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Short and Long Courses of Ofloxacin Therapy of Klebsiella
pneumoriae Sepsis following Irradiation
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BROOK, I.. AND LEDNEY. G. D. Short and Long Courses of
Ofloxacin Therapy of Klebsiella pneumoniae Sepsis following
Irradiation, Radiat. Res. 130, 61-64 (1992).

Exposure to whole-body irradiation is associated with fatal
gram-negative sepsis. The optimal length of therapy of such in-
fection is not established. The effect of short and long courses of
oral therapy with the quinolone ofloxacin for orally acquired
Kiebsiella pneumoniae infection was tested in B6D2F, mice ex-
posed to 8.0 Gy of bilateral radiation from *Co. A dose of 10*
organisms was given orally 4 days after irradiation, and therapy
was started 1 day later, Cultures of the ileum 7 days after irra-
diation showed the recovery of K. pneumoniae in 7 of 10 un-
treated mice and in 3 of 20 treated with ofloxacin. However, 14
days after irradiation K. pneumoniae was isolated in 5 of 6 un-
treated mice. in 7 of 9 that received the short course of therapy.
and in one of those that received the long course of therapy (P <
0.05). At Day 7. K. pnreumoniae was rsolated from the livers of 6
of 10 untreated mice, and from none of those receiving ofloxa-
cin (P < 0.05). At 14 days. K. pneumoniae was isolated in 4 of 6
untreated animals. in 4 of 9 that received the short course of
therapy. and in none of the mice that reccived the long course of
therapy (P < 0.05). Only 3 of 20 (15%) untreated mice survived
for 30 days as compared to 11 of 20 (55%) mice trcated for 7
days with ofloxacin and 18 of 20 (90%) mice treated for 21 days
with ofloxacin (P < 0.05). These survival data illus:rate the effi-
cacy of a 21-day course over a 7-day course of oftoxacin therapy
for orally acquired K. preumoniue infection in irradiated
hoSts. 1992 \cademic Press, Inc.

INTRODUCTION

Exposure to ionizing radiation enhances the host’s sus-
ceptibility to systemic infection due to endogenous and cx-
ogenous organisms (/. 2). A possible source of endogenous
infection in irradiated hosts is the gastrointestinal tract ().
which is colonized by aerobic and anacrobic organisms. Fol-
lowing irradiation. members of that flora may translocate
to the hiver and spleen. and thereafter can be associated with
fatal septicemia (2. 3). The most important bacterial species
isolated from septic animals are gram-negative enteric bac-
tena (2. 9. Klehsiella pneumoniae is frequently linked to
death from sepsis (4. 5) and is ¢speciaily prevalent in im-

lmngg.: '1’"9"3” 3 5
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munocompromised patients (6). In a preliminary report it
was shown experimentally that the prevention of transloca-
tion of these organisms and the control of sepsis can reduce
mortality.'

We found the quinolone antibiotics to be efficacious in
reducing systemic infection due to K. pneumoniue follow-
ing irradiation and oral feeding with K. pneumoniae (7. 8).
The efficacy of these antibiotics may be due to their selec-
tive ability to eradicate Enternbacteriaceae while preserving
the anaerobic gut flora (§). However, animal mortality was
not compictely prevented and the duration of quinolone
therapy necessary to eliminate the bacteria was not deter-
minad in these studies.

This study was designed to evaluate the optimal length of
therapy required to treat irradiated mice that develop septi-
cemia due to orally ingested K. pncumoniae.

MATERIALS AND METHODS

“bumuly

Female BOD2E I mice appeonimately 12 weeks old were obtained from
the Juckson Laboratory (Bar Harbor, ME). All animals were kept in quar-
antine for about 2 weeks nefore being transferred to a room with a 12-h (6
aM 1o 6 PM) light-dark cycle. Representative samples were examined to
ensure the absence of <pevific bacteria and common murine discases, Ani-
mals were maintained in a facity accredited by the Amencan Asociation
for Accreditation of Laboratory Amimal Care. 1in Microlsolator cages on
hardwood chip bedding and were provided commercial rodent chow and
acidified water (pH 2.2) that was changed to tap waler 48 h before irmadia-
tion. All expenmental procedures were done in campliance with both the
Nationad Institute of Health and the Armed Forces Radiobiology Research
Institute (AFR R guidelines regarding anmmal use and care.

*Co Irradiation

Mice were placed in Pleviglas restrainers and given a whole-body dose of
8.0 Gy from a ™ Cosource at 3Gy /min. The doseisan 1D, , fur B&D2F,
female mice. Before the evperiment. the dose rate at the midline of an
acn i mouse phantom was meawred using a0, $-0¢ tissue-equnvalent on-

'Brook and T. B. Elliott. “Peflonacin Therapy 1n the Prevention of
Mortality after Irradiation.” Presented at the 16tk Tniernational Congress
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62 BROOK AND LEDNEY

ization chamber manufactured by Exradin. Inc. (Chicago. I1L). The dose
rate at the same location with the phantom removed was then measured
using a 50-cc ionization chamber manufactured at AFRRI. The ratio of
these two dose rates, the tissue-air ratio. was then used to determine the
animal doses for routine experimental procedures. In this experiment the
tissue-air ratio was 0.98.

All ionization chambers used have calibration factors traceable to the
National Institute of Standards and Technology. The dosimetry measure-
ments were performed following the AAPM Task Group 21 Protocol for
the Determination of the Absorbed Dose from High-Energy Photon and
Electron Beams (9).

Bacteria

The strain used in this study was a human clinical isolate of K. pneumo-
niae with a type 5 capsule (AFRRI No. 7). The organisms were harvested
in the logarithmic phase of growth in Bacto Brain Heart Infusion Agar
(Difco. Detroit, M. A concentration of 10° organisms/] ml saline was
prepared. and a volume of 0.1 mi was fed to each animal by using a 20-
gauge animal feeding tube fitted to a 1.0-m! syringe. We used this number
of organisms because ingestion of fewer bactena did not produce montality
in the animals,

Antimicrobials

Ofloxacin was obtained from Ortho Pharmaceutical Corp. (Raritan. NJ)
and was given once cvery 24 h in a dose of 40 mg/kg. Standard powder
formulations with known potencics were used {or in vitre and in vive stud-
ies. Ofloxacin was given by gavage in a volume of 0.1 ml sterile saline. All
control animals received 0.1 mi sterile saline by gavage.

Antimicrobial Serum Concentration

Serum concentrations of the antimicrobials were determined in six irma-
diated mice each | and 23.5 h after the administration of the antimicro-
bials on the fifth day of therapy. Bacillus subtilis ATCC 6633 was used asa
test organism. and Mueller-Hinton agar (pH 7.4) was used as a test agar.
This method could not detect serum concentrations below 0.2 ug/mi.

Microbiological Methods

Mice were observed for mortality and symptoms of discase for 30 days.
Ten animals were sclected at random from each group on Days 7 and 14
following irradiation. When fewer than 10 animals survived in a group, all
were studied at that day. Animals were killed by cervical dislocation. Speci-
mens of liver and ileum were processed for the presence of hacteria. No
other organs were processed and no blood samples were obtained. because
previous studies showed that liver cultures correlated best with sepsis ().
The livers were removed aseptically and homogenized immediately. The
iteum was opened. and ilcal content samples were obtained using a swab,
The liver and stool specimens were swabbed onto blood and MacConkey
agars, and the organisms were identified using conventional methods ( /0).

Experimental Design

Each mouse was fed 10° K. pneumaoniae organisms 4 days afier irradia-
tion. Antimicrobial therapy was initiated $ days after irradiation, and was
administered orally for either 7 or 21 days. Survival experiments were
performed three times with 60 mice, 20 mice for ¢ach group in cach experi-
ment. Microbial analysis of the liver and the ilcal contents for bacteria
cclonization was done only twice with 75 mice, 25 mice for each group in
each experiment. Each survival and microbial analysis experiment con-
sisted of two antibiotic therapy groups and the untreated control group.
The first group of antibiotic-treated mice received ofloxacin for 7 days
(short course). the second group was given ofloxacin for 21 days (long
course). and the third group was given sterile saline for 21 days.

‘°°L NN 21 days ofloxacin
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F1G. 1. Survival of 60 B6D2F| female mice irradiated with 8.0 Gy of
“Co v rays. fed with 10* K. pneumoniae. and treated with ofloxacin.
Twenty mice were included in each group. The data represent one experi-
ment. A total of three experiments showed similar results; see text.

Samples of liver and ileum were obtained 7 and 14 days aftor irradiation.
These sampling times correlated with mice receiving either iwo oral oflox-
acin doses from the short course group or nine oral ofloxacin doses from
the long course group. By |4 days after irradiation. mice on the short
treatment schedule had not received ofloxacin for 2 days.

Statistical Methods

Statistical analyses were done using the Cox-Mantet test (/1)

RESULTS

Mortality

Mortality in the groups that received ofloxacin was signifi-
cantly less in all three experiments (P < 0.05) than in the
water-treated control groups. A further significant increase
in survival was noted in all three experiments in the animals
treated for 21 days compared to / days. The survival after
30 days in the first experiment (Fig. 1) was 3 of 20 (15%) of
the water-treated control mice. 11 of 20 (55%) of the ani-
mals treated with ofloxacin for 7 days, and 18 of 20 (90%) of
the mice treated for 21 days. In the second experiment, 4 of
20 (20%) water-treated control mice 10 of the 20 (50%)
mice treated for 7 days with ofloxacin, and 17 of 20 (85%)
mice treated for 21 days with ofloxacin survived. In the
third experiment, § of 20 (25%) water-treated control mice,
12 of 20 (60%) mice treated for 7 days with ofloxacin. and
18 of 20 (90%) mice treated for 21 days with ofloxacin sur-
vived.

Isolation of Organisms in Liver

In the first experiment, at Day 7 after irradiation, XK.
pneumoniae was isolated from the livers of 6 of 10 (60%)
randomly selected control animals, and in none of those
receiving ofloxacin (P < 0.05) (Table I). Atday 14, K. pneu-
moniae was recovered in 4 of 6 (677) water-trcated ani-
mals. in 4 of 9 (45%) of those that received the short course
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TABLE |
Recovery of K. pneumoniae from Liver and {leum of
B6D2F, Mice Irradiated with 8.0 Gy “Co v Rays

Liver llcum
Days afler Days after
irradiation irradiation
Therapy group Day 7* Day 14* Day 7* Day 14*
First experiment
' Control (water) 6/10 4/6 7710 §/6
Short course 0/10 4/9 /10 779
Long course 0/10 0/10 1710 1110
' Second experiment
Controf (water) 5/10 47 5/10 4/8
Short course 0/10 w8 010 3/5
Long course 0710 0/10 0/10 0/10

* By Day 7. animals in both the short- and longcourse therapy groups
had received 2 days of treatment with ofloxacin.

* By Dav 14, animals in the short-course group had been treated for 7
days: animals in the long=course group had heen treated for 9 days,

of therapy. and in none of those that reccived the long
course (P < 0.05).

In the second experiment. K. prreumoniae was recovered
from the livers of 5 of 10 (50'») control animals. and in
none of those receiving ofloxacin (P < 0.05). At Day 14, K.
pneumoniae was isolated in 4 of 7 (577%) water-treated ani-
mals. in 3 of 8 (37%) of those that received the short course
of therapy. and in none of those receiving the long course.

Isolation of Organisms in the lewm

In the first experiment, at Day 7 after irradiation, K.
pnetumonitae was recovered in 7 of 10 (7017) water-treated
mice and in 3 of 20 (15") mice treated with ofloxacin (P <
0.05)(Table I). At 14 days after irradiation, K. preumaoniae
was isolated in § of 6 (837) water-treated mice. in 7 of 9
(787 that received the short course of therapy, and in one
of those that received the long course (P < 0.05).

In the second experiment. at Day 7. K. ppewmoniae was
isolated in 5 of 10 (50/) water-treated mice and in nong of

. those treated with ofloxacin (P < 0.05). At Day 14, the
organism was recovered in 4 of 8 (50¢%) water-treated mice,
in 3 of 5 (60"7) mice that received the short course of ther-

. apy. and in none of those that reccived the long course.

Antibiotic Serum Concentration

The mean serum concentrations of ofloxacin were 2.4 +
03ug/mlat 1 hand 0.4 + 0.2 ug/mlat 23.5 h,

DISCUSSION

The results demonstrate that a quinolone such as ofloxa-
cin can reduce the colonization of the ilcum and the devel-

opment of subsequent septicemia with K. pnewmoniac in
y-photon-irradiated mice. The results support the findings
of Trautmann ¢1 al. (12). who observed the efficacy of ci-
profloxacin in the management of systemic K. pneumoniae
infection in neutropenic mice.

We have developed a model of acquired K. pneumaoniac
infection in irradiated mice that may represent the mode of
invasion of external pathogens into an irradiated host. We
showed previously that irradiated mice develop fatal septi-
cemia due to orally administered P. aeruginosa (13). We
also observed that the number of endogenous gastrointesti-
nal tract aercbic and anaerobic bacteria declined 24 h fol-
lowing irradiation and that the decline was maximal at 7
days after irradiation (/4). The decrease in the number of
endogenous bacieria in the gut may make the host more
susceptible to acquisition of external pathogens such as K.
preumoniac.

The ability of K. pnermoniae 1o cause systemic infection
in irradiated mice may be due to the following factors: (1)
the bacterial void created in the gut following the decrease
in the number of endogenous organisms. (2) the increased
permeability of the mucosal cells damaged by irradiation,
and (3) the diminution of the local and systemic immunity.

The effectiveness of quinolones in the therapy of K. pncu-
monijge infection may be attributed to local inhibition of
the organism’s growth within the gut lumen. while preserv-
ing the anacrobic gut flora (/5). and to their systemic anti-
bacterial activity to prevent the infection from spreading to
other sites within the body. We found that the optimum
durauon of quinolone therapy is a prolonged one that
would provide adequate coverage against the offending or-
ganism for at lcast 21 days. The superior efficacy of a 21-
day course of therapy over a shorter course may be due to
the need to provide adequate therapy until the immune
sysiem recovers. and granulocvtes are present in the circu-
lation (/6). Although a complete recovery of the granuio-
cytes requires up to 6 weeks at this dose of radiation. a
sutficient number of them may be present after 3 veeks to
eradicate the A prermentiae infection completely (16). Im-
munomodulators such as synthetic trehalose dicorynomy-
colate (/6). glucan (/7). and colony-stimulating factor (/8)
may facilitate this process.

Selective decontamination of the gut with orally admin-
istered quinolones is used {o prevent sepsisin immunacom-
promised hosts (8, /5). These agents were also found to be
cffective in the management of septic episodes in neutro-
penic patients (79). The availability of an oral route of ad-
ministration, the advantage of achicving selective inhibi-
tion of potential pathogens in the gut. and the ability to
treat systemic infection make the quinolones promising
agents for oral therapy of orally acquired K. pretmtoniae
infection in irradiated hosts. Although the exact length of
therapy with quinolones is vet to be determined. and may
be shorter than 21 days, therapy with quinolones shouid be
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administered for a sufficient time, which will provide ex- &
tended coverage until recovery of the immune system oc-

Curs.
9.
ACKNOWLEDGMENTS
The authors acknowledge the secretarial assistance of Ms. Anne Bartky.
This research was supported by the Armed Forces Radiobiology Research 10

Institute. Defense Nuclear Agency. under Work Unit 4440-00129. Views

presented in this paper are those of the authors: no endorsement by the
Defense Nuclear Agency has been given or should be inferred. Research
was conducied according to the principles enunciated in the Guide of the 1.
Care and Use of Laboratory Animals prepared by the Institute of Labora-
tory Animals Resourves. National Research Council. 12.

RECEIVED: April 3. 1991: ACCEPTED: October 2. 1991

REFERENCES

H. W. Kaplan. R. 8. Speck. and F. Jawetz. Impairment of antimicro-
bial defenses following totat body irradiation of mice. J. Lab. Clin.
Med. 40. 682-691 (1965).

I. Brook. T. J. MacVittie. and R. I. Walker. Recovery of aerobic and
anaerobic bacteria from irradiated mice. Infecr. Immun. 46, 270-271
(1984).

1. Brook. R. I. Walker. and T. J. MacVittie. Effect of antimicrobial
therapy on the gut flora and bacterial infection tn irradiated mice. /nt.
J. Radiat. Biol. 83, 709-716 (1988).

G. D. Mcki: Nosecomial bacteremia. An epidemiologic overview.
Am. J Med. 70, T19-732 (1981).

M. P. Weinstein. L. B. Reller. J. R. Mumphy. and K. A. Lichtenstein.
The significance of positive blood cultures: A comprehensive analysis
of 500 episodes of bacteremia and fungemia in adults. |, Laboratory
and epidemiologic observations. Rev. [afect. Dis. 8. 35-53 (1983).
T. Umsawasdi. E. A. Middleman, M. Luna, and G. P. Bodey. Alch-
sicfla bacteremia in cancer patients. .im. J Ved 168, 473-482
(1983). .

1. Brook. T. B. Elliott. and G. D. Ledney. Quinolone therapy of Kleh-
siella preumoniae sepsis following irradiation; Comparison of pe-
floxacin. ciprofloxacin. and ofloxacin. Rudiar. Res. 122, 215-217
{1990,

ATIC QUALITY INSPECTED 2

13.

4.

16.

5.

M. Rozenberg-Arska, A. W. Dekker. and J. Verhoef. Ciprofloxacin
for selective decontamination of the alimentary tract in patients with
acute leukernia during remission induction treatment: The effect of
fecal flora. J. Infect. Dis. 142, 104107 (1985).

Task Group 21, Radiation Therapy Committee. American Associa-
tion of Physicists in Medicine. Protocol for the determination of the
absorbed dose from high-energy photon und electron beams. Med.
Phys. 10, 1-30 (1983).

E. H. Lennette. A. Balows, W. Hausler. and J. H. Shadomy (Eds.).
Manual of Clinical Microbiology., 4th ed. American Society for Mi-
crobiology. Washington. DC. 1985.

T. E. Lee. Statistical Methods jor Survival Data Analvsis, pp. 127~
129. Lifetime Learning Publications. Betmont, CA, 1980.

M. Trautmann. O. Bruckner. R. Marre, and H. Hahn. Comparative
efficacy of ciprofloxacin. ceftizoxime. and gentamicin given alone or
in combination. in a model of experimental septicemia due to Kleh-
siella pneumoniae in neutropenic mice. Infection 16, 49-53 (1988).
R. 1. Waiker. 1. Brook. J. W. Costerton, T. J. MacVittie. znd M. L.
Myhal, Possible association of mucous blanket integrity with postirra-
diation colonization resistance. Radiat. Res. 104, 346-357 (1985).
1. Brook. . 1. Walker. and T. J. MacVittie. Effect of antimicrobial
therapy on the gut flora and bacterial infection in irradiated mice. /.
J. Radiat. Biol. 83. 709-716 (1988).

S. Pecquet. A. Andermont. and C. Tancrede. Selective antimicrobial
modulation of the intestinal tract by norfloxacin in human volun-
teers and in gnotobiotic mice associated with a kuman fecal flora.
Antimicrob. Agents Chemother. 29, 10471052 (1986).

G. S. Madonna. G. D. Ledney. T. B. Eliiott, 1. Brook. J. T. Ulrich.
K. R. Myers. M. L. Patchen, and R. L. Walker, Trehalose dimvcolate
enhances resistance to infection in neutropenic animals. /nfect. Im-
miun. 87, 24952501 (1989).

M. L. Patchen. M. M. D’Alesandro. 1. Brook. W. Blakely. and T. J.
MacVittie, Glucan: Mechanisms involved in its “radioprotective™
effect. J. Lenkocyre Biol. 42, 95-105 (1987).

M. L. Patchen, T. J. MacVittie, B. D. Solberg. and L. M. Souza.
Therapeutic administration of recombinant human granuloevte col-
ony-stimulating factor accelerates hemopoietic regeneration and en-
hances survival in a murine model of radiation-induced myclosup-
pression. Int. J. Cell Cloning 8, 1-10 (1990).

S. M. Kelsey. M. Wood. E. Shaw, and A. C. Newland. Intravenous
ctprofloxacin as empirical treatment of febrile neutropenic paticnts.
Am. J. Med 87, 27352775 (1989).

Acesssion por

BTIS GRar ?‘

DTIC TR 0
Uuannounced
Justificat ion

—_— T
By

Dist x;ip_u‘t lon/
]
Avauebllity Codes

. Avail andjor
Dist Special
p-lja0

] *)




