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SHORT COMMUNICATION

Quinolone Therapy of Kiebsiella pneumoniae Sepsis following Irradiation:

Comparison of Pefloxacin, Ciprofloxacin, and Ofloxacin

ITZHAK BROOK.' THOM.As B. ELLIOTT. AND G. DAVID LEDNEY

Hl gnind lnio P~o~'ic~Iroeiraip. Ev-ApcfflntalI l('mulolit' Department_ .*rned F(FCe

Radobiloit Rg'~chIn.fl~,(' &tii.'da. larvi-and 20.514-il45

In this study. we evaluated the efficacy of oral therapy With-
BROO)K. L.. EL~ot. T. B.. A% LEDNE~i. G. D. Quinolone several quinolones in a model of experimental septicemia

Therapy of Kiebsiefla pneumoniae Sepsis following Irradiation: due to orally ingested K. pneumnmiat' in irradiated mice.
Comparison or Pefloxacin. Ciprofloxacin. and Ofloxacin. Ra-
dial. Res. 122. 215-2,7 (1990). MATERIALS AND METHODS

Exposure to whole-body irradiation is associated with fatal
gram-negative sepsis. The effect of oral therapy with three quin- . ,,ina/v

olones. pefloxacin. ciprofloxacin. and ofloxacin. for orally ac- Female B6D2FI mice approximately I0 weeks of age were obtained
quired Kiebsiella pneumoniae infection was tested in B6D2F1 rmJcsnLbrtre a abr E.Alaiaswr eti
mice exposed to08.0 Gy whole-hody irradiation from bilaterally qurm akn abortoriLcs tare Haboir nIErt. tos animals wih a in2
positioned soCo sources. A dos.- of IW~ organisms was given h light-dark cycle. Representative sirmolies, were examined tis ensure the
orally 2 days after irradiation, and therapy was started I day abisence of specific bacteria and common munine diseases. Animals %%ere
later. Quinolones reduced colonization of the ileum with AK. Imaintained at an AA ALAC accredited facility in microiSOlator cagLi. on
pneumofiae: 16 of 28 (57%) untreated mice harbored the organ- hardwood chip bedding and pro% idcd commercial rodent chows and acidi-
isms. compared to only 12 of 90 (13%) mice treated with quin- lied water (pH 2.2) that %Ias changed to tap water 48 h Weore irradiation.
olones (P < 0.005). K pneumoniae was isolated from the livers All experimental procedures were done in compliance wih National Insti-
of 6 of 28 untreated mice. compared to only I of 90 treated mice tute of Health and Armed Forces Radiobiology Research Institute

(P < 0.001). Only 5 of 20 (25%) untreated mice survived for at IAFRRI) guidelines regarding animnal use and care.

least 30 days compared with 17 of 20 (85%) mice treated with Chl-0Irdai
ofloxacin. 15 of 20 (75%) mice treated with pefloxacin. and 14
of 20 (700'1i0 treated with ciprofloxacin (P < 0.05). These data Mice were placed in Plexiglas restrainers and exposed to 8.0 Gi 'w Ahole-
illustrate the efficacy of quinolones for oral therapy of orally ac- body irradiation at 0.4 Gy/min from bilaterally pos itioned "Co sources
quired K. pneumoniae infection in irradiated hosts. Iigs Dose determinations were made using a 51)-mi AFRRI-dtsigned tissue-
*5,okfmi Pr' Inc. equivalent ionization chamber calibrated against a National Institute It

_________________________________________________ Standards and Technolov ionization chamber. The doscs'ithin the cNI%1-
sure held varied bs 3';. as determined b.s thermal luminescence diosinictm

INTRODUCTION conducted within tissue-equivalent mouse phantoms.

Ionizing radiation reduces the host's defenses to infection Bifra

MI and enhances its susceptibility to systemic infection due The strain used in this study was a clinical isolate of A:pui*'a iih

to endogenous and exogenous organisms (2, 3). KIl'hsi'Ila a capsule 1% pe 5 (.-FRR I No. 71. We have used this strain in pre% ious aini-
pneiinoiaeis one of the most frequent causes of gram-neg- Mal studies Mu. Tbe organisms were harvested in the logarithmic rhaws

Pfl&'fl~fUW if growth in brain heart infusion I BBL media. A. concentration ,t 10'
ati,.e bacteremia (4. * 5) and is especially prevalent in immu- organisms per I ml saline was prepared. and a %olume oftt. I i!ia ed to
nocompromised patients (6). each animal by gasage using a blunt synngc. This number of organis

Therapy for severe systemic infection due to gram-nega- -a% used since ingcsiten of lower number of bacteria did not rixlucea
tive bacteria generally involves the use of aminoglvcosides high mortalit% rate in the animals.
in combination with /-Iactam antibiotics (7). However.
several recently developed quinolone compounds have ex- iiitroi/

hibited high in vitro bactericidal activity against most gram- Pclloxacin IRhone-Poulenc-Sinte. Anthony Cede%. F-rance), civroilos-
negative bacteria, including K. pnettinoniae'(8). acmn I Miles Inc.. West Hlasen. CT). and oflosacin if~sbo Pharniaccutial

Corp.. Raritan. NJ) %ere obtained fromr their minutacturers. Siandaird
powder Formulation, with known poitencies were used for in vot'' ndI ;P1

'To whom reprint requests should be addressed. iiio studies. Pellosacin and ciprotlosacin 123 mg/kg) were administcrcd

215oo iiiss5i '$1 (0,
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every 12 It in 0. 1 ml of water by gavage. In the case of ofloxacin 40 mg/kg 20 --v ~- -- faxcr
was given once every day.

ArnmicrohialSt'nim Concepitraiion ...................... peffoxacin
Serum concentrations of the antimicrobials were measured in six mice cprloan

I and I II h afteroral administration of pelloxacin and ciprofloxacin and I
and 231 h after oral administration of ofloxacin on the fifth day of hrapy . 10
Bacilluvstiith. ATCC 6033 was used as a test organism, and Mueller-
Hinton agar i pH 7.4) was used as a test agar.

5 -control
In Ittro Si.w'ptiblitY

Minimal inhibitory concentrations and minimal bactericidal concentra- 0 I I I I
lions were determined in Mueller-Hinton broth that was inoculated with 0 4 8 12 16 20 24 28 30
an inoculum of 1.5 'K 10" organisms per milliliter from an overnight cul- Dy otraito
ture. The values for minimal inhihitory concentration/minimal bacteriias-otrdito
dal concentration for K. pntnontac used in this study, were as follows: FIG. I. Survival of -f-irradiated mice B6D2FI (8.0) GO) fed 10' A.
pefloxacin. 0)06/0.06 jglml:. ciprolloxacin. 0.03/10.0. jug/mi: and ofloxa- pncuimonia&' and treated orally with three quinolones. The data shown are
cmn. 0.06/0.12,Mg/mi. from one experiment. Two repeated experiments yielded similar results.

Animals challenged with bacteria were observe~d for mortality and signs other (Fig. I ). Only 25%r of the untreated mice survived.
of disease for 31) days. Five animals were selected at random for each group compared with 85% of those treated with ofloxacin. 75'-, of
on Days 4. 6. 8. 10. and I Z following irradiation. Cultures were also oh.- those treated with pefloxacin. and 70% of those treated % ith
tamned from another group of mice whenever the animals showed signs of ciprofloxacin.
serious illness and were moribund. Animals were killed by cervical disloca-
tion. Specimens of livers were processed for microbial cultaires. No other
organs were processed and no blood simples. were obtained. since previous Isolation of Organisms in Liver
studiesshowed that liver cultures correlated best with the presence ofsepsis A'lehsie'tla pneumnoniae was isolated in 6 of the 28 (11l~
03). The livers were removed aseptically and homogenized immediately.
The ileum was opened. and ileal content samples were obtained using a randomly selected untreated animals. Th,:re was no correla-
swab. TIhe liver and stool specimens were swabbed onto bloodl and Mac. lion between the time following irradiation and the isola-
Conley agars. and the organisms were identified using conv entional meth- tion of . pneurnoniae. Klebsiella p~u'inoniate was recov -
oils I/). ered in only I of 30 (3%r) animals treated with pefloxjcin

A~piri~~~nio I~c~ienand in none of those treated with ciprolloxacin or ofloxacin
(P < 0.05). However. K. pneitinoniae was recovered frm

Forty-eight hours following irradiation, each mouse was fed10W organ- 95%1 of moribund animals of all therapy or control groups.
isms, This time of feeding was chosen after preliminary% data indicated that
the animals became susceptible to K. 1wesopohunat sepsis when they, were I~aino raitsi ha al'i
fed gram-negative bacteria 41 ht after irradiation (Brook. Elliott. Ledney. 1oaino'rlaiisi elCnet
unpublished data). The increased susceptibili it) sepsis as a result of oral Kh'hbsiella prn'larnniat' was isolated in ileal content speci-
feeding 48 h after irradiation with ?,ram-negative bacteria is similar to what
we observed with I'vudopptia~v aeriienrlva l11t. Antimicrobial therapy mens of 16 of 28 (571") untreated mice, compared to oni%
was initiated 24 h later and was administered for 7 days. -N total of 240 12 of 90 (131") treated with quinolones (P < 0.005). The
mice were included in each of the exiperiments, and eac h experiment was rate of isolation of K. pietononiat, in quinolone-treated
done three times. Hlowever, since the microbiological and mortality data mtce was 4 of 30 (1 3% ) mice treated with pefloxacin. 5 (it
were consistent, only the data from one expecriment are reported. Fach 30 ( 7 ) mice treated with ciprofloxacin. and 3 of 30) ( 1lt: 1
esnevriment wax ~omnposed of the three antibiotic thecraps groups and the
untreated control group. Each therapy or control group consisted of N) mice treated with ofloxacin (P < 0.005).
mice: 20) were observed for mortality. '.1o were used for cultures, oif liver
on the designated days. and It) were used for culture-, of livers ofnmorbid I nijhioit Serum C'oncentration

animals.Mean serum concentrations of pefloxacin %-,re as foW-
slawm, Wetshuh, d lows: 2.4 (±0.3 pg/mI) at I h arid 0.2 (±0.1 jpg/mI) at II 1

after administration of the antimic-ohial. Mean concentra-Statistical analyses were done using the Coy-Mantel Test (112). tin of cirfoai ee28-05jgm)a n .

RESULITS (±0.1 I g/mI) at IlIl h. Mean concentrations of olloxactin
were 2.6 (±0.4 p~g/mI) at I h arid 0.4 (±0.2 pg/mIl) at 23 1 h.

DISCUSSION
Mortality in the groups that received each of the quin-

olones was significantly less (P' < 0.05) than that of the un- This study demonstrates that the three quinolone%.
treated mice, but the groups were not different from each petloxacin. ciprofloxacin. and ofloxacin. can reduce the zol-
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onization of the ileum and the development of subsequent Research was conducted according to the principles enunciated in the
septicemia with K pneumoniae in irradiated mice. It sup -Guideof theCare and Use ofLaboratorv Animals" prepared b% the insi,-
ports the findings of Trautmann et al. (13). who observed tute of Animal Resources. National Research Council.

the efficacy of ciprofloxacin in the management of systemic RECEIVED: June 2. 1989: ACCEPTED: November 28. 19149
K pnezimoniae infection in neutropenic mice.

We have developed a model of acquired K. pneutrnoiae REFERENCES
infection in irradiated mice that may represent the mode ofr G AH.Ioa oyuaitonijr:Arviwo h iodr
acquisition of external pathogens into an irradiated host. I .MTE oa o>i'aito nuy eiwo h iodrof the blood and hematopoietic tissues and their therapy. In Nitnhar
We have previously shown that irradiated animals develop ulemai1v'sp'uE. Eszirami. Ed.). pp. 275-338. Academic Press. New
fatal septicemia due to orally administered P. aerugi nosa York, 1965.
(11). We have also observed that the number of the endoge- a H. W. KAP!_AN. R. S. SPECK. and F. JAFTZ. Impairment olantimi.

* nous aerobic and anerobic bacteria in the gastrointestinal crobial defenses following total bod% irradiation of mice. J Lah (lii

tract declined 24 h following irradiation and the decline was .teid 40. 682-641(1985),
maximal at 7 days (14). The decrease in the number of that 3. 1. BROOK. T. J. %1ACV1TT11,. and R. I. WALKI-R. Rconer% oI ferobhc

and anaerobic bacteria from irradiated mice. In/et r Inoupu .46. !i-endogenous bacterial flora may make the host more suscep- 27 t8.

tible to the acquisition of external pathogens such as AK. 4 .0 AI oooilbceei.A pdmooi sri
pneumonae. Am. J.A.%h'd 70, 719-732(19811.

The ability of K pineumoniate to cause systemic infection 5. Ni. P. %1iNsIFi.%. L. B. RELLER. J. R. Nit RPti. and K. \. Ini ii-
in irradiatedi mice may be due to the following factors: the i t<.STMr The significance of positive blood cultures:.\ comprehen-
bacterial void created in the gut following the decline in the sive anal~sis of 58) episoides of bacteremia and fungemia ina.dult.. I.
number of other organisms, the increased permeability of Laboratory and epidemiologic obsersations. Rev. twe f isil, 5. 35-
the mucosal cells damaged by irradiation. and the decrease 508f

6 T. UNIS.Asrit. E. A. MIDDLEMtAN. N. Lts.NA. and Gi. P, PARi).in the local and systemic immune defenses. Klebiella hacteremia in cancer patients.. ho. J wied .ini 165. 43-
The effectiveness of quinolones in the therapy of K. pneti- 48201973).

moniae infection may be attributed to their local inhibition - Jl. W. HA MORN. NI. Rum%.N and P. A. Pizzo. Empiric antibiitc ther-
of the organism's growth within the gut lumen. while pre- apy in the febrile neutropenic cancer patient: Clinical ctticacs and
serving the anaerobic gut flora (15). 3nd to their systemic impact of munotherap>. .Injiti/' .o , heents (lwnuqiicr 31. 4'1I -

antibacterial activity against the organisms that spread to 97711987).

othei body sites. The duration of quinolone therapy is yet '.N.P ~rXDadJ .CR.n unln niatra
to b deermned Alhouh miima motalty ccured agents.. loni. Rep. .tedi Chemn. 20. 145-154 f 198 5.
to b deermned Alhouh mnima motalty ccured 9.0. S. MANtso,'. Gi. D. LEtDEv, T. B. EtuIorT 1. BR01K. J. I.

following termination of thterapy at.Day 11. longer therapy UILRK it. K. P. MvERts. Mi. L. PATCHEN. and R. 1. WNsi ii R. frcha-
might have prevented the mortality noticed after that day. lose dimycolate enhances resistance to infection in neutropenic ai
Further studies are underway to determine the optimal du- mals. /Piiic. Inontin. 57, 2495-2501 11989).

ration of therapy. 10. E. H. L.NNE rmE. A. BAt OWS. W. H~t'St.FR. and)1. 11. Sit %i I).
Selective decontamination of the gut with orally adminis- Eds 3annul of (lial 1licrobioboiri. 4th ed. American Soc~tct.% tor

tere qunoloes s ued t prventsepis n im unoom- Microbiology Washington. DC. 1985.
peroed hooss u6. hse ago reentweas ofoim undobem I / R. 1. WSIlKER. 1. BROOK.)J. W. COSr-0RTON. T. J. M N i i iiii.and

promsedhost (1, 1). Teseagets wre lsofoun tobe . L. Ms iit. Possible association of mucous blanket intcgrio with
effective in the management of septic episodes in neutro- post- irradiation c~olon iiation resistance. Radiat. Re% i1M. 3M't- i
penic patients.2 The availability of an oral route of adminis- 11985).
tration. the advantage of achieving selective inhibition of 1.7 T. E. Lru. Statiial 1lt-t/iod for Nirioal Dauta lnali'is pp. I--
potential pathogens in the gut, and the ability to treat sys- I!,). Lifetime I earning Publications. Belmrront. CAs. I )Sii.
temic infection make the quinolones promising agents for 131 M. TitsttN. 0. Bitt cK-%R. R. MNitRIt. and ff lsti'. m.
the therapy of irradiated hosts. parative efficac% ofeiprolloxacin. ceflitoxime. and cntamicin. eio-en

alone or in combination, in a model ofes pen mental %eptivcmma due
to Alebiid11 /ppin,ntnat in neutropenic mice. /iiO fion 16. 44-4
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