detect mechanisms of antibiotic-
induced endotoxin release; for clinical purposes,
the effect of polymicrobial infections should be
investigated. In established peritonitis, only a few
species remain. These infections are almost
always polymicrobial, containing a mixture of acr-
obic and anaerobic bacteria.*™ Also, the results
of Schoffel et al suggesting that pathogens and

respective antibiotic treatment may not influence
the outcome in peritonitis deserve further
attention.™

Alteration of Clinical Parameters After
Antibiotic-Induced Endotoxin Release

In many /n vitro and animal studies, the effects of
antibiotic-induced endotoxin release have been
demonstrated. In selected patient groups (c.g.,
those with urosepsis, meningitis), a different
endotoxin release after administration of PBP-
2-specific and PBP-3-specific antibiotics was also
observed.” ™" In surgical patients, intra-abdominal



Antibiotic 0 60 120 180 240
Imipenem 0 0 0 0 0
Cefotaxime 2 i 4 5* 5t
Ciprofloxacin 1 1 1 1 2
Ceftrinxone 2 5 3 i 3t

*Endotoxin positive results

Table HI. Antibiotic-induced endotoxin release in surgical patients.

infections remain a serious challenge, and antibi-
otics play an important role in the treatment strat-
egy. Can we demonstrate the same effects seen
in vitro in animal experiments and in surgical
infections? What endpoints would be reliable
to indicate the effect of antibiotic-induced endo-
toxin release?

At the present time, there are only a few studies
investigating the antibiotic-induced endotoxin

release in surgical patients.” ™ In a retrospective
analysis of data from a study with interferon
(IFN)-y, Mock and co-workers found evidence
that antibiotics known to have a greater release
of endotoxin were associated with higher TNF-o0
levels and a higher mortality in septic trauma
patients. However, because no endotoxin was
determined, it may be difficult to correlate the
antibiotic treatment to endotoxin release. In our
own study, we observed significantly more endo-

120
{%} - -
C:proﬂox%
110
100

. Cefotaxime

90

Ceftriaxone

80
70 x
Imipenem
60 l | | |
Bascline 1 2 3 4 5

Hours after antibiotic administration

Figure 1. IL-6 levels after antibiotic administration: A diagram with baseline level of 100%.




toxin-positive results after PBP-3-specific antibi-
otics than after imipenem. In the group of PBP-
3-specific antibiotics, there may be a difference

in the kinetics of endotoxin release, with
ceftriaxone showing a faster release than
cefotaxime (Table IIDD.
APACHE Il score

25

20

10 .

-')

Imipenem
Cefotaxime

Ciprofloxacin
Ceftriaxone

Figure 2. Antibiotic-induced endotoxin
release in surgical patients: APACHE II scores.

To guantify the amount of circulating endotoxin
released following administration may not be
accurate in clinical circumstances. Currently,
it is not known which form of endotoxin
(frece or neutralized, protein-bound or bacterial-
bound) may activate immunocompetent cells.”
Brandenburg et al conclude that the basic deter-
minant for endotoxicity is the conformation of
the lipid A moiety, whether in its free form or as a
constituent of LPS. A prerequisite for the biologi-
cal activity is the conical molecular shape that
may trigger the cell activation.™

Endotoxins derived from different bacterial
strains may vary in their ability to activate the
Limulus assay.” Measurable levels of endotoxin
activity were greater with ceftazidime than with
imipenem after treatment with E coli and
P aeruginosa strains, but not Klebsiella pneu-
moniae. We could not attribute the LAL activa-
tion to a single strain in our study. As is the case
with most intra-abdominal infections, most of the
isolates (70%) were polymicrobial, and the distri-
bution of pathogens was similar.

Endotoxin is known to cause pro-inflammatory
cytokine releasc. IL-6 has been intensively studied
in patients (e.g., trauma, sepsis, elective surgery,
peritonitis). There is a growing body of evidence

that IL-6 may reflect the severity of disease.™"
In our study, we found evidence that imipenem
administration, which was not associated with
LAL activation, was followed by a remarkable IL-6
decrease (Figure 1). PBP-3-specific antibiotics
had a less prominent decrease of IL-6, and after
ciprofloxacin treatment a temporary increase
in IL-6 observed. It is known that
antibiotics have immunomodulating properties,™
and macrophage activation with IL-6 release may
be “side effect” of an antibiotic.

wias

Clinical outcome (e.g., survival) is certainly an
accurate end point. However, in most recent sep-
sis trials, this end point was not influenced by the
treatment.*" The clinical course of sepsis is very
complex, and intensive care treatment may have
a confounding effect on outcome. Certainly the
mortality rate for sepsis, on an average 35
percent, is not high enough to allow significant
differences in a small study population.

What remain are factors of morbidity (e.g., tem-
perature, blood pressure, leukocytes, heart rate,
and scores consisting of acute physiology para-
meters [APACHE I ITT score]).*™ The APACHE 1T
score for the four patient groups did not differ —
all patients were in a similar critical situation
(Fig. 2). Temperature and blood pressure did
not reveal changes with different antibiotic
administration (Figs. 3 and 4).

The problem in all clinical studies is to decide
what assay to use, to find the best time point in
the clinical course where changes in clinical para-
meters may be visible, and to find what clinical

Temperature

40
39
38

[
-

36

Imipenem
Cefotaxime

Ciprofloxacin
Ceftriaxone

Figure 3. Antibiotic-induced endotoxin
release in surgical patients: Temperature.
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Figure 4. Antibiotic-induced endotoxin
release in surgical patients: Blood pressure.

parameters may be reliable to detect effects of
endotoxin release. Time series analysis tech-
niques may help to overcome these difficulties
and should be introduced in clinical studies.™ An
automated system that handles data from a Cobas
TM analyzer may automatically analyze routine
laboratory and clinical parameters, calculate
scores (¢.g. , APACHE II score), and analyze various
proteases (proenzymes, enzyme activators,
enzyme cofactors, and inhibitors).”™ Much clinical
evidence has accumulated that analyses of vari-
ous proteases can provide indicators and prog-
nostic tools for severely ill patients.” The proen-
zvme functional inhibition index may contribute
information on the severity of illness.” It became
rather obvious that with a single assay, no one can
evaluate the immune mechanisms in the septic
patient. However, the combination of time serics
analysis of routine laboratory and clinical data,
the proteases, together with endotoxin, endotox-
in neutralizing index, and IL-6 may allow a more
accurate evaluation of antibiotic-induced endo-
toxin release.

In summary, there is evidence that endotoxin is i
major trigger for the inflammatory response
in sepsis and trauma, which makes antibiotic-
induced endotoxin release a possible candidate
for risk factor in intensive care treatment.
However, the pathogenesis of sepsis and peri-
tonitis is very complex, and therefore it is a diffi-
cult task to correlate outcome or morbidity with
antibiotic-induced endotoxin release. Other con-
founding factors are pharmacodynamics of antibi-
otics, the sensitivity of pathogens, and the test
methods available for clinical research and
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The time course of different
events during intensive care treatment has to be
observed closer and with regard to organ dys-
function. The methods available can improve the
cevaluation of antibiotics and their potential for
endotoxin release.

clinical studies.
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