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THE RECENT acceptance of the air-fluidized
bed as a patient care device has had many
far-reaching implications. In addition to its
use in the treatment of decubitus ulcers* and
insomnia,’ many other applications of the
air bed have been reported. These have in-
cluded the treatment of head and spinal
injuries,” burns,’ and as a means of provid-
ing patient comfort during labor.?

However, the introduction of any device
or technic into the hospital environment
must be accompanied by some assurance
that it will not serve as a vehicle of micro-
biological contamination.$ The air beds in
operation at the Medical University of
South Carolina have failed to reveal any
significant level of microbiological contam.-
ination. Studies reported previously showed
this to be due mainly to sequestration and
desiccation of microorganisms by the cer-
amic spheres which comprise the medium
of the air-Auidized bed.6 We undertook this
study in an effort to examine the micro-
hiological cleanliness of the air bed filter
sheet and of the air passing through the
air bed itself.

Materials and Methods

The Air-Fluidized Bed. A schematic dia-
gram of the air-Auidized bed is shown in
Figure 1. Air is pumped through the bed
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medium consisting of crown optical soda-
lime glass spheres. These spheres are coated
with silicone and have an average diameter
of 75-100 microns. A loose polyester filter
sheet of 37 microns porosity separates the
patient from the bed medium. Air entering
the bed first passes through a diffuser board
which serves to separate the ceramic sphere
medium from the air chamber. It then passes
over and through these spheres at a flow rate
of 2 feet per minute. Under these conditions,
the patient is buoved and tends to float. The
depth of the layer of ceramic spheres is
about 12 inches and the normal penetration
of the patient’s hody into this layer is about
4 inches. In ‘our studies, a smaller model
of the air-Ruidized bed was emploved. How-
ever, all dimensions of this smaller bed are
proportional to those of the standard size
beds. Hence, the velocity of air flow remains
the same regardless of the size bed employed.

Organisms and Culture Conditions. Cul-
tures of Pseudomonas aeruginosa, Staphy-
lococcus wureus and Escherichia roli were
grown overnight at 37° C in Tryvpticase Sov
Broth (Difco Laboratories). The cultures
were washed and resuspended in broth to a
concentration of 1 X 107 organisms per mL
Using these suspensions, isolated sections of
the air bed filter sheet were contaminated
using cotton tipped applicators impregnated
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TABLE 1. Viable Staphylococci Recovered from
Outflow Air of dir Bed

Total viable
bacteria
recovered

Sample volume

EXpEl‘i- Total (1“61.5)'

ment bacteria
No. injected Inflow Qutflow

Inflow OQutflow

1 1x 107 9 135 1.5% 104 None
b 3% 107 9 135 1.2x 105 None
3 I 108 9 135 2.0x105 None
Mean 52x% 107 9 135  1.Ix 105 None

* Inflow samples were gathered for one minute;
outflow samples for fifteen minutes.

with the different microbial suspensions.
The areas so contaminated covered approx-
imately 12 square inches. At regular time
intervals thereafter, surface contamination
of the sheet was measured using contact cul-
ture plates. Results are expressed as the
number of viable organisms per four square
inches of surface area.

Studies of the microbiological content of
the air flowing both into and out of the
air bed were conducted in the following
manner: Using a DeVillbis atomizer, an
aerosol (droplet size less than 100 microns)
of viable staphviococei (1-2 X 107 ml.) was
injected into the upstream air flow of the
bed. This aerosol was injected in a volume
of 5.0 mi. under a pressure of 4 inches Hg.
over a time period of 60 seconds. Beginning
with the moment of aerosol administration,
samples of air Aowing both into and out of
the bed were obtained using liquid im-
pingers.t Inflow air samples, totaling 9.0
liters, were obtained during the entire 60
seconds of aerosolization. Qutflow samples,
totaling 135 liters, were obtained during
aerosolization and for an additional 14
minutes thereafter. All samples were col-
lected under a pressure of 6 inches Hg. In
an effort to insure adequate and accurate
samples of outflow air, the air bed was
covered with an air-tight, sterile plastic
canopy (Fig. 2). An exit duct, identical in
size to that entering the air chamber (1.0
inches I.D.), was used in obtaining outflow
air samples. The plastic canopy allowed

+ Millipore Corp., Bedford, Mass.

all of the air passing through the bed to be
funneled through the outflow exit. As a re-
sult, representative samples of both inflow
and outflow air were obtained. The air bed
was maintained under normal operating
conditions during the entire course of these
experiments. Normal operating temperature
is 30-32° C. The relative humidity was held
at 30 per cent by a mechanical humidifier
capable of controlling within =5 per cent.

After the collection of inflow and out-
flow samples, serial tenfold dilutions of the
impinger fluid were made and transferred to
Trypticase Soy agar plates. After 18-24
hours incubation, colony counts were made
and the total number of impinged viable
bacteria determined.

Results

The results of a study designed to assess
the degree of cleanliness maintained by the
air bed filter sheet are shown in Fig. 3. One
hour following contamination of the sheet,
E. coli, S. aureus and P. aeruginosa showed
plate counts of 147, 154 and 152 colontes
respectively. Both E. coli and P. aeruginosa
then displayed a rapid decline in numbers.
Six hours [ollowing contamination, the
number of viable E. coli recovered had
fallen to eight organisms per contact plate.
Viable psendomonas recovered at this time
fell to three organisms per contact plate.
Staphylococcus aureus remained viable for a
significantly longer period of time. Plate
counts fell to 126 colonies six hours follow-
ing contamination of the sheet. At 24 hours
postcontamination, an average of seven
viable staphylococci remained per plate
while there was none of E. coli or P.
aeruginosa.

In an effort to examine the abilitv of the
air bed to maintain an outflow of air free of
microbiological contamination, viable staph-
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Fi. 1. Schematic diagram of an air-Auidized bed.
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Fic, 2.
ining the inflow and outflow air of an air-fluidized
bed following aerosolization with §. aureus.

Experimental design empioyed in exam-

ylococci were dispersed into the inflow air
of the bed. The number of viable cells pass-
ing through and out of the bed are shown
in the table. Following the introduction of
1-10 X 107 rotal staphylococci into the air
stream, an average of 1.1 X 105 viable bac-
teria was recovered in a volume of nine liters
of air flowing into the bed. Samples of the
air flowing out of the bed remained bacteria-
free, even after a volume of 135 liters was
sampled over a 15-minute period. Although
not included in the table, an additional
sampling of the outflow air totaling 1,620
liters over a 12-hour period also failed to
reveal the presence of any- microbiological
contamination whatsoever.
Discussion

Under normal conditions of operation,
no microbial contamination has been
revealed in air-fluidized beds at the Medical
University of South Carolina over a period
of three years. Previous studies showed
desiccation and sequestration of micro-
organisms by the ceramic sphere medium of
the air bed to be the primary factors for this
continued sterility of the air bed.! The
extremely large surface area provided by the
ceramic sphere medium serves to further
increase the effect of desiccation. Recently,
however, questions have been asked con-
cerning the necessity for sterilization of the
air bed flter sheets prior to use. These sheets
are periodically changed and washed, but
they are not routinely sterilized. Our
studies, using three genera of bacteria com-
monly implicated in nosocomial infections,
suggest that if a filter sheet were placed on
an air bed 24 hours prior to patient use and
the bed run under normal conditions, the
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Fic. 3. Persistence of S. aureus, E. coli and P.
aeruginosa on air bed filter sheets foilowing direct
contact contamination. Values represent the average
of three experiments. Normal operating conditions
of the air bed were used (30-32° C, 25-35%, relative
humidity) .

sheet would be essentially free of all bac-
terial contamination. For comparison,
studies conducted on cotton sheeting con-
taminated with §. aureus revealed a per-
sistence time of six to seven days when held
at 35 per cent humidity.8

One problem commonly occurring with.
use of most medical instruments and patient
care devices 1s that of an ever-increasing
degree of microbial contamination upon
repeated usage, Contamination occurs espe-
cially with devices which may lie unused
for periods of time between patient treat-
ments. In an effort to maintain a stable
humidity, the air-fluidized bed is normally
operated on a continuous basis, regardless
of whether or not it is occupied by a patient.
Hence, there is no problem of microbial
proliferation during periods of nonuse. In
contrast, the continuous operation of the
bed serves to maintain a very low level of
microbial contamination.

In the treatment of open wounds such as
burns and decubitus ulcers, restriction of
microbiological contamination is of utmost
concern. Hence, the use of the air bed in
such instances requires that the air flowing
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out of the bed and over the patient not
be a potential source of infection. In our
study, a large number of viable staphvlococci
was introduced into the inflow air of the air
bed. The number of organisms introduced
was manyv times that which would be found
in the air circulating through a hospital
environment. Samples of the air flowing
out of the bed remained bacteria-free, even
after a volume of 1,620 liters was sampled
over a 12-hour period. This is undoubtedly
due, in large part, to the trapping of micro-
organisms in the diffuser board which serves
to separate the ceramic sphere medium from
the air chamber. Also, air flowing into the
air chamber often reaches a temperature of
approximately 49° C, a temperature which
kills most microorganisms. (The difference
between the temperature of the air chamber
(49° C) and that of the air bed (30-32°
C) 1s due to thermal lag.) Thus, it would
appear that patient contamination resulting
from air-bormne contaminants in the outflow
air of the bed is quite unlikely.

The possibility that air flowing over the
patient might serve as a vehicle of surface
contamination from one patient to another
must be considered. However, it should be
pointed out that normal convection currents
of air in a hospital ward approximate 5 ft./
min.} while flow rates over the patient in an
air bed are onlv about 2 fr./min. Thus, the
chance of patient cross-contamination in a
room containing an air bed is actually less
than that in 2 room without an air bed.

Previous studies showed sequestration and
desiccation by the air bed medium to be the
main contributing factors toward the bac-
tericidal and fungicidal ability of the air-
fluidized bed.§ These two properties, com-
bined with the constant stream of warm air
flowing out of the bed, maintain a filter
sheet essentially free of all microbiological
contamination. In addition, the possibility
of air-borne contamination of the patient
is all but negated by the air bed svstem.
Unlike other beds, the air bed continues to
rid itself of microbiological contamination
while in use. Thus, the possibility of auto-
and cross-contamination of patients upon
continued use of the bed is very small. The
advantages of such a patient care device in
the hospital environment are obvious.

Summary

Our studies were designed to evaluate the
ability of the air-fluidized bed system to
maintain filter sheets and outflow air free of
microbiological contamination. Experimen-
tal contamination of the filter sheet was
followed by the rapid disappearance of both
E. coli and P. aeruginosa. Viable cells of
S. aureus remained for longer periods of
time. However, 24 hours following contam-
ination the filter sheets were essentially
bacteria-free. Following the aerosol dis-
persion of viable staphylococci into the
inflow air of the air bed, samples of the
outflow air were monitored for microbial
content. Without exception, all such
samples remained completely sterile, even
after as much as 1,620 liters of outflow air
were sampled.

Acknowledgments

The technical assistance of Mrs. Dianne
W. Huck is greatly appreciated.

This work was supported by the United
States Army Medical Research and De-

velopment Command, Grant #£DADA-17-
69-C-9017.

References

1. Cohen, 5.: An investigation and fractional as-
sessment of the evaporative water loss
through normal skin and burn eschars using
a microhygrometer, Plastic Reconst. Surg.
37: 475, 1966.

Distelhorst. B. J.: In air-fluidized bed clinical
and research svmposivm. Edited by C. P.
Artz and T. §. Hargest, 1971.

3. Hargest, T. 5, and C. . Artz: A new concepl
in patient care: The air-fluidized bed. AORN
J. 10: 50, 1969,

4. Harvin. J. S.. and T. S. Hargest: The air-
fiuidized bed: A new concept in the treat-
ment of decubitus ulcers. Nurs. Clin. North
Am, 5: 181, 1970,

Newsome. T. W., L. A, Johns. and B. A. Pruitt:
In air-fluidized bed clinical and research sym-
posium, Edited by C. P, Artz and T. 5. Har-
gest. 1971.

G. Sharbaugh, R, J., and T. 5. Hargest: Bacteri-

cidal effect of the air-fluidized bed. Am. Surg.
87: 583, 1971.

7. Thompson. J. M.: In air-fluidized bed clinical
and research symposium. Edited by C. P.
Artz and T. 5. Hargest, 1971.

8. Wilkoff. L. J., L. Westbrook. and G. ]. Dixon:

Factors affecting the persistence of Staphvio-

coccus aureus on fabrics. Appl. Microbiol,
17: 268, 1969,

!O

(81



