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AE S TRACT

The objective of this study was to compare the efficacy of

i.m. — and aerosol—administered kanamycin for the treatment of

pneumonia due to Kiebsiella pneumoniae in the squirrel monkey.

Both rou t es were equally e f fec t ive  in preventing mortality,

inhibiting bacteremia and pha ryngeal shedding of organisms and in

reducing fever. Aerosol treatment seemed to cause tachypnea in

infected monkeys , whereas anorexia was more notable in some of the

monkeys treated i.m . In view of their approximately equal effect,

the i.m. must be the preferred route of treatment rather than

the aerosol.
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Recently, we showed that aerosols of kananiycin more effectively

prevented mortality in mice infected with Kiebsiella pneumoniae

than did intramuscular (i.m.) Injection of the same antibiotic [1].

Respiratory K. pneumoniae infection of mice is primarily a

bronchopneuinonia [1]. More recently, we found that Intratracheal

inoculation of K. pneumoniae In squirrel monkeys (Saimiri sciureus)

produced lobar pneumonia [2], and, therefore, this species might

be a better host for study than the mouse since human pneumonia

caused by this organism is also primarily lobar [3].

This report presents a comparison of aerosol with i.m.

therapy. Emphasis is placed upon changes in percent mortality

and also upon several clinical and laboratory findings.
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MATER IAL S AND METHODS

Test Organism. Techni ques for  growing , storing and

enhancing the virulence of the A—D strain of type 1 K. pneumoniae

have been described previously [1]. Inocula for infection

were prepared as previously described [4] and contained from

600—800 viable organisms.

Test Animals. Healthy, juvenile, male squirrel monkeys,

weighing from 0.5 to 1.0 kg were used. They were housed

individually in wire—bar cages and were allowed free access to

commercial monkey chow and water . Their diet was supplemented

with fresh f ru i t  several times weekly. During experiments f r u i t

was eliminated and each monkey was limited to six biscuits daily

to facil i tate estimation of food consumption.

Intratracheal Inoculation. The intratracheal inoculation

procedur e (i.t.) has been described previously [4]. Previous

experimentation indicated that the dose administered was

app roximately 1 LD50 [4].

Clinical Determinations. Once daily, 0.75 ml of blood was

obtained from the saphenous vein f or determination of total and

differential leukocyte concent.ation , heuiatocrit and bacteremia.

Bacteremia was determined by spreading 0.1 ml of blood on the

surface of a trypticase soy agar plate, incubating for 18 hr at

37C and counting the colonies produced. The presence of

Klebsiella in the pharynx was similarly determined with a

sample obt ained wi th  a cotton swab moistened with trypticase

- - . .  - -  ~-
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soy broth (TSB). Additional daily observations included rectal

temperatures, respiratory rate, weight, activity, sneezing or

coughing, dyspnea and food consumption. Each of these parameters

was measured 3 days before and 7 days after infection.

Plasma Protein Determinations. On two of the pre—exposure

days, as well as on days one, two, three and six post—exposure ,

the volume of the daily blood sample was increased to 1.5 ml to

permit the determination of plasma lysozyme, ct
1
—antitrypsin,

ceruloplasmin and haptoglobin. Plasma lysozyme activity was

determined by the procedure of Osserman and Lawlor [5].  The other

proteins were determined by radial immunodiffusion procedures

using kits obtained from Behring Diagnostics (American Hoeschst

Corp., Somerville, NJ). Preliminary testing indicated that

sufficient cross—reactivity between squirrel—monkey and human

plasma was present to permit use of these kits , even thoug h they

were manufactured for determinations using human p lasma.

Therapy Techniques. All kanamycin solutions were prepared

from bulk drug (78% kanamycin base, obtained from Bristol

Laboratories, Syracuse, NY) dissolved in 0.085 M sodium citrate

solution adjusted to pH 4.5 with 35N sulphuric acid .

Intramuscular therapy was accomplished by injecting

15 mg of kanamycin/kg of bod y weight/ day , divided into two

equal doses administered twice daily. Each injection was

0.5 ml.

Aerosol therapy with the same dose required fabrication of

a special exposure box. This box (figure 1) was constructed
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of acrylic plastic and was divided by a partition into two

compartments each 32 cm wide by 25 cm deep by 40 cm high.

Perch and exercise bars and a tray for collection of urine and

feces are shown . Four monkeys could thus be exposed to aerosols

simultaneously. Aerosols were disseminated into the mixing tube

at the top and exhausted through ports near the bottom of each

compartment. Ports on the side of the box provided for collection

of aerosol samples for the determination of aerosol concentration

of antibiotic . A port on the top of the box , fitted with a

pr essur e gauge , pe rmitted measurement of pressure d i f ferent ia l

between the box and the safety cabinet in which it was housed.

This pressure d i f ferent ia l  was equal to 0.5 inch of water so

that the exposure box was maintained at a lower pressure than

the safety cabinet in the system was housed .

Kanamycin was disseminated into the system f r om a Collison

nebulizer [6] at a rate of 0.22 ml of liquid/mm . The aerosol

particles were entrained in air flowing at a rate of about

40 1/mm . One—half of this volume was directed into each exposure

compartment . Figure 2 shows the entire aerosol—treatment

system including the apparatus required to maintain an equal air—

f l ow t o the two compartments as well as to equilibrat e the

air—balance during dissemination and sampling.

A ll—g lass imp inger s [7] con taining distilled wate r wer e

used for sampling the kanamycin aerosols that were collected

at the middle of each exposure period.
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Aerosols were disseminated from a 100 mg/nil solution of

kanamycin for 120 mm twice daily in order to admin ister

15 mg/kg/day. Inhaled dose was calculated on a basis of

300 ml of aerosol inhaled per mm [8] and 50% retention of

inhaled particles [9].

Kanamycin Assay . Kanamycin concentration was determined

by microbiological assay as previously described [1].

Experimental Plan. Kanamycin, whether by i.m. or aerosol,

was given twice daily for a total of 10 treatments during 5 days

(a total of 75 mg/kg). Therapy was initiated either when illness

was first apparent (24 hr after infection) or when it was well

established in all animals (30 hr after infection). Limitations

on the availability of monkeys and on the number that could be

treated at one time in the aerosol—therapy apparatus were

significant experimental constraints. There were eight experi-

mental groups: one group was sham—infected with sterile TSB

(sham controls),  one group was sham—infected and treated by i.m.

injection of kanamycin beginning at 24 hr (uninfected kanamycin

controls — i .m.) .  A third group was sham—infected and treated

with aerosols of kanamycin beginning at 24 hr (uninfected

kanamycin controls — aerosol) . The fourth group was infected

with K. pneunioniae and received no further  treatment

(K. pneumoniae controls).  The f i f t h  and sixth groups were

infected and received kanarnycin by i.rn. injection at 24 or 30 hr ,

respectively. The last two groups were infected and given

the antibiotic by aerosol at either 24 or 30 hr.
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Sham control and uninfected kanamycin control monkeys

that were given i.m. therapy were reused in later experiments.

The uninfected monkeys that received aerosols of kanamycin were

not reused because kanamycin has been shown to persist in the

lungs of rodents following aerosol administration [1, 10, 11].

The number of monkeys employed as well as the various

treatment groups are outlined in table 1. K. pneumoniae—

control monkeys were distributed throughout the experiment

so that three to five of them were evaluated at the same time

as a group that received therapy. The uninfected cont rols

that received i.m. antibiotic were similarly dist ributed.

Since the treatment box held only f our monkeys , this appr oach

was not possible with the aerosol—control monkeys, so they

were evaluated in consecutive weeks.
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RE SULTS

Mortality . The dose of Klebsiella administered in these

experiments was intended to produce approximately 50% mortality

in untreated monkeys. The rationale for this dose was that

the effect of therapy upon both mortality and severity of illness

in survivors could be studied in a relatively small group of

monkeys. The death rate was 67% in the untreated controls

(table 1). Only one monkey died in the treated groups (in the

group receiv ing i.m. trea tment at 30 hr) indicating that all

times and routes of antibiotic were equall y e f f ec t i ve  with

respect to preventing mortal i ty.

Clinical Response. These experiments were designed to

determine the effect of two routes of therapy upon morbidity as

well as upon mortality. Therefore, several clinical and laboratory

parameters were investigated to determine whether either of the

routes of therapy might be more e f fec t ive  in reducing the severity

of illness than the other. Generally,  when therapy was initiated

at 24 hr , the severity of illness was less marked than when it was

started at 30 hr. Also, the values for the various parameters

that were measured in the three uninfected—cor.trol groups did

not differ significantly (analyses of variance), so the data

obtained from these monkeys were combined for purposes of

illustration in the various figures that are presented.

Statistical comparison of the results obtained from treated

groups with the untreated—infected controls was not carried out

because of the possibility that the survivors from the latter

group would not be representative of the population from which

they were drawn.

- - . .
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Figure 3 illustrates the frequency with which Klebsiella

were isolated from the blood and pharynx of the various groups.

The effect of therapy was marked , particularly in the clearance of

bacteremia, but differences in response due to the route of

therapy were not obvious . When initiated at 24 hr , i.m. —t reatment

appea red to promote better clearance from pha rynx and blood than the

aer osol , but when initiated at 30 hr , the aerosol therapy seemed

to be mo re effective than the i.m. The d i f f e rences were not

statisticaliy significant, however, when tested at the P < 0.05

level (x
2 
test, Yates’ correction).

Figure 4 shows respiratory rate and rectal temperature curves.

With t reatment initiated at 24 hr , the r esp iratory rate of the aerosol—

tr eated group was significantly greater than the f .m . — t reated

monkeys on four  of the six post—treatment days (days two, five,

six , seven) . This indicated that  kanamycin aerosols may have had an

adverse ef fec t  on infected monkeys . The uninfected monkeys that received

aerosols did not show this e f f ec t .

It is of interest to note here that all infected monkeys

showed labored inspiratory and expiratory patterns beginning on

day one after infection and continuing through day seven, regardless

of t reatment (not shown) . On the other hand , only the i.m. therapy

signif icant ly reduced the frequency of coughing (not shown) , but

coughing in the aerosol—treated group seemed to be related to

inhalation of aerosol , and usually stopped within a few hour s

af ter the m onkey was removed from the treatment box .
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Kanamyc~ n trea tmen t significantly reduced fever in monkeys,

regardless of route of administration (figure 4). However , i.m .

therapy ini tia ted at 30 hr seemed to reduce fever more rap idly

than the aerosol , since the d i f f e rence  be tween the two routes

was highly signif ican t (p < .0.005).

Figure 5 shows the food consumption and weight changes

during infection and treatment. Although sporadic anorexia was

noted in all infected monkeys, only the group tha t was given

i.m.— treatment beginning at 30 hr showed significant persistent

loss of appetite. All infected monkeys lost weight, and there

was evidence tha t trea tmen t beg inning at 24 hr terminated

the weight loss about 48 hr later. Treatment beginning at 30 hr

was ineffective in this regard . The data obtained on the two

30—hr groups indicated that not all of the loss of weight was due to

anorexia. Although the animals that were treated with aerosols

regained their appetite within 48 hr after treatment was

initiated , they los t weigh t as rapidly as the i.m.— treated groups

in which anorexia was more prolonged .

Plasma protein levels. We have previously repor ted tha t

the concentration of several serum proteins was increased during

resp ira tory K. pneumoniae infection and speculated that determination

of these proteins would have prognostic value as well as provide

information on biochemical pathogenesis [2 , 12]. The effect of

antibiotic therapy upon several of these proteins is given in

figures 6 and 7. The concentrations were normalized to the baselines.

-~~~~~~~ -~~~~~~~ - . .  - _ _ _ _ _ _ _
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The effect of aerosol therapy on concentrations of cz
1
—antitrypsin

was not different from that of f.m. therapy initiated at 24 or

30 hr. The values for treated monkeys did not deviate significantly

f r om those of the uninfected controls when therapy was initiated

at 24 hr, and were only slightly higher in the group treated

initially at 30 hr. The pooled values of noninfected controls

were about 25% greater than baseline, indicating tha t either intra—

tracheal inoculation of sterile fluid or handling stimulated

this particular response; albeit to a lesser degree than infection.

Figure 6 also shows the changes that occurred in haptoglobin

concentration during infection. The effect of therapy was manifested

only in the return to baseline values at 6 days in all treated

groups in contrast to the infected—control monkeys. No effect of

route of treatment was seen.

The lyso zyme activity found in the various groups is presented

in f igure 7. Marked variation was observed between monkeys within

each group , and the values between groups were not significantly

dif ferent .

Ceruloplasmin concentrations seemed to be affected by

aerosol therapy (figure 7).  At both 24 and 30 hr a f te r  treatment

was initiated , the concentrations in aerosol—treated monkeys were

lower than those in i.m.—treated animals.

I -
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DISCUSSION

In this report we present evidence that 15 mg/kg/d ay of

kanamycin , given either i.m. or by ae rosol , were eq u ally e f f e c t ive

in preventing mortal i ty  in K. pneumoniae—infected squirrel monkeys.

Generally,  the ef f ec t  of the two routes on the degree of morbidi ty

also was equal. In view of these observations, there seems to

be no basis for the use of aerosols in the treatment of acute

respi ratory K. pneumoniae infection in squirrel  monkeys. It is

possible, however , that a dose—re sponse determination would favor the

aerosol because kanamycin is cotnplexed with DNA in the lungs [13]

and thus persists in effective concentration for a longer time

after aerosol than after i.m. administration . Thus the aerosol

could be useful in those patients in whom antibiotic toxicity

is a problem.

In a previous publication [1] we stated that aerosolized

kanamycin was more effective in the treatment of K. pneumoniae

infection in mice than was an equal dose injected f.m. Although

direct comparisons between species are risky, it is true that

K. pneumoniae cauaes bronchopneumonia in mice [1] and lobar

pneumonia in monkeys [2] .  If the di f ference in effect  of the

two r ou tes is due to the kind of pneumonia involved, then, in

the monkeys with lobar pneumonia , aerosol would not be expected

to penetrate readily to the involved alveoli in the presence of large

amounts of fluid and cellular material. On the other hand, the blood supply

to the bronchi is not as voluminous as to the alveoli. There-

fore, i.m. kanamycin would not be present in bronchial tissue
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in as high concentrations as the aerosolized antibiotic , and

aerosols would be more effective for the treatment of broncho—

pneumonia.

Several of the observations made during these experiments

are worthy of special mention. The rise in resp iratory rate in

monkeys first treated with aerosols at 24 hr suggested possible

pulmonary irritation resulting from inhalation. That tachypnea

did not occur in the uninfected control that was given aerosol

indicates that an interaction with infection had occurred. On

the other hand , no evidence of bronchial irritation has been

reported during aerosol treatment of human patients [14 , 15].

The d i f f erence between the humans and monkeys might be due to

d i f f e rences in the amount of antibiotic inhaled. Resolution of

this po ssibility would require execution of dose—response

experiments.

Another example of interaction of infection and treatment

occurred in monkeys f i r s t  treated i .m. at 30 hr. This treatment

caused marked anorex ia , yet weight loss in the aerosol—treated

monkeys was as extensive , thus suggesting that  much of the loss

of weight must be attributed to factors other than reduced

fo od intake .

The effect of therapy on several metabolic phenomena is of

interest.  Both routes of treatment inhibited the rise in

antitrypsin levels after infection. However, since the role of

this pro tease inh ibitor in infec t ious disease is poorly understood [16 ]

the significance of the effec t  is unknown . In addition , it is not

S . - .- - -- - . - - -
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known whether the therapy—related inhibition of increase in blood

levels reflects an ef fec t  on production rate , turnover rates or of

distribution. Resolution of this question would require the

dete rminat ion of tissue concentrations and kinetic studies procedures

that  were not feasible during these experiments.

Finally, an objective of this study was to determine whether

changes in plasma protein concentration might provide indices of

prognostic value. Of the four proteins included in our study,

only c&1—antitrypsin seems to be of value in this regard .

Both intramuscular and aerosol therapy, therefore , effectively

prevent mortality in monkeys suffering from pneumonia due to

K. pneumoniae. Neither of the routes of administration seems to

offer an advantage over the other in reducing morbidity. In view

of the greater simplicity of administering the i.m. therapy it

must remain the treatment of choice.

~~~— _ a  — . . .
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Table 1. Mortality of squirrel monkeys infected with Klebsiella

pneumoniae after treatment with kanamycin

Descr iption n Dead %

Unin f ected kanamyci n cont rols (aerosol) 7 0 0

Uninfected kanamycin controls (i.m.) 15 0 0

Sham controls 15 0 0

K. pneumoniae controls 21 14 67

Infected—i.m. treatment at 24 hr 15 0 0

Infected—i.m. treatment at 30 hr 14 1 7.1

Infected—aerosol treatment at 24 hr 8 0 0

Infected—aerosol treatment at 30 hr 7 0 0

. . .  
~~~.
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Figure Captions

Figure 1 — Box for the exposure of monkeys to aerosols of

antibiotics (right door removed for clarity).

A — aerosol sampling tube; B — left door; C — exercise

bar; D — sampling port; E — exhaust port; F — refuse

tray ; G — perch; H — partition.

Figure 2 — Schematic diagram of aerosol therapy system.

Figure 3 — Recovery of K. pneumoniae from blood and oropharynx

Figure 4 — Respiratory rate and temperature of treated monkeys .

Cross—hatched bars represent the mean of the pooled

controls ± standard error of the mean.

Figure 5 — Food consumptions and weight change in treated

monkeys. Cross hatched bars represent the mean of the

pooled cont rols ± standard error of the mean.

Figure 6 — a1— anti trypsi n and haptog lobin levels. Cross

hatched bars represent the mean of the pooled controls

± standard error of the mean.

Figure 7 — Lysozyme and ceruloplasmin levels. Cross—hatched

bars represent the mean of the pooled controls ± standard

error of the mean .

. -  — - -  -~~~~
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