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Treatment of Kiebsiella pneumoniae Respiratory Tract
Infection of Squirrel Monkeys with Aerosol AdministrAkhon
of Kanamycin
RicharI F. BerendIt PhD; Robert D). Magrudter Frank R. Frola, BA 46~

0 SUMM IAR Y haebee n k scrihed.' I nOCU a for jot ratl ra- lie situdited stititilt a nvi sl B eca use 0f
cheal infections of squirrel mocnkeys, ton- const raints iniposed b.% thi' numbieirs (A0 The therapeutic efficacy of 3M-ad- taining 7(X) organisms (1 1.1),0 o)r 7,iXX) iok -~utvs availaivt at auv out' lt jtle. thii

ministeredI kanamycin was compared organisms (10 LD)-0 were pirepare'd as pre- exliirinient was conductetd in several
Paqwith the efficacy of' aerosol-atiminis- viously described.' phases. In) the Ist p~hase'. 5 infected mion.

tere kaanicinin lebiela peu-key-s were treated by im intject ion t wic4
tere kaamvin n Kibsillapfl'U- Te'st An jnzolis--Iealthv. juvenilt', dailY ftor 5 days. beginning 24 hours aftet

m roniae-infected squirrel mfonlkeys. mial' squirrel mionkeys (Saifl sell tifflls. ieflect ion. F'ive infected nimnkeys were nol
Differences in mortality or morbidity weighing 0.5 to LOI kg were used. Tlhe 'v given therapy ('ptuino-Ill lf
were not seen with equivalent dosages were housed individually in wire-bar cages were given tIt therapy hilt were not iri

of antibiotic ranging from 15 to 6.9 and were allowed tree a 'ccess to ctonfiner- fictt'd Ikanantvcin (tint rolsi. anid , - wel
ciril nitinkey feed and wat er. Tlhei r dijet observed with itt tre.Itmet at all ii nmg/kg of odN' weight/day. Seem- was*j supplleniett'i several limes weekly cunt rids). At least 11base-line, tihstrvatirnl

ingly. the im route of kanam 'cvin ad- with fresh fruit. Duhring experimnitts. thlei were, vtinpletedf on) each itoukt'v: oibsen
ministration was as effective as the fruit was wit hheld and food intake was vat ionrs were cotin rued for 7 days aftel
aerosol route for t herapv\. tinitiirtd. reilection. This exlierinteult was rt'Iit'ated

Tivanien Tecniqus-Al kani jties. Normal conot l s foir each 1 rijl ica
(in ltionsere repared font' 78 kaitv It liton were used as infect ed co nt riols inI

_________________________________ciii si iso er i~r'fro .08 kan so itt i net t'xperi utent tii reduce the no inher
riiyti a~'disl,'' ia(OMi nii itt mnkys required. 

j

cit rate o'lut ion adjusted to p1- 4.5 with The aeri sid- therapyi t rials were pe
Aerosol administration o~f kana- C~iont'rtratetl sulfuric acid. Aerosol treat - foruit in a similar mianner. hot the niu

mycin was mo~re effective in prevent- itilt withI karianiyctin wis acipt~lishetd her tfif tnkevs in each group was Iifinut
iii alt i'xposu re botx.' Satittle ciollet'ioi n of' ti tennhrta iiiI ea'on

ing rsi atr lebsiu'ua pnuM1 aert stl preparatiitnsarid deteri-nination (t' o4(h ume htcul eacrm
niae infection in mice and squirrel the idosage iif antibiotic that was inhaled daeintefaneidvc)ad nY
monkeys, if given prior to exposure, were carrieid out ais Irt'VIOUSlY tdescribed.' rehilicaltions were carrieid out4.
than were similar doses of the antihi- Doise Respinse Exuprint'ns-T Iii
otic given iM.' Administration of this Clinicatl an~d Labotirfifv Tt'sts-Rec- Iertinite the effect of the dost' of kai
antibiotic given after inf'ection w~'as t al tetiheratiare. ht'natticrit, total Itiko- cmi adinistered and tol caleiti' the on
more ef'fective than was iM adminis- a td e ight wreiaIi r teaiy f ooae d jan effi 'tive dose (ED. I. -1 grl 0 s of
tration fo th weighty wori retordedr daly Alo imonkeys wiere treated Im with selec

for he teray oi repiraory a ifail). basis, the iitkevs were iobservedl
K pneumnoniae infection in tnice. Be. fotr iiyspnea, cooigliing,atid anoy chlanges fi iloses aend 4 groups of :1 nionke ' s we
cause the histopathologic features of' atvt.(vrlIroitaltjswe-"ii - Siniflar> treated bv aeriosil ailniiist

actviv.Oveal mrtaiteswer cc i Ii in. Tlreati metit %%as initae24hK p),e 'unionia infet'tions in m ice (hf- 1,ti , ;lt the n d of thi' exlieri ie t ,l je- afe'ntcto na" o hne forfi'r ftrom those observed in squirrel rnod, clys 'Fr infecting dos was i ... or f

monkeysprineta thirsn tuyws -nsoles 110 t,1 ,) . Four additioinal nitmnke
dertaken to c'ompare the therapeutic weret~iittO infectedsith K ltniina,-vr
effect of' aero~sol adnifinist ratiomn of. EXpet'rnits-'lhe dosagi'(ii' kanarnvcin wr netdwt ftUtfh'

kanancin ith E admnistrtion i sed] for ai'n sol tiedl tM treat ii'tt wa were tnot treated. antd 4 were utsedf rekanavci wih i adinisraton n I, nial (tint rids. K ananiycin ctint rids (IV am
a nonhman prmate. 1.25 mng/kg/ilay. Beiause' infirtii it otta ohua piat.retoiiminded dotsage for inetnki's coiill 'I05t1II wore ot i m Iided betauise

noit lie found ii, thi' a nit aunt reit itttetided I thangi' wts riot not iced iii tht' prel in aitl

Materials and Methods by ,vI fit' ianiatoirer for dogs and cats was exja'riutit't.
*1 -'~ ilist( O'e half' was atlinitist ired in Ol

~ Te'st (),gatnsm-IT'thniji ats for gro~w- ititrti ing, thi' ha lance was givi'n abou iit 6i Results
- jg, storing, and en haninjg hi' vi ru ittie litouirs later. 'IhetittIiri Kpn't ibt'n

oftht' A-I) strain iif txpe I K pcunoae l~ o rgan isiis inst illedi was 1 (70 . ti ll 'l I .arv Experiment-
Tlhis Tnuniber was chosen tii thi' prvinisi' mortality data from the 1st e

* 1011 l\ Ill i'r puli,tion?111 N., 210. I179 that cl inical responsie anil niortanit Y could mrent are given in Table 1. ea
Fromii Owi. Arnis M.'iiali Retseairch It o occurred in theK nuoie

of, I nftiom 111i' t ii,'h For'~ t'.r I -i riik. t'rl'tdrrk. MDto c re In u o ie
21701I 'Iiri'Iol lthatlori-'. 5, ra i'. NN t rol groups in whith the mortality
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48:i, deaths occurred over the 48-hour Klebsiella pneumoniae organisms TABLE 1-Mortality of Squirrel Monkeys In-
period between 48 and 96 hours. Four were cleared from blood more rapidly fected with an LOs. Dose of Klebstella prieu-
of the laboratory and clinical findings after IM than after aerosol treatment. moniae and Treated with Kanamycin"

are presented (Fig 1). These observa- Conversely, aerosol preparation Group n Dead )i%

tions indicated that the 2 treatment caused a more rapid clearance of or- Noninfected kanamy-emn controls (aero-

techniques were approximately ganisms from the oropharynx than did sol) o t 0
equally effective. Interpretation of the IM treatment (not shown). Noninfected kanamy-
clinical responses of the infected con- in ontrola m) 5 0(
trol monkeys is subject to uncertain- Dose Response-The dose re- Kpneumomaecon-

ties because the number of monkeys sponse data are shown in Table 2. trols- 23 II 48
Infected-treated im 15 0 0declined from 23 at 24 hours to 12 at Unfortunately, these data are some- Infected-treated by

96 hours. The reason for persistence what equivocal. Only I of 3 monkeys aerosol 8 0 0
of increased respiratory rates in the treated iM died at the lowest dose (6.9 * Treatment initiated 24 hours after infection and
aerosol-treated animals in comparison mg/kg). The 3.8 mg/kg dose was in- continued for 5 days. Dosage of kanamvcin was 11.25
with rates in infected controls was not effective in aerosol-treated monkeys, mg/kg of body weight/day.
immediately apparent, but may have- but ED:A, values cannot be calculated n - No. of monkeys used.

resulted from an interaction of drug' with 0% or 100% effects. Therefore, it TABLE 2-Mortality of K pneumoniae-ln-
and K pneumoniae in the lungs. The can only be concluded that the aerosol fected Squirrel Monkeys Treated with Graded
noninfected aerosol-treated animals ED4 ) lies between 6.9 and 3.8 mg/kg Doses of Kanamycin"
did not show this reaction. and the iM EDr, is < 6.9 mg/kg. Mean time

Kanamycin Dead/total to death
img/kg/davt) No. infected (days)

RESPIRATORY RATE BACTEREMIA None (Noninfected
controls) 0/4 NA

tW 00, None A' pneumonae-

W infected controls) 4/4 2.0

808 0 KM ;.9 1/:1 7.0
12.5 1 /3 7.5

z 160I 15.0 o/3 NA

X 012.5 0/31 NA
60- Aerosol

140 - 6.9 I /:) 6.0
0 1 9.) 14 7.o

a. z nisms (10 t o (ne half of the selected do e wa,.
0 20- administered at each of 2 periods daily for 5 days.

tW. NA = not applicable.t 1 00-- __0

1 7 1 0 0 - -T- I Discussion

TIn contrast to the previously re-
TEMPERATURE WEIGHT CHANGE ported therapeutic superiority of the

O INFECTED 5- aerosol route over the IM route in
0 IM THERAPY mice4 and even though prophylactic
A AEROSOL THERAPY 3- aerosol administration is clearly more
0 UNINFECTED CONTROLS, - effective than is iM administration in

0 COMBINED monkeys, the results of the present
40 I study do not support the hypothesis

W . , that aerosol therapy is more effective
c i '-o than iM treatment of K pneumoniae-1-

infection in monkeys. Any difference
a: 9" in survival was not noticed, and the

severity of illness was about the same,
t 3-"," regardless of the route of treatment.

0 Despite the fact that clearance of
5 kanamycin from the lungs is more

38 -rapid after IM than after aerosol ad-38 -
W iministration,' sufficient antibiotic was
X 378 -7- present to promote survival after IM

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 injection. Based upon the present
data, the number of monkeys used

DAYS AFTER INFECTION was too small to permit EDrio calcula-
Fig 1 -Effect el aerosol and IM kanamycin therapy on selected laboratory and clinical measure- tions, although it can be said that 15
ments in Klebsiella pneumoniae-intected squirrel monkeys The cross-hatched bars represent the mg/kg/day for 5 days should be an
mear ± SEM ct combined noninfected control monkeys effective dose by either route. It may
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be theorized that other arninoglyc'). and lohar pneumonia in monkeys.- 2. Herendi HKF, long GG(. Walker .JS:

side antibiotics will act similarly be- For reasons that are presently not un- Tlreatment of respirator , Kiebstella pheumno

cause the degree of binding in' the derstood. iM injection is as Ieffective mycin Infctinnif] AA'nce withrerolso kana-

lungs is apparentl 'v similar.' as are aerosol p~reparations in treating ,,K, 1915
Aerosol therapy seems to Ibe !obar pneumonia; the clinician must :3. lBerendt HK, Knutsen CL. l'owands MC:

equally effective in treating infections choose the route of administration of Nonhuman primnate model for the studY of res-

in monkeys and mice, hut im admin- therapy based up)on this rationale. piratory' Kkebsi'lh, pneumonia. infection, In
is-v mor11infun 22:275'-281, 1978.

istration of therapy imoeeffective 4. Herendt HF: Relationship ofimethod of
in nionkevs than in mice. Probablv References .admins raturIonuut forpieand rv uirrnel ofnet
the increased efficacy of im inject ion IIariuoatfr[ncadwcrelm-

of kananivcin is rlue to the difference I., Beiit UK, Schneidter MA. Young [I"'. keYs. litlect Intinun 20:5S I -5Kt, 1978.
in pthoeness o K peuronia in eta1: Pintect onlagainst hlchswlla Pricn'Wf lacU' 5. Potter J.J. Matthews LW. Spector S, et
in pthoeness o K neumnia in respirat or% tract iiulect ion of jince and slu irrnI al: Complex formation between basic antibiotics

monkeys and mice) This organism mnkv,~ -_,I .2 -.1 kana in II% v ros an d isiujec- and deoxviribonucleic acid in human pulmonary

causes bronchopneunionia in mice nl. .init .1 Itq Ucs 111 1231 
1

35 19i79. secreuons. Pediatrics 16:714-720, 1%65.
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