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Bacteriophage &X 174, present at high concentra-
tions in an agar overlay in vitro system, were used
as a target for pulsed 2.94 pm (Er:YAG) laser ab-
lation. In this preliminary experiment, the poten-
tial for transport of viable viruses in the photoab-
lation plume was investigated for laser energy
densities of approximately 3.5 J/cm? per pulse in
exposures of 75600 laser pulses. Transport of
relatively few numbers of viable viruses from the
ablation site to the plate assay detector, a distance
of approximately 2 cm, was observed.
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INTRODUCTION

The potential hazards of aerosols produced
by surgical devices interacting with human tissue
and fluids are a source of concern to surgical staff
and patients. Typical devices and procedures that
can generate airborne debris are bone saws, sur-
gical drills, electrocautery procedures, and laser
surgery. In addition to anecdotal reports appear-
ing in the popular medical press of plume-medi-
ated disease [1,2], a growing number of research-
ers have begun gathering data on the nature of
laser plumes. Results to date indicate that laser
plumes can contain intact cells [3], papillomavi-
rus DNA molecules [4], viable bacterial cells [5],
and spores [6]. In addition, animals exposed to
laser plumes have demonstrated various im-
paired lung functions [7,8].

The chemical composition and physical at-
tributes of laser-generated plumes depend on the
target tissue and the surgical technique, as well
as on laser parameters such as wavelength, pulse-
width, repetition rate, and power density [6,8—
10]. However, the interrelationship of these fac-
tors that affect the behavior and composition of
ablation plumes is not well characterized. We
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have begun studies to investigate the potential
for viable virus transport via ablation plumes us-
ing the bacteriophage $X 174 in an agar overlay
system as a model target. Reported here are the
results of a preliminary experiment configured to
optimize the probability of obtaining viable X
174 in laser plumes.

MATERIALS AND METHODS
Cultures

The bacteriophage X 174 (ATCC #13706
B1) was selected as a model for submicron-sized
viruses that may be encountered in surgical laser
plumes. The host cell for this phage is Escherichia
coli, strain C (ATCC #13706). Cells were grown
and maintained in tryptone broth (5 g KCl, 10 g
tryptone per liter of medium). The substrate nu-
trient medium for both target and detector cul-
tures contained 2.5 g NaCl, 10 g tryptone, and 10
g purified agar per liter of medium. The overlay,
which suspended and immobilized cells or bacte-
riophage above the substrate, contained 5 g NaCl,
10 g tryptone, and 8 g purified agar per liter of
medium. To facilitate adsorption of bacteriophage
to host cells, 6 mM CaCl; and 1 mM NaOH were
added to both agar media before solidification.

Bacterial detector (E. coli) plates were pre-
pared by mixing 0.1 ml of tryptone broth bacterial
culture (~ 2 x 10® cells) with 3 ml soft (45°C)
agar and pouring the mixture over the surface of
the solid substrate. A single, viable $X 174 par-
tical landing on this surface will become visible as
a circular, cleared area (plaque) in a hazy, conflu-
ent bacterial lawn.

Target plates were prepared by mixing 0.1
ml $X 174 suspension (4 x 10%) with 0.1 ml bac-
terial culture (~ 2 x 108 cells) in 3 ml agar over-
lay and incubating overnight at 37°C. Assuming
each cell becomes infected and that infected cells
yield an average of 500 phage/cell [11], the total
number of $X 174 in the agar overlay is ~ 10’ L
This in situ amplification step results in phage
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E. Coli Detector Plate

Fig. 1, Schematie of the arrangement of the target and de-
tector plates and their orientation with respect to the laser.
The normal axis of the target plate surface is direcled away
from the laser axis at = 30°. The target and detector plate

comeentrations on the target plate considerably
higher than could be achieved easily by other
methods.

EXPERIMENTAL APPARATUS

The experimental configuration is illus-
trated in Figure 1. The target plate, which was
mounted on a rotation stage, was oriented — 30°
with respect to the optical axis of a flashlamp
pumped Er:YAG laser (2.94 pm}, as shown. The
output from the laser was incident, without focus-
ing, on the target plate at a point approximately
R/2 from the center, where R 15 the radius of the
culture plate. The pulsewidth of the laser is ap-
proximately 200 ps, whereas the repetition rate
for this study was 5 Hz. The beam cross section at
the target was essentially round with a diameter
of approximately 0.25 em. The detector plate was
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surfaces were parallel and separated by approximately 2 cm.
Representation of the plume is indicative of the “smoke™ vis-
ible when the target surface was irradiated by the laser,

positioned to intercept ejected material, without
interrupting the beam path. Separation of the
paralle] target and detector plates was 2.0 cm.

EXPERIMENTAL PROCEDURE

Since abszorptivity of water is quite high at
~ 3 pwm [12], substantial ablation of the agar sur-
face was expected. Tests of surface ablation of the
target culture produced readily visible plumes
and troughs in the target agar surface. For these
experiments, average laser power was main-
tained at 1.0 = 0.1 W, which represents an energy
density at the target of 3.5 = .35 J/'em? per laser
pulse. A total of zeven exposures were performed
in two experimental sessions with identical meth-
odology (two each for 15, 30, and 60 s, and one for
120 5 [75, 150, 300, and 600 laser pulses, respec-
tively]). The plate was continuously, slowly ro-
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tated to present a fresh surface for each laser
pulse. Also, the plate/rotation stage assembly was
adjusted laterally after the completion of each ex-
posure, while maintaining the parallel 2 cm sep-
aration of the plates. This insured that the ensu-
ing exposure would occur on a fresh “band” of the
target plate. A separate detector plate was used
for each exposure. The detector plates were sub-
sequently incubated for 4 h at 37°C and then ex-
amined for plaques. Viruses were directly pipet-
ted onto a detector plate as a positive control,
whereas a negative control was performed by
mounting a detector plate in position for 120 s
without operating the laser. Also, an environmen-
tal control was maintained by placing another de-
tector plate on the optical bench for the duration
of a session at a distance of 30 cm from the target
ablation site.

RESULTS AND DISCUSSION

Plaques were seen in the bacterial lawn for
six of the seven exposures, indicating that viable
viruses had been transmitted in the plume. In all
cases, the plaques were grouped near the edge of
the plate, in the region where the distance to the
ablation site on the target was minimized. One of
the 30 s exposures did not yield plaques. This re-
sult may be due to the probabilistic nature of par-
ticle transport, since relatively few viruses com-
pared with the potential number liberated by
ablation were intercepted, as will be discussed
later. Numerous plaques were evident on the pos-
itive control, whereas none were apparent on ei-
ther the negative or environmental controls. A
photograph of a detector plate exposed to the
plume generated by the photoablation of 150 laser
pulses is shown in Figure 2. Less than ten indi-
vidual plaques are readily evident. However, this
can be considered only an approximation of the
total number of viruses intercepted by the detec-
tor since multiple virus landings in close proxim-
ity are possible.

In conclusion, it is emphasized that for these
experiments target phage concentration was ex-
aggerated to maximize the probability of achiev-
ing a positive result. Assuming that approxi-
mately 10'! bacteriophage particles are evenly
distributed within the agar overlay, each laser
pulse potentially liberated approximately 107
phage. Although some of the plume may have es-
caped the detector plate surface, our results indi-
cate orders of magnitude fewer viable phage in
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Fig. 2. Detector plate exhibiting several plaques resulting
from the transport of viable bacteriophage via a laser-pro-
duced plume. The exposure for this plate was 150 laser pulses.
Orientation marks indicate that the plaques are grouped
around the region of the detector closest to the ablation site in
the target plate.

the laser plume than those suspended in the ab-
lated overlay.

ACKNOWLEDGMENTS

The authors thank C.D. Lytle for ideas rele-
vant to the execution of these experiments and
P.G. Carney for supplying phage and cell cul-
tures. -

REFERENCES

1. Dales MJM. Risk of virus exposure during laser surgery:
Unsettled issue. Skin Allergy News 1986; 17:1, 13.

2. Finds papillomavirus DNA in laser smoke. Ob Gyn News
1987; July 15-31:1, 28.

3. Matthews J, Newsom SWB, Walker NPJ. Aerobiology of
irradiation with the carbon dioxide laser. J Hosp Infect
1985; 6:230-233.

4. Garden JM, O'Banion MK, Sheinitz LS, Pinski K5
Bakus AD, Reichmann ME, Sundberg JP. Papillomavi-
rus in the vapor of carbon dioxide laser-treated verruca¢
JAMA 1988; 259:1199-1202.

5. Byrne PO, Sisson PR, Oliver PD, Ingham HR. Carbon
dioxide laser irradiation of bacterial targets in vitro
Hosp Infect 1987; 9:265-23.

6. Walker NPJ, Matthews J, Newsom SWB. Possible haz-
ards from irradiation with the carbon dioxide laser. La-
sers Surg Med 1986; 6:84—86.



In Vitro Production of Viable Bacteriophage
10.

Baggish MS, Elbakry M. The effects of laser smoke on the
lungs of rats. Am J Obstet Gynecol 1987; 156:1260-1265.
Freitag L, Chapman GA, Sielczak M, Ahmed A, Russin
D. Laser smoke effect on the bronchial system. Lasers
Surg Med 1987; 7:283-288.

Puliafito CA, Stern D, Krueger RR, Mandel ER. High-
speed photography of excimer laser ablation of the cor-
nea. Arch Ophthalmol 1987; 105:1255-1259.

11.

12:

299

Nezhat C, Winer WK, Nezhat F, Nezat C, Forrest D,
Reeves WG. Smoke from laser surgery: Is there a health
hazard? Lasers Surg Med 1987; 7:376—382.

Freifelder D. “Molecular Biology.” Boston: Jones and Bart-
lett, 1987:588.

Esterowitz L. Diode pumped solid state lasers at 2 and 3
um for the biomedical field. O-E/LASE '88: Laser Inter-
action With Tissue, January, 1988.





