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In a systematic approach, 37 duplicate samples of open system circuits (Bennett
MA-1 ventilators) of patients in medical and surgical intensive care units were
processed by direct and serial (APHA guidelines) dilutions. The paired difference
test on 15 of the in-use circuitry solution samples indicated no difference between
the direct and serial dilution methods (P < 0.001). Seventy-seven additional
respiratory therapy circuitry samples from similar intensive care patients were
analyzed via a direct dilution method alone and processed microbiologically. The
direct dilution procedure was a rapid and accurate means of evaluation of
microbial contamination in the range of .10 to s106 CFU/ml. High densities of
organisms frequently were found. Sites of contamination included the proximal or
patient end of the circuitry (heaviest), the nebulizer trap, and the distal or
humidifier portions of the circuitry. The contaminants found were predominantly
gram-negative nonfermenters: Acinetobacter calcoaceticus var. antitratus, Pseu-
domonas aeruginosa, Pseudomonas maltophilia, and Flavobacterium meningo-
septicum. Fermenters were Klebsiella pneumoniae, Proteus sp., Enterobacter
cloacae, Citrobacter diversus, and Enterobacter agglomerans. Infrequently,
gram-positive Streptococcus spp. and Staphylococcus spp. were noted.

Investigators during the 1960s and early 1970s
demonstrated that contaminated respiratory
therapy (RT) equipment was a potential and
actual infectious disease hazard in hospitals (7,
8, 16-18). In 1978, we investigated RT equip-
ment in several hospitals and noted that approxi-
mately 35 to 45% of the nebulizers and large
reservoir wall humidifiers were contaminated
with microorganisms (19). Currently, respira-
tory infections are the third most common type
of nosocomial disease (10, 25). Because of the
persistence and regularity of reservoir contami-
nation in several hospitals, we expanded our
direct dilution method of sampling (19) and
evaluated other surveillance methods for their
potential value in assessing microbial burdens of
in-use RT equipment and solutions (20, 21). An
additional and hitherto unemphasized potential
problem is the breathing circuitry of in-use RT
equipment and its management by personnel.
These circuits, if contaminated, would be reser-
voirs of microbial pathogens and might cause
infectious disease or colonization of the patients
and personnel, and they could contaminate the
environment. This study was undertaken to
compare two methods of sampling and to evalu-
ate the extent and degree of microbial contami-

nation of RT circuits at the termination of the
usual 24-h use with high-risk patients in inten-
sive care units (ICUs). The RT circuits were
open system circuits, i.e., those periodically
exposed to the environment by disconnection
and subsequent reconnection. The data obtained
from this study might serve to alert personnel to
the potential biohazards associated with con-
taminated wet in-use circuitry and help to estab-
lish appropriate management and surveillance
guidelines for operating the equipment.

MATERIALS AND METHODS
Direct and serial dilution comparisons. The direct

dilution procedure was compared with the saline wash
procedure (4) in 37 duplicate samples obtained from
labeled and bagged Bennett MA-1 ventilatory circuits
used for 24 h. Humidifier (Cascade) solutions were
pipetted (1 ml) into sterile, screw-capped test tubes (18
by 150 mm). Both solutions and bagged circuits (dis-
connected at the wye connector to prevent spillage
from expiratory to inspiratory side) were delivered for
processing to our microbiology laboratory within 1 to 2
h after patient use. The corrugated tubing of each
breathing circuit was stretched to release trapped
condensate (usually 1 to 5 ml) from the tubing into
separate, sterile, 150-ml breakers. The condensate was
swirled several times to mix the effluent. Aliquots of
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the samples were obtained with. 0.01- and 0.001-ml
iridium-rhodium-calibrated loops (Fisher Scientific
Co.) and were streaked on sectored blood agar (BA)
plates containing 5% sheep blood in Trypticase soy
agar (BBL Microbiology Systems), or plain Trypticase
soy agar plates. Fluid from the humidifiers (collected
in the sterile screw-capped tubes) and fluid from
nebulizer traps were plated on sectored plates with
calibrated loops as described above. A 0.1-ml sample
of each fluid was serially diluted and plated on BA and
Trypticase soy agar plates.
For the wash analysis (4), 50 ml of sterile 0.85%

saline was added to the tubing and, while the tubing
was held at each end, it was alternately raised and
lowered 50 times to wash organic debris into the
saline. The wash sample was poured into the beaker
that contained the condensate first expressed from the
tubing (minus the 0.1-, 0.01-, and 0.001-ml initial test
samples). After thorough mixing of the pooled sam-
ples, 0.01- and 0.001-ml portions were streaked onto
BA or Trypticase soy agar plates as described above.
Then 0.1 ml of each pooled sample was serially diluted
and plated in the same manner. The plates were
incubated for 18 to 24 h at 37°C and, if negative, for up
to 1 week at room temperature to detect slow-growing
bacteria. Gram stains and oxidase tests were done on
microorganisms obtained from representative quanti-
tated colonies. The Oxiferm and Enterotube (Roche
Diagnostics, Nutley, N.J.) and the API 20E (Analytab
Products, Plainview, N.Y.) systems with respective
code books (1, 22, 23) were used for the identification
of the gram-negative bacteria isolated from the tubing
and reservoirs. Tests for motility, and, when indicat-
ed, growth at 42°C were included. The Manual of
Clinical Microbiology (15) was used to verify identifi-
cations.

Direct dilution sampling. Seventy-seven samples of
breathing circuits of Bennett MA-1 ventilators were
collected after the machines were in use for 24 h. The
entire circuit from each patient was labeled (discon-
nected at the wye connector as explained above),
carefully packaged in sterile plastic bags, and immedi-
ately transported by cart to a hospital laboratory. Each
circuit was carefully disassembled, and selected sites
were sampled directly with a 0.001-ml calibrated loop:
condensate two to three inches within the ports of (i)
inspiratory, (ii) expiratory, (iii) humidifier tubing, and
fluid remaining in the (iv) nebulizer traps and (v)
humidifiers (Cascade). The 0.001-ml inoculum was
streaked onto BA plates. The 0.1-ml aliquots from the
humidifiers and nebulizer traps (obtained with 1-ml
pipettes) were placed on BA plates and spread over
the surface of the agar with a glass rod that was dipped
in 70% alcohol, flamed, and cooled. If the humidifier
or nebulizer was almost empty, a flamed 0.001-ml loop
was used to obtain the remaining small quantity of
fluid for sampling.

Disinfection and sterilization of RT circuits. All reus-
able RT circuit equipment in this hospital was routine-
ly washed with soap and water and thoroughly rinsed.
If circuits were received "contaminated" from isola-
tion units, they were decontaminated with cold glutar-
aldehyde for 20 to 30 min, washed with soap and
water, rinsed and thoroughly dried, packaged, steril-
ized with ethylene oxide, chamber aerated, dated, and
shelved. Selected routine samples of this equipment
were sterile in quality control checks.

RESULTS
Direct and serial dilutions. Comparison of di-

rect and serial dilution procedures revealed a
close correlation. The paired difference test on
15 solution samples obtained at various sites
indicated no significant difference between the
two procedures (P < 0.001). No comparisons of
both procedures could be made when the num-
ber of CFU per milliliter exceeded 106, because
thousands of colonies resulted from these plat-
ings, even when diluted with the 0.001-ml loops.
Nevertheless, the direct dilution procedure pro-
vided a rapid, accurate means of evaluating the
degree of microbial contamination at the various
circuitry sites in the range of -10 to l106
CFU/ml.
A total of 37 duplicate samples of in-use

circuits was processed via the direct and serial
dilution methods. The data in Table 1 show the
results obtained during consecutive sampling
periods of the circuitry of patients who exhibited
varied respiratory diseases and who were com-
promised by one or more additional conditions.
These samplings reinforced the paired difference
test results previously obtained. By the use of
serial dilution, microbial burdens were detected
at 108 to 109 CFU/ml in fluids of several circuitry
sites after 24 h of use. Similar species (Table 1)
of microorganisms were concurrently found in
the RT equipment and sputum cultures or tra-
cheal washings. The predominant organisms
were gram-negative non- or weak fermenters.
These bacteria and the incidence of their occur-
rence in the circuitry of 19 patients were as
follows: Acinetobacter calcoaceticus var. ani-
tratus (79%, 15 of 19), Pseudomonas aeruginosa
(32%), Pseudomonas maltophilia (16%), and
Flavobacterium meningosepticum (5%). Also
isolated in high densities were members of the
Enterobacteriaceae: Klebsiella pneumoniae
(21%), Proteus sp. (21%), Enterobacter cloacae
(11%), Citrobacter diversus (11%), and Entero-
bacter agglomerans (5%). Occasionally, gram-
positive Streptococcus spp., Staphylococcus
spp., and diphtheroids (5% each) were isolated.

Direct dilution sampling. A total of 77 samples
was collected from selected sites and analyzed
by direct dilution. In many instances, high densi-
ties of gram-negative organisms at various sites
were detected at the 24-h sampling (Table 2).
The circuitry of each of four patients (F, K, L,
and P) was tested two or more times on different
days. Circuits of the remaining patients were
sampled once. Microbial burdens ranged from
no growth on admission or intubation to densi-
ties of 2105 CFU/ml. Subject K temporarily had
small numbers of Candida sp. in both the circuit-
ry and sputum (approximately 1 x 103 to 2 x 103
CFU/ml per sample). There were as many as
four or five different species of organisms in
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some samples on day 5 or 6 after instrumenta-
tion. Contamination tended to be higher at the
proximal (patient) end of the circuitry, and fre-
quently, species of organisms common to the
circuitry were found concurrently in sputum
cultures or tracheal washings. On eight occa-
sions, the same organisms were found in the
inspiratory/expiratory tubing, the nebulizer trap,
and the humidifier (Tables 1 and 2). Interesting-
ly, humidifier fluid and humidifier tubing con-
densates (in tubing leading from humidifier to
the patient) were both positive in 8 of 20 (40%)
samples; both were negative in 10 of 20 (50%)
samples. In two samples (10%), the humidifier
fluid was negative but the humidifier tubing
condensate was positive. In summary, humidifi-
er tubing condensate was positive for gram-
negative rods in 50% of the samplings.

In ICU no. 1, the circuitry of five different
patients became colonized with A. calcoaceticus
var. anitratus during a 10-day period. Sputum
cultures or tracheal washings of three of these
patients concurrently contained A. calcoace-
ticus var. anitratus; one patient had "unidenti-
fied gram-negative rods" in the sputum; the
remaining patient was colonized with other orga-
nisms reported in the sputum. In ICU no. 2, four
of five patients, with A. calcoaceticus var. ani-
tratus in the circuitry, likewise had the organism
in their sputum cultures or tracheal washings
during the same 10-day period. Two sputum
cultures of the third patient had been discarded
due to saliva or other contamination; therefore,
no comparison could be made.

DISCUSSION
To the best of our knowledge, this work

represents the first systematic quantitative and
qualitative microbiological study of RT breath-
ing circuits via direct dilution samplings. The
results clearly showed significant microbial con-
tamination. The results of the paired difference
test of the data in Table 1 reflected comparable
values with serial and direct dilutions. Although
serial dilutions gave valuable definitive quantita-
tion in densities >106 CFU/ml, direct dilution
proved a useful and relatively easy way to
quantitate microbial burdens at selected sites in
wet equipment. This method allowed for the
substitution of the laborious washings of tubing
for a more rapid, equally sensitive (<106
CFU/ml), direct process.
The data in Tables 1 and 2 showed coloniza-

tion with large numbers of gram-negative aero-
bic bacilli in the circuitry of 19 ventilated pa-
tients, sampled in medical and surgical ICUs
during two different periods. The group included
males and females ranging in age from 17 to 78
years, with a mean of 52. The length of hospital-
ization of the patients in the ICUs ranged from 1

to 39 days. All patients had multisystem mala-
dies; all were on antibiotics; all were instrument-
ed via intubation or tracheostomies; 95% of the
ventilator circuits were colonized with aerobic
gram-negative bacilli (Tables 1 and 2). Twelve
patients concurrently had one or two similar
species in the sputum or tracheal washings, and
two of these had as many as five organisms in
the circuitry after being on the ventilator for 5 to
6 days; 74% were on ventilators for 4 or more
days. According to chart diagnoses, 79% had
pneumonia on or after admission. Within this
high-risk population, 42% expired, 42% were
discharged home, and 16% were transferred to
other institutions. Many characteristics of these
patients were consistent with patients of other
studies (11, 14, 24-27).

Thirteen patients had been admitted before
the study and were sampled once or on an
intermittent basis. Four of six remaining pa-
tients, admitted during the study and sampled on
a consecutive basis, showed rapid gram-nega-
tive bacterial colonization. In 1969, Johanson et
al. (12) found that healthy individuals had a 2%
colonization rate with transient gram-negative
rods, but the rate rose rapidly to 35% in moder-
ately ill hospital patients and was up to 60 to 70%
in very ill hospitalized patients. They showed
that the incidence of colonization increased as
the severity of illness increased. Thus, the pres-
ence of greater numbers of organisms among
these high-risk patients could result in their used
equipment becoming greater microbial biohaz-
ards. In another study by Johanson and his
associates (13), microbial colonization of pa-
tients rose rapidly during the first 4 days in a
medical ICU and then leveled off at 45%. Al-
though pneumonia did not develop in all of those
colonized patients, 23% succumbed to pneumo-
nia. Only 3.3% of noncolonized patients devel-
oped pneumonia.
The progressive pattern of colonization of

circuitry from the proximal to the distal end of a
circuit (in relation to the patient) focused atten-
tion on the sampled sites as potential environ-
mental biohazards among this compromised
population. Various kinds of organisms seeded
into the circuitry may grow and multiply in the
warm, moist environment, using such nutrients
as dissolved gases (2), absorbed compounds (9),
patient secretions, and by-products of other
cells.

Logically, effluent gases and mucous secre-
tions from the patient would cause greater con-
tamination in the expiratory than in the inspira-
tory tubing. However, our data suggest that in
23 of 26 (88%) instances, inspiratory tubing was
also contaminated, sometimes with high densi-
ties of microbes. An important observation, in
trying to account for this high microbial density,
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was the unstable positioning of the wye connec-

tor as the patient changed position. No valve or
guard is found at the bifurcation of the wye
connector to prevent spillage. This situation,
therefore, may permit condensate to flow from
the expiratory to the inspiratory side of the
tubing as the body position of the patient is
changed, or as the tubing is maneuvered by
personnel.

Entrance into the breathing circuit while one
is manually administering a medication or aero-
solizing with an in-line medication nebulizer
opens the circuitry to potential contamination
(24). Even though the devices and the steriliza-
tion and disinfection processes for these devices
have improved since the early 1970s (24), great
care must be exercised in their use. In this
study, the hospital used in-line nebulizers as
traps in the circuits. There was contamination in
12 of 21 (57%) nebulizer traps, particularly with
A. calcoaceticus var. anitratus, which was high-
ly endemic during the period of this study (Ta-
bles 1 and 2). This contamination could result
from one or more of the following: backflow of
microbes, apparently from the patient, into the
tubing condensate and into the nebulizer trap;
exposure to air; or manipulation at the connec-
tor sites.
At the distal end of the circuits, Cascade

humidifiers were contaminated in 11 of 20 (55%)
samplings. This most distal device could pose a
hazard for cross-contamination. In conjunction
with the possibilities listed for contamination of
nebulizer traps, unused portions of opened ster-
ile water or saline added to residual portions in
the humidifier could account for some of the
contamination of these humidifiers.
An observed and potentially hazardous prac-

tice was the emptying of microbe-laden conden-
sate into an open trash can or sink rather than
into a closed container (10, 25). The condensate
in tubing leading from the humidifier to the
patient was positive in 50% of 20 samplings.
Addition of an effective concentration of disin-
fectant such as iodophor (10) to a closed discard
container possibly would prove safer. A study is
planned to determine the effectiveness of this
suggested disinfection-discard measure. Also
observed was the discarding of dismantled, un-
bagged, used circuitry into open trash cans and
the collection of used circuits into brown paper
bags. This contaminated equipment should be
bagged into biohazard or impervious plastic (3)
bags, tightly secured, and transported from an

ICU for disposal or microbial control process-
ing.
The results of this study strongly indicate that

even after use, RT equipment may pose a dis-
tinct biohazard if not judiciously handled. Fur-
ther studies are needed on used equipment,
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especially among this high-risk population, to
determine whether similar equipment could be a
focal point for cross-contamination. The high
frequency of the occurrence of A. calcoaceticus
var. anitratus in the medical and surgical ICUs
(Tables 1 and 2) may also indicate cross-con-
tamination. Study of the microbial interactions
between animate and inanimate sources is war-
ranted in these ICUs.
The inspiratory effluent or aerosol entrapment

method has been traditionally used to assess RT
equipment; however, the direct sampling tech-
nique is apparently more sensitive (detecting
.10 CFU/ml) than at least one aerosol entrap-
ment method we tested previously (20). Direct
sampling, thus, can assist in the detection of low
numbers of microbes that have the potential to
serve as infective agents in the compromised
host. In a study of 914 patients on respiratory
assistance devices at Walter Reed Hospital, the
effluent (inspiratory) gas method of sampling
was typically able to detect contamination of
approximately 103 CFU/ml (6). Inspiratory gases
from ventilators of 32 patients with hospital-
acquired pneumonia were positive in 69% of
these cases and in 40% of 33 ventilated patients
with no hospital-associated pneumonia. There
were 63 negative nebulizer samples collected by
a Vacutainer (6), but no statement was made as
to the use of the nebulizer if a trap or an
aerosolizer. Possible explanations of this differ-
ence of nebulizer data from those in the present
study are the different use of the nebulizer, the
method of sampling, the patients and personnel,
and the prevalence of A. calcoaceticus var.
anitratus in the current study. In a more recent
report, Craven (5) and his associates compared
the results of 24- and 48-h changes of ventilator
equipment in medical and surgical ICUs. They
studied inspiratory-phase gas entrapment, using
a tube broth method (Edmondson and Sanford)
and air samplers (Aerotest and Anderson). Hu-
midifier fluids were plated on BA plates. These
workers found high levels of contamination in
some inspiratory tubing and humidifiers but no
statistically significant difference in the amount
of bacterial contamination at 24 or 48 h.

In our studies, the direct dilution method
proved more sensitive than the analyses of in-
spired gases. The higher contamination rates
reported in this study are likely due to the
greater sensitivity in detecting bacterial con-
tamination via direct dilution sampling and an
actually greater incidence of bacteria, particular-
ly A. calcoaceticus var. anitratus, which
seemed highly endemic in this situation. The
direct dilution method should be very useful in
assessing contaminated RT equipment and eval-
uating potential or actual environmental biohaz-
ards for patients, personnel, and the public.
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