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Factors Influencing the Clearance of Bacteria by the Lung *
GARETHM. GREENt AND EDWARDH. KASS

(From the Channing Laboratory, Thorndike Memorial Laboratory, and Second and Fourth
[Harvard] Medical Services, Boston City Hospital, and the Departments of

Bacteriology and Immunology, and Medicine, Harvard Medical School,
Boston, Mass.)

Although much quantitative information has
been accumulated on the properties of mechanisms
of defense against systemic bacterial infection,
relatively little parallel information exists for the
defensive mechanisms of the respiratory tract.
Yet, the bronchi and the pulmonary parenchyma
are able to maintain a sterile environment despite
virtually continuous exposure to inhaled bacteria.

Lurie, Heppleston, Abramson, and Swartz
(1) and Middlebrook (2) adapted aerosol tech-
niques developed by Wells (3) to quantitative
studies of experimental pulmonary infection with
tubercle bacilli. \Vith similar techniques, Lau-
renzi, Berman, First, and Kass (4) have defined
quantitatively the antibacterial action of the lungs
of mice against inhaled staphylococci and have
shown that within a few hours most of the re-
tained bacteria can no longer be cultured. The
precise mechanisms by which the rapid pulmonary
defensive response occurs are not clear. As a
first approach toward understanding these mecha-
nisms the effects of certain agents on pulmonary
clearance of bacteria were studied.

Because of suggested clinical associations be-
tween decreased host resistance and alcoholic in-
toxication, hypoxia, corticosteroids, and starva-
tion, these agents were selected for study. It
would be expected that agents associated with in-
creased susceptibility to infection would impair
pulmonary bacterial clearing if, indeed, this action
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is important in maintaining host resistance to in-
fection. Since there is much evidence to suggest
that the events during the first few hours of the
encounter between bacterium and host are decisive
in determining the outcome of the infection (5),
the early phase of pulmonary bacterial clearance
was studied. The results show not only that pul-
monary clearance of bacteria is inhibited by the
agents studied, but also that the methods provide
a sensitive bioassay for evaluating the effects of
various agents on host resistance mechanisms.

Methods

The methods used to produce pulmonary infection
were essentially those of Laurenzi and associates (4).
White Swiss mice of either sex were exposed to a
finely divided aerosol of a suspension of Staphylococcus
aureus (FDA 209P, type 42D) in phosphate buffer.
After exposure half of the animals were killed im-
mediately and the remainder 4 hours later, and the lungs
were removed and cultured quantitatively. The clearance
activity of the lungs was assessed by comparing the
total numbers of bacteria present in the lungs immediately
after exposure with the total numbers present 4 hours
later. This clearance activity was measured first in un-
treated animals from the colony and then in groups of
animals exposed to ethanol intoxication, hypoxia, star-
vation, or injection of corticosteroid.

The animals were grouped according to the treatment
received. In the animals that were intoxicated with
ethanol, 3 ml of 5% ethanol in water was injected in-
traperitoneally 15 to 30 minutes before exposure to the
aerosol. Hypoxia was induced in a decompression cham-
ber in which atmospheric pressure was reduced by 380
mmHg. Ventilation of the chamber was achieved by
continuous flow of room air at a rate of 5 to 6 L per
minute through the chamber. Steroid-treated animals
were injected subcutaneously with 10 mg of cortisone
acetate 24 and again 2 hours before exposure to the
aerosol, with the intention that only the acute effects of
massive doses would be studied. The starved animals
were deprived of food, but allowed water at will for 24
to 48 hours before infection. \Veight loss during this
period ranged from 10 to 30% in the different groups of
animals.
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TABLE I

Retention and clearance of Staphylococcus aureus in mouse lungs in individual experiments*

Bacterial Percentage clearedlcount of Bacterial count in lungs 0- to 4-hr count
Experimental Run nebulizer At4_______con

group no. suspension At 0 hrst At 4 hrst 0-hr count

1 3.8 X 109

2 2.1 X 109

3 3.5 X 103

4 3.2 X 109

1 3.0 X 109

2 5.5 X 109

3 3.9 X 109

1 3.2 X109

2 5.6X 109

3 4.1X109

4 3.3 X109

1 4.5 X 109

2 4.4X109

3 3.5 X 109

1 3.4X109

2 2.3 X 109

3 2.6 X 109

4 3.2 X 109

5 4.5 X 109

67.1 ± 4.8
[6]

32.6 4 3.4
[5]

40.9 4 4.6
[2]

42.8 5.2
[3]

61.3 3.6
[2]

49.2 ± 6.3
[5]

38.4 + 2.7
[9]

42.3 ± 2.8
[3]

42.4 4± 12.2
[6]

35.2 2.6
[4]

22.6 ± 14.0
[3]

66.2 5.6
[5]

75.8 ± 8.1
[6]

55.7 ± 2.7
[4]

30.5 ± 3.1
[6]

31.3 ± 6.0
[4]

34.4 ±4 3.8
[6]

39.4 ± 3.1
[6]

47.7 ± 3.1
[6]

7.89 ± 2.22 88.1 ± 3.2
[5] [11]
4.45 + 1.10 86.4 ± 3.6
[5] [10]
7.40 4: 1.80 81.9 4 4.9
[2] E 4]
5.25 ± 0.53 87.7 ± 2.7
[3] [ 6]

Mean 86.0 + 1.4

24.8 ± 2.2 59.5 ± 4.3
[2] [ 4]

27.8 ± 2.9 43.5 ± 9.4
[6] [li]

11.8 + 1.8 69.3 ± 6.1
[7] [16]

Mlean 58.4 ± 7.6

24.8 ± 10.8 41.5 ± 26.0
[3] [ 6]

16.5 ± 2.0 61.1 I 6.0
[5] [11]

19.6 :i 1.3 44.3 ± 5.5
[5] E 9]

10.8 ± 3.3 52.4 ± 33.0
[3] [ 6]

Mean 49.8 ± 4.7

12.9 ± 1.0 80.5 ± 2.3
[6] [11]

18.0 ± 2.1 76.2 ± 3.7
[6] [12]

15.8 4± 3.3 71.6 ± 6.1
[4] [ 8]

Mean 76.7 ± 2.6

5.1 -+ 1.0 83.3 3.6
[7] [13]

12.4 4- 4.1 60.3 15.0
[3] [ 7]

12.0 4± 2.6 65.2 ± 8.4
[6] [12]

13.0 4t 3.0 67.0 ± 8.0
[6] [12]

11.0 4 3.2 77.0 ± 2.6
[6] [12]

Mean 71.4 ± 5.3

* Number in brackets is the number of animals in each calculation.
t Mean SE X 10g.

I Mean SE.
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Each experiment comprised a single treatment, and
the effect of each treatment was evaluated in from three
to five experiments. The results were analyzed in two
ways. Initially, the clearance rate for each experiment
was determined and compared with other experiments
using the same treatment and with experiments using
no treatment. A mean value of the several experiments
for each treatment was then determined. It was found
that the variation in the results f rom day to day was
less than the variation among the animals on a given
day. Therefore, in the computation of the clearance
rates as they are presented in Table II and Figures 1
to 4, the results of all experiments using a given treat-
ment were pooled. The mean bacterial count present
immediately after aerosol exposure was related to the
mean bacterial count at stated intervals thereafter. The
clearance rate was expressed as the ratio of the initial
minus the final count to the initial count. The formula
for calculation of the standard error of the ratio was
derived from theorem 9.3.1a of Wilks (6):

SER I so2 Xt 2 S,2

sphere SER = standard error of the ratio, Xo = mean
initial count, Xi = mean count at time t, So2 = variance of
initial count, S,2 = variance of count at time t, No = num-
ber of animals at initial count, and Nt = number of animals
at time t.

The degree of significance of the differences between
these mean ratios was then calculated by the t test.

The technical error inherent in the method of quan-
titative cultures (principally pipetting error) was re-
duced to a negligible value by obtaining a mean value
of quintuplicate plates for each sample. There are two
other sources of error inherent in the method: 1) varia-
tion within the animal population and 2) variation
among experiments. Because the aerosol apparatus had
a capacity for only 14 to 16 animals, two to four runs
for each treatment group were necessary to obtain ade-
quate data for comparison. Since the mechanical char-
acteristics of the aerosolizing process did not permit a
precise duplication of bacterial infection from day to
day, there arose a run-to-run variation in the numbers
of bacteria initially present in the mouse lungs. Clear-
ance rates, however, were independent of inoculum size
within the variation experienced. Animal variation can
be attributed both to variation in rates of deposition and
retention of bacteria in the lung and to variation in
clearance rates. Both sources of error are included in
the final expression for variance of the ratios.

Results

The bacterial count of the nebulizer suspensions
in each experiment and the mean number of bac-
teria cultured from the lungs at each time period
after exposure to the aerosol are presented in
Table I. The number of organisms present im-

mediately after the 30-minute exposure period
tended to be directly proportional to the concen-
tration of bacteria in the nebulizer, but this rela-
tionship cannot be definitely established over
such a small range of nebulizer concentrations.
Clearance activity was relatively independent of
the loading dose of bacteria within the range of
these experiments. The initial number of re-
tained bacteria was significantly greater in the
steroid-treated than in the untreated animals and
was lower in the intoxicated and starved animals.
The reasons for these variations in initial reten-
tion of inhaled bacteria are not clear, but may be
related to altered patterns of respiration produced
by the treatment. The number of organisms re-
maining at 4 hours is in each case greater in the
experimental group than in the untreated. To
determine clearance rates, however, the 4-hour
figure must be related to the number of bacteria
present initially.

The rate of bacterial clearing in untreated ani-
mals is shown in Figure 1. This graph shows
that removal of bacteria from the lungs follows a
logarithmic curve. Sixty-five percent of the ini-
tially retained staphylococci were cleared at the
end of the first 2 hours, 87%o at 4 hours, 95%o at
6 hours, and 99% at 24 hours. The same rapidity
of clearance and reproducibility of results was
seen as was found by Laurenzi and associates (4).

The clearance data for the individual experi-
mental groups are presented in Table I and are
summarized according to treatment in Table II.
In Table I, the results of each experiment are

0

20

40

c60

r 80

It

I tone .SE

\ Iios

0 2 4 6 24
HOURSAFTER EXPOSURET0 THE AEROSOL

FIG. 1. CLEARANCE OF Staphylococcuts aitrCUs FROMI
LUNGSOF UNTREATEDMICE. Clearance expresses the per-
centage of difference between the number of viable or-
ganisms cultured immediately after exposure to the
aerosol and the number cultured at intervals after that
initial measurement. The percentage cleared equals the
initial number of cultured bacteria minus the final
number divided by the initial number.
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TABLE II

Retention and clearance of Staphylococcus aureus in mouse lungs: summary of all experiments*

Bacterial count Percentage clearedt
Experimental 0- to 4-hr count

group At 0 hrst At 4 hrst 0-hr count

Untreated 48,500 i 4,400 6,200 i 900 87.3 i 2.2
[16] [15] [31]

Hypoxia 44,700 4: 3,100 19,900 :t 2,500 55.0 i 6.8$
[16] [15] [31]

Ethanol 36,900 4 5,300 18,000 4 2,300 51.3 4t 9.31:
[16] [16] [32]

Starvation 34,100 :1 1,900 10,100 :1= 1,400 70.3 + 4.3t
[22] [22] [44]

Cortisone 67,300 i 4,000 15,500 i: 1,300 77.0 ± 2.4:
[15] [16] [31]

* Number in brackets is the number of animals in each calculation.
t Mean ± SE.
I p < .01 against untreated animals.

presented separately, and the variance of the
clearance ratio represents animal variation in that
experiment. The mean clearance figure repre-
sents the mean result of the three to five individual
clearance figures. The variance of that mean
represents run-to-run variation, which is in gen-
eral smaller than animal variation. The data in
Table II were obtained by pooling the several
experiments in each treatment category. The data
show the effects of the experimental treatments
on the proportion of bacteria remaining in a cul-
turable state in the lungs 4 hours after exposure
to the bacterial aerosol. These proportions are a
measure of the efficiency of the bronchopulmonary
mechanisms of defense. Each of the experi-
mental treatments impaired these mechanisms as
compared with untreated animals. It is readily
apparent that this inhibiting effect of treatment
enlarges the variation among the animals, indi-

90 ((NO- of A,7N, fssI N.

()20 %02'
80 (7

@70 - 100%1k )OO%02 ~~~~~~~~(7)
60 -

(32)

4IJ0 - *(0sro I% 02'j50-
(4)

('40 'OTIPOTOOYE

0 24 48
HOURSOFHYPOXIA BEFOREINFECTION

FIG. 2. EFFECT OF PRE-EXPOSURETO HYPOXIA ON
BACTERIAL CLEARANCE.

cating that animals vary in their response to the
experimental agents. Although the magnitude of
impairment in clearing differs among the agents
used, each agent caused a significant (p < 0.01)
reduction.

Corticosteroid injection had the least effect,
lowering the clearance rate by only 10%. When
steroid injections were continued for 3 days, there
was no enhancement of this effect. No long-
term steroid trials were performed.

Acute hypoxia, induced by simulated high al-
titude, caused a marked depression of bacterial
clearance, the rate decreasing to 55% in 4 hours.
These animals were generally less active at the
lowered barometric pressure, but otherwise ap-
peared to suffer no damaging effect. Additional
animals were placed at lowered barometric pres-
sure 24 or 48 hours before infection. Immedi-
ately after infection the animals were distributed

':A 90

80

' 70

0 60

( 51) ( ) No. ofAnhmols
(3)) II Std. Error -

( 12)

f (32)

(12)

F J.I
0 10 20 30

% BODYWEIGHTLOSS

FIG. 3. EFFECT OF ACUTE STARVATION ON BACTERIAL
CLEARING. Clearance was measured over the first 4
hours of infection for each group of animals. The
starvation period was 24 to 48 hours.
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to be at lowered pressure, ambient pressures, or
in 100% oxygen at ambient pressure. As shown
in Figure 2, 24 hours of hypoxia had no appreci-
able effect on clearance. There was a decline in
clearance at all oxygen levels after 48 hours of
hypoxia, but only in animals at ambient pressure
after infection was this decline of statistical sig-
nificance. These animals failed to gain weight as
compared with controls, and oxygen failed to in-
fluence the observed decline in clearance activity.
These observations suggest that the impairment
of clearance may have been due to a general de-
terioration of the animals. The pulmonary clear-
ance mechanisms failed to adapt to hypoxia in
that they were as sensitive to the postinfection

90 (31) (N.dAnimals

80

M 70-
Atilmoels Atmeic

U5C_ ~~~~(24)1 is-
60-

3 50- A41ie/s

40 (23

0 1.0 2.0 3.0
ML. OF5%ETHANOLINJECTED

FIG. 4. EFFECT OF DOSE OF ETHANOL ON BACTERIAL
CLEARANCEIN THE LUNG. Five per cent ethanol in wa-
ter was inj ected intraperitoneally in doses calculated to
produce tissue levels and neuromuscular dysfunction
comparable to those seen in human intoxication.

hypoxic stress as those of animals that had no
previous exposure to simulated high altitude.

In the total group of acutely starved animals,
clearance was depressed to 70%c. The degree of
depression, however, was not uniform in all the
groups. As seen in Figure 3, the extent to which
starvation slowed clearing appeared to be related
in a linear fashion to the percentage of body
weight lost during the period of starvation, al-
though all the animals were starved only 24 to 48
hours.

Alcoholic intoxication had the most striking ef-
fect on bacterial removal. This inhibiting effect
was linear from doses producing ataxia to doses
producing stupor (Figure 4). The doses given
ranged from 2.3 to 6.9 mg of ethanol, distributed
in 22- to 27-g mice. No animals were killed by
the ethanol, although in the higher doses altered

TABLE III

Effect of oxygen on ethanol-induced
depression of bacterial clearance

%Ambient owygen

Ethanol 20 40 100
injected Bacterial count of lungs*

ml
0 87.3 i 2.2 79.3 i 7.8 83.0 i 3.7
2 59.7 i 14.8 57.6 ± 17.6 60.2 ± 16.6
3 51.3 ± 9.3 S1.9 i 14.0 57.1 ± 33.0

*Mean ± SE X 10g.

patterns of respiration were seen. To determine
whether alcohol acted through hypoxia produced
by respiratory depression, animals at each dose
level were placed in graded concentrations of
oxygen after exposure to the bacterial aerosol.
Table III shows that even 100%o oxygen failed
to reverse the effects of alcohol.

Finally, several control studies were performed
to show that bacterial numbers do not decline
spontaneously in excised infected mouse lungs
or in phosphate buffer suspensions of washed bac-
teria (Figure 5). The staphylococci showed ac-
tive multiplication in the excised lungs as early
as 2 hours after incubation. By contrast, none
of the animals at any time developed evidence of
active disease, indicating that these organisms
were nonpathogenic under the conditions of the
experiments. Histologic studies of the clearance
phenomenon are described in a separate report
(7). In brief, there was no consolidation or exu-
dation in the lungs. Bacteria were phagocytosed
by the mononuclear macrophages of the alveoli
and distal bronchioles. By fluorescent antibody
studies, specific antigenic material of bacterial
origin was localized in the macrophages.

NO. OFW
IN LUNG
300,000

200,000

Ioqooc

ACTERIA
as

a - Excised Lungs /
o-h Buffer Suspensions /

0 1 2 3 4
HOURSOF INCUBATION

FIG. 5. INCUBATION OF Staphylococcus aureus IN EX-
CISED INFECTED LUNGS AND BUFFER SUSPENSIONS.
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Discussion

Of the various methods used for introducing
bacteria into the lungs, inhalation of a bacterial
aerosol most closely simulates the natural mode
of infection by droplet nuclei. Quantitative stud-
ies of the interaction between inhaled organisms
and the defense mechanisms of the lungs are pos-

sible with relatively simple methods. The system

1roved to be very sensitive in detecting alterations
ill these defense mechanisms. The use of bac-
teria that were nonpathogenic for the animals
under the conditions of the experiments per-

mitted an analysis of changes in the host defenses
without the intervention of the cellular and hu-
moral alterations accompanying disease processes.

The mechanisms responsible for the observed phe-
nomena were resident in the normal animal lung
and presumably operate in the day-to-day removal
of inhaled material. The enormous capacity of
these mechanisms is indicated by findings in ani-

mals exposed for 4 hours to the aerosol instead
of the usual period of 30 minutes. Despite the
addition of a calculated 10,000 organisms every

5 minutes, the animals cleared the inhaled or-

ganiisms at rates similar to those found in con-

trols.
The observation that bacterial numbers did not

decline in phosphate buffer suspensions and in
incubated excised mouse lungs shows that the
decrease in bacterial numbers seen in vivo was a

property of the intact animal and was not a func-
tion of the presence of preformed antibacterial
substances or of some mechanical factor such as

clumping. The effects of alteration in both host
and environment were evaluated for a single
species of gram-positive coccus. Studies to be
reported indicate that different species have dif-
ferent rates of clearance and different susceptibili-
ties to agents such as alcohol and hypoxia.

The bacterial clearance curve in normal animals
is logarithmic in nature resembling, in this re-

spect, the removal of bacteria from the blood
stream (8). Blood clearance, however, proceeds
at a considerably more rapid rate. Removal of
bacteria from the lung, as measured by viability,
is more rapid than removal of inhaled inanimate
particles. Studies of dust clearance show that the
half life is measured in hours (9) to months (10)
rather than in minutes as in these bacterial stud-

ies. The distinction is that factors affecting via-
bility may not necessarily affect the physical pres-
ence or transport of the bacterial particle. In
short, bacteria may be killed in the lung, but
their products may remain in a nonviable state
with consequences that remain to be defined.
Since viability is necessary for multiplication and
disease production, it is an essential parameter
to measure in bacterial studies and distinguishes
problems of infectious diseases from problems of
pneumoconioses.

The clinical association between alcoholic in-
toxication and pneumonia is long established.
Numerous experimental studies in animals (11-
13) have shown that intoxicated animals have a
higher than normal incidence of morbidity and
mortality in bacterial infection of the lungs and
elsewhere. Nungester and Klepser (12) attrib-
uted this susceptibility to the depressed glottal
function and increased aspiration of mucus caused
by alcoholic intoxication. Interest in the mecha-
nism of alcohol-induced susceptibility is summa-
rized by Pickrell (13). Neither leukocytic phago-
cytosis (14) nor ciliary action (15) is inhibited by
alcohol at tissue levels comparable to those ob-
tained during in vivo intoxication. Pickrell (13),
however, and later Lushbaugh (16) studied the
inflammatory response to intradermally injected
pneumococci in mice and in rabbits and found
that although phagocytosis per se is not affected
by alcoholic intoxication in vivo, organisms mul-
tiply and overwhelm the host because a depres-
sion of capillary permeability prevents exudation
of edema fluid and leukocytes into the inflamma-
tory area. This formulation does not explain the
mechanism in the lung, since exudation and poly-
morphonuclear leukocytic infiltration were not
seen histologically as part of the bacterial clear-
ance process in normal animals. The studies
presented show a dose-related depressant effect of
alcohol on the defense mechanisms of the bron-
chopulmonary tree. The effect occurred with
mildly intoxicating doses. It appears from the
oxygen studies that this effect is not related to
hypoxia induced by hypoventilation.

It is well established experimentally that corti-
costeroids increase host susceptibility to infec-
tion (17). Corticosteroids depress the inflamma-
tory and specific immune responses. The action
of corticosteroids on phagocytosis differs with
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dose level (18). The massive doses used in these
experiments resulted in a minimal but definite
slowing of bacterial clearance from the lung.
Lurie (19) has shown in rabbits that hydrocorti-
sone brings about diminished killing of inhaled
tubercle bacilli by the mononuclear macrophages
of the lung and slows removal of the organisms to
the lymphatics and lymph nodes.

The inhibitory action of starvation seemed to
be roughly proportional to the extent of weight
loss. A variety of specific nutritional deficiencies
inhibits phagocytosis (20), although Kuna, Blatt-
berg, and Reiman (21) found that acute starva-
tion enhanced that process. Starvation also may

reduce mucus secretions in the tracheobronchial
tree and thus perhaps the efficacy of the mucocili-
ary stream. Obviously, more extensive studies
are needed to work out these interactions more

precisely.
The depression of bacterial clearing caused by

hypoxia may be of more general significance in
the pathogenesis of pulmonary bacterial infection.
There are a great number of diseases that are

associated both with hypoxia and increased sus-

ceptibility to infection. These pathologic condi-
tions that interfere with ventilation of the lung
locally or diffusely would be expected to produce
the greatest degree of hypoxia in local areas of the
lung itself. By contrast, hypoxia caused by de-
fects distal to the alveolus (e.g., alveolar-capillary
block) would not lead to depressed clearance so

long as ventilation of the lung was preserved.
Maintenance of adequate oxygenation appears to
be essential not only to the function of distant
tissues but also for the function and defense of
the lung itself.

Animal studies by Berry and Mitchell (22)
and Ehrlich and Mieszkuc (23) demonstrated
an increase in susceptibility to peritoneal infection
with Staphylococcus typhimuriurn and to respira-
tory infection with Klebsiella pueuninoniae in mice
exposed to simulated high altitudes of 18,000 and
20,000 feet respectively, but no specific defense
mechanism was implicated. In Ehrlich's studies,
exposure to high altitude before infection seemed
to influence susceptibility more than exposure

after infection, although Berry and Mitchell noted
a significant increase in susceptibility in animals
kept at high altitude after infection as against
those kept at atmospheric pressure.

The mechanism by which hypoxia acts to de-
press clearing activity is uncertain, but presum-
ably hypoxia alters the metabolism of the cells
responsible for removing bacteria. Berry (24)
noted decreased citric acid levels in animals kept
at 18,000 feet and postulated an effect on energy
metabolism.

Several observations point toward the alveolar
phagocyte as the cell whose activity is impaired
by hypoxia. Krueger and Smith (25) found no
change in the rate of ciliary beat in the rabbit
trachea placed in atmospheres of air, nitrogen, or
carbon dioxide, suggesting that the mucociliary
stream is not slowed by hypoxia. Oren and co-
workers (26), however, have recently demon-
strated in vitro that the phagocytic activity of
alveolar macrophages is markedly depressed by
oxygen deprivation and by cyanide. Dannenberg,
Walter, and Kapral (27) found these cells to have
a high resting level of oxygen uptake, a level
little influenced by phagocytic activity. These ob-
servations suggest that alveolar macrophages de-
pend on oxidative metabolism for the energy for
phagocytic activity and are unsuited metabolically
to carry out this function under conditions of
reduced oxygen tension. A morphologic basis
for the impairment of these cells by the hypoxia
of high altitude may be found in the electron
microscopic findings of Schulz (28), who has dem-
onstrated mitochondrial swelling and vacuolar
transformation in alveolar cells of rat lung sub-
jected to conditions of high altitude.

Summary

1) Intoxication of mice with ethanol depressed
significantly the rate at which inhaled staphylo-
cocci were cleared by the lungs. The depressant
effect was dose related and was seen with doses
small enough to produce only ataxia in the ani-
mals. The effect appeared unrelated to ethanol-
induced respiratory depression.

2) Hypoxia had a similar depressant effect on
bacterial clearing. The effect was produced
acutely in animals exposed to simulated high alti-
tude immediately after infection. There was no
adaptive effect seen in animals kept at high
altitude up to 48 hours before infection.

3) Acute starvation caused depression of bac-
terial clearing apparently related in linear fashion
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to the percentage of body weight loss. Corticos-
teroid injection had a mildly depressant effect.

4) Inhibition of bacterial clearance may render
the lung more susceptible to bacterial infection.
Inferential evidence suggests that the alveolar
macrophage plays an important role in the re-
sistance of the bronchopulmonary tree to bacterial
infection.
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