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The Potential Role of Inhalation Therapy Equipment in
Nosocomial Pulmonary Infection *

JAMESALLEN REINARZ,t ALAN K. PIERCE,t BENITA B. MAYS, AND
JAY P. SANFORD§

(From the Department of Internal Medicine, The University of Texas Southwestern Medical
School, Dallas, Texas)

Gram-negative bacillary infections are becoming
increasingly important in nosocomial disease.
These organisms have surpassed staphylococci as
causes of infection in hospitalized patients in both
frequency and severity (1). Gram-negative uri-
nary tract infections and attendant bacteremia
have received considerable attention (2, 3). In
addition, gram-negative bacillary necrotizing pneu-
monias have been observed with increasing fre-
quency (4).

Autopsy material at Parkland Memorial Hos-
pital from the years 1952, 1957, and 1963 was
reviewed to determine the frequency of necrotizing
pneumonia (5). These years were selected to
represent a period before the widespread use of
present inhalation therapy techniques, a period
preceding the introduction of prolonged nebuliza-
tion treatments, and the present period of wide-
spread use of inhalation therapy. Other predis-
posing factors had been in extensive usage by the
earlier periods, specifically broad-spectrum anti-
biotics by 1952 and corticosteroids by 1957. The
frequency of gram-negative necrotizing bacillary
pneumonia in 1952 was 0.8%, in 1957 was 1.8%,
but by 1963 had risen to 8.0%o (X2 36.8, p <
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0.001). The association between the increasing
incidence of gram-negative necrotizing bacillary
pneumonia and widespread use of inhalation ther-
apy coupled with apparent lack of association with
other predisposing factors suggested the potential
role of inhalation therapy in nosocomial pulmo-
nary infection.

The sequential objectives of this study were to
determine the following: 1) Does inhalation ther-
apy equipment deliver significant numbers of
viable bacteria as an aerosol? 2) If organisms
are aerosolized, what is the frequency and degree
of contamination and what organisms are in-
volved? 3) Is the problem of contaminated aero-
sols comparable at different hospitals? 4) Does
some element common to all inhalation equip-
ment act as a source of organisms? 5) Is it pos-
sible to reduce the bacterial content of aerosols
generated by this equipment to that of ambient
air?

Methods
Inhalation therapy equipment. Most types of inhala-

tion therapy equipment in current use in six major hos-
pitals were studied. These studies do not constitute an
attempt either to endorse or to condemn any specific make
or model of equipment. The equipment sampled con-
sisted of Bird Mark VII and Mark VIII respirators
with and without mainstream reservoir nebulizers,l Ben-
nett PV-1, PV-2, PR-1, and PR-2 respirators with and
without mainstream reservoir nebulizers,2 Dotco respira-
tors,8 Puritan nebulizers,4 and Mistogen nebulizers.5

Inhalation therapy equipment may deliver either 100%
oxygen, compressed air, or a combination of 100% oxy-
gen and ambient room air. For purposes of this presen-
tation, the term "air" is used for any effluent from the
equipment.

'Bird Corp., Palm Springs, Calif.
2 Bennett Respiration Products, Los Angeles, Calif.
8Duncan Oxygen Therapy Co., Duncan, Okla.
'Puritan Compressed Gas Corp., Kansas City, Mo.
5 Mistogen Equipment Co., Oakland, Calif.
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Sampling methodology. The air sampler employed
was an Anderson model 0604 (6). The sampling rate
varied between 15 and 22 L of air per minute. This
sampler is capable of sorting viable airborne particles
into six size ranges and enables determination of the
number of viable particles in the volume of air sampled
in each size range up to a maximum of 2,500 particles.
All of the results refer to the number of particles of 1.4-
to 3.5-,u size (stage 5 of this sampler).

One-minute ambient air samples were collected at
the beginning and end of each sampling period. The in-
termittent positive pressure breathing machines (IPPB)
were set at 15 to 20 cm water pressure, and the flow rate
of the Bird machines was set to match the pressure.
The flow rate of the nebulizer was adjusted to 5 to 8 L
per minute. Each machine was manually cycled eight
times in a 30-second interval (to simulate a normal re-
spiratory rate) while the air sampler was running.
Reservoir nebulizers used independently of IPPB ma-
chines were sampled for 30 seconds at an oxygen flow
of 5 to 8 L per minute with the air mix venturi set at
40% oxygen. The distance between the mouthpiece of
machines and the air sampler intake orifice was 1 to 2
cm. At the conclusion of each sample, the air sampler
was allowed to "flush" for an additional 30 seconds with
room air. All results were converted to viable particle
counts per 7.5 L of effluent, since this corresponds to a
normal minute ventilation.

Reservoir mainstream nebulizers had quantitative bac-
teriologic assays of the fluid contained within the nebu-
lizer jars. Such fluid consisted of distilled water, saline,
detergents, propylene glycol, or various combinations of
these agents.

Microbiologic methodology. Air samples were col-
lected on trypticase soy agar 6 containing 1.5 to 2% agar.
Each Andersen glass Petri dish, especially modified for
the air sampler, contained 26 to 28 ml of this media.
The reservoir nebulizer fluid was diluted 1:100 with
sterile saline, and 0.1 ml was immediately incorporated
into 1% trypticase soy agar. Plates were incubated at
37 C, and viable particle counts were made at 48 hours.
The counts were not corrected by subtraction of the
ambient air count. Representative colonies from each
plate were subcultured onto eosin methylene blue agar,7
5% sheep blood agar, and subsequently identified accord-
ing to standard bacteriological techniques.

The reservoir nebulizer jars of three "clean". IPPB
machines were filled with solutions containing viable
Staphylococcus aureus 502A.8 It is coagulase-positive,
hemolytic, and pigmented; however, it does not produce
penicillinase and is essentially nonvirulent for man (7, 8).
Flasks containing 50 ml of trypticase soy broth were in-
oculated, incubated with shaking at 37° C for 18 hours,
then emptied into sterile reservoir nebulizer jars and di-
luted to 500 ml with sterile distilled water. The bacterial

6 Baltimore Biological Laboratory, Baltimore, Md.
7 Difco Laboratories, Detroit, Mich.
8 Obtained from Dr. H. F. Eichenwald.

solutions were nebulized for 5 minutes to accomplish in-
oculation of the nebulizer jet and distal components.
Sampling was then carried out in the standard way. The
reservoir nebulizer jars containing the cultures were re-
moved and replaced with sterile jars containing sterile
distilled water. The machines were then nebulized for
5 minutes, and sampling was repeated immediately and at
8, 24, and 48 hours. The bacteria isolated were quan-
titated and identified.

Hospitals. Sampling was performed at Parkland Mem-
orial Hospital and five additional major hospitals. Three
of these are institutions with predominantly private pa-
tients. Equipment was studied before, after, or during
patient treatments with no effort made to select apparatus
for study that appeared either "clean" or "dirty."

Standard cleaning practices at Parkland Memorial Hos-
pital consist of disassembly of plastic tubing, exhalation
valve, medication nebulizer, and mainstream reservoir
nebulizer. These are brushed with soap and water, rinsed,
and immersed in a 1% phenolic disinfectant solution for
15 minutes. The units are then rinsed with tap water,
dried, and packaged for reissue. Comparable procedures
are employed at other hospitals.

Results

Prevalence and degree of contamination. In 78
of 100 samples the number of viable 1.4- to 3.5-p
particles in room air did not exceed 5 per 7.5 L
of air, and in only 11 samples were there greater
than 10 viable particles per 7.5 L. These figures
are comparable to quantitative air counts reported
in other hospitals in the United States (9).

A total of 52 IPPB machines without main-
stream reservoir nebulizers was sampled at six
hospitals. In no instance did aerosols contain
greater than 5 viable particles per sample. Thus,
machines that were not equipped with reservoir
nebulizers did not generate aerosols with signifi-
cant bacterial contamination.

The majority of equipment with reservoir nebu-
lizer assemblies generated aerosols containing
large numbers of viable bacteria (Table I). Only
16% generated aerosols with viable particle counts
as low as those in ambient air, whereas 45 %gen-
erated greater than 2,500 viable particles of the 1.4-
to 3.5-ja size per 7.5 L of air. The prevalence
and degree of contamination were similar in each
hospital. Specifically, 85%7o of equipment in hos-
pital A generated aerosols with bacterial counts
greater than ambient air, compared to 81 % in
hospital B, 80%o. in hospital C, 75%o in; hospital
D, and 91 %o in hospital F.

Determination of site of contamination. The
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TABLE I

Detection of viable bacteria in aerosols generated
by inhalation therapy equipment

Number of machines sampled
at separate hospitalst

Bacterial Total
Type of equipment counts* A B C D F No. %

Bennett with mainstream >2,500 27 0 5 32 53
reservoir nebulizer

5-2,500 8 5 10 23 39
<5 3 1 1 5 8

Bird with mainstream >2,500 25 6 1 32 38
reservoir nebulizer

5-2,500 13 16 6 35 41
<5 9 5 4 18 21

Puritan nebulizer >2,500 6 2 2 4 14 48
5-2,500 5 1 3 1 10 34

<5 3 1 0 1 5 17

Subtotal >2,500 58 6 2 3 9 78 45
5-2,500 26 16 6 9 11 68 39

<5 15 5 2 4 2 28 16

Total 99 27 10 16 22 174 100

* Bacterial counts expressed as number of viable 1.4- to 3.5-a particles
per 7.5 L of air.

t Each count represents one sampling period for one apparatus. At
hospital A a total of 22 Bennett and 18 Bird IPPB (intermittent posi-
tive pressure breathing) machines were tested; at other hospitals each
piece of equipment was sampled only once.

Bennett and Bird respirators with mainstream
reservoir nebulizers were otherwise structurally
similar to those without mainstream reservoir
nebulizers. Hence, the striking differences ob-
served between equipment containing reservoir
nebulization assemblies and equipment containing
only a medication nebulizer suggested that con-
tamination related to the reservoir nebulizer.
Machines were therefore disassembled and sampled

BENNETT PRESSURE
BREATH/NG UNIT PR-f

FIG. 1. DIAGRAM OF REPRESENTATIVE INTERMITTENT

POSITIVE PRESSUREMACHINE ILLUSTRATING MODEL WITH

RESERVOIRNEBULIZER ASSEMBLY. The sidearm nebulizer is
the medication nebulizer, and the heated mainstream
nebulizer is the reservoir nebulizer. Sequential disas-
sembly was accomplished by disconnection of tubing at
the sites under question.

to determine the proximal site of contamination
(Figure 1). The major site of generation of
bacterial aerosols was the reservoir nebulizer
(Table II).

The types of organisms isolated from the nebu-
lizer fluid and from air samples from the equip-

ment were correlated. Correlation was consid-
ered "good" when either all organisms or the pre-

dominant organisms were identical both in the

BLE II

Detection of site of bacterial contamination based upon sequential disassembly of IPPB machines

Bacterial counts at sequential sampling sitest

After After Before
Machine medication reservoir reservoir

no.* Mouthpiece nebulizer nebulizer nebulizer

1 194 555 >2,500 2
2 221 243 388 5
3 >2,500 >2,500 >2,500 14
4 >2,500 >2,500 >2,500 138
5 >2,500 >2,500 >2,500 3
6 >2,500 >2,500 >2,500 3
7 >2,500 >2,500 >2,500 1
8 >2,500 >2,500 >2,500 .0
9 >2,500 130 >2,500 59

10 >2,500 >2,500 >2,500 12
11 45 64 41 1
12 >2,500 122 50 0
13 >2,500 >2,500 >2,500 5
14 >2,500 >2,500 >2,500 1

$ Samples obtained from nine Bird respirators and five Bennett respirators.
t Bacterial counts expressed as number of viable 1.4- to 3.5-M particles per 7.5 L of air.
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CORRELATIONOF VIABLE PARTICLE COUNTSFROM

AIR ANDCOLONYCOUNTSFROMNEBULIZER*
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FIG. 2. CORRELATION OF VIABLE PARTICLE COUNTS FROM AIR AND BACTERIAL COUNTS ON

NEBULIZER FLUID. Air sample represents viable particle counts of 1.4- to 3.5-Mu size per 7.5 L
of air. Pour-plate count depicts number of viable units per ml of nebulizer fluid. TNTC=

too numerous to count.

reservoir fluid and in the air samples. This oc-
curred in 66 of 82 samples (81%). Correlation
was considered "fair" when at least one organism
was common to both sites, 8 of 82 samples (9%o).
No correlation existed when different organisms
were isolated from the two sites, 8 of 82 samples
(9%o). These levels of correlation held with dif-

TABLE III

--Appearance of contaminated aerosols in "clean" IPPB
machines not used in patient care

Bacterial counts at sequential time intervalst
Machine

no.* 0 hour 12-18 hours 24-36 hours

1 27 49 72
2 >2,500 >2,500 >2,500
3 1 8 88
4 2 >2,500 172
5 230 >2,500 >2,500
6 102 >2,500

*>Samples obtained from four Bird respirators and two
-Bennett respirators.

t Bacterial counts expressed as number of viable 1.4- to
3.5-M particles per 7.5 L of air.

fering types of equipment and in separate hospitals.
Correlation of bacterial numbers between air sam-

ples and nebulizer fluid was also apparent (Fig-
ure 2).

To determine the site of contamination in the
reservoir nebulizer, several sets of studies were

performed. In one group of IPPB machines with
mainstream reservoir nebulizers, the generated
aerosol was sampled, and the reservoir nebulizer
was then emptied, rinsed thoroughly with tap wa-

ter, and refilled with either sterile distilled water
or tap water. Each machine was then cycled for
5 minutes, and the aerosol was again sampled.
The rinsing and change to clean water usually
diminished the viable particle count of the aerosols,
but did not reduce counts to those of ambient air.
This was usually maintained for 8 hours, but after
24 hours bacterial counts approximated original
prerinse numbers.

-Subsequently, sterile reservoir nebulizer jars
on 6 "clean" IPPB machines were filled aseptically

>2,500

lo0 F

< 10 99***
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TABLE IV

Types of microorganisms isolated from inhalation therapy equipment at separate hospitals

Bacterial species (no. of isolates)*

No. of Ser-
Hos- Source of positive Pseudo. Flavo. Herellea Alc. Achromo. Mima ratia Al. E. Aero. Prevalent
pital sample samples sp. Sp. sp. fecalis sp. sp. sp. sp. inter. aerog. organismf
A Aerosol 62 32 12 20 27 15 3 1 0 1 4 Pseudo.sp.

Nebulizer
fluid 44 21 7 5 22 5 3 1 0 0 4

B Aerosol 20 4 15 2 9 4 1 0 0 0 0 Flavo. sp.
Nebulizer

fluid 22 9 12 0 5 1 2 0 1 0 0
C Aerosol 6 3 2 0 1 1 0 0 1 0 0 Pseudo. sp.

Nebulizer
fluid 7 4 2 0 2 1 1 0 0 0 0

D Aerosol 13 3 2 11 1 2 3 0 0 0 0 Herellea sp.
Nebulizer

fluid 9 1 2 8 1 1 0 0 0 0 0

F Aerosol 20 18T 5 0 2 0 1 0 1 0 0 Pseudo. sp.1
Nebulizer

fluid 19 18t 1 0 0 0 0 0 1 0 0

* Abbreviations as follows: Pseudo. sp. = Pseudomonas species; Flavo. sp. = Flavobaclerium species; Alc. = Alcaligenes; Achromo. sp. = Achro-
mobacter species; Al. sp. = Alcaligenes species; E. inter. = Escherichia intermedium; Aero. aerog. = Aerobacter aerogenes.

Prevalent organism refers to frequency of isolation. In most hospitals the prevalent isolates also were the predominant organisms isolated.
These organisms were not typical Pseudomonas species. Isolates were studied at the Communicable Disease Center, Atlanta, Ga., and re-

ported as Pseudomonas species. Isolates studied by Dr. S. G. Carey at Walter Reed Army Institute of Research were considered to closely resemble
Cylophaga johnsonae.

with sterile distilled water. The machines were
cycled for 30 minutes, and the aerosol was then
sampled (Table III). These machines were main-
tained in a relatively bacteria-free environment
and were not utilized in the care of patients. The
only use was at the time of sampling. Exogenous
contamination from patient sources was therefore
excluded. Two machines immediately generated
bacterial aerosols. After 12 to 18 hours, three
additional machines yielded significant aerosols,
and after 24 to 36 hours, all of the machines gen-
erated significant bacterial aerosols.

Types of microorganisms isolated from inhala-
tion equipment. A large number of different spe-
cies of bacteria were isolated from the various
equipment (Table IV). Multiple species of or-
ganisms were isolated more commonly than a
single species. The major contaminants were all
gram-negative bacilli: Pseudomonas species, Flavo-
bacteria species, Herellea species, Alcaligenes fe-
calis, and Achromobacter species. In no samples
were gram-positive organisms isolated.

Evaluation of acetic acid as a means of elimina-
tion of bacterial aerosols. The standard cleaning
procedures established for equipment with reser-
voir nebulizers are inadequate. It seemed reason-
able to decontaminate the reservoir nebulizers jet
by nebulizing antibacterial agents. Acetic acid at

a concentration of 0.25% was chosen because it is
an effective bacteriostatic agent and is easily avail-
able, inexpensive, and safe. To test the effec-
tiveness of acetic acid, aerosols were sampled, and
reservoir nebulizer jars were removed, rinsed with
tap water, and refilled with 0.25% acetic acid.
This solution was then nebulized for 5 minutes.
The reservoir nebulizer jar was then removed,
rinsed, and refilled with tap water that was nebu-
lized for 5 minutes to remove residual acetic acid.
This procedure was repeated daily. After the
initial 5 minutes of acetic acid nebulization, bac-
terial contamination was reduced to that approxi-
mating ambient air (Table V). Twenty-four
hours following a single 5-minute period of acetic
acid nebulization, some increase in viable particles
occurred. However, in samples obtained imme-
diately before the subsequent daily 5-minute neb-
ulization, the number of viable particles remained
at levels comparable to ambient air. Organisms
apparently resistant to acetic acid were not en-
countered.

Persistence of Staphylococcus aureus, strain
502A, following massive contamination of reser-
voir nebulizer. The reservoir nebulizer jars of
three IPPB machines were filled with cultures of
viable Staphylococcus aureus 502A. The number
of organisms varied from 1.3 X 109 to 2.5 x 109
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TABLE V

Evaluation of acetic acid nebulization as a means of elimination of bacterial aerosols*

Bacterial counts at sequential time intervalst

Machine Before 0 24 48 72 96 120
Type of equipment no. cleaning hour hours hours hours hours hours

Bennett with
reservoir nebulizer 1 >2,500 12 28 8 5 3 4

2 >2,500 4 30 5 0 0 2
3 >2,500 5 21 4 1 6 5
4 >2,500 12 5 7 1 1 3
5 443 3 19 2 4 7 2
6 >2,500 23 8 7 1
7 >2,500 19 16 6 0
8 >2,500 8 9 1 1
9 >2,500 7 7 1 2

10 >2,500 5 3 3 1
11 >2,500 1 47
12 >2,500 2 1
13 >2,500 1 17
14 >2,500 5 72
15 886 3 19

* The reservoir nebulizer jar was rinsed with tap water, then refilled with 0.25% acetic acid. The nebulizer was run
for 5 minutes; then the jar was emptied and refilled with tap water. Equipment was maintained in patient use during
study. Bacterial counts were obtained before daily nebulization of acetic acid.

t Bacterial counts expressed as number of viable 1.4- to 3.5-,u particles per 7.5 L of air.

viable units per ml. Immediately after a 5-minute
interval of nebulization the generated aerosols con-

tained massive numbers of the test organism
(Table VI). Even after flushing with sterile dis-

tilled water, viable staphylococci in the generated
aerosols were still too numerous to count. After
8 hours, species of gram-negative bacilli were iso-
lated from the aerosols generated by each of the
machines. Furthermore, staphylococci had vir-
tually disappeared from two of the three machines
(sample 2). By 24 hours, staphylococci were no

longer isolated, but in contrast large numbers of
gram-negative bacilli were isolated (samples 3
and 4). The effect of acetic acid nebulization was

similar to that previously recorded (samples 5
and 6).

Discussion

The foregoing observations demonstrate that
inhalation therapy equipment frequently generates
significant bacterial aerosols. To evaluate the
potential pathogenicity of these aerosols, several
factors must be considered. Organisms must not

TABLE VI

Persistence of Staphylococcus aureus following massive contamination of reservoir nebulizer

Machine no. 1 Machine no. 2 Machine no. 3
Sample

no. Time of sample Organisms Counts* Organisms Counts Organisms Counts

1 0 hour C + St >2,500 C + S >2,500 C + S >2,500
2 8 hours C + S 157 Achromobacter >2,500 C + S >2,500

Flavobacterium 37 C + S 83 Herellea 25
3 24 hours Flavobacterium 198 Alc.fecalis 277 Alc.fecalis >2,500

Herellea 225 Achromobacter 555 Herellea >2,500
Flavobacterium 14

4 48 hours Alc. fecalis 71 Alc. fecalis 277 Alc. fecalis >2,500
Flavobacterium 99 Achromobacter 555 Herellea >2,500
Herellea >2,500

5 48 hours repeated after' Not identified 1 Not identified 2 Not identified 1
flushing with acetic
acid

6 24 hours after sample 5 Herellea 47 Not identified 1 Herellea 14
Achromobacter 2 Achromobacter 3

* Bacterial counts expressed as number of viable 1.4- to 3.5-,s particles per 7.5 L of air.
t C + S = coagulase-positive staphylococcus.
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only be identified and quantitated; they also must
be differentiated as to the particle size of the
aerosol in which they are generated. Studies on
the infectivity of aerosols have shown that minimal
infectious dose of a number of pathogenic bac-
teria and viruses is less if delivered in aerosols of
a size capable of deposition beyond the level of
ciliated epithelium (10). It has been estimated
that at least 50% of 1.0- to 2.0-,u particles, when
delivered to the mouth or nose of an individual,
are capable of entering the bronchial tree distal to
the terminal bronchioles (11, 12). Therefore,
aerosolized particles of this size range (1.4- to
3.5-1i) were selected for study. Since only a
portion of the bacteria is suspended in 1.4- to
3.5-u aerosols, these estimates represent only a
fraction of the total bacteria capable of deposition
in the tracheobronchial tree.

The respirator machine itself, tubing, exhala-
tion valve assemblies, and sidearm (medication)
nebulizers are identical in respirators both with
and without mainstream reservoir nebulizers, yet
contaminated aerosols were never obtained from
respirators without mainstream reservoir nebu-
lizers. Thus, respirators without mainstream
reservoir nebulizers impose no greater risk to a
patient than that imposed by breathing room air.
This is also true of other inhalation equipment
not incorporating nebulization assemblies, e.g.,
humidifiers, anesthesia machines, and pediatric
isolettes.

That the reservoir nebulizer is the major source
of difficulty was based upon the following ob-
servations. First, equipment without reservoir
nebulizers did not generate significant bacterial
aerosols. Second, sequential disassembly of ap-
paratus with reservoir nebulizers demonstrated
bacterial aerosols distal but not proximal to the
reservoir nebulizer. Third, there was correlation
of both numbers and species of organisms in the
generated aerosols and the reservoir nebulizer
fluid.

The reservoir nebulizer jet is encased in a
housing that is not routinely disassembled for
cleaning and may not be, reached by disinfectants.
The nebulizer jet appears to serve as a nidus- to
contaminate the reservoir nebulizer fluid. A
vicious cycle thus may be initiated in which the
nebulizer jet not only nebulizes particles directly

into the aerosol, but also serves to inoculate fresh
reservoir fluid in which bacteria may propagate.
The secondary survival and propagation of or-
ganisms in reservoir nebulizer fluids then serves as
the major source of organisms generated in the
aerosols.

The organisms isolated are quite stable in
humid environments, and a wide range of tem-
peratures will support their growth (13-15).
Gram-positive bacteria-Staphylococcus aureus,
Streptococcus pyogenes, and Diplococcus pneu-
moniae-were conspicuous by their absence. Cer-
tainly no lack of opportunity existed for con-
tamination, since several patients had staphylococ-
cal pneumonia at the time inhalation therapy was
instituted. Moreover, in the IPPB machines,
which were massively contaminated with Staph-
ylococcus aureus, these organisms could not be
recovered from the aerosols at 24 hours. This
was not unexpected, as McDade and Hall have
shown that the survival of strains of Staphylococ-
cus aureus was diminished at high relative humid-
ity (16). It is of additional interest that the
staphylococci were supplanted by species of gram-
negative bacilli.

The problem is obviously of greater significance
if demonstrable in various hospitals that differ in
organization of inhalation therapy services, in
utilization of equipment, and in cleaning tech-
niques, as well as in types of patients. Compar-
able machines were comparably contaminated
regardless of the hospital in which they were
located. The prevalence of contamination is de-
termined by the equipment design. Whereas it
can be stated that certain equipment will be
contaminated, it cannot be predicted which gram-
negative organisms will be the contaminants.
The flora varies among hospitals, but is rela-
tively constant within the same hospital.

The significance of these observations in the
pathogenesis of acute gram-negative bacillary nec-
rotizing pneumonias gains support from at least
three series of observations. First, a tenfold in-
crease in frequency of occurrence of this syndrome
has been observed at Parkland Memorial Hos-
pital (5). This increase has been associated with
the concomitant introduction and widespread uti-
lization of inhalation therapy equipment incorpo-
rating reservoir nebulization. During this interval

837



REINARZ, PIERCE, MAYS, AND SANFORD

other potential factors have been introduced; how-
ever, the association with factors such as broad-
spectrum antibiotics or corticosteroids was not
good. Final epidemiologic support of the asso-

ciation will depend upon the decontamination of
equipment and the subsequent observation of a

decrease in frequency of development of these
gram-negative bacillary pneumonias. Second, we

have followed individual patients admitted with
pulmonary disorders requiring continued ventila-
tory assistance who subsequently have developed
extensive pneumonitis and empyema due to or-

ganisms such as Herellea species. Such gram-

negative bacilli were isolated initially from aero-

sols generated by the IPPB machines used on

the patient. At post-mortem, the same species of
gram-negative bacilli have been isolated from the
pneumonic areas of lung in quantities of greater
than 106 organisms per gram of lung. Third,
Pseudomonas species, Herellea species, and Ach-
romobacter species have been incriminated as

causes of lobar pneumonia, bronchopneumonia,
lung abscess, and necrotizing pneumonia (15, 17-
24). These observations suggest that inhalation
therapy involving reservoir nebulization may be
analogous to the urethral catheter as a source of
nosocomial infection. This role has been virtually
ignored (25-29).

Acetic acid in a concentration of 0.25 % was

found to give satisfactory antibacterial activity in
this study. Parker and Hoeprich performed sensi-
tivity determinations with 0.25% acetic acid
against Escherichia coli, Klebsiella, enterococci,
Staphylococcus aureus, Pseudomonas, and Proteus
species (30). Although acetic acid was bacteri-
cidal for only 49 of 149 strains that were tested
by Parker and Hoeprich, resistant organisms were

not encountered in our study, and in every in-
stance the equipment was rendered virtually
sterile.

Finally, it should be emphasized that although
inhalation therapy equipment which incorporates
reservoir nebulization into its design constitutes a

potential hazard, the use of inhalation therapy
equipment without mainstream reservoir nebuliz-
ers or with decontaminated reservoir nebulizers
poses no greater hazard than breathing ambient
hospital air. These observations should not be
construed as a condemnation of inhalation therapy,

which clearly constitutes an important facet of
care in many bronchopulmonary disorders.
Rather, they indicate the need for continued sur-
veillance of hospital procedures if nosocomial
infections are to be detected, epidemiology de-
fined, and control implemented.

Summary

1. Most inhalation therapy equipment incorpo-
rating reservoir nebulizers has been shown to
generate aerosols containing large numbers of
viable bacteria. The aerosols are of a size ca-
pable of penetration beyond the level of ciliated
bronchial epithelium.

2. The source of bacterial aerosols is the reser-
voir nebulizer jet, which is not decontaminated
by standard cleaning techniques. The jet serves
as a nidus to inoculate the reservoir fluid in
which the organisms propagate.

3. The specific organisms isolated from aerosols
vary from institution to institution. The major
contaminants are Pseudomonas species, Flavobac-
terium species, Herellea species, Alcaligenes
species, and Achromobacter species. The par-
ticular bacterial species is hospital dependent.
Only gram-negative organisms have been isolated.

4. These contaminants are not benign com-
mensals, and a causal relationship is suggested
between gram-negative bacillary necrotizing pneu-
monia and inhalation therapy equipment utiliz-
ing reservoir nebulization.

5. Equipment without reservoir nebulizers does
not generate aerosols containing numbers of bac-
teria in excess of numbers of bacteria in ambient
air.

6. Brief daily nebulization of 0.25% acetic acid
affords a simple and effective means for the de-
contamination of inhalation therapy equipment
with reservoir nebulizers.

Addendum
In initial studies, equipment that could not be decontami-

nated to a level comparable to ambient air was not en-
countered. However, with implementation on a wide-
scale basis, despite relative decontamination, as many as
19% of pieces of equipment sporadically demonstrated
bacterial counts greater than ambient air despite 0.25%
acetic acid nebulization. Studies are currently in prog-
ress to evaluate other decontamination regimens.
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