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Endotoxin-Initiated Inflammatory Pathways
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In its most fundamental sense, sepsis may be
defined as a syndrome of systemic toxicity resulting
from the presence of infectious agents or their
products in the blood. Clinically, the sepsis syndrome
is recognized by two or more of the following
symptoms: clinical evidence of infection, either fever
or hypothermia, tachypnea, tachycardia, evidence of
coagulation abnormality and some manifestation of
inadequate organ perfusion or function. As might be
anticipated, these symptoms would collectively
include a broad spectrum of clinical disorders and
would underscore both the difficulty of effective
therapeutic intervention and the potential for high
levels of morbidity and mortality. In this latter
respect, it has been estimated that more than
one-half million patients experience sepsis annually
in the U.S. alone, and that this is one of the most
common causes of mortality in the intensive care
setting?. Further, the frequency with which this
disease is seen has increased significantly by almost
five hundred percent during the past forty years.
Thus, sepsis and septic shock continue to merit
serious attention as causative factors of mortality,
particularly among the elderly and the
immunocompromised patient.

Infections with Gram-negative microbes have been
determined to account for approximately half of all
cases of sepsis reported. The incidence of
Gram-negative bacteremia in such patients is in the
range of 40-70%. Of importance, in patients with
Gram-negative bacteremia, the incidence of mortality

has been estimated to be approximately 40%, and
this figure increases to 50-70% when the patient is
in shock?. Perhaps one of the more significant
findings during the past several decades is that
patients with Gram-negative sepsis frequently
manifest endotoxemia; that is, the presence of
detectable biologically active endotoxin in the
systemic circulation. There have been many efforts to
correlate outcome in patients with Gram-negative
sepsis to specific levels of circulating endotoxin.
Many, but not all, have shown that such correlations
do exist with respect to adverse outcome (reviewed in
3). Perhaps one of the best of such studies is the
recent demonstration by Brandtzaeg and
collaborators that provides evidence of a direct
relationship between circulating plasma levels of
endotoxin and mortality in patients with
meningococcemia®. Further, in a more heterogenous
population of septic patients, a strong correlation
between an “endotoxin-cytokine” index and mortality
was established®. Thus, there would appear to be
reasonably good evidence to support the concept that
the presence of endotoxin in the circulation may
contribute to the pathogenesis of disease in septic
patients.

The potential causative role of endotoxin in the
pathogenesis of disease has not, however, been
predicated solely upon correlative relationships in the
septic patient. Indeed, the evidence from a variety of
additional sources would further support this
concept. For example, the administration of purified
endotoxic lipopolysaccharide (LPS) to experimental
animals, and, more recently, to healthy human
volunteers, has been shown repeatedly to faithfully
reproduce many of the pathophysiological symptoms
observed in sepsis. Further, specific antibody to
endotoxin has been shown to be significantly
protective in experimental models of Gram-negative
infections although, as will be discussed further
below, this question remains to be definitively
resolved in patients with Gram-negative sepsis.
Finally, endotoxic LPS is known to be among the
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most potent of microbial products for its ability to
induce production of proinflammatory cytokines in in
vitro culture with human monocytes.

It is now a well-established fact that LPS is a
major constituent of the outer membrane of
Gram-negative bacteria, where it functions both as a
molecular interface for the microbe to interact with
its external environment, and as a selective
permeability barrier for the bacterium. Release of the
LPS from the microbial surface markedly enhances
many of its biological activities, presumably through
enhanced accessibility of the biologically active lipid
region of the molecule®. LPS is a structurally complex
microbial macromolecule containing a highly
conserved lipid domain (termed lipid A), a partially
conserved core oligosaccharide domain and a
repeating polymeric polysaccharide domain, termed
the O-antigen. The almost ubiquitous ability of the
conserved lipid A region of the molecule to bind to,
and stimulate the activation of, host cellular and
humoral mediator systems (including macrophages
and monocytes, polymorphonuclear leukocytes,
endothelial cells and fibroblasts, to name but a few)
results in the generation of multiple imm-
unopharmacologic mediators that can contribute
to and exacerbate the inflammatory process initiated
by the nidus of infection (reviewed in 7). These
mediators include, but are not limited to, many of the
members of the interleukin family (e.g. IL-1, IL-6,
IL-8), tumor necrosis factor ¢ (TNF-a) and the
interferons (IFN-y, IFN-£). In addition, antiin-
flammatory cytokines, such as the IL-1 receptor
antagonist, may also be produced. Finally, it would be
important not to neglect the potential contribution of
humoral mediation systems such as the coagulation
and complement pathways, especially since both of
these systems are now known to be triggered by
purified LPS. It is the amplification of systemic
inflammation caused by the LPS-dependent
inflammatory pathways that is thought to be of
primary importance to the pathogenesis of
Gram-negative sepsis. This LPS-dependent pathway,
that we hypothesize functions independently to the
direct microbial proliferation pathway but also leads
to multiple organ dysfunction, is shown schematically
in Fig. 1.

Probably some of the earliest clinical evidence to
support the concept of a pathway of tissue damage
during sepsis that was not dependent upon the
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Fig. 1. The pathogenesis of (Gram negative) sepsis.

presence of viable replicating microorganisms was a
study published almost fifty years ago by Spink, Hall,
Shafer and Braude in early efforts to treat human
Brucellosis, a Gram-negative infection, with
antibiotics. In that study, published in 1948, seven
patients were treated with a combination of
sulfadiazine and streptomycin®. As noted in that
publication, however, these authors reported that “In
three instances (out of seven), therapy with
streptomycin had to be discontinued because of toxic
reactions to the drug such as fever.” These studies
both prompted and provided fuel for the hypothesis
that the release of specific microbial factors, in
particular, endotoxin, following the administration of
effective antimicrobial agents to kill the bacteria,
might merit therapeutic targeting in order to further
reduce mortality in Gram-negative sepsis.

Since the development of the concept of targeting
endotoxin therapeutically was correlated in a
temporal way with the emerging concepts of
endotoxin structure as consisting of conserved (lipid
A, core oligosaccharide) and chemically diverse
(O-antigen) domains, it was a logical next step to
attempt to intervene therapeutically in Gram-
negative sepsis by passive immunotherapy with
antiserum directed against conserved antigenic
epitopes on the endotoxin molecule. Extensive in vitro
and in vivo animal models of Gram-negative
bacteremia and/or endotoxemia strongly supported
the hypothesis that such cross-reactive antibodies
may well serve a protective function in the
experimental models. These conclusions were further
supported when it was reported by Ziegler et al.? in
1982 that a polyclonal human antiserum raised to a
heat-killed Gram-negative microbe expressing core
LPS structures as immunodominant antigens
significantly reduced overall mortality in patients
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with Gram-negative sepsis compared to a placebo
control in a well-designed randomized, double-
blinded, placebo-controlled clinical trial. This
important milestone publication in immunotherapeutic
intervention in Gram-negative sepsis established the
conceptual foundation for a variety of additional
therapeutic approaches designed specifically to deal
with the septic patient through targeting of
endotoxin.

Predicated upon the early success with polyclonal
anti-LPS antibody, and cognizant of the problems
attendant to treatment of patients with immunologic
reagents obtained from human volunteers, intensive
efforts were expended toward the generation and
clinical testing of monoclonal antiendotoxin
antibodies. During the late 1980’s, two such
antibodies, one a mouse IgM (MAb-E5), and one of
human origin (MAb-HA-1A), both reported to be
directed against the conserved lipid A region of LPS,
were extensively evaluated. Of interest, in 1991, in
separate but similar randomized double-blinded,
placebo-controlled, clinical trials, both were reported
to have benefit to select subpopulations of septic
patients, although the populations of patients
reported to have benefited were not identical® .
While this finding may, on the surface, appear
surprising, especially given the reported similarity in
antigenic specificity of the two antibodies (lipid A),
the lack of competitive binding of the two antibodies
suggests a significant difference in epitope
specificity’ that may well have accounted for their
differing protective efficacies in patients with sepsis.

Nevertheless, these very promising preliminary
clinical trials with anti-lipid A antibody provided
some of the first definitive data that would establish
endotoxin as a significant factor in human septic
shock. It was, therefore, particularly devastating to
the field when subsequent repeat clinical trials with
these monoclonal antibodies failed to confirm the
protective efficacy observed in the earlier studies.
Indeed, these latter failures prompted Cross and
Opal®®
expectations surrounding the anti-endotoxin MAbs,

to state, “Given the attention and

the disappointing results (of these repeat clinical
trials) raise the question whether the use of
anti-endotoxin antibodies in the treatment of sepsis
is still a viable concept.” Given the potential
difficulties that are now appreciated with respect to
the conduct of clinical sepsis trials, some of which will

be discussed later in this review, it is perhaps
unfortunate that this conclusion has been adopted by
many investigators.

Parallel with the studies to explore antiendotoxin
antibodies as agents to target endotoxin, there have
developed a variety of alternative strategies that
have had the same overall objective, namely the
reduction and/or neutralization of circulating
endotoxin in the septic patient. In general, these
strategies can be grouped into four categories: a)
antiendotoxin antibodies (both polyclonal, e.g.
immune globulin) and monoclonal antibodies; b) other
endotoxin binding reagents (e. g. bacterial permeability
inducing protein —BPI— or its N-terminal fragment,
endotoxin neutralizing protein from Limulus
amoebocyte lysate), synthetic or natural LPS/lipid A
binding peptides, and high density lipoproteins —HDL,
c) soluble LPS receptors (e. g. CD-14) or antibody to
essential LPS signalling cofactors (e. g. antibody to
LPS binding protein —LBP); and finally d) inactive
LPS/lipid A analogues/antagonists (e.g. lipid IVa,
Rhodopseudomonas spheroides diphosphoryl lipid A).
Each of these has been shown to be of significant
therapeutic benefit in the treatment of experimental
Gram-negative bacteremia/endotoxemia (reviewed in
13), and many are now under study in Phase /Il
clinical trials.

As an alternative to targeting the endotoxin
molecule itself, other investigators have focused upon
the cellular/humoral mediation pathways with
specific pharmacologic reagents designed to inhibit
mediator release. The concept behind this particular
approach is that it may be more efficient to direct
therapy at the (presumably more uniform) effector
cells, especially if the inhibition could be directed
selectively against production of one or more
inflammatory mediators implicated in the septic
pathway. To date, a spectrum of agents have been
successfully tested and shown to reduce lethality in a
variety of experimental models of sepsis. A partial list
would include dexamethasone, pentoxifylline and
derivatives (lisofylline), tyrophostins (tyrosine kinase
inhibitors), mRNA translation inhibitors (e.g.
guanylhydrazone), adenine nucleotide (nucleoside
analogues and even protease inhibitors (e. g. TNF- a
protease). Some of these agents have also been
recently reviewed with respect to their specific mode
of action'®. While this approach would appear to be
reasonable, the majority of the agents under study
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have not yet been evaluated in clinical trials, and it
would be premature to predict their potential for
success.

One of the more attractive therapeutic approaches
during the past decade has been to target the actual
proinflammatory mediators, with a goal of reducing
or eliminating the systemic inflammation triggered
by endotoxin. The majority of these studies have been
predicated upon the seminal findings of Beutler,
Milsack and Cerami published in 1985 that
demonstrated that rabbit polyclonal antibody to
TNF-a was protective in a mouse model of
endotoxemia. On the basis of these observations,
Beutler et al. concluded that “cachectin/TNF is one of
the principle mediators of the lethal effect of
endotoxin™*. While there can be little question about
the validity of that conclusion, based upon the .data
presented, it would, nevertheless, be relevant to point
out that, in actuality, the anti TNF-a antibody used
in those studies shifted the normal dose response
lethality profile by only two to threefold to the right
(i.e. increased the LDs by that amount). These
results were, however, sufficiently compelling to
promote extensive preclinical and clinical efforts to
target this and related cytokines (e.g. IL-1) in
reduction of lethal sepsis. The results of some of these
clinical trials will be summarized below and
discussed within a more general framework of clinical
sepsis.

The recent appreciation of the fact that the
induction of the inflammatory response is usually
either accompanied by, or followed by, a
compensatory antiinflammatory cascade has
prompted a number of investigators to pursue
therapeutic approaches using recombinant
antiinflammatory proteins to treat experimental
sepsis. To date, the best studied of this class of
therapeutic agents has been the IL-1 receptor
antagonist (IL-1ra) although both recombinant IL-10
and IL-11 have also begun to receive attention. Once
again, even though these agents have demonstrated
considerable promise in experimental models of
infection, it would be premature to predict their
potential for efficacy in the septic patient. Clearly,
however, such studies merit additional attention.

The final experimental approach that has also
targeted specifically the endotoxin molecule is based
upon the concept that LPS, as an integral constituent
of the outer cell membrane of Gram-negative

bacteria, is unable to manifest its full endotoxic
potential until it is released in soluble form into the
external environment. One physical-chemical reason
that has been given for this is that the biologically
active component of LPS, lipid A, is not readily
accessible for interaction with host inflammatory
mediator cells or humoral mediator systems when
present in the microbial outer membrane. In this
respect, the available experimental evidence would
suggest that free, soluble endotoxin is between
25-100-fold more active than the equivalent amount
of endotoxin when it is microbe bound or associated
with microbe-sized particles®.

There are a number of mechanisms that could,
under some circumstaces, contribute to the release of
endotoxin from the microbe surface. These include
“shedding” of LPS from the microbe during normal
physiologic growth, a process that can be
demonstrated with many Gram-negative
microorganisms in vitro, but is recognized to be of
particularly major potential significance in
meningococcal infections. Complement-mediated
lysis of bacteria through the membrane attack
complex also results in the release of LPS as does
microbial death, either natural or following uptake
and digestion via host phagocytic cells. Perhaps most
important among potential mechanisms of endotoxin
release, however, is the demonstrated ability of
antibiotics to promote production of soluble
This is
particularly true in the case of cell wall-active

non-microbe associated endotoxin.

antibiotics, where recent date have established that
antibiotics with equivalent M.I.C. for a given
becteria, but different specificities in terms of
penicillin binding protein interactions, differ
significantly and quantitatively in their ability to
generate soluble endotoxin. As shown first by
Jackson and Kropp'®, in vitro treatment of
Pseudomonas with ceftazidime, a third generation
cephalosporin with preferential binding specificity for
penicillin binding protein (PBP-3), resulted in much
greater amounts of endotoxin release than did
equivalent treatment with imipenem, a carbapenem
with PBP-2 binding specificity. Additional studies of
these investigators that provided compelling data
using scanning electron micrography, support the
concept that the underlying reason for these
differences was that ceftazidime promoted the
formation of long bacterial filaments (with a resulting
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large increase in microbial biomass); in contrast,
imipenem promoted the production of spheroplasts
with only very limited increases in microbial biomass.

Evidence that these differences may have direct
measurable consequences in experimental models of
sepsis has been provided by numerous investigators.
As shown by Bucklin and Morrison, in an
experimental mouse model of E. coli bacteremia using
D-galactosamine to sensitize the mice to the lethal
effects of endotoxin, imipenem was significantly more
protective than was ceftazidime under otherwise
equivalent conditions'®. Further, the observed
differences could not be attributable to common
potential variables (e.g. dose, time, type of infection,
etc.). Essentially the same results have recently been
reported by Nakano and Kirikae'” using a similar
D-galactosamine model except that D-galactosamine
was given three hours after infection with
Pseudomonas. In fact, in these latter studies,
treatment with ceftazidime actually increased
lethality to 100% relative to saline treated controls
(50% lethality) whereas imipenem provided complete
protection against infection. In another experimental
model of experimental sepsis in rats, Opal et al.'®
showed that imipenem was more protective than
ceftazidime and that increased protection correlated
with decreased levels of circulating proinflammatory
cytokines. Whether such findings will be reflected in
decreased mortality in septic patients treated with
various antibiotics remains to be determined,;
however, in one recently completed well-controlled
clinical trial of patients with urosepsis’®, imipenem
was found to result in more rapid defervescence and
lower cytokine levels in urine, although the data were
not sufficiently different (due to large patient-
to-patient variation) as to preclude precise evaluation
of statistical significance. Such studies should, and
will be, continued and expanded.

Thus, based upon an impressive increase in our
knowledge regarding basic molecular and cellular
mechanisms that contribute to the development of
the sepsis syndrome, a variety of intervention
strategies have been developed and tested in
experimental models of bacteremia and/or
endotoxemia. These collective intervention strategies
are listed in Table 1, and their potential sites of
action shown in Fig. 2. Several of these strategies
have been critically evaluated in clinical trials to
reduce mortality in the septic patient. Remarkably,

Table 1. Intervention strategies in bacterial sepsis

(1) Appropriate surgical intervention and/or antibiotic chemotherapy
[2] Supportive care
(3] Anti Endotoxin agents
anti-LPS (lipid A) antibodies
LPS binding proteins
soluble LPS receptors
LPS receptor antagonists
(4] Inhibitors of cellular activation pathways
(6] Anticytokine reagents
Anticytokine antibodies
Soluble cytokine receptors
[6] Antiinflammatory cytokines
[7] Selective antibiotic chemotherapy (LPS release)

Loy
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Fig. 2. The pathogenesis of bacterial sepsis

as recently pointed out by Freeman and Natanson®™,
in the past 15 years more than 20 such Phase II/Il
clinical trials, involving more than 7,500 septic patients,
have been carried out. To date, virtually no
reproducibly beneficial therapies have emerged and,
in at least two or perhaps three of these studies, a
potentially statistically significant deleterious
manifestation of therapeutic intervention has been
suggested. It would be an understatement to conclude
that these findings have been both disappointing and
discouraging to the scientific medical community at
large and, more specifically, those interested in
treating the septic patient.

While it would not be possible to review in detail
the results of all of these clinical trials, it would,
nevertheless, be potentially instructive to consider
some of the reasons that might be contributing to
these clinical trial failures. Table 2 lists at least some
of the reasons that should be critically evaluated and
perhaps considered in the design of future preclinical
studies and/or their translation or extrapolation to
the treatment of the septic patient. The following
paragraphs will serve to briefly illustrate some of the
reasons that underlie the statements included in
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Table 2. Possible reasons for lack of demonstrable efficacy of therapiea
to treat sepsis

+ Animal models inappropriate.

- Animal models unduly idealistic.

- Different diseases require different therapies.

- Wrong endpoints to evaluate efficacy

- Redundancy of pathways makes intervention difficult/impossible.

Table 2.

Perhaps appropriate to the top of the list is the
question of the appropriateness of animal models to
the clinically septic patient. As pointed out recently
by Dinarello®, the selection for use of experimental
animals is far removed from the picture normally
present in the septic patient. The former are
normally young and healthy with a limited genetic
background and no existing co-morbidities. Many
animal species are relatively insensitive to both
infection and to microbial products such as endotoxin.
Selective advantages of therapeutic intervention can
be controlled by timing of treatment relative to
administration of the infective agent which is often
given as a bolus. In contrast, the septic patient may
well be older and have one or more existing
comorbidities. There is, in addition, considerable
potential genetic heterogeneity. Humans are
notoriously ultrasensitive to microbial products such
as endotoxin. Finally, prolonged preexposure to
infectious agents for variable often unknown time
periods, usually requires post-infection therapeutic
intervention. While such differences should not, a
priori, preclude experimental animal model testing of
new therapies, these differences should, nevertheless,
be acknowledged and appreciated in extrapolation of
animal model successes to the septic patient.

It is also possible, in large part based upon the
differences summarized in the preceding paragraph,
that animal models may always be overly optimistic
in predicting clinical outcome. In this respect, and as
part of virtually any developmental protocol
to establish an experimental model of infection/
lethality, a preliminary dose-response lethality
profile is established. A typical theoretical profile is
shown in Fig. 3a (Control Group). Treatment with a
therapeutic agent generally results in a shift in the
dose response profile to the right, indicating
protective efficacy. Depending upon the extent of the
shift to the right and the slope of the dose response
lethality curve at the LDs (inflection point), a dose
can usually be selected from which therapeutic

Treated group
1000 - = = - — = — -~ -

Control group

Percent Survival

Time after challenge
(a)

100

Percent lethality

Challenge Dose, LPS or CFU
(b)

Fig. 3. CONCEPT: Experimental models of endotoxemia/
bacteremia/ sepsis

efficacy in a standard Kaplan Meier time survival
profile can be clearly manifest (Fig. 3b). With a
homogenous population of animals and treatment
regimen, the slope of the standard dose-lethality
curve is relatively steep, making it coordinately easy
to demonstrate statistical significance in a Kaplan
Meier survival study if an appropriate dose is
selected. If, however, the shift in the dose response
curve (Fig. 3a) is relatively modest (e. g. 2-3-fold), it
may well be impossible to translate such findings to
the admittedly more complicated situation of clinical
sepsis. It would seem clear that those therapeutic
strategies that are most effective in profoundly
changing the LDs (as opposed to changes that are
modest but, nevertheless, statistically significant)
would have a higher likelihood of clinical success.

A third point that remains to be fully explored
experimentally is that different diseases within the
general category of sepsis may require different
therapeutic approaches. A recently published study
by Remick and his collaborators illustrates this
point??. These investigators have explored the
contribution of TNF-a to pathogenesis of disease in
mouse models of bacteremia/peritonitis vs. endotoxin.
Using a neutralizing antibody to mouse TNF-gq,
these investigators examined the protective efficacy
of this antibody in both BALB/c inbred and CD1
outbred mice following either challenge with purified
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LPS endotoxin or experimental peritonitis using the
cecal ligation and puncture (CLP) model. In
confirmation of the earlier published studies of
Beutler et al.', these investigators also showed that
anti-TNF-a antibody would significantly reduce
LPS-induced lethality in Balb/C mice. In striking
contrast to these findings, however, Remick et al.
have reported that this same anti-TNF-a antibody
does not reduce LPS mortality in CD-1 outbred mice.
Further, in neither mouse strain was the anti-TNF-
a antibody capable of ameliorating septic death due
to cecal ligation and puncture. While the precise
reasons for these differences remain to be fully
established, they, nevertheless, underscore the
problems that can result when simple animal models
are extrapolated to more complex conditions of
infection.

An additional problem with therapeutic targeting
of a single mediator is the problem of redundancy in
the inflammatory pathways mediated by cytokines.
Thus, while endotoxin is known to promote the
synthesis and secretion of a variety of mediators,
including TNF-a and IL-1, it may be difficult, if not
impossible, to identify the “master” cytokine
responsible for all of the inflammatory events that
eventually result in shock, multiple organ dysfunc-
tion and death.

Thus, for example, decreases in mean arterial
pressure may be caused by local increases in nitric
oxide, prostaglandin E: or platelet activating factor,
each of which may be generated by host defense
systems in response to endotoxin via pathways that
do not have an obligatory role for either TNF or IL-1.
Thus, the interference with one of these pathways
might not be expected to necessarily provide the
necessary degree of inhibition required to abrogate
LPS-mediated decreases in the mean arterial
pressure that contributes to septic shock.

Nor is the additive approach of targeting more than
one inflammatory mediator necessarily an
appropriate therapeutic strategy, even though
conceptually such approaches might appear logical.
This point is well illustrated in recently published
studies of Opal et al.?? who explored multiple
therapeutic intervention strategies in a rat model of
experimental Pseudomonas sepsis. In those studies,
it was shown that both a TNF-a binding (and
neutralizing) protein and the IL-1 receptor
antagonist protein each provided limited protection

against mortality in comparison to saline controls.
Importantly, however, when these two intervention
strategies were combined, the consequences were an
increased level of mortality. All of the animals died.
Thus, dual intervention was neither additive nor
synergistic but rather counterproductive. It should be
cautioned, however, that dual immunotherapy is not
always counterproductive as recently published
studies by Bucklin et al.* have clearly documented
that monoclonal antibodies to IFN-y and to the IFN-
y receptor are clearly synergistic in their ablity to
protect mice against LPS lethality.

A final point to be addressed is the issue of clinical
endpoint to assess therapeutic efficacy of an
anti-sepsis agent. Current protocols routinely
evaluate efficacy on the basis of overall decrease in
28-day mortality due to all causes. While both
understanding and appreciating the factors that
dictate the adoption of this criterion, at least from the
practical point of view of patient survival, it may be
equally argued that such expectations are not totally
realistic in terms of the capabilities of the therapeutic
agent given once to a heterogeneous population of
very sick patients. By way of example, in the clinical
study of monoclonal antibody to TNF-a reported by
Abraham et al.?®, it was reported that “there was no
decrease in mortality between placebo and TNF MAb
in all infused patients, ” and that “the differences in
mortality among shock patients treated with placebo
or TNF MADb was not significant (at 28 days)”. In that
same study, however, it was also pointed out by
Abraham that “a significant reduction in mortality
was present 3 days after infusion of TNF MAb.”
While it is difficult to speculate at this point on the
actual clinical significance of these findings, it does
bring into question an unequivocal conclusion that
would reject further study of anti-TNF MAb in the
treatment of sepsis.

In summary, it would appear that the past several
decades have taught us much about basic
mechanisms of pathogenesis of sepsis and septic
shock ; however, much still remains to be learned. It
is unlikely that the incidence of sepsis will decrease
dramatically in the forthcoming decade and, thus,
therapeutic intervention strategies in addition to
surgical intervention and/or antibiotic chemotherapy
are critically needed. It is, in any case, reasonable to
conclude that microbial products such an endotoxin
as well as the inflammatory mediators generated by
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host cells in response to endotoxin stimulation do, in
fact, contribute to the pathogenesis of disease,
although the precise relative contribution of these
factors may remain yet to be fully elucidated. It is
clear that therapeutic intervention strategies
developed to date have not been particularly effective
in reducing mortality and even these therapies would
benefit from more realistic and achievable endpoints
to assess their effectiveness before being totally
abandoned.
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PORIYLL IO KEDF LV BN
BlanZkid

AL &S
FhZR N DA 2 T Y 4 G P

wE n
e it K B BT AT K 4 R

PLREBEDOH NI RN REME DR L VL
MM TH Y EHHEKE D pharmacodynamics &
pharmacokinetics IZ& - T, EDOHEWEIIBREE NS,
REICRRRIRIITHEITS I 7 0/ host-parasite-drug
relationship AEELZEKRE D -T2 LiIZAADL
ZAHTH5b,

—%, BRRBRILOEREBZ2A T8 81BN %
HOLSBOREBREICHTIAHEMETIIHR
MEEARAL L HICREUNOEBIINT 2 XY
BWELOBAZZRTALALEIONRNELLRE
EREOHLNERS NS,

CDEIBRRROPTTrO54 FEIZH 40 EDE
BEHL, R=V) VG2V THVWHEED—DOTH
5%, B-77 5 LBORARDELCHNT, EOFE
THITHWRERHbH o, LALERKIZ 14 16
ARIZ2C 15 EROAR, BEEFEMERIIHT S
EER, $CRAMRABITHELZIILD, iS4t
74V AER, BUREER, REABER, REXH
BowEER, €F) Y RIERLY, 2 DERT
REFMEALTVLI L2 D, BEFEHBOME,
MEXOBFT HE&, #EREEREORE, hoXH
EOMEERZEYHET ANEILEREZOME T —
2O EMEL LTOEBSNA TV S,

SEXLBVTHII-RERPT 7074 F¥EL Y
VRIGALLTEYBIFONLBHADIZIZHS D
DEEZOND, 27054 FEDLPER KIS
KOVWTIRILE AR TA L IIRHNFIH 2L L0T
AV YRIIATREIEELEYE, HBEARZ PSH L
Sub-MIC %1%, MRPBRE & REBL~OBXE, #H
BRI B L BIK, Non Antibiotic effects % &iZD
TENREROEEN L TRR 0, HE%EL
FREZORBOZDIII 7054 FEOBIRITIB L
BRNBERIIOVWTXASMNL LD ICERLHEIE
MEhaZL2YET 5,

1) MELiEE

FRAN K
KIEMEHRALH - MRRFRAT

27854 F (Mac &M) L) BHIZARRT 7
FUCEEMOMIREE LI MEERTH2RAAEDR
2% LT R. B. Woodward A4@% L7z (1957 ) &
FRIRET B, BT, Mac EHRD I REIN,
RIS, HHR, HRE 2 EMDERERT KB
S hVtEMbEORKBELTHVYLORTWS,
Mac iZED5 7 bV ROKESICE>THBMINDH,
Ky RIYLATIIMAEAE LTHREERE, 14 Bk
¥ 16 A# Mac RIZoWTEOME LIEHICOVTH
X5,

Mac ¥& L Tid 14 ER®D erythromycin (EM),
oleandomycin, 16 BB ® spiramycin, leucomycin,
josamycin, midecamycin ZHUIZENR LDV DOH»
DERENEHBFEDNHRICKAEN TS (16 A
IR tylosin I3 E L L THMH), Mac Rixp-57%
LH| A RN % Mycoplasma, Legionella, Chlamydia
LEDKHEME N LBRVREDERT NS, £
DHERAUXBERINA TS, —#IZ 14 BR Mac it
16 BRICHEL in vitro BidH A<, FEHo
pH 2B L 25 MEFRMICE YIREHIMET 5, K
M, 14 BRIZ Mac B4 FA XS 5, 7 I/ BRSHR
HEhRTv, EPWHEERAEZEC LTV, £FY
YRROHALE AR REERSEDOHREAT S, b
14 & 16 BROEVIZIZ P RIS THTI/H
DHERLPHBOREHRRNICERT 2L EZ OIS,

EM 2 Mac BOFCTREOHEFRELET 225, 7
7 ABREEANOHIEYE, HESEE BETOTREE
#, BumbRESCRPENE, FHREABIEHED
REEFHED. ChOoDHRZENICE L OWEL BRI
AWITbh, W oD XFNVE, EHEMETOFT
vy ZELTRESIRLDY, BLAYOFHATIRE
EHX EM XDV bDTHo, —F, HEERR
BUTLALEME LT 2 fikBE, 7/ % 9
LANKE=VE (FFTaER7 I 7EDFHRT),
MR, 1MS27 MY - ZRXFNVLEERBELDIC
ol

EM »BYETLRLEND 5 HHIZFDIbEHEIcE
W35, $%bb EM IBOFETT6 BLU 12 fi
KEE, 9 MANK=NVENBETERIBICL ) EPeh
ICRIGHAELT 5, 1980 SERICA Y EM 0 6 fiZ#
& clarithromycin (CAM), 9 7% #4k roxithromycin,
dirithromycin, azithromycin (AZM: 422% 15 BR)
ZEZL DFHEXEMHRCTAR - MRS, Ch
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bit “=a2—-<220354 F (New Mac)" L#R¥Xh,
WTFRHRA LA EM OMMRRISHEIEEh 2 0,
EM RHXBVREEXELZRT. 0BV (B in
vivo) LEIEM 2 /R LKIC CAM 75 MMM,
Chlamydia, H.pylori, M. avium ¥\, AZM iX H.
influenzae \“HEIEHZ WML TVAH, & 512, New
Mac ZEWHEAERCRIBEARREEHZHRIL,
IR, Mo REE, R, MRBITYE, Mk
NBITHOE CTRFZURERFOS LM TH S,
L2 L New Mac 7 5 AW ICIIRRBH AL+
T, 7 Mac BEWICIZ EM RERD TR M8 aNRe
BALTWA, BEREMETRHRNESICHED SR,
BELHRAFERICOVTOS L OW#IABOATV S,
FFARANOT I ) XL KMERARY T LBEEIC,
ELTII2 P READIHEOEEREA R THRE R
SOEBIT Mac BERICH LITED Z2HM® X & 550
whd,

BABEShIr b 54 F¥E (CAM @ 3 b g%
RELZBEY P BEL2bD) i NewMac £ D &5
CRVBRERLRVHEN AL, S8k %
, BULZAABRBEZRTCELOEHSA TV A,
T 7, Mac ¥R THAFBERUNOS S B £ BE
RHEEZEBEOMBRIZIZILELAHOLAI S L, KD S
RBTHb, TL45HBOFH L\ Mac FEERROFHH
#-TERELERL.

2) HEANRZ FJF AL Sub-MIC %%

WHE—18
RRRFRFHRREDZEHE

TR A T IMARE 40 EXRHEXTHS
% TOBRKICBIL2AFHABRAECBLTHHERL
LTHV, TOHEMLLTIE, HRLZVRFANRI T
A, Eh/l-MRNBITE, ANBE, ZTLTTFHENR
sub-MIC $1R L ¥ 22 o5, BIIHEREICBITS
BFEERBERRERCAY) 2187 5 —BPFE~NDER)
BRI LicE), 39~ 054 FA
DISHBHAZIEN->TWwEbLoEILND, T/,
KerFLuEMEA L2054 FRVRARESH
TVWHILRITEKADEBY THD, COPTHEA
BEREEENS 15 BRRD7 VR, ¥ Vi, 0
BEEHLEREICME, EhHRABTEE Y S
LABRBENORBEFROBIL L LOFBEAL TV A,
FYUyEYOATRINLT 2054 FRORAEY
CHLT, BREFCCHEIhTVWELIYERT, <
4a75X=, 233IV7, ANVANII—LELDRK
FkicT aliEREZ L2 —-LTHELE, 72,
FLuvw2o54 FAOBBIZILZHBHEANRI FF A

WROWEMICDNT O MY L. WICBKRTIX HIV
BB E T BT BHERAMEEICHLTY T T4
FRIOEN 2 ERR RAMEERT D, ENIIMA,
BETIZ HIV B ECAHRLAE PRV TIARDHE
WIZZ YT P ART VY A RRYE ISR LT b AR BEH
WEOHUMEIMEENT VD, FLICHARIIBL
TIRERKICH L 372 HIV BEBEIZS S 2V, Sk
HECHMT Ao LAERAONEILNL, CHOK
RAEICH T B BHOBMIKBRICOVWTIRHFICHRAL
TwiThiZebhv, F0Mich, BERBRICIZE
2TVWEVHIL LK, wF3VT, dHViEH) =8
PIEICHTE2T2051 FRORHRLEREL XNV
THEERTVWE, UEDEXHIC, w2054 FHlik
—RMErOLaTSS5X~, 293IV7F, Vv F
T, ELTELIHMECHE, RRCETEDOHREA
ARZ P ADPYRPBEDOLN TV IREEZ LY 2 —
LTHELZ
Fi=2u054 FAID sub-MIC HRICOWVTI,
ZTOHNBRE, HRNBITEZERL-LT, £4A
ZBIFA=7054 FRANRRAECELIZTEEOT
BEEICOWTHE L, CORICHMLTIE, RBREA
THlgshas MIC 32054 FRADODEEANRRLZIE
LARBLTW2Dh, bLARBENEEGECABHET
EMERAONLLETHIIEDE ) RAFIEME LT
A0, ZYOBRBAIIOVWTRBREICH TS 20
74 FHD sub-MIC $RZH.0IBE L. EOHT
BROEELZARER, 2054 FAIIBOTRERED
24 RREEETIIRBME IS L TREANICIEALEZY
bOD, SHICHEERMZERL T 48,72 R LEE
REAZERT S, ThbbRALIBEROEMIFNEZE
KFBHIECIVFRIRBE IS L TREEREZR
HTH2LVIBREHE L, CoHEIZ, BENMN
KN B BYEM (exposure-dependent bactericidal
activity) L 522D TH5H (Tateda K, et al. AAC
40: 2271,1996) . ¥ 7z, A#H)iE sub-MIC L XNVIZB W
TRBRAOHEHNER, TLXRA—F, D2VIIEE
GZEOHREAFOELE LA T, wbw3
bacterial-virulence suppressing activity ##& L TH
D, ChoFRALBRIREDBFRICIOVWTHREL
oo ThOoERZELEDDL, 27054 FAIIZAEHK
HICBVTRBEIC X 28RS TR SRS E L 2
O=¥—Ya ity 782 5%EH (infection-
to-colonization promoting activity) & L T#DEX%E
ERELTVEDO»BLILV, v 2054 FHOK
RICBT2AHELEFOHM~NOER 22T TI133HH
TEDLHDTRZVA, FEORBEIINT S sub-
MIC ZRAERICBIT2HMEICHES LTwaZ 2T
BuiiwdbotEzohs,
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3) v27ud 4 FOEMIAIRE & BRI
~NDOBHK

PE— &
7 7 4 — WA R RAFRRT

—a—=2ru34 FRIEEH (3 MC) DEDHYR
WEMELT, oxdruef vy vBIU 29 A0
24>y (CAM) ORICEVIPREDRRME L,
CAM #7YAu<4{ v (AZM) KRH6NBEHICR
FRMRABITAETOND, EROT)RAOTS Y
v (EM) #Va¥w 4 v@eEnssh-ge, B
BMPMECLITMERITIRLT L, EWENHHE)
Ev, HF MC RCALIIHLTRETHIHVAEY
ZRFHEEELRT.

REMOEWENARAELEHLER LI HE, IF
BEOAL LT, HMNBRE, S56ICEBRREALOR
EXZRITRETHAH. COBAHLSH CAM idhiH
BB EEAR PR RS ARCE L RN R R
To 72, AZM REVMBARELRL, EHICED
BEFERARERET 2HE2H2. € MK TERY
12 60~80 BFfICB X5, T v M AZM 2#0O0%5 L
7BA, MR, BB, VBRSO CICEEEOMR
NI HBENEL, FEEEZRT. ChIEUTICE
X5 EHITAZM MFhRRe<w a7 7= IR EORM
BANICHBEICERFESH, ChsoMBICFHFLTY
Al:bliEESh S,

EMBEPOREROBEICOWTI, XL MR
NFEBENOHRIEH SN TE LD, EWBHREHH
EASEMRIZE2EYOREBUANDBRIIONWT
LIEBENLE, FIMCDHH AZM VY Auvw4 ¥
vh¥wrsus 4 FRECHEENEZFOEYI,
EMRPICECEBECIORRERFSN, M
D BHEBL AN DB E TP, BRBUNHBREICKE
EhabDLELLATVWS, 2L %, AMKIC
X B EY OERMMM~DXE X, phagocyte delivery &
bEbh T3,

EHBAROBHMBABITZERTASL, -57%
ARTI)ZYay FEOBITIZEL, w2us4F
BOBITRBVEShIHENEZ W, T MC DHHT
vanw4 ¥y OMBABITIIEICE Y. UTIZ AZM
% #1002 phagocyte delivery (I22WTRAMT %,

AZM t b FEHAMKE 24 A Y F2X—-1FL
7234, EM MBSO 20 5, AZM i3 200 2L
FoBETHRAICHYATN S, LIS X AZM
20 mg/kg, 5 HEEORE L-HEOEHAMRE S
U IR B I AR PR BED 100~% 100 fEDIRE
T 5,

¥ RMRICE Y A E N AZM DM H DB
REHPTHESLAMESNTVE, SDLIHIE, R
M ICRBHARSNADC ENRMBICL2RAD
WU ADRBIEETHEbOLERXOND, —
¥, in vitro RIRTRMKIC AZM £ DA 2%,
S. aureus & 3t incubation 35 &, AZM D HAYE
wEshd, Cokid, RMERIENERELZ%HE,
MBANORYARBAICHBENDZZLERRLTE
D, BEEEADESDRBIIBVWTREDIBRT
Hbo

AZM TRIBSNBC DL ) RBRIIOVWTIE, UT
DEIICHBENS, Thbb, AZM IERM pH T
TCiRHIBEONSTEAREZ EBL LT VT FHL
LTHET -0, ML EAL, MBRANRD A
Ths (EYMEOTRELRBRSTTV3), MEA
Tit AZM BBUEENTHEHT4 VS —AHIIBITL,
ERZ A R IVEPN M S (70§
BRMREERTI2u054 FRLA A LT B0, B
FEBRUMETTAILICED)e DT LN AZM PR
MBEPCHRECRNREMRARENIAA=_XALTHS
LEZOND, T, BHMRSHMBELRELIHE,
ZrI/—ANEREN, FAVV-LLMETEHT
kickh, s4vv—ashomihfizh, 41414
LTwi AZM 2 BLEATRELZ S FRICKY, MER%E
HBL TR BB ENhS,

ERICHWARIZL D AZM, EM 26 TKICR=VY
v-G (PCG) ZREEFNTTRIKE L, BERBL
~DOEY O BRI L7,

T AEEETICS. aureus # FeARA T E/ o R—8—
F 4R EBDAK, BE 5 BHIC 20 mg/kg D
4C-AZM B & U “C-EM ##0O#&5, “C-PCG i##K
W5 Lz 23— 5947574 -2 X )%
BUOEMWOFIH LR Lo AZMDES, BREHA
PADZE L OMRTIIERNICBRENET T 20108
L, BESMOBBEIYICHEBNICREL DY, 24 KA
BTRREBNCHAEOBREL VL) BVREZRL
oo BRESRMOMMBERTAL L, HhRE LTI
?7u7 7V EYDRMRBRAREEICERLTEY,
¥7:370F -5 VF X571 - CEHRFOKR,
BMBOERBV L EWOFHH—BH L. ChHD
Z &3 AZM 2 SHMMRIC X ) BB ABR I E
ZRBE LTS, EM TS5 CRIEKMBEIR
LM E ) EMICRBELZR LA, TORERR
5% 6 BFETIMETL, 24 B TRELICHELTY
7eco TODXHIT, AZM THIE SN RERMICHITS
HBEOFHEMN EM TROW D570k, EM &
AZM IZHAREMRHRANOBITHIME W C L 2 5 TR
HRENLIEMPEVD, BEBN~BEXENLET
ICRMiEAS» S EM BT 200 Ebhb, D&
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IS, BRRICL2EFNOBREINRELT DI,
BHBRICEIRMNORBRRMLEELETFTHLILH
Aohd, BMEPISIZEAERYATE W PCG I
HRPRBEDMFED L, B5H% 6 KM LUK B3 HE
(TANNOL 2 1> & FERAX G 1% (R /309

BEALIZHBIT 2 AZM OERNIZOWTIZRIMRERT
BRif&hZ, 2y PEBETICBRAEEALERLE
R—FPIC S. aureus #HEML, AZM OXR%E L7 =
LAREWPeINVIOF ) U s REWEHLET S L,
AZM B HDOEF X DR Ao RM 2 HMT 2
CEVmEEINL, :

MR AR TIZ SRS, RICIPdsBdyE s B
WTHRVAEREEZR LA, AZM (& in vitro ® MIC
BRAEOXS LB L THICENRTVE DT T2V,
BARBTHRERERTRERO—2L LTLEDES
RAEMKICE D AZM OBREMUNOBEDOMER, B
BUOBENRIREICHRFINLZ LI ETONSG,

AZMDEHICMCDHH, =2us4 FRECHE
%2 b DI phagocyte delivery DA & Fk
HOrEWHBERTHOLE DN,

4) BNBYRBOIER & BIR

® Fd
R KRR RENR

7074 FEOENBBIIFEE, HAEARKL YL
NORHLZBITERFBEL T, L2L, BETI
R, B, BRE, Bhi~NT < hiBgimeryce
R, HRBRANDZERD T SATwEI L HONS &
I oTETWVD, KYYRIYIATIK, =a2—7
7054 FROBNBRBOFEEHZORKL PO
RiL, ETOEBE2RAAL

AREIX 1991 FllvbWwb=a—37uI4 FEL
FFiEN % roxithromycin (RXM), clarithromycin
(CAM) A TOMmMPFEY (Twn) ORVFHKL
LTHRERDOBIIBF L. 36, BUNRKILILE
BE LT 15 BR® azithromycin (AZM) 23$H 5%, &
hokEloa—~27u54 FEROKBEARNDHRD
HAOMEET 5,

1. MIEPREE, R RE

Roxithromycin (RXM) D&NEHE: fEEEBEE ICA
¥% 15mg, Midecamycin acetate (MOM) 600 mg %
cross over HIZ L VREFT L. RBMHBRE (Cow) &
RXM 7% 5.15 ug/ml (2 FRefi#%), MOM 2% 1.34 1 g/ml
(30 2+#8) &L, UBomMAPEFEY (Tw) XEHhE
N 6.83 B¥M, 069 TH o7, AR SKHHITO
R EILE X RXM T 5.1 %, MOM T 2.1 %Tho
72

Clarithromycin (CAM) D#&HNR)MR: CAM 200 mg,
EM 400 mg % 2Mihy 1 BN & ¢72c CAM (XNl 2
KD Cru 1& 1.03 ug/ml 128 L, Tl 3.53 ke,
I H e EE R T BT (AUC) 1 6.87ug " /ml THo
72 EM T Cnu 1.56 ug/ml (ZPINH 2 BEMIHIC Tin X
1.78 K¢ M, AUC i 6.06ug ' h/ml TH 1, CAM (3 T
CBWTHEICEL, F/ EM O¥RMHIZH»DHO
3 AUC i3 K& el E R L7 M 12 Wl TOR
HhE{ % EM 3.6 %, CAM iX 369 %L RiFTH 70

Azithromycin (AZM) DENRIMR: Jt BAFRAT /<4
FRMI v 7V F—IBITEREEND T EMED
R TIRRDEN TH 7o AZM 250, 500, 1,000
mg % BEHS Lo mhiRE, ReyeskTiis#
2~3 BKHEDENEND Cna I 0.24, 058 FL T
0.74 ug/ml THH, BRLOMIZIZIZHMSBDO LN
7:o AUC 12 173, 332 #L T 7.29ug - h/ml L EHER
WK LTHL, K& ZoTED, mMPERY (Tw)
5 MBS 3~4 M THAHDICH LT 48 FeMl £
TTIt 20 BrAI# L 220, 512 168 M F TTIX
60~70 RFfI& 20, BEELLDBIC T DERIBDS
Nrzo WAkt 500, 1,000 mg TOHE % 168 B
FTTHNI%TH-7,

REFT L7 BB HERN T A—F =IOV TIiE, EM
L Cou 2T 5L RXM TidEME, CAM, AZM T
EEMETH o7, AUC & RXM TidK&<{, CAM T
3EN%L, AZM TRAAEL 2oTwi,

2. HHBR~NOBIT

AZM oM BRI ~DOBITHEE A LRI TIC
ATH#EY)THS, (AWILDFOER: Antimicrob Agents
Chemother. Jan. 1996),

AZM 500 mg % 3 HFRJPIAR LRRRFAICRRAT L 2o 45 R,
MmiEH. RMIR~NOBITICHN, HFhR, HRICHIT
ZRVUBITHTRETAICLERMELTVEEVS,
COBRDOEBNFER/INT A =5 —ZFHRTD Cuu i
114 mg/l, BIRT 34 mg/l L MiKIZHT 5 0.40 mg/ i<
W8 LTH <, AUC TIREFHIRT 6,201 h-mg/l, HH
T 886 h'mg/l Th Y IFHIR, BRTEDTEHVELR
LTw53,

3. WFHIREE~NDOEE

ARk (Phagocytosis): EM T, ik DK
WICHPIROAREL LESELZ ENEH S,
CAM THRRE D ODRIKOEEEHE 2,

HERE (Chemotaxis): & = Td EM IZiBEEKIERIC
HEBOTLELZED, CAMIZBWTH EM X hHFw
bODEEEDHEE RO,

4. MRAANVT T LBRE, ANVYYLEREORS

In vitro DERIZBWTHBRBAAIV Y 9 2%F 1L —}
3¢, REZETIELRETH EM, RXM OiFhik
ABITZMRE L7 (E. M. TAIRAG: Antimicrob
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Agents Chemother. Aug. 1995),

AP —NVERN, # b %LMBEANOBITES
SALNBILEUABLTVEG, 61, ANVYD A
ERETHENFI NIV (7Y T 0 A 250, 500uM
FETICBIIE3205 4 FROFHRAOIY AHK
i, 500uM DFEATra5 4 FEOBY A% HHL
T, CCTHRERENIZTZ2054 FORY A
AEMHIEL TV,

5. 70354 FROBITED & AZBKMNA DN

7054 FROGCABR, HMBITOTChM
i, B, AEX, RMEE, W, R WEGR, A,
BSZER, B, EMzELroalifiz a8t AmRE LAt
biFohn, ThoNBBIOER 2 BEEE LTH
FENHEBE, FWPREBAIE, MR - DENRFHR
REUAE, H MBI SURERAE, IR - A8 RUYE,
REHLRUEER L L TH S,

6. Y2054 FRDOSHDOER

HEBITHOEN - RANBREASND LI IIE
D, FhREZED-MBBITORIAMNLEICLDTD
59,

In vitro THN Y AEEREN 7054 FEOIFH
BRANOBITZGTELEVIRRENTTEY, £KAT
bRABDIERAZFIEZRITON, SOLEIRFANLE
Thbo

7054 FEOKNBBELEM TS LIZXY,
LEEICBNT, BRERATRICEZLEDNS,

5) Non Antibiotic Effects

wE &
A8 K2 B A AT A M K22 8

<7054 F¥ (Mac) BEXLZRRS 7 bV HE
BHL, zVRuv4 Y (EM) 2i3LoHelT, i
WYEHEZ X2 RBIERLTOHERL LTHASHh
T&7 EHE. HEEAUAOH LERIZOWTD
RELYM, ZL{OMEFICIIRFINRTVWE, oh
COERIZEDLOTEETHY, T Tid non
antibiotic effects & RBL T % & ®7:, Bryskier b
(1995) X, Mac DHE—FEHICL29MERLTW
5o TR, VW, HLEA, HEER, RRE,
LMER GIAER, BE), BhERSRELLEDH
FTwa, AEAUNOEWIEHEE LT, #iE X
W6 (1984) X, EM ICBEEBREEMEEZRT. £
FV v (HILBERVEY) BHZRRLE, EFVY ¥
DT7TI=RA e LTHEEHEZRE W EM OF ik
& LT, EM-523, EM-574 LMo h, #0%ED
BEPiTbhTws, 372, BRBRICRENNR
B LN FK-506 (¥ 70 AR) i3%ENHHFE L

THREMAShTYS, &#ik 23 ARTEVERT
Mac iCEENBE LD TH 5.

Non antibiotic effects £ LT, bo L biEBENT
WA b0ik, MAEERTH S, Bryskier Hid, &
DERIZ? 23TV 5, BADERRFICOVTO
HHLRRIZVWEDZLTHHN, RIFIIBNT
2, BLOFHRNDY, SRLHRITDLITVS,
THE (1987) ik, UEAtEAMAE LK (DPB) I8
THEM %Y 14 RR? 2054 FOLRENMEDOH
WUEEMELTVWD, EDEARFEIX, OMEDHR
AR THRARIERTHIZ L, OBRENBERAZV
RBABRFATLERTHC L, QEM Ol - BH%
FRRIREIL 1ug/ml BETHD, HYPALIIEAHNA
WCHBEMNALRR Y, RYOBKERID, Hilk
HICEo B WHRERAZEYOEBERIZEIAbDOL
ErXohlz, TORWBFELLT, [REOTLHNY
R, MHELAEOHMMHE, MBEETOLDICHTIHR
Zicpiroh, LOMRITOhTWS, KlH
BORERBIIHT S EM OEHE LT, OKELEK
MO Cl Fx Y ANVBEILIKPBELSF VEBED
AR BRI ANER, OFPREERTES
A & HEFRRERAMER, @Y V1R, =70
T7—=IREIIHTHER, XD ITONTVES,
MEBETOLDIIHT 2R, AR HIIHBAERT
A%, Mac IRBEICHL TREENIZVWEVD
hTvws, RBAOHREREHTFE LT, AFE,
NEXK A NEFES, 2525 —¥, 7Tusr7—¥, u
4ayvy, 7ZxrAFYN—=¥, YYyaYy¥y F, R
FA4h, BELLEEDTFORATVE, ThEIZHLT
Mac DRBEICHTHRREL LT, SEE A ELWH,
IR —VEARAMH, 7+ RK)5—¥ C ELHH,
LAY EEANE, TAVFR- PELAH, <4
74 VACEEEE, RELAHHEEWHELANH, §F
HEREMBEFEEAAMNZEXBTON TS, h
LOERY, RBEAICIIZBEHRBLIZUETIHLOEL
ZERONB, 2H, ThEFRBERE LTHDRE
bOD, HEAEHLTREPRISBOBETH S, %
fE, REMBR~DERE LT, PR, Vo5 8
R, =077 -Ihb~OKE%, L, BPLY
TELOHEIITDbh TV, MLOEANRLES
RROVHoT, IHLMELBI R BRAILE
Thb,

Zh 5 Mac D non antibiotic effects 12X b, KEL
EZ DORRYMEHE R L LT, DPB LAHcH, BHEAE
XH, [ELURE, BERBERX BRA, HAR),
EBHEFER, AEIXMBLELICHAVOR, RER
RBICHT2HEIEEBTFOATHE, BIZABEXIHWA
X, Mac @& ASHVON, ZOHREERZEH
T&5KBTH%. Kaplam (1959) &, BEMEOME
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BECZMITZEFNVAXLT VT4 Y (TAO) O
BT, BEoswR2RI &8¢, IRERKAFa4F
HoOBEREBPTHLICERERLA. Fox (1961)
i, TAO A Fu4f FARICEXET I L,
Goncharova (1963) (X, EM 72 &' (2B Bz Rkl ¥k A
Mo EM|E LA, Itkin (1970), Spector (1974) 7%
ik, A7u4 FEFEAEXRBEET, TAO 1
EOWY, A7 FORBRLREOHREBD, A7
24 FRECOVWTRE LTS, ¥DEHBRFEEL
T, TAO, EM-estolate IFELRTOT, +h

EOMESRELERL T2, RABETIX, A& (1977)
YRWERT EM ORX5u4 FEPOERE#ED, ¥
DHEBLBUEHLLTHELTVD, 19771
Weinberger # TAO & 747 4 YOMEERH IOV
THREL, 2704 FRYER R, RAMHEERCLS
EMEL, COMBICRIEFRET AN, RMOKRS
EZATHH. W (1996) X, BETEH—TEAL—H
HHRICBWT Mac DEBEHRELA. T4, [AFXH
BN 5 Mac OF AL WESh, TOEARFIC
DWTHHERFENEZILTHS S,

DPB 2395 EM OfEH L LT, FhROEKKREW
Beaceddy, FoRFEEAL, SEEKRICH
wWHNTWA, RREOBUMBEE, Bl GiEwREE,
TVvAA Y RMBELRESENE, A 7V ¥
TANARESE, su—ViKhLE, MEHFENHE
R HEESHRZHFLTEREELZLICTOVWTHR
#AWMrbhTWwAb, Mac  non antibiotic effects & L
C, DPB ORRICH T, BREFEHAMNIO—-XT
v7L, TOEBZERHCERTL, BL0KRAIC
HwbhTwaad, TOARFORALLESHKICS
COME»RIN TS,

Y URIILILALEREI B E,
Azl kdh

E# B
WHRRERFHRBE_NH

w’x —
e BT FE T A Y R AE R FERT

BPEFSHARM G S, LEREFZIHAERIR
&, BIUMAZRMRXBROGR Y Y RITH L
LT, 3%#2BLTHRVEEDDH 2 [HE XM
B IcHT2b0LLT, COF—IHNEhBITFoN
Ao, EAMBEOFEARTIE, dbokdb—M&
WhR=) YRBEENE 728 IbT LSk

27k, MRSA #HMifREDNX—5 927 5 AMEIL
R23&Jic, MO L LWEREFHBITLT,
BEDORBMEICHALZLD, HARLEEILZYL
TREAELAVTAS L, SRRMRZEICRAF/
O v AL ) BRI AL, BOLERIE TN
PHALNTWASHREILLET HHHRRER
DIERY, HLOBENBL ko TE& k. BHDE
BRI T, MBEBEND), 1 HHOBATY,
BAOMUEBOLDIBELTVT, BIZHRERSL
®h, TRAFVIVHFF/ 0T, HEEIFBE
L, Ehdt 2 MU LELOBEMBIZEIAZLHFH o
T&7%, Thbd, RLESICHT S MIC DELTSH,
REI2RIEZFOERICE AR HEAROEALRA
K2AZeNbh, ThLMMEICE > THFE-T
WD T s, REREABELSTHTH D, LFER
ELB TN THAEILNERENRTWVS,

MEd, MOoHOWHIEHERLIIIC, TOBEA
DHERERBSEL-DIZ, DNA 6L EH-T
RNA, % Y17 RICW-AE8EERIZED D Id W,
EF RN OHREZOMA DER, BLUEFOHRD
WRABCBITI2BEHAETHY, BREERL, %
REIMERPEREBHELT, HOSR, HEERTR
I2¥ %,

HORAMEREIIXNLT, HETHLI2EHNLZE
ATERELZDDICTHHBEE, HAHIGREATEL
T THHELDHL. HFLX2EXLHE, Chi
HAORFERLEL VY, FBRLEBHELDL. THROAL
LTid, "—¥75r7s<w—Eofichbzrus{ rFo
BREELWAIZRATFI5—¥, 759429
EFRILNICOBTIRLENFGAONT VS, BiOH
LT, 73/ 7VavrE Y B, 7TEFNEL,
TF=IMLT 2#EN DL I{LEN, =2
74 FRFRAKRIA U THY) YBRILMKXALh TS,

HAESVEDLLEE, EFAOEHAIELLTLH
BLERAMEARCEHZELZVEICTEHEELED S,
ERROELLIE, BESLCTOERNERICHIRNIC
ELLTERHAAOEREZRZI R LB2HETHY,
MRSA R £HRBEND~R=3 ") ~##E i PBP DENE1L
& D, BREO~R=YY) YEiZ PBP ORE(LD
PIThsd, BREDNAa<4f vy U RE0BEIR, %
HEBDEINEHREBRENOBELXEZ, ¥H0
ERZZTZLTVS, YV 7 7H, PYXFTY
h, FAKIA YV ETCHBEVDENELAON
TWwdo MF/urywEDEEIE, DNA Yr4L—2
DI, PRAIVAS—ENLERATHZ 2 E1H
LLAIGNE T MBEEOF /0y RSMUN, @i
WKLo TREZ2DOERDHLZHTH S,

AR KICEZEL 2088, L% 8
BERELTRRONTE . RIBENMS  OEH|IC
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WHETHLHEBAD 1 2, H—) Ly OEBILINEN
HWTHBL, FAFTL ¥ ViZHRBICRT 28D
EBRENMLTCHANICADZOT, FOERTHML
5. TDERIIHBEORETFHIMBRLT S, 2L
AEDT PIHA2) ViR, B V82108 B
SERGHoTVEN, B, HICRBET, bW
K| tE M (Multiple Drug Resistance, MDR)
PHONIRY, ¥y, PI)FYVaVF, v
Fh7zza—nipl, BEDL, EHRFLRIEL
DEFCFERICHEICRIBH S Y 326 NhTE
oo CORMZ, 1970 ERLSMONTWABMKD
SHIHERHE DTV, BWOWSIE ATP 222V
¥—RETIDBEY 1" h oM ENTVWT ABC
(ATP-Binding Cassette) 7 7 3 ) —¢®BFEhTw
LZDIZxL, MEWOHEAILX, Proton-motive Force %
IANVKF—RETHBND D, BEWCBITLEH
WEREZECB T2 RAEE LB SETERT S
Dix, £ MDR #, M TRITENDLEMNENo2T
ETHRBOBRVWILTH S,
SEDOYYRIYIATIR, ULDEBOHRNIZE S
T, ThELDOFHORERTHERLTEONE 5 A
DEECFBRUEE BB L7 SEOERNZ BN,
BULCFREOBEIIEIERHEIN L L, b
SEHHLWAREZRZEROHHHEARON - HF W
895,

1) B (PBPs) OEALICE 5 8-527 % A
ZEORM

EhnF
IR IR 2 BB PR 2

rwic

BAkEWEBEER-7R=V ) ¥ (PCG) WHEMi#
XM (PRSP) D -5 7 % A¥ITHT 2 RPEBH I,
B PBP I A EAOBARDETFT THSZ LAt
mMohTwad, BERICBWTIX 1970 ERICT TICHE
LTt #EdbHo4, ThIBEETHL LT
%6, ZEENDL 20 EFLRBLAESHICIBNTA
BISHMLOOHEDON LI BRMIEL S, D=
i 1980 ERDOMDIZ MRSA HaFIcHmMLC &
&t U THRBRIE V.
PRSP OB & EHIRZH

B4 A% 1980 LRI /NG 0 MRIR 25 RESHE B & 5B L
ToHibk, % 5 UNC 1988 ERI ISR KR 2 MR 7%
B TUUE S M2z B AR IS D W T REMNCIRIT L 22 I,
A& 0.016 ug/ml IC¥—2%KT 5 1 BEOSAET
HoleH, %EFETIE PBP BIZFOERL/-EHhIEED
bh, £h o0 MIC ik 0.031~0.125 ug/ml ~¥ 7 b

LTwie CORMIES &) ¥/NBRIZBWT PRSP
BHIEATER SN LD/ —-B LTV,

CODIIRRIATT (R ) REMEREFR
2] 121993 FEICRRL, 3 EMIThoT2EEHM
5 4,265 HREIUR LMK 21T - 20 S HDKD PCG
T A MM AL 026 ug/ml ICBMERTS 2 &
UIHETHEEIEMTHH, NCCLS DYV I XV FT
ZERFOLAEICH LT&, Bt (PSSP), M
(intermediate: PISP), M ® 3 D3 MEh 5,
EDOTVAIRAL Y MZLTLHHMTIE 2, PRSP
B0 -2 5 L REIIHLTH MIC 28, X
HBEERLTVS, LIML2AS, EOHTIEZAH LA
NALFRKED PRSP (I L THBNEBN - iR D EH
LTwBEn)IZLtdbdhd,

B-57 5 LREDMMME L TD PBPs

PSSP T4 FRDKAXVWEIZ PBP1A, 1B, 2A,
2B, 3 LA 5 EDEANDAY FHARVWHEND, &
¥H# o MIC & PBP i2x¥ 2 BAKEOMEKIE, 1A 126
40 %RBTHRMPb oL DEILHML TV S, X T
2B & 2A TH A, MIC L DHMIE 1A KL TS
MIEV, O LIIEET L PBPIA % I—FT 51
BEFERPWELD key IS o>TWHI L BHKRLT
VWb, ¥, TOPBPIARFHLLARENBRTFF
7Y h Y ORERIG, PBP2A IZBBESRKICH 58K
Kits, PBP2B i3 RBREBFAHDT v v PHOEKER
HICH5SLTwa E#EASh S,

—%, PRSP BV TR 6D PBP D5, 1A,
2B, BLU 2A OEHPMELET LT3, @B,
2X EENAF R KRB OONEHBLH D, 2
Ih, ChOoOMERAXI—FTHREFHAERL
TWBDTH5b,

BEFEREHMEEL ONFR

ZL{DEHKEIZDOWT PBP 2ARD L RLFLLE
BTREVwIeds, PCR ICX - TRIEFER NN
L7z PCG DRtk L PBP1A & 2B DRIEFERD
MpEABE, 0.25ug/ml ETRRIZEALOKTH
BEFHFERLTVS, 1A, 5\ i 2B BHERD
H# D MIC i 0.063~0.25 ug/ml TdH 5, MIC 0.031
ug/ml YT TRERIZD LY, BRETHBEEL BE
FEREGISHBELTV S,

—7%, CTX O&ZES4C PBP1A & 2X BREZFO
EROAKEERD L, MBRIETFHARBICER LK
D MIC iZ%13 Y 0.125 ug/ml YL LT, EOREREDE
i3 0.016 ug/ml L FTH 5,

B¥WTaL, 2B A 2X BEFHERTHL
PCG ® CTX O MIC ZEOBEL XA» 54 10 L
AL, EHICIABEFIERTHE MIC IS 51210
BEELRTALVWIZETHS,

HETBRM SN S PRSP @ 80 %ML Eix, Bl
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PBP1A, 2B, 2X ® 3 2ORETFHIERLAKLZOT
»%,
PRSP DR &%
—HICEZ, SO RVRXNTORYEE IR
MICRELAZHMBEDALERVEVIERLM»
hd, L2L, IRACI-oTHRMEN, MITE N
RS, MRICBVTII{LIRE MBS, Mk, K
i, FEROBEELELTEDLODTRETHLOL
RREBY SN TV, FIC/LBE BB LTI MmiK
# 6 B PRSP XEETHBZLAVRENT VS, &
BE&d 6 ORiRM 2 MmikA 19 K> PRSP AEHMIC
£, BBCEELTVWAEAXRZIIONS,
ARICENR, RAOLMERBES N S I12W %0
P2, CLARKERRELXERELLT VWAL FR
DR=YY) 7BHED 3 WABL, FoOMIREI LMK
REMXBRVWEVbhTVR 14 MR 6 WA LN, BiE
BILREICFRARE R STWAHANBREND,
Bbhic

PBE, RikREZMICEYEN PBPs OELICE S
WHERBEBRICBTIRTEROBREIIOVTHER,

2) PEALICE DML ZOHNK

3 EBMA
EERFEREY

1980 ERICAY LS h BRI, FELT
quinolone %¥ & B -lactam %R THs, TN/ D, A
ERRYSE D iEHIZIZEIC f -lactam % IR quinolone
FEMXFEDLATEY, X\ T macrolide ¥,
aminoglycoside % ¥ (AGs), # %\ i fosfomycin
(FOM) 2EbhTwd, ChHHEXROHENIIRS,
BEHES 1 BRERICI-THRIRTHEE 25 LS
LEERERCRZIBRIEY, LA, BEICI
LHELVFTFEL Lkd o tEdE AR MR O
POAMENTETS, BASHMESREXRES
FTHILICE-THBELZEBLBLINERIS
-lactam, AGs, FOM, chloramphenicol (CP) &R
BRTV5, LADREEEOEL D DRNRED
REFICEIHHDTHY, NEROBEFIHEST2
FEABRERZ 7S LBEBRED class C B g
-lactamase, K. pneumoniae, P. mirabilis, P.
vulgaris @ class A & B -lactamase I & 2 AT
bhd, L2d->T, ik, ZBHRHEMTO AGs ®f
-lactam % ¥ % LI HREE ORFRBY N 2 LR T
NIIRERHEAOEREMEIRELFXNY RS,

AT, BRABENR ALY bR
LREMERTI LISV, BE, B AGs OfEAR

RRBBEMITHD, FhICH-> THREIMAETO
AGs BB MEEIZKE L MPL TS, ANED
AR N IRIRENT, LLARBCL
ERBRLTWS, £CT, {LEMERBOKNRESD
MMM #IIc L), KRN, BRENTE
VICHRZ2HMMEMD C LI BB I RO 1
DNDHETHB, i, AGs DHTIZ ABK »* MRSA
SR LTHRWHANS & RIET 5, Shid MRSA RA
LT3 AGs WEHM ¥ APH (2")/AAC (6) IEMLT
ABK (¥ GM ICHXTKE %R KMERT=DTH 5,
F2bb, ABK & GM 2T APH (27)/AAC (8)
HLTEYERICEZY BN LA ABK OENIHE
HOBRTH B, PELRER L ORAKEOBEVHEE
ERECLN, WEHELIVBRLZVUNREAR X
Yo COM, CPREESRIMIEICH 5D,
ILEMEREPOTNEEII K2 DM ) REREER
Fo L7220 T, ¥MHWAHRARLFLALOIMES
POWEEDOMEH R EHIIREREE L BIRT 5,
7e& 21X, E. cloacae & #5—1tfR cephem Xi1E %
BRTHLHALOBRRBOERENBIRE K, BRR
BN 23 CRESREEKRNBOND, ChiT,
85— cephem ¥ ¢ class C # f -lactamase
(CEPase) & > THBICMASMIAENS (Vau HF
K&Ww) 72HTHH, BRREXHT EHEBEOER
HEITHELIDDOEBRBROZVERBENRBSNT
%, COMRBRIZ, class C B f-lactamase EAHEIZH
BOBEZFIAMELTWEILERT, —F4, B=it
X cephem FIIBEE & ORMAENH L (KnAPE W),
Ve B/PhEV, ThbbH, BFEIC cephem EAESIC
HRENBD DD, MR INI: cephem EIZBEMN S
BRELEVC -OBMEIXRERBEZRD, TOKR, &
FOE=1{R cephem AL HEH X RET 5, 7,
RBEOHE=H# cephem KIZ X 2RI DRINK L
BV, BRENL-ZERBEOBERIIB—, = cephem
EREFICHERTELHIIHL, PICREAMNERAE LS
MIhsd, ShiCH LT, cefepime, cefozopran,
cefpirome %D L\» cephem ¥id, H =1 cephem
KIDELHIIKER K. liZ2RT. TOLDHE=MR
cephem EFABICHBLRTROBERAR/ICHL T
% cefepime (ZE&EZMH & IZIZFAEED MIC 2701, &
HHOBIREIL 4-32XMIC T 10° UT L EWV, D
X912, B-lactam WD FEH L S -lactamase TH 2
2 e b, B-lactamase BEEFHZ BINRLBVHEXD
AVIEBHEFEZZIALENEEL LD, B
-lactamase BHEHIC L 2BROKIERLNEEBE O
WHHELBEC L ORBEN KD 1 205ETH S,
B -lactamase B4 B{EF DNA DEERFI%Z b L1
Ambler X, class A [ZHEH PCase, class B i
carbapenemase (CBPase), class C ¥ CEPase,
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class D ¥ OXA B PCase (It &€ 72, ESBL I
Ambler DD classs AM -9 27 <= —¥ROZ L
T» 5, ESBLiZ, TEM-1, 2, SHV-1 2*INKSML
B2 CTX » 5\ id CAZ %2 ¥ cephem R¥E %MK
FMTBLEADD, BEOERFRMEMERLAL
w5 &BK'CT Extended-Spectrum f-lactamases
(ESBLs), & %\ iz Broad Spectrum f-lactamases
(BSBLs) & PRI T\Ww3, ESBL EA W DRI,
CTX 5 Wik CAZ W LIZ AZT @ 2RI 2%,
CFX % IPM (Zi3ZE 2RI 2 &, class A R T
HBHZ M5 clavulanic acid (CVA) 12 & » TREFKIE
HAEE XN S ® ABPC/CVA I L TIAEZETH
5, ¥/, MIC bHVAEBICL-TERGENE2D,
T&hiX 5x10%cfu/ml ZAVT MIC M5 LAt
ESBL # RASH2VIYTHb, D ESBL ICXHW
¥ WX K. pneumoniae ®° E. coli 26 sh, 3—u
Y NRT A hDEAFBER ICU % OIS e B S
LLTAHMERTWwaE, 0L 5, BAETIE TEM,
SHV # ESBL ¢ i3flo#ad ESBL AHALTETW
5, 2hix, ThEFhOBETHRHASN TS cephem
EORELRBLTVwARLELONRD, ZOM, B
BTl carbapenem ¥ %K% 3 5 plasmid XA D
WHERVFMEL - TWE, COMFHIX class B &
f-lactamase TH Y, FTOERBEREIC Zn 4 F %D
EL$45IZ LMD metalloenzyme EMTh 2, DR
#ix, CTX, CAZ, CFX, PIPC iZmA T IPM %2 &¥
~RT®? carbapenem ¥EZ MK 545, AZT J;S
v, L72d-T, IPM, CTX, CAZ, CFX i,
AZT BZHTHY, CVA IZL > THESINT, EDTA
HFETT IPM ® MIC i ExHICHL, 2D
carbapenemase EAH X, BREVFHICHRTTRTO
carbapenem ¥ IZWE% R 9 A%, carabapenem i3 €
DONBEEBEPENTH S0, PLRVERT MIC %
ARB LR YR REXLTLE ). BHERR
HELZICRETHD, EOLOHLVORBEDLBVT
MIC Z2RKDEPICE > TH I L2BHROBRUMBELRSH
B, LadoT, HARFMOABOMBZ BRFT
HILLERERLBRERELEOEREALLTS 1
DDRAPH L, f-lactamase DEH - HHE
RICX2WEELECRIBL, AT EXHER
MEELTHoLDEAELERS,

3) BHOEALIC X HRPEHER

ek —
B— WK (Bk) AU E—RRZEAT

1. LD
MEOEMBEROERICE 2 BHARERMER, BT

DORFEWMENFEOHBBIZL Y, B EDOTIDE,
EMUEEETHESLAHOIICEDDOH B KIS,
HRETEOMNKICEBLTVAEAF V) YRERE
7 FY M (MRSA) #, =¥y YENARNE
(PRSP) i, ARBEOENEBRREDOR=Y) VY HE
M #E (PBP) RIZTFORBLBRICLAIbOLER
LENTW5B, £/, /a4y EMRME (VRE)
Tz, KAvav4 Y OMYTHAS D-Ala-D-Ala %,
FOERMEXERICLY), MBEEFLOOEAICK
AL2VHFLVWEK (D-Ala-D-Ser 2¥) ~EMRT S
ﬁﬂit?i&ﬂ'fwéa

—7%, ARAEFTHEF /0 HicHT oWER,
BB RTHS DNA VXA L—ABIUIKIV AL
—ANDEBNERICE Y RENBILT S LHHS
P 20oHb, KV URIYLTIR, HiICH /O
VHIOBMYBRRICLAINBEERIIOVT, BEDOER
B L D ERLIV,

2. ¥/u Kokl
—a—%/urHoEiiz, MED DNA AKICLA
LhEETHHIMHEIVAL—RX]T (DNA V¥4 L—2
BIXUEMEAVAL—AN) OBREICLZ2bDLER
LhTVAEY, Z0 2 MoK 2 43 DNA OYIfL
FRAE®RVET LT, DNA OVRELXELSE
DNA OHEBNMOBBEEH NV Fr—X, ¥V AV
— A% Y) BRBAOERELEN T+ —7ICELBX
Lhofil, BIXUENBERIC/ELRT: 2 &1 DNA
PHRMBICOR T L CERZMBEOMMBMICEART
2LEZONDY, THOBERLXRETIBETFROX
B, dsvidza—F/o HCEsBEEIR, MEKC
Lo THENTH S,

3. —a—¥%/urHAREHBRSEE
ABENCB) 2 HERHBABEICOVWTRE L.
KBR%2—BERTLHLE, TORKIZH 10° B/ml &%
b, TOBBFOBRMYURZ, EXEHICENEZER
MLTENT AL, LE7OFH4 Y (LVFX) OBRA
REMILRE (MIC) @ 2 f§, BIU 4 t50FEHHT
X, # 10°~10° f/ml 2 1 EU T THo7zo REBES
SURB7FYREICHT S LVFX OBEEHEAED
BRFARLZEETH o2, CORKRLY, BRICBY
Thoa—F/ a0 /FoBEREOHBIEDLDTER
EThrliiffshlz, LaL, BREZ TR,
10 REFOKRILX, RE2H2IEIHLIhLE 7. B
RELEIEFCLIIBELREKRL, COBEIR, 1/2
MIC EORMICRE L EZ, ROMROBEREIC
LT, MR 2 BRI ARL - RA s h oA
LAERTHSE. £ 10 f{HD MIC iz 7y + ¥
2k, 2O MIC iZLDEHUCLHBRICEI-TH, W
HEL LR SE, 10REICIZ 4~128 H D MIC L&
FRLE. L2dToMERIRBENREL-BEER
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L, RottRIcZIMI A, CORBEANICBITD
BEEREOMEBIZ, BRICBITI2H5SREERALL
TEETHS, T4bb, BEAED MIC &, ¥HOR
HiPREESH D\ iz, MIC 2B AP, RPBIU
HRARES JURKRMEERL 270, RV
RWEHERATA o2 —-F /)0 aHELTH, &
PUIRHEEZBRT AL IR0 REVDALTH D,

4. Za—F)uVBEAH=XL

MEIRER I CHEERTHEELT, OB-527%
I—¥ERERLT2EARELRERIC & 2 XA O 4EA,
RR, QEEZMHL (LPS), NED D2V IZHBICE 2
EBRUERBER, BIUVOBRMNBEROREERNEL
bhd, —a—F/0/REFCBNT, EFHREL
BRCIIMMIBAEITRHESATY RV, 42X
H=XhiE, BOEROEREEAORABLES L
X EANMETHD, —a—F /0 HoOENIZH
RAVAV—ANICHWENSD DNA Vv f L—RL#E
AbNTEZ, LHML, BiEt, PRIV AL—ZANH
RBRE&N, TOREOBPEIBHOLIITLBIZHY,
BHE~NORELEFDEHSN TV S,

DNA Yx4 L—ZADERIZE 2 LR, TOMN
BMECOHEERLEEDIC, BEZNBIIER, £
ORBERBUIHLN LR 572 DNA V¥4 L—2X
22009 72=y 1 (GyrA, GyrB) ®»95%H, Bd
2 GyrA ORZEDWBBICERVEPL TS (F /1
YRR EH M, Quinolone Resistance Determining
Regiones, QRDR), ZDOHTH, GyrA O7 I/ BE
FID 83 k) rHaf vy, vPILbT7RT T
ZVIZEboy, BT DT ANGEUYNTANGF
VB, N RNV VIZERTAEREEARAT, F
JurREREKIE, 83 Lk 87 M 2EERERT
GyrA 282 b DA%V, GyrB OERIZ & 5k,
2 BEEFAON TSN, TOREEIXEY, —7,
BEZ¥MIZDNA Vv 4 L—REBVHEAEZRT MR
AVALV—ZAN®D, 2 @4 72=y + (ParC BLV
ParE) ®9 %, ParC b GyrA L EPOEREEN B X
* QRDR #RAEL, 80 DX ) yHuf Y VIlED
ALEBEETT. ¥/ uVBREROFEKRLIVERL
-WEEEICH TS LVFX OBERHE (ICs ) 13,
DNA V%4 L—ADHEWRIRLIVAL—ZANED, &
10 ERZEHTHAHH, DNA Vx4 L—RD GyrA &
R (V¥ 83—-ufvv) BETIK, BIHKEKIIN
50~100 ERHEERT. COERKICHTS MIC Ok
Ri 4~8 IBIBE VDT, TOERKD MIC 3E
BLTVWARWVIEAVALV—ANVHEHEZRBLTVS
it hs, BkHAHZ LIZ, HBT FYRETI,
FRAVALV—ANDOEHF/ a  HICEREEERL,
—RHBERKRTIE, PRAVALV—ANERMEH
LTEDHONEY, 65, BEKIMY /0 BERYE

BT, PRAVAL—=RXNESHIS, DNA Vx4 L—
ZDBEEMBD SN LM S, KMNE FMICH
MADRBMERICE>T, WELTHEHNEN L,
BOE, MigRMe, ME» 2BV THRAMEA =
XA EMPELLTVESENHALNMCRZDDDDH
60

5. BbDhIZ

MExF /o FICHLTY, D EFRTREN
CRELEBLTVALITHE, $6I5, ThHoW
P OIS, HHIPEH B 3 X UCH R A P R )
BET 2, RRETIZEAFHRMOMNS A, MR
EERIVEORMUBICKELEEESERATWACL
HELPICZDDODOH D, chHLDAMOBERF
WHBTAHLT, BEREAMVHATLILOLERD
s,

L2L, ¥/0 HOBENB L CENHBOKR
2EIL, BREEOEREBRIZBZESETHII, C
DE)BRMBEFAOHMEBSCLOHIBRETRTIX
BWREAIH 72, ChORERRHRLZ, FRH
EFERICEI L TERE, RiEtRDF/ O

HoOAKLUIETHEHLEXLND,
5| H XK
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