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n INTRODUCTION

I
ntraabdominal abscess in the elderly carry a
high mortality despite effective antimicrobial
therapy. For example, the death rate among

the elderly with appendicitis-peritonitis is 40%
or higher than in the young [1]. In addition,
aging causes altered drug absorption, retention,
and delayed renal excretion [2]. Bacteroides fra-
gilis is known to be a frequent isolate in in-
traabdominal abscesses. Although a variety of
antimicrobial agents are effective against this
organism, clindamycin and metronidazole
have been the choice antibiotics for the past two
decades. Animal models for abdominal abscess
have not been used to study the effect of aging
associated with this infection. In a recent study
of an animal model for B. fragilis intraabdomi-
nal abscess in senescent mice, we have reported
that age alone did not adversely affect the final
outcome [3]. This might be because the mice we
used, although comparable by age to 70 years
old humans, did not have the various comorbid
conditions the elderly human beings have. In
that study, we found higher antibiotic concen-
trations in the abscess and the tissues of sene-
scent mice compared to the young [3].
Although it is required by the Food and Drug
Administration to test the drug efficacy in chil-

dren, it does not require the new drugs to be te-
sted among the elderly. We believe that it is im-
portant to evaluate all drugs at both extremes of
age whether FDA requires it or not.
The new ketolide, telithromycin (HMR 3647) is
a semi-synthetic 14-membered ring macrolide
that is effective against B. fragilis [4, 5].
We compared the efficacy of telithromycin to
clindamycin as well as metronidazole in the
treatment of experimental intraabdominal ab-
scess due to B. fragilis in two separate age group
of mice because we felt that such studies may
shed light on the therapeutic efficacy of
telithromycin in the treatment of elderly pa-
tients with infections.

n MATERIALS AND METHODS

Animals: Young (age 2-3 months, average
weight 25 g) Swiss Webster male mice were ob-
tained from Taconic Laboratories, German-
town, New York. Senescent (age 18-24 months,
average weight 35 g) Swiss Webster male mice
were obtained from the National Institute of
Aging, Bethesda, Maryland. Since this was the
only source for aged mice, the supply was se-
verely restricted to a small number of aged
mice for the duration of the study. These ani-
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mals were kept under conventional conditions.
Inoculum: The B. fragilis isolate used was ob-
tained from a patient with intraabdominal ab-
scess. Intraabdominal abscess in mice were in-
duced by intraperitoneal injections of 0.1 ml in-
oculum containing 107 CFU/ml of B. fragilis
with 50% of autoclaved mouse fecal contents
along with 10% barium sulfate. The B. fragilis
isolate used in this study was susceptible to
telithromycin (1.5 µg/ml), clindamycin (1.5
µg/ml), and metronidazole (3.0 µg/ml).
Antibiotic therapy: Mice were assigned to 4 treat-
ment groups (15 young and 8 to 12 senescent
mice per group). Mice were injected subcuta-
neously with 0.1 ml of antibiotic twice a day
(Hoechst Marion Roussel, Romainville, Paris,
France), clindamycin (commercial) metronida-
zole (commercial) or Saline. Antibiotics and
saline were given subcutaneously two times a
day for ten days. The telithromycin group re-
ceived 50 mg/kg/bid. The dosage for clin-
damycin and metronidazole was 100
mg/kg/bid. Mice that were infected but treated
with saline were used as controls. The
telithromycin dosage given to mice is compara-
ble to a one gram per day adult human (70 kg)
dose. Telithromycin has been administered BD
instead of OD as commonly done for treatment
of infections in humans because the half life of
most drugs is much shorter in mice. The dosage

for mice is seven times this amount adjusted for
the circulation time based on the size of the ani-
mal. Accordingly, the human equivalent dose
for clindamycin and metronidazole is two
grams a day. The above experiments with young
mice were repeated using 13 animals per group.
Quantitative analysis: All animals were treated
for ten days. Therapy was initiated 24 hours af-
ter infection. After 10 days, they were left un-
treated for two days before they were sacri-
ficed by cervical dislocation. At autopsy, ab-
scesses were removed aseptically, weighed
and homogenized with one ml of saline in
ground glass homogenizer. Ten-fold serial di-
lution of the homogenates were made in saline
and 0.1 ml of each dilution was spread on
anaerobic brucella blood agar plates done in
triplicates. All plates were incubated anaerobi-
cally for 72 hours at 37°C for viability counts
(CFU/mg). The animal was considered
“cured” only when its pus was sterile on cul-
ture, or there was no development of an ab-
scess. A positive culture after therapy, even
when there was three or more log decrease in
CFU/mg, was considered a failure (Tables 1
and 2). The results were analyzed for statistical
significance using the χ2-test for the difference
in proportions.
Pharmacokinetics of telithromycin: Antibiotic lev-
els were measured in infected young and

Table 1 - Antibiotic therapy for intra-abdominal abscess due to B. fragilis in young mice

Treatment Total mice Mice with B. fragilis Mice with no
(mg/kg/bid) in group bacteria Log10cfu bacteria

(infected %) Mean ± SD (cure %)*
(failed)

Saline 28 23 (82) 4.30 ± 0.80 5 (18)
Telithromycin (50) 27 7 (26) 3.53 ± 0.75 20 (74)**
Clindamycin (100) 28 5 (18) 3.83 ± 0.36 23 (82)**
Metronidazole (100) 28 11 (39) 3.69 ± 0.51 17 (61)**

* Sterile cultures = cured; **p≤0.001

Table 2 - Antibiotic therapy for intra-abdominal abscess due to Bacteroides fragilis in senescent mice

Treatment Total mice Mice with B. fragilis Mice with no
(mg/kg/bid) in group bacteria (infected %) Log10cfu bacteria (cure%)*

(failed) Mean ± SD

Saline 8 7 (87%) 5.79 ± 0.54 1 (13%)
Telithromycin (50) 12 4 (33%) 4.79 ± 0.74 8 (67%)**
Clindamycin (100) 8 2 (25%) 5.63 ± 0.0 6 (75%)**
Metronidazole (100) 8 4 (50%) 5.44 + 1.13 4 (50%)***

* Sterile cultures = cured; ** p≤0.02; ∗∗∗ P ≥ 0.28
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senescent mice as well as in uninfected young
mice. Young (N=24) and senescent animals
(N=12) infected with B. fragilis and uninfected
young (N=12) were treated for 10 days. The
serum and tissue antibiotic levels were mea-
sured at 1, 4, 8 and 24 hours after the last dose.
All samples obtained for telithromycin levels
were analyzed by Dr. A. Dupront (Hoechst
Marion Roussel, Paris, France; Department of
Drug Metabolism and Pharmacokinetics).
Briefly, the serum and tissue samples were first
inactivated by beta irradiation of the frozen
specimens at a dose of 25 Kgy. This will not
cause any degradation of telithromycin. Prepa-
ration of the serum samples for analysis con-
sisted of protein precipitation after the addi-
tion of an internal standard, the evaporation,
reconstitution and subsequently analysis by
liquid chromatography and fluorescence de-
tection (excitation level set at 263 nm, emission
wavelength set at 460nm). The assay had a
lower limit of quantification of 0.005 µg/ml us-
ing 3.0L of plasma. The results were expressed
as µg/ml. Simultaneously, antibiotic levels in
the abscess, lung, liver, spleen and small in-
testines samples for each age group were also
determined. Serum and tissue concentration of
clindamycin and metronidazole are well publi-
cized and therefore, not done.
Statistics: The results were analyzed for statisti-
cal significance using the chi-square and Fisher
exact tests using Sigma statistical program. 

n RESULTS

Therapeutic outcome: In young mice, the cure
rate was as evidenced by sterile cultures of ab-
scess or no abscess was 74% on telithromycin
therapy, whereas it was 61% and 82% on
metronidazole and clindamycin therapy re-
spectively. In the untreated controls, only 18%
of animals had spontaneous cure and 82%
formed culture positive abscesses. Statistical
analysis of cure rates showed a significant dif-
ference in results of treatment with each agent
compared with untreated controls (p ≤0.001),
however no significant difference in cure rates
was noted between different treatment groups.
This experiment was repeated and the results in
young mice are shown in Table 1.
The results obtained from the senescent ani-
mals are shown in Table 2. Telithromycin cured
67% and clindamycin cured 75% of the senes-
cent mice but metronidazole cured only 50% of
the animals. The efficacy of telithromycin and
clindamycin were comparable, and the differ-
ence was not significant (p≥0.691). The age of
the mice did not adversely affect the therapeu-
tic efficacy of either telithromycin or clin-
damycin and the difference in therapeutic effi-
cacy observed between the young and the
senescent mice was not significant (p>0.05). The
therapeutic efficacy of metronidazole in senes-
cent mice was not significantly different from
that of mice treated with saline (p≥0.282).

Table 3 - Tissue and serum concentration of telithromycin in normal and infected young mice and infected se-
nescent mice following 50 mg/kg/bid subcutaneous injections

Serum Liver Lung Spleen Intestine Abscess
mean (SD) mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)
µg/ml µg/g µg/g µg/g µg/g µg/g

Normal young mice
Time (h) 1 9.7 (1.1) 20.7 (4.2) 24.4 (7.1) 15.4 (4.9) 15.0 (4.4) 

4 2.8 (0.6) 11.5 (5.1) 2.3 (0.9) 2.4 (1.9) 4.7 (1.4) 
8 0.3 (0.1) 1.2 (0.1) 1.5 (1.8) 0.2 (0.1) 1.0 (0.0) 

24 0.0 (0.0) 0.3 (0.1) 0.1 (0.0) 0.0 (0.0) 0.1 (0.0) 
Infected young mice
Time (h) 1 7.3 (2.4) 29.4 (31.1) 15.0 (11.9) 10.5 (9.2) 9.3 (14.3) 3.3 (2.8)

4 2.1 (0.7) 8.6 (4.6) 2.0 (1.2) 0.9 (0.6) 3.3 (1.3) 3.1 (1.6)
8 0.3 (0.1) 0.9 (0.3) 0.3 (0.1) 0.1 (0.0) 0.3 (0.3) NS

24 0.0 (0.0) 0.4 (0.1) 0.1 (0.0) 0.0 (0.0) 0.1 (0.0) 0.7 (0.8)
Infected senescent mice
Time (h) 1 2.4 (0.1) 49.1 (30.2) 23.2 (13.2) 15.1 (11.3) 26.1 (8.8) 28.0 (2.3)

4 8.0 (1.6) 4.5 (0.4) 1.7 (0.8) 0.5 (0.0) 3.2 (1.1) 4.3 (2.2)
8 0.5 (0.0) 0.0 (0.0) 0.7 (0.4) 0.5 (0.2) 3.1 (0.2) 1.1 (0.0)

24 0.0 (0.0) 0.7 (0.1) 0.1 (0.0) 0.1 (0.0) 0.1 (0.0) 11.2 (14.2)

SD standard deviation; NS not sample
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Bacterial count: In the young animals, they
showed a decrease in microbial counts by two
logs from 1x105 CFU/mg to 1x103 CFU/mg. No
such decrease in microbial counts was observed
in senescent mice.
Pharmacokinetics in young mice: In the unaf-
fected, the young mice had serum levels of 9.7
+1.1 µg/ml of telithromycin one hour after the
last dose, and it was six times the MIC (1.5
µg/ml) of the ketolide to B. fragilis used in this
study. After four hours, the serum level fell to
2.9 µg/ml, which was about twice the MIC of
telithromycin to the bacteria. The serum levels
were barely detectable (0.3 µg/ml) at eight
hours, and undetectable at 24 hours.
Telithromycin was found to be concentrated in
the tissues which was about two times the
serum level in both liver (20.7 µg/ml) and lung
(24.4 µg/ml), that was about ten times the MIC
of the ketolide on the pathogen used. More im-
portantly, these levels remained high for more
than eight hours.
In the young infected mice, the one hour post-
antibiotic serum level was 7.3 µg/ml (five times
the MIC), whereas the liver had four times the
serum (20 times the MIC) level, and the lung
had two times the serum (8 times the MIC)
level. Tissues of the spleen and the small intes-
tine mucosa in the young animals failed to ac-
cumulate the antibiotic. Among the infected
young animals, the pus obtained from the ab-
scess had telithromycin concentration about
two times (3.1 to 3.3 µg/ml) the MIC and re-
mained high for at least four hours after the last
dose of the antibiotic (Table 3).
Pharmacokinetics in senescent mice: The serum
levels of telithromycin in the senescent mice
was 2.4 µg/ml after one hour and 8.0 µg/ml at
four hours after the injection. The young mice
had 3.7 µg/ml at one hour and unlike the senes-
cent mice, the serum level in the young fell to
2.6 µg/ml at four hours. This was consistent for
all the three young and all the three senescent
mice used. 
Furthermore, the senescent animals had a much
higher concentration of telithromycin in the pus
than the young. For example, the pus level at
the end of one hour was 9.0 µg/ml in the young
whereas it was 28.0 µg/ml in the senescent
mice. The antibiotic concentration in the senes-
cent mice was about 20 times the MIC of the an-
tibiotic on B. fragilis isolate used. Such a high
degree of difference was not found in tissue lev-
els of the liver, lung, spleen or the intestinal
wall. The details were as shown on Table 3.

n DISCUSSION

Telithromycin (HMR 3647), a novel ketolide
antibiotic belonging to a new class of
macrolides has broad antimicrobial spectrum
encompassing most aerobic gram positive
cocci some gram negative organisms and a va-
riety of anaerobes.
Bacteroides fragilis. Telithromycin is being de-
veloped for the treatment of upper respiratory
tract infections like Hemophilus influenzae.
However, its efficacy on anaerobes like B. frag-
ilis merits its evaluation in intraabdominal sep-
sis. When intraabdominal abscess occurs in the
elderly, it causes death in a majority of pa-
tients, despite the use of appropriate antibi-
otics [1].
Published data on infection and antibiotic ther-
apy in experimental infections rarely involve
the use of older animals and, therefore it is not
known if such data is applicable to infection in
the elderly. In our study, we used “senescent
mice” of age 18 to 24 months to evaluate the ef-
ficacy of telithromycin. Although it is difficult
to translate the age of mice to human age, most
gerontologists consider that a 20 month old
mouse as equivalent to a 70 year old human.
This is based upon the rate of expected mortal-
ity at a given age, and the longevity of the
species concerned. The mortality doubling
time of the mouse being 0.3 years with life ex-
pectancy of about three years [6]. We have pre-
viously described the efficacy of other antibi-
otics, such as trovafloxacin in B. fragilis infec-
tion in senescent mice and how it differed from
the therapeutic responses in young mice [3].
Our study offers some clues as to the therapeu-
tic actions of antibiotics in intraabdominal in-
fection associated with aging. In this study, we
have shown that telithromycin was effective in
the treatment of experimental abdominal ab-
scess by B. fragilis in the young and the senes-
cent mice.
We have reported earlier that age alone has no
adverse effect on the outcome of antibiotic
therapy in intraabdominal sepsis [3]. Similarly,
in this experiment again we report that age by
itself, had no adverse effect on the outcome of
telithromycin therapy. The cure rate was 74%
in the young and 67% in the senescent mice.
Furthermore, age by itself had no adverse ef-
fect on efficacy of clindamycin, the cure rate
being 82% in the young and 75% in the senes-
cent mice. It was comparable to our previous
studies with clindamycin in which 93% of the
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young and 88% of the senescent mice with B.
fragilis abdominal abscess was cured [3]. In this
animal model, we were unable to reproduce the
high mortality encountered in elderly humans
with intraabdominal abscess, perhaps due to
the mortality associated with intraabdominal
sepsis in humans may be enhanced by various
comorbid conditions. The mortality rate of ab-
dominal sepsis is two to three times higher in
the seventy-year-old compared to the forty-
year-old [7, 8]. Another reason for the low mor-
tality in our animal model is because we used a
single organism, B. fragilis to produce abscess
whereas intraabdominal abscess is of polymi-
crobial etiology in human infections.
Telithromycin, like other macrolides, accumu-
lates in the phagocytic and nonphagocytic
cells, and also released very slowly, thus ex-
plaining the high concentration in the abscess
[9]. It is known that high intracellular concen-
tration does not mean high bactericidal effi-
cacy. Unlike the young, the senescent mice had
lower serum levels at one hour (2.4 µg/ml)
than after four hours (8 µg/ml). It is explained
on the basis that it could be due to lower serum
albumin levels and slower absorption among
the elderly [10]. 
About 70% of telithromycin is protein bound
and this binding to albumin is stronger in the
mouse [11]. The high serum levels in senescent
mice could also be due to the delayed excre-
tion. The therapeutic relevance of serum an-
tibiotic levels has been questioned. It is known
since penicillin era that the antibacterial levels
at the site of infection is more important than
the antibiotic concentration in the serum [12].
The pharmacokinetis of drugs are affected by
age primarily due to altered volume of distrib-
ution (Vd), thus altering the half-life of drugs.
Age alone may not affect the rate of clearance
of the drug. 
Both total body water and lean body mass de-
cline with increasing age and since antimicro-
bial agents are mainly distributed in these com-
partments, the drug lingers longer in the serum
of aged adults [12]. Thus, separate verification
is needed by clinical trials to determine the safe
dosage for this antibiotic specifically for the el-
derly patients.
It is important to note that in the senescent
mice, the telithromycin concentration in the
liver, lung, spleen, intestine and abscesses
were much higher than the levels observed in
the young (infected) mice (Table 3). In fact, the
intestines and the liver of the older animals ac-

cumulated twice the amount of telithromycin
than that of the young (infected and unin-
fected) animals. It has been shown that
telithromycin concentrates well in the hepato-
cytes, and uptake of this antibiotic was known
to be more rapid among the male mice [13]. All
the mice used in our study were male, which
might account for the high concentration of
telithromycin in the liver.
Macrolides and ketolides are sparingly water
soluble, but readily absorbable in lipids, and
therefore have an affinity to fat. There is an in-
crease of fat in the body with advancing age
and therefore, these drugs are retained in the
tissues for a long period of time. 
These antibiotics slowly diffuse back into the
circulation when the drug is being cleaved in
the intravascular component. These are some of
the reasons for the high concentration of
telithromycin found in the tissues of the aged
mice.
When treatment failed, the bacterial counts in
the abscess decreased by two logs (2x105 to
8x103) in the young and by one log in the senes-
cent mice. Telithromycin concentrated at the
abscess site of the senescent animals, almost
eight times (28±2.3 µg/ml) than that of the
young (3.3±2.8 µg/ml). The older animals re-
tained high concentrations of this drug for
about 24 hours or more suggesting that the
dose of telithromycin given to senescent mice
could perhaps be decreased without adversely
affecting the therapeutic outcome.
Elimination of infection requires intact host de-
fense mechanisms. Since aging is known to be
associated with a decline in immune cell func-
tion it is possible that the observed differences
in bacterial counts in young and senescent
mice may be related to altered host defenses in
senescent mice. It is known that B. fragilis in-
fection produces immune suppression [14-16].
Telithromycin, unlike some antibiotics, does
not adversely affect the immune cell function
but rather appears to circumvent immunosup-
pression associated with the bacterial infection
[17].
In summary, our study shows that
telithromycin is as effective as clindamycin in
the treatment of experimental Bacteroides frag-
ilis infection in intraabdominal abscess in mice.
Age per se had no negative effect on the thera-
peutic efficacy of this drug despite significant
differences in the pharmacokinetics associated
with aging. Although the results of our mice
experiments cannot be directly translated to
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the treatment of the elderly, our experiments
show that there are biological differences in the
pharmacokinetics of certain antibiotics be-
tween the young and the old. Our experiment
is in favor of doing a clinical trial with
telithromycin for the treatment of infections of
the elderly due to susceptible organisms.

Key words: telithromycin, experimental intraab-
dominal abscess, Bacteroides fragilis.
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The efficacy of telithromycin (HMR 3647), a
new ketolide, in the treatment of experimental
Bacteroides fragilis intraabdominal abscess in
young and senescent mice was evaluated.
Two different age groups of mice, young (2-3
months) and senescent (18-24 months) were
used in this study. Telithromycin (50mg/
kg/bid) was compared with clindamycin and
metronidazole, both administered in 100
mg/kg/bid doses. Telithromycin cured the
infection in 74% of the young and 67% of the
old mice but this difference was not signifi-
cant. Telithromycin efficacy was comparable

to that of clindamycin which cured 82% of the
young and 75% of the old, but was superior to
the efficacy of metronidazole, which cured
61% of the young and 50% of the senescent
mice. Young animals that were not cured by
any of the three antibiotics showed decrease
in the viable bacterial cell counts by two logs
while the senescent mice had a one log differ-
ence. Serum, pus and tissue concentrations of
telithromycin were five-fold higher in the old
mice than in the young. Age by itself had no
adverse effect on therapeutic outcome of any
of the three antibiotics used.

SUMMARY

Gli autori hanno valutato l’efficacia di telitromi-
cina (HMR 3647), un nuovo chetolide, per il trat-
tamento dell’ascesso intraddominale sperimentale
da Bacteroides fragilis nel topo. Gli animali uti-
lizzati nello studio appartenevano a due gruppi di
diversa età, giovani (2-3 mesi) e senescenti (18-24
mesi). L’efficacia di telitromicina (50mg/kg/bid) è
stata confrontata con quella di clindamicina e me-
tronidazolo, entrambi somministrati alla dose di
100mg/kg/bid. 
Le percentuali di guarigione osservate a seguito di
trattamento con telitromicina sono state pari a
74% e 67% nel gruppo dei topi giovani e in quello
dei topi senescenti, rispettivamente; la differenza
non è risultata significativa. L’efficacia di telitro-
micina è risultata sovrapponibile a quella di clin-
damicina che ha determinato, negli stessi gruppi

di animali, la guarigione nel 82% e 75% dei casi.
Decisamente inferiore è invece risultata l’efficacia
di metronidazolo, le cui percentuali di guarigione
sono state pari a 61% nel topo giovane e 50% in
quello senescente.
Nell’animale giovane, i processi infettivi non
giunti a risoluzione con nessuno dei tre diversi
antibiotici hanno comunque evidenziato una di-
minuzione pari a 2 logaritmi della carica batterica
mentre nell’animale senescente la diminuzione è
stata inferiore e pari solo ad 1 logaritmo. Telitro-
micina ha raggiunto nel siero, nel pus e nei tessuti
concentrazioni cinque volte più elevate nel topo
senescente rispetto a quello giovane.
Il fattore età non ha rappresentato, per alcuno dei
tre diversi antibiotici, un fattore limitante il suc-
cesso terapeutico.
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