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Short and Long Courses of Ofloxacin Therapy of Kiebsiella
pneumoniae Sepsis following Irradiation

ITZHAK BROOK AND G. DAVID LEDNEY
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munocompromised patients (6). In a preliminary report it
BROOK. I.. AND) LIEDNEY. G. D. Short and Long Courses Or was shown ex~perimentally that the prevention of transloca-

Ofloxacin Therapy of Kielniella prieumontiae Sepsis following lion of these organisms and the control of sepsis can reduce
Irradiation. Radio:. Res. 130 61-64 (1992). mortality.'

Exposure to whole-body irradiation is associated with fatal We found the quinolone antibiotics to be efficacious in
gramn-negative sepsis. The optimal length of therapy or such in- reducing systemic infection due to K. pnetononiae follow-
fection is not established. The effect of short and long courses of ing irradiation and oral feeding with AK. pniunwniate (7. 8).
oral therapy with the quinolone olloxacin for orally acquired The efficacy of these antibiotics may be due to their selec-
Kiebsiella preumoniae infection was tested in 86D2F, mice ex- live ability to eradicate En! eroha cieriac'ae while preserving
posed to 8.0 Gy or bilateral radiation from '~Co. A dose or I Wj~ the anaerobic gut flora (8). However, animal mortality was
organisms was given orally 4 days after irradiation. and therapy not completely prevented and the duration of quinolone
was started I day later. Cultures of the ileum 7 days after irra- teayncsayt lmnt h atrawsntdtr
diation showed the recovery or A'. pneumoniae in 7 or 10 un- therapy in teesyto imiaetebceiawsntdtr
treated mice and in 3 of 20 treated with oflosacin. However., 14 midinteesue.
days after irradiation KX prieumnoniae was isolated in 5 of 6 un- This study was designed to evaluate the optimal length of
treated mice, in 7 of 9 that received the short course of therapy. therapy required to tr"a irradiated mice that develop septi-
and in one of those that received the long course of therapy (P < cemia due to orally ingested K. pnetononiu'.
0.05). At Diy 7. X. pneumoniae was i.'olated from the livers of 6
of 10 untreated mice, and from none of those receiving olloxa- MATERIALS AND METHODS
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 received the long course of
therapy (P < 0.05). Only 3 of 20 (15"1) untreated mice survived Female RMD2- I mice jinx. imatelsy 22 weeks old were ribraincd frm
for 30 days as compared to I I of 20 (551%1) mice treated for 7 the Jackson tLaboratory (Bar farbor. %M). All animatswerekepttin quar-
days with ofloxacin -ind 18 of 20 (90%) mice treated for 21 days lfltilC tor at'ut 2 weeks nefiwe being transfcrred toa room with a I 2-h (h
with ofloxacin (P < 0.05). These survival data illus,:rate the effi- 4m to IS PM) light-dark odel. Representative %ampks% were examined to
cac)' Ofa 2) -day course over a 7-day course of ofloxacin therapy ensumt the ahsence okutecific tiaccria and common murine diseases. Ami-
for orally acquired K. pnieumroniae infection in irradiated mals 'err maintained in a facdtv accredited hy the Amenican Association

host. , "! %S*Ms Pre-. Ic. fr Accreditation of tIahnoratws Animal Care. in Micesilsolator cage% on
host. i~ s~~ N'.. i'Chardsood chip bedding and wc , provided commercial rodient cho% and

acidified water Iptf 2.2) that *aschanged to lap water 49 h before irradia-
lion. %lt espermentat procedwes were done in Lompliance with holh the

* INTRODUCTION National Institute off Ilath and the Armed Fort-e" Radiohiology Research
Institute IAFR RI) guidtinti regarding animal use and care.

Exposure to ionizing radiation enhance's tlte host's sus-
* ceptibility to systemic infection due to endogenous and ex- -0) rudao,

ogenous organisms (/. 2). A possible source ofendogenous Mice .Acre placed in Piesiglairestrainers and giv.en a whole-hodN doseor
infection in irradiated hosts is the gastrointestinal tract (2). X.0(ivfim~sut-aO4~mn rhejovsian LMtorri2F,
which iscolonized by aerobic and anaerobic organisms. Fol- remate mice. Rctiire the e'prxriment. the dose rate at the midlinc or an
lowing irradiation. members of that flora may translocate aArn tic mouse phantom was mnc~nured using a 0)5-cc tissue-equisatent Ion-
to the liver and spleen, and thereafter can he associated with
fatal septicemia (2. 3). The most important bacterial species - --

isolated from septic animals are gram-negative enteric hac- Brosik and T. R. Fttiott. Pefloicin rhcravv in the Print-ni-r. ,r
,cria (2. 3). Kh'b'iv//a 17fcumorticu is frequently linked to %lial' af6 raito. nc ttelt reiaintCnrs

death from sepsis (4. 5) and is especially prevalent in im- olChcmmiherap'.. Jerusaterr.!ijse. 1999.
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62 BROOK AND LEDNEY

ization chamber manufactured by Exradin. Inc. (Chicago. IL). The dose 100
rate at the same location with the phantom removed was then measured V do" oflwon
using a 50-cc ionization chamber manufactured at AFRRI. The ratio of 80 .
these two dose rates, the tissue-air ratio, was then used to determine the '-
animal doses for routine experimental procedures. In this experiment the 60 ". .-.j Sau' vqoaaa
tissue-air ratio was 0.98. Pretq

All ionization chambers used have calibration factors traceable to the 40

National Institute of Standards and Technology. The dosimetry measure- ? d .fla.ac
merits were performed following the AAPM Task Group 21 Protocol for 20- "..
the Determination of the Absorbed Dose from High-Energy Photon and i 21d of-o-1
Electron Beams (9). C T 20 30

Bacteria KOOn"s Afstw frlatt

The train used in this study was a human clinical isolate of K. pneumo. FIG. I. Survival of 60 B6D2FI female mice irradiated with 8.0 Gy of
niae with a type 5 capsule (AFRRI No. 7). The organisms were harvested wCo ' rays, fed with 10' K. pncumoniae and treated with ofloxacin.
in the logarithmic phase of growth in Bacto Brain Heart Infusion Agar Twenty mice were included in each group. The data represent one experi-
(Difco. Detroit. MI). A concentration of 10' organisms/I ml saline was ment. A total of three experiments showed similar results see text.
prepared, and a volume of 0. 1 ml was fed to each animal by using a 20-
gauge animal feeding tube fitted to a I.0-ml syringe. We used this number
oforganisms because ingestion of fewer bacteria did not produce mortality
in the animals, Samples of liver and ileum were obtained 7 and 14 days aft2r irradiation.

These sampling times correlated with mice receiving either :wo oral oflox-
4ntimicrohials acin doses from the short course group or nine oral ofloxacin doses from

the long course group. By 14 days after irradiation, mice on the short
Otloxacin was obtained from Ortho Pharmaceutical Corp. (Raritan. NJ) treatment schedule had not received ofloxacin for 2 days

and was given once every 24 h in a dose of 40 mg/kg. Standard powder
formulations with known potencies were used for in itr, and in .ivo stud-
ies. Ofloxacin was given by gavage in a volume of 0. I ml sterile saline. All Statistial Mehtih.,

control animals received 0. 1 ml sterile saline by gavage. Statistical analyses were done using the Cox-Mantel test (I1).

Antimnicrohral ,'rum (Concentralion
RESULTS

Serum concentrations ofthe antimicrobials were determined in six irra-
diated mice each I and 23.5 h after the administration of the antimicro- Mortality
bials on the fifth day of therapy. Bacillus suhalis ATCC 6633 was used as a
test organism. and Mueller-Hinton agar (pH 7.4) was used as a test agar. Mortality in the groups that received ofloxacin was signifi-
This method could not detect serum concentrations below 0.2 ugiml. cantly less in all three experiments (P < 0.05) than in the

$lic'ro hiological .Iferhods water-treated control groups. A further significant increase
in survival was noted in all three experiments in the animals

Mice were observed for mortality and symptoms ofdisease for .0 days. treated for 21 days compared to I days. The survival after
Ten animals were selected at random from each group on ays 7 and 14 30 davs in the first experiment (Fig. i) was 3 of 20(15%) of
following irradiation. When fewer than 10 animals survived in a group, all
werestudiedatthatday. Animalswerekilledbycrvicaldislocation.Speci. the water-treated control mice, I I of 20 (55%) of the ani-
mens of liver and ileum were procesed for the presence of bacteria. No mals treated with ofloxacin for 7 days, and 18 of 20 (90%) of
other organs were processed and no blood samples were obtained, because the mice treated for 21 days. In the second experiment. 4 of
previous studies showed that liver cultures correlated best with sepsis (?). 20 (20%) water-treated control mice 10 of the 20 (50%)
The livers were removed aseptically and homogeniied immediately. The mice treated for 7 days with ofloxacin, and 17 of 20 (85%)
ileum was opened. and ileal content samples were obtained using a swab.
The liver and stool specimens were swabbed onto blood and MacConkey mice treated for 21 days with ofloxacin survived. In the
agars, and the organisms were identified using conventional methods(/O). third experiment, 5 of 20 (25%) water-treated control mice.

12 of 20 (60%) mice treated for 7 days with ofloxacin. and
Erperimental Devitr 18 of 20 (90%) mice treated ror 21 days with ofloxacin sur-

Each mouse was fed I K. pneunonuae organisms 4 days after irradia. rived.
tion. Antimicrobial therapy was initiated 5 days after irradiation, and was
administered orally for either 7 or 21 days. Survival esperiments were lo/t/wI , ofiOrgantism in Liver
performed three limes with 60 mice. 20 mice for each group in each ex~pri-
ment. Microbial analysis of the liver and the i!ea: contents for bacteria In the first experiment, at Day 7 after irradiation, K.
cc!onization was done on!y- wice with 75 mice, 25 mice for each group in pne'unoniae was isolated from the livers of 6 of 10 (60%)
eich experiment. Each survival and microbial analysis experiment con- randomly selected control animals, and in none of those
sisted of two antibiotic therapy groups and the untreated control group.
The first group of antibiotic-treated mice received otlosacin ror 7 days receiving ofloxacin (P < 0.05) (Table i). At day 14, K. pneu-
(short course), the second group was given ofloxacin for 21 days (long montae was recovered in 4 of 6 (67%) water-treated ani-
course), and the third group was given sterile saline for 21 days. mals. in 4 of 9 (45%) of those that received the short course
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TABLE I opment of subsequent septicemia with K. pneanoniae in
Recovery of K. pneumonvia from L.iver and Ileunm of -,-photon-irradiated mice. The results support the findings
B6D2F, Mice Irradiated with 8.0 Gy "Co , Rays of Trautmann el al. (12). who observed the efficacy of ci-

Liver Ileum profloxacin in the management of systemic K. pneuinniae
infection in neutropenic mice.

Days aflter Days after We have developed a model of acquired K. pm'umnriae
irradiation irradiation infection in irradiated mice that may represent the mode of

invasion of external pathogens into an irradiated host. We
Therapy group Day 7- DaY 14' showed previously that irradiated mice develop fatal septi-

First experiment cemia due to orally administered P. aerugino.a (13). We
Control (water) 6110 4/6 7/10 5/6 also observed that the number of endogenous gastrointesti-
Short course 0/10 4/9 2/10 7/9 nal tract aercbic and anaerobic bacteria declined 24 h fol-
Long courve 0/10 0/10 1/10 1/10 lowing irradiation and that the decline was maximal at 7

Second experiment days after irradiation (14). The decrease in the number ofContlrol (water) 5/110 4/7 5/1 0 4/8

Short course 0/10 3/8 0/10 315 endogenous bacteria in the gut may make the host more
Long course 0/10 0/10 0/10 0/10 susceptible to acquisition of external pathogens such as K.

pnEllolilC.'.

By Day 7. animals in hoth the short- and long-courw therapy groups The ability of K. ptetmnoia to caus systemic infection
had received 2 day% otreatment with oo ua drn. in irradiated mice may be due to the following factors: (I)
days: animal in the hmg..-our se group had t-'sn tr ated fi)r 9 day%. 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,
of therapy, and in none of those that received the long and(3)thdiminutionofthelocalandsystemicimmunity.
course (P < 0.05). The effectiveness ofquinolones in the therapy of K. pneu-

In the second experiment. K. prn',noniatu was recovered moniae infection may be attributed to local inhibition of
from the livers of 5 of 10 (50%) control animals. and in the organism's growth within the gut lumen, while preserv-
none of those receiving ofloxacin (P < 0.05). At Day 14. K. ing the anaerobic gut flora (15). and to their systemic anti-
pnihumnniat was isolated in 4 of 7 (57-,) water-treated ani- bacterial activity to prevent the infection from spreading to
mals. in 3 of8 (37%) of those that r-ceived the short course other sites within the bo)dy. We found that the optimum
of therapy. and in none of those receiving the long course. duration of quinolone therapy is a prolonged one that

would provide adequate coverage against the offending or-
islalion ofuOrganisms in the lh'tin ganism for at least 21 days. The superior efficacy of a 2 1-

In the first experiment, at Day 7 after irradiation. K. day course of therapy over a shorter course may i', due to
pnimtnoniae was recovered in 7 of 10 (70') w'ter-treated the need to provide adequate therapy until the immune
mice and in 3 of 20 (15%) mice treated with ofloxacin (P < sys'em recovers, and granulocytes are present in the circu-
0.05) (Table I). At 14 days after irradiation. K. pnetnoPiat, lation (6). Although a complete recovery of the granulo-
was isolated in 5 of 6 (83%) water-treated mice, in 7 of q cytes requires up to 6 weeks at this dose of radiation, a
(78%) that received the short course of therapy. and in one sufficient number of them may be present after 3 weeks to
of those that received the long course P < 0.05). eradicate the K. pnviowmiae infection completely (/6). Im-

In the second experiment. at Day 7. K. pntuunonia was munomodulators such as synthetic trehalose dicorynomy-
isolated in 5 of 10 (50%) water-treated mice and in none of colate (IN). glucan (/ 7). and colony-stimulating factor (/,N)
those treated with ofloxacin (P < 0.05). At Day 14. the may facilitate this process.
organism was recovered in 4 of 8 (50") watcr-treated mice. Selective decontamination of the gut with orally admin-
in 3 of 5 (60";) mice that received the short course of ther- istered quinolones is used w o prevent sepsis in immunocom-
apy. and in none of those that received the long course. promised hosts (,, 15). These agents were also found to be

effective in the management of septic episodes in neutro.-
,.Intihith Sertm Co'entration penic patients (9). The availability of'an oral route of ad-

The mean serum concentrations of ofloxacin wc.re 2.4 tministration. the adxantage of achieving selective inhibi-
0.3 ;ig/mI at I h and 0.4 t 0.2 pg/m at 23.5 h. tion of potential pathogens in the gut. anti the ability to

treat systemic infection make the quinolones promising
DISC(USSION agents fbr oral therary of orally acquired K. Ilm',,,inwe

inficclion in irradiated hosts. Although the exact length of
The results demonstrate that a quinolone such as ofloxa- therapy with quinolones is vet to be determined, and may

cin can reduce the colonization of the ileum and the devel- be shorter than 21 days. therap with quinolones should be
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