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SUMMARY

Using a modified aerosol generator, white
mice and calves were exposed to aerosols of
viable Staphylococcus aureus and Pasteurella
haemolytica and the clearance of the inhaled
organisms by the lungs of the experimental
animals was measured. Fifty-seven percent
of inhaled S. aureus were cleared in two hours
by the mouse lungs, 79% were cleared in
four hours and 93% were cleared in eight
hours. Fifty-six percent of inhaled P. haemo-
lytica were cleared in two hours by the mouse
lungs, 76% were cleared in four hours and
93% were cleared in eight hours. Seventy
percent of inhaled S. aureus were cleared in
two hours by the calf lungs, 90% were cleared
in four hours and 95% were cleared in eight
hours. Seventy-five percent of inhaled P. hae-
molytica were cleared in two hours by the
calf lungs, 90% were cleared in four hours
and 92% were cleared in eight hours.

RESUME

A l'aide d'un generateur d'aerosols modifie,
les auteurs exposerent des souris blanches et
des veaux a des aerosols de Staphylococcus
aureus et de Pasteurella haemolytica viables;
ils mesurierent ensuite le taux d'etlimination
des microbes inhals par les poumons de ces
animaux d'experience. Les souris eliminerent
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57% des S. aureus en deux heures, 79% en
quatre heures et 93% en huit heures. Elles
eliminerent 56% des P. haemolytica en deux
heures, 76% en quatre heures et 93% en huit
heures. Les veaux eliminierent 70% des S.
aureus en deux heures, 90% en quatre heures
et 95% en huit heures. Ils eliminerent 75%
des P. haemolytica en deux heures, 90% en
quatre heures et 92% en huit heures.

INTRODUCTION

The lung clearance technique has been
used by several workers to measure the
reaction of the respiratory defense me-
chanisms, especially alveolar macrophage
and mucociliary clearance of infectious and
noninfectious particles under various debil-
itating conditions (7, 8, 9, 11, 17, 18, 19, 20,
21, 22, 23, 26). Measurement of lung clear-
ance requires that living animals be expos-
ed to aerosols of a size and character such
that the particles are able to penetrate into
and deposit on the surfaces of the alveoli
and the nonciliated bronchioles. The num-
ber and activity of particles detectable at
various post exposure times are then meas-
ured and the percentage clearance is calcul-
ated.

Laurenzi and co-workers found that 45 o
of inhaled Staphylococcus aureus werm
cleared by mouse lungs in one hour; 70%
were cleared in two hours; 88% were
cleared in four hours; and 97% were clear-
ed in eight hours (19, 22). Other workers
used this clearance pattern as a standard
to compare the effects of various debilitat-
ing influences (19, 20). Cortisone, hypoxia,
alcohol, cigarette smoke, barbiturates, car-
bon black, and Escherichia coli endotoxin
have been shown to reduce the clearance
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of inhaled S. autreuts by mouse lungs (19,
20, 21).

Green and Kass found that Staphylococ-
cus albus was cleared more rapidly by
mouse lungs (94% in four hours) than was
S. aureus (88% in four hours) or Proteus
mirabilis (70% in four hours) (4). These
authors also determined that cold, as an
environmental stress, did not affect clear-
ance rates, but that wetting and exposure
to cold significantly reduced clearance.

Sellers et al (27) and Goldstein et al (9)
have shown that exposure to virus several
days previously will severely retard lung
clearance of inhaled bacteria. Influenza
virus reduced the clearance of inhaled S.
aureus in mice from 80% cleared in four
hours to -20%7o cleared (i.e. 120% retained
or an increase of 20% in the number of
bacteria originally inhaled) (18). Reovirus
also reduced the clearance rates of inhaled
S. aureus from 15% retained in four hours
to 52% retained (9).
The clearance of gram-negative bacteria

has been studied by several workers. Past-
eurella pneumotropica was cleared more
slowly than S. aureuts by mouse lungs and
with greater variation in the clearance
pattern (11). Pseudomonas aeruginosa
multiplied rapidly for the first hour after
inhalation and only then did clearance
begin (17). Rylander found that guinea
pig lungs reduced the viability of inhaled
E. coli rapidly but that actual physical
removal of the bacteria from the lungs
occurred much more slowly (26). Myco-
bacteria, in contrast to most other species,
are cleared very slowly by the lung (23).
This experiment is an attempt to measure
the lung clearance of Pasteurella haemo-
lytica and the first attempt to measure
bacterial clearance in the bovine lung.

MATERIALS AND METHODS

THE AEROSOL EXPOSURE APPARATUS

The aerosol exposure apparatus used in
this experiment is a half scale model of
the machine designed by Laurenzi and
Guarneri (13) (Figs. 1, 2). It consists of
a rectangular plexiglass and sheet metal
chamber 36 inches long, 18 inches wide,
and 16 inches deep. An eight inch exposure
port is situated in the centre of one long
side and a plexiglass glovebox is situated

on the opposite side. Two plexiglass doors
connect the interior of the chamber with
the interior of the glovebox and the in-
terior of the glovebox with the outside. The
edges of the doors are lined by rubber
gaskets. The exposure port is sealed with
heavy polyethylene film during mouse ex-
posures.
A primary air flow is produced by an

electric air compressor operated at ten
pounds per square inch. Air is driven
(sequentially) through a four-ply manifold
of copper tubing, through rubber tubing
to four air flow meters and thence to each
of four DeVilbiss number 40 glass nebul-
izers. Each glass nebulizer is attached by
clamps to one of four cylindrical plexiglass
intake tubes 12 inches in length and three
inches in inside diameter. A circular plexi-
glass baffle approximately 2.5 inches in
diameter is placed in the lumen of the
plexiglass cylinders six inches from the

Fig. 1. The aerosol exposure apparatus. The primary
air flow is generated by the air compressor (1), and
moves through the four ply manifold (2), the air flow
neters (3) and aerosolizes the bacterial suspension
in the wells of the nebulizers (4).

Fig. 2. The aerosol exposure apparatus. The secondary
air flow is generated by the fan and the consequent
negative internal pressure. The dilute aerosol moves
through the air intake tulbes (1), the individual mixing
chambers (2), the common mixing chamber (3), past
the experimental animals in the exposure chamber (4)
(exposure port (5)), through the filter (6), and exits
via the fan housing and the exhaust duct.
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upstream end. The upper half of the nebul-
izer is placed into the lumen of the tube
through a one inch hole in the bottom of
the tube 1.5 inches from the upstream end
and secured by metal clamps. The upstream
openings of the cylinders are covered by
several layers of cotton gauze held by elast-
ic bands.
The plexiglass tubes fit snugly into

metal sleeves which open into conical in-
dividual mixing chambers which are 18
inches in length, three inches in diameter
at the upstream end and rectangular 7.5
by nine inches at the downstream end. These
converge into a common mixing chamber
12 inches long, 18 inches wide, and 16
inches high. The common mixing chamber
is fastened to the upstream end of the ex-
posure chamber by four metal C clamps
and a rubber gasket.

The downstream end of the exposure
chamber fits into a rectangular sheet metal
cone 14 inches long and narrowing to a
10.75 inch square. The downstream end
of the cone fits into an absolute filter'.
Downstream of the filter is a 15 inch
exhaust fan driven by a 0.5 horsepower
electric motor and a flexible metal tube
four inches in diameter and eight feet long
which ducts the exhaust air to the exterior
of the building. A solenoid pressure mano-
meter is inserted in the upstream end of
the exhaust duct and connected to the air
compressor at the upstream end of the
system so that if the fan ceased function-
ing the decrease in air pressure would turn
off the compressor and prevent the escape
of aerosol into the room.
When operating, the machine consists of

a primary and a secondary air flow (Fig.
3). Eight ml of the bacterial suspension
are placed in the well of each of the ne-
bulizers and are aerosolized by the primary
air flow. The nebulizers are calibrated to
deliver a particle size distribution of (19,
22):

3.3 - 5.5,L
2.0 - 3.3,u
1.0-2.0 ,u
1.0 ,u or less

141%
26%
53%7
7%

The aerosol then enters the plexiglass
intake tubes and is mixed with, dried by
and becomes part of the secondary air flow.
The secondary air flow is produced by the
fan at the downstream end of the system

'Flanders Filters Inc., Riverhead, New York.

I

L-I~ ~~~~~.

4- i~ ~~~~~~~4- I

Fig. 3. Air flow diagram (of the aerosol exposure ap-
p aratus).

and the consequent negative pressure creat-
ed inside the exposure chamber which sucks
room air into the intake tubes at the rate of
approximately 100 linear feet per minute.
Particles of larger size and mass will have
sufficient inertia that they will not bend
with the airstream and will thus be im-
pinged on the baffles in the intake tubes
and removed from the aerosol.
The aerosol then moves through the mix-

ing chambers, past the experimental ani-
mals in the exposure chamber, and out
through the absolute filter. Relative humid-
ity within the exposure chamber is moni-
tored by a wet and dry bulb hygrometer.

PREPARATION OF THE BACTERIAL SUSPEN-
SIONS

A coagulase positive strain of S. aureus
(FDA 209P) was obtained from G. A. Lau-
renzi and J. J. Guarneri'. The organism
was stored on 5%sO beef blood agar slopes
at -70°C. until used. Single colony inocula
were placed into tubes containing 5 ml of
trypticase soy broth (TSB Difco') and
incubated overnight at 37°C. One ml quan-
tities of the resulting broth culture were
used to inoculate 100 ml quantities of TSB
in 250 ml Erlenmeyer flasks. These were
incubated for 16 hours at 37°C in a shaker
water bath. After incubation, 45 ml quant-
ities of the 16 hour broth cultures were
placed in 50 ml centrifuge tubes and cen-
trifuged at 6000 RPM for 25 minutes in a
Sorval Superspeed Centrifuge4 (Relative

2Then of the New Jersey College of Medicine and
Dentistry, Jersey City, New Jersey.

3Difco Laboratories, Detroit, Michigan.

41van Sorval Incorporated, Norwalk, Connecticut.
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TABLE I: Number of Mice Exposed Per Trial

Trial...............
S. aureug...........
P. haemolytica.......

1 2 3 4 5 6 7
50 57 89 97 97 98
52 90 79 70 70 70 74

Centrifugal Force = 4340 G's), washed
in 0.1 molar potassium phosphate buffer
(pH 7.3-7.5), centrifuged again and then
resuspended in 12 ml of diluent (either
phosphate buffer or distilled water). The
resulting bacterial suspension had a mean
density of 7.7 x 109 (± 2.87 x 109) organ-
isms per ml.
A laboratory strain of P. haemolytica

(biochemical type A, serotype 1) was ob-
tained from E. L. Biberstein5. The organism
was grown on 5% beef blood agar plates
and stored in 5% dextrose in hermetically
sealed vials at -70°C until use. Several
smooth colonies (as determined by the
crystal violet technique (31) which de-
monstrated pronounced haemolysis were
inoculated directly into 200 ml quantities
of brain heart infusion broth (BHI Difco3)
in one litre Erlenmeyer flasks. P. haemo-
lytica has a high oxygen requirement and
the larger flasks provided greater surface
area and therefore increased aeration (30).
These were incubated at 37°C in a shaker
water bath for eight to nine hours. After
incubation, 45 ml quantities of the BHI
broth cultures were placed in 50 ml centri-
fuge tubes and centrifuged at 6000 RPM
for 25 minutes. The pellet was resuspended
in 5 ml of 0.1 molar potassium phosphate
buffer (pH 7.3-7.5) to give a mean suspen-
sion density of 9.22 x 109 (+ 9.23 x 109)
organisms per ml.

All bacterial suspensions were prepared
immediately prior to use.

EXPOSURE AND SAMPLING OF MICE

Adult white mice weighing 25-30 grams
were obtained from the Ontario Veterinary
College Research Farm. During the exposure
the mice were placed in individual half inch
wire mesh cages, 2.5 x 2.5 x 4 inches in
size. These cages were designed to prevent
crowding, to allow complete freedom of
movement and to cause as little air turbul-
ence as possible. From 50 to 100 mice per
trial were placed in the exposure chamber
of the aerosol apparatus (Fig. 4, Table I).

5College of Veterinary Medicine, University of California,
Davis, California.

Fig. 4. A group of caged mice in the exposure chamber
(viewed from the upstream end).

After each exposure, the mice were ar-
bitrarily divided into approximately equal
groups. One group was killed immediately
after the exposure and the other groups
were killed at one, two, three, four, six,
eight, 12, 24 and 48 hours post-exposure.
A total of 488 mice divided into six

separate trials were exposed to aerosols of
S. aureus. A total of 505 mice divided into
seven separate trials were exposed to aero-
sols of P. haemolytica.
The mice were killed by clamping the

neck with a curved haemostat and were
placed in a disinfectant bath (Dettole or
Kem-257) for several minutes. The thorax
was then opened and the lungs removed
by transection of the main stem bronchi.
The lungs were placed in individual glass
grinders and homogenized with 5 ml of
sterile phosphate buffer. Tenfold dilutions
to 10' in buffer tubes were prepared from
the homogenate. The serial dilutions and
the original homogenate (for convenience
referred to as 10-°) were then plated onto
5% beef blood agar using the drop tech-
nique (24) adapted so that each drop con-
sisted of 0.05 ml instead of 0.02 ml. Fol-
lowing overnight incubation at 37°C, in-
dividual colonies could be distinguished and
contaminant colonies, when present, were
easily identified. Colonies were counted
from those dilutions yielding a count of

6Reckitt & Colman (Canada) Ltd., Lachine, Quebec.
7Kem-San Limited, Oakville, Ontario.
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from 30 to 300 coloinies. In cases where
the lowest dilution (i.e. the homogenate)
yielded fewer than 30 colonies, this num-
ber was recorded. An American Optical
electronic touch counter and a Quebec
Counter were used to count the bacterial
colonies.
The most probable number of colony

forming units (C.F.U.) in each lung was cal-
culated by using the mean count of the
four drops multiplied by the dilution factor.
The mean number of C.F.U. per lung was
then calculated for the group of mice killed
at each post-exposure time. The group mean
number of C.F.U. was expressed as a per-
centage of the number of C.F.U. present
immediately after the exposure (0 hour),
and referred to as the group mean percent-
age retention. Percent clearance then equal-
ed 100% minus the percent retention.

EXPOSURE AND SAMPLING OF CALVES

Predominantly male calves (two animals
were female) ranging in age from two to
four months and varying in weight from
125 to 200 pounds were used for the calf
studies. These calves were obtained either
shortly after birth from the Ontario Agri-
cultural College dairy herd or from local
cattle markets. The calves were raised in
pens holding two calves per pen until short-
ly before use. They were then assembled
in a barn adjacent to the aerosol exposure
facility. Prior to exposure the calves were
weighed and temperatures, cardiac rates
and respiratory rates taken. Insofar as
possible, calves of similar weights were
used in the same trial. No attempt was
made to assess the immunological status
of these calves.
The calves were exposed by placing their

heads inside the large exposure port and
closing a polyethylene hood around the
neck by means of a drawstring (Fig. 5).
During the exposure the calves were re-
strained in a portable wooden chute placed
adjacent and perpendicular to the long
axis of the exposure chamber. Three or
four calves were exposed sequentially (in
as short a time as possible) in each trial to
the same bacterial suspension under the
same operating conditions. All exposures
were of 30 minutes duration. The refer-
ence calf, i.e. the 0 hour calf, was usually
exposed last. Thus if any deterioration oc-
curred in the bacterial suspension during
the trial, it would be reflected in a low

Fig. 5. A calf with its head in the exposure chamber
(viewed from the upstream end).

deposition values rather than false low
clearance values. The possibility of an in-
crease in the density of the suspension
during the 1.5 to two hours of each trial
was considered to be low because the bac-
terial pellet was washed and then suspended
in a non-nutrient buffered medium. Fol-
lowing exposure, the calves were returned
to the adjacent barn. Either two or three
calves were used to determine each post-
exposure clearance value.

Calves were killed by high voltage elec-
trocution either immediately following ex-
posure or at two, four, six and eight hours
post-exposure. The head was maintained in
an elevated position until a tracheal plug
could be inserted thus preventing contami-
nation by retrograde flow of rumen con-
tents. As soon as the current was discon-
nected the neck was flooded with Dettol or
Kem-25 disinfectant solution and the tra-
chea and larynx exposed and isolated. A
sterile wooden tracheal plug was inserted
and secured by sterile string. The skin
of the animal was flooded with dis-
infectant solution and the right lateral
thoracic wall removed. Care was taken
not to incise the abdominal organs.
The heart, lungs, mediastinum, esophagus
and trachea were removed, placed in a
sterile tray and taken to the processing
laboratory. Samples of liver, kidney, spleen,
bronchial lymph node and heart's blood
were taken for bacteriological culture. The
lungs were separated by transection of the
main bronchi and weighed.

Eleven 10 gram samples of lung were
excised as shown in Fig. 6 and placed in
sterile plastic cups. Occasionally plum color-
ed patches of atelectasis or consolidation
were present in some sampling areas. In
this case, alternate areas were sampled.
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Each lung sample was individually homo-
genized with 100 ml of sterile phosphate
buffer (pH 7.3-7.5) in a sterile Waring
blender. The homogenates were diluted,
plated and counted as described above. The
most probable number of colony forming
units (C.F.U.) in each 10 gram sample of
lung was then calculated by using the mean
of the four drops multiplied by the dilu-
tion factor. The mean number of C.F.U.
per gram of lung for each region sampled
and for the lung as a whole was then cal-
culated. The kidney, spleen, liver and
heart's blood were plated onto blood agar
to determine if the inhaled microorganisms
were moving beyond the lung.

RESULTS

The deposition of S. aureus in the lungs
of the experimental mice averaged 95.90 x
103 + 29.60 x 103 organisms per lung
(Range 66.55 x 103 - 146.20 x 103 organ-
isms per lung). The deposition of P. haemo-
lytica in the experimental mice averaged
38.56 x 10' ± 19.56 x 103 organisms per
lung (Range 3.77 x 103 - 60.40 x 10' or-
ganisms per lung).
The deposition of S. aureus in the lungs

of the experimental calves averaged 178.87 x
103 + 138.37 x 103 organisms per gram of
lung (Range 5.79 x 103 - 455.64 x 103
organisms per gram of lung). No difference
was observed in the deposition of S. aureus
in the different regions of the calf lung
except for the posterior tip of the dia-
phragmatic lobes which were consistently
lower than the mean for the whole lung. S.
aureus were not found in the sampled
organs other than the lungs.
The deposition of P. haemolytica in the

lungs of the experimental calves averaged
44.42 x 103 + 72.63 x 103 organisms per
gram of lung (Range 9.95 x 103 - 192.00 x
103 organisms per gram of lung). No dif-
ference was observed in the deposition of
P. haemolytica in the different regions of
the calf lung except for the posterior tip
of the diaphragmatic lobes which were
consistently lower than the mean for the
whole lung. With one possible exception
(thought to be due to technical error) P.
haemolytica were not found in the sampled
organs other than the lungs.
The clearance of the inhaled bacteria is

shown in Table II and Figs. 7 to 10.

Fig. 6. The sampling sites of calf lungs. LA - left
apical, LVC - left ventral cardiac, LDC - left dorsal
cardiac, LID - left intermediate diaphragmatic, LPD
- left posterior diaphragmatic, RVA - right ventral
apical, RDA - right dorsal apical, RVC - right
ventral cardiac, RDC - right dorsal cardiac, RID -
right intermediate diaphragmatic, RPD - right posterior
diaphragmatic.

DISCUSSION

The preparation of a bacterial suspension
for aerosolization and the aerosolization
of the suspension subjects the microorgan-
isms to severe environmental stresses.
These stresses consist mainly of fluctua-
tions in relative humidity and temperature
(15), exposure to oxygen (1, 6, 33), and
to changes in molecular bound water due
to dehydration and rehydration (33). The
resistance of a bacterium to the stresses
of aerosolization is related to its resistance
to other forms of stress (10).
The results of this experiment suggest

that S. aureus withstood these stresses
much better than did P. haemolytica. This
impression is in agreement with those of
Hatch (14) and Zentner (32) that gram-
negative bacteria are generally more sus-
ceptible to the stresses of aerosolization
than are gram-positive bacteria. In this in-
vestigation the density of the S. aureus
suspensions was usually lower than the
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Fiz. 7. The clearance of Staphylococcus aureus by
mouse lungs from 0-48 hours post exposure.

density of the P. haemolytica suspensions
while the deposition of P. haemolytica was
usually lower than the deposition of S.
aureus.
The reason for the lower deposition of

P. haem.olytica in the lungs of mice was
not determined but was surmised to be
due to a greater death loss during aero-
solization and also to a possible tendency
towards clumping because of the mucoid
capsule.

P. haemolytica has more exacting cul-
tural requirements than most other bacteria
(30) and therefore more care was required
to produce a uniform suspension than with
S. aureus. The broth cultures of P. haemo-
lytica in this experiment were much more
varied in terms of numbers of organims than
were the cultures of S. aureus thus account-

80

60
z
0

Z 40

I-

@\* 20

e HAEMOLYTICA
IN MICE

2 4 6 8 12 24 48

HOURS PosT EXPOSURE

Fi7. 8. The clearance of Pasteurella haemolytica by
mouse lungs from 0-48 hours post exposure.

ing for the high standard deviation (9.22 x
109 ± 9.23 x 109 organisms per ml) which
resulted because of one exceptionally heavy
culture.
To our knowledge this experiment re-

presents the first measurement of the
clearance of P. haemolytica by the lung.
The only previous report of clearance stud-
ies with a Pasteurella species is that of
Goldstein and Green (8) who studied the
clearance of Pasteurella pneumotropica in
mice. Other workers (2, 3, 4, 16, 27, 29)
have reported on the infectivity of aero-
sols of Pasteurella pestis, Pasteurella tula-
rensis, Pasteurella multocida, and P. haemo-
lytica, but have not measured the rate of
lung clearance. The clearance of P. haemo-
lytica in mouse lungs is similar in pattern
to but slightly slower in rate during the

TABLE II: Mean Percent Retentiona of Bacteria in Lungs of Mice and Calves

Mouse Lungs Calf Lungs
Hours
Post S. P. S. P.

Exposure aureus haemolytica aureus haemolytica

0 o100% S.D.b 100% S.D. 100l% S.D. 100% S.D.
1 60.5% 13.77 76.0% 9.54 -
2 42.7%c 9.0 44.4% 15.42 29.8% 7.54 25.0% 6.94
3 31.8% 4.35 32.0% 11.83 -
4 21.1%C 8.12 23.9% 17.16 9.9% 3.14 10.5%o 3.65
6 16.0% 6.33 18.0%7 8.04 16.0% 3.02 10.9% 5.06
8 7.5% 3.52 7.5% 4.13 5.0%/7o .95 8.2% 2.39
12 3.6% 1.26 3.8% .09 - -
24 0.7% .41 8.3% 7.48 -
48 0.2% .13 4.8% 2.67 - -

Clearance equals 100 % minus percent retention
Standard deviation
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Fig. 9. The clearance of Staphylococcus aureus by calf
lungs from 0-8 hours post exposure.

first six hours than the clearance of S.
aureus. The P. haemolytica clearance rates
are similar in pattern to but are more

rapid (by 2 to 10% per hour) than the
rates reported by Goldstein and Green (8)
for P. pneumnotropica in mice. The standard
deviations were also greater for P. haemo-
lytica indicating a greater individual varia-
tion in the response of the mouse lungs to
P. haemolytica than in the response to S.
aureus.
The clearance of S. aureus by mouse

lungs in this experiment was similar in
pattern to but slightly slower in rate (by
5 to 10% per hour) than the clearance
observed by Laurenzi and Guarneri (.22).
The present results probably represent
small technical differences and essentially
agree with and confirm the results of these
earlier workers.
Both S. amreus and P. haemolytica were

cleared at slightly more rapid rates in the
calf than in the mouse lungs. The reason

for this may be that the bovine lung is
continually exposed to inhaled ruminal
microorganisms (5, 25) which may produce
a state of continual alveolar macrophage
activation (7), or that the bovine alveolar
macrophages have greater metabolic and
enzymic activity. At two hours post-ex-
posure 12.86% fewer S. autreus could be
recovered from the calf lungs than from the
mouse lungs. At four hours this difference
was 13.38%. At later post-exposure times
these differences become less marked. This
was felt to be due to the limitations of the

HOURS POST EXPOSURE

Fig. 10. The clearance of Pasteurella haemolytica by
calf lungs from 0-8 hours post exposure.

experimental technique in that a much
greater number of calves would be required
to measure accurately the more subtle
clearance rates which occur at longer post-
exposure times.

P. haemolytica frequently increases in
numbers and dominates the nasal flora in
cattle stressed by transit (28). By means

not completely understood, these organisms
enter the lung, multiply and induce a

pneumonic response. Several possible meth-
ods exist by means of which nasal flora
may reach the lung, one of which is in the
form of droplet nuclei either aspirated
from the nasal flora or inspired in air ex-

haled from surrounding animals also ex-

periencing a rise in nasal P. haeinolytica.
Droplet nuclei are recognized as important
sources of both viral and bacterial re-

spiratory diseases of man. The observa-
tions of Grey and Thomson (12) suggest
that P. haemolytica moves from the nose
to the lung in the tracheal air in the form
of droplet nuclei. Aerosol exposure - lung
clearance studies therefore are a method
of studying one of the probable links be-
tween a proliferation of the nasal flora
and pulmonary invasion of pasteurella.
The present experiment demonstrates

that S. aureuts and P. haemolytica are in-
activated by the normal bovine lung. Many
workers have demonstrated that stress
factors similar to those connected with
"Shipping Fever" do allow inhaled bacteria
to colonize and multiply in the lung. Gold-
stein and Green (8) demonstrated this

Can. J. comp. Med.
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fact using P. pjneumotropica in mice. The
aerosol exposure-lung clearance model, us-
ing P. haemolytica and calves or more
mature cattle offers a useful experimental
system for the study of bovine pneumonia.
By altering the debilitating conditions im-
posed on the experimental animals, either
singly or in combination, the environmental
conditions seen in the natural disease may
be reproduced and their effects on the
defense mechanisms of the lung measured.
Use of the lung clearance technique in

large animals requires several adaptations.
In previous experiments large numbers of
small animals were used to compute each
point on the clearance curve. In this ex-
periment only a few animals were used to
compute each point. However, many sam-
ples were taken from each animal. In this
experiment each animal was exposed con-
secutively instead of simultaneously as
with the laboratory species. Modifications
to the body of the aerosol exposure appar-
atus will permit future exposures to be
carried out simultaneously.
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