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ABSTRACT

Beta-prepiclactone wae used to disinfect a community hospital ward
and operating room following their potential contemination with clostridial
organisne., A description of the hospital's physical facilities and the
methods employed to accomplish the disinfection are reported.
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I. INTRODUCTION

Postoperative examination of the leg stump of a male patient in a five-
bed wayd at Frederick Memorial Hospital revealed possible infection with
one or several of the organisms that produce gas gangrene. During exami~
nation of the wound by the attending physician, flowing pus cortaminated
the bed clothes and the asphalt-tiled flcor. Secondary contamination of
surfaces probably was caused by the liberated bacterial aercsol. Sub-
sequently, the wound was dressed and the patient prepared for surgery.
Other patients in the ward at the time the wound was examined were trans-
ferred to other locatinms throughout the hospital.

Once the tentative diagnosis was made that the patient had gas gangrene,
the ward was declared an isolation area, The pillows in the ward were
placed in plastic bags, which were tuen sealed, removed from the ward,
traneported to &n autoclave and sterilized with ethylerne oxide.* After
placing the pillows in the autoclave equipped for use with ethylene oxide,z
the plastic bags were punctured and ethylene oxide was added to the auto-
clave 1in the grescribed manner, The pillows remained in the autoeclave
for 18 hours,” and were then asgrated for a minimum of 48 hours before
being used. Because the mattresses were protected with sheets and an
impermeable protective covering, it was decided that the sheets would be
removed and handled in the manner prescribed for disposal of contaminated
1linens, The mattresses with a plasticized covering were scrubbed with a
Tergisyl* solution, removed from the ward, and placed in the sunlight for
8 hours,

Following reamputition and time in the postoperative room the male
patient was transfexrred to another room within the hospital,

Upon completion of surgery, the operating room was isolated and the
equipment remained within the room. The operating room staff entered
the room with protective operating room clething and wiped all surfaces
and equipment with toweling soaked in a solution of Tergisyl.

At a meeting of the Laboratory Infections Committee of the Frederick
Memorial Hospital, it was decided to ask the assistance of Industrial
Health and Safety Division, Fort Detrick, in regard to a practical and
safe method by which to disinfect** the operating room and ward. Exami-
nation of the facilities by Fort Detrick personnel.revealed that the most
feasible method to accomplish disinfection was through the use of beta-
propiolactone (BPL) as a vapor."" In addition it was concluded that the

% Source - Lehn & Fink. Active ingredients - orthohydroxydiphenyl,
paratertiary amylphenol, sodium sulfonates.

*% Disinfect as used in this report means that the chemical agent BPL
acted as a bactericide and sporicide.
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disinfection would be done after all scheduled surgery for the day was com-
pleted to eliminate the possi’>ility cf having BPL vapors enter the other
operating rooms during an operation, either through leakage within the
building structure or through the exhaust supply ventilation system,
Another fector considered before disinfection with BPL was the wind
direction and general atmospheric conditions, The weather on the evening
vhen the operating room was disinfected was clear and warm with a southerly
wind that carried the vapors away from the air supply duct. The afternoon
when the ward was disinfected also was warm and clear with a westerly wind,
The ward was disinfected in the afternmoon because the possible problems
asgociated with entry of BPL into other areas were far less than if BPL
were to enter the operating rooms,

Because the normal flora of the facilities to be disinfected were not
known, it was decided that spores of Bacillus subtilie var. niger would be
used as a bacterial tracer to deterpine the efficacy of the disinfection,
By personal experience and extrapolation it was concluded that: if B.
subtilis and Bacillus anthracis spores are killed with BPL® both the
vegetative and/or 1 spore states of clostridia organisms would be killed.
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I1. DESCRIPTION OF FACILITIES

’

A. OPERATING ROOM

The operating suite is located on the top (third) floor of the hospital
at the far end of one wing. The walls and area around the window of the
operating room (Fig. 1) used for surgery on the gas gangreme wound case
are ceramic-tiled up to 2 height of 7 feet 1% inches. The remainder of
the walls and ceiling are plastered and covered with an oil-base paint.

The floor covering is resilient conductive rubber. Solid wood flush doors
are used in the operating room., Windows are located along the ocutside
wall. A double scrub sink is located in ome corner of the room and a
recessed imstrument storage cabinet is along one wall (Fig. 1).

One exhaust fan mounted 36 inches above the roof evacuates the air
from the three operating rooms. The exhaust duct from each sperating
room empties into a common manifold, which has four 180° elbows that
direct the air downward towards the rovf. Each operating room is equipped
with its separate air conditioner that is located in the stairwell. The
air conditioner is thermostatically controlled (both temperature and
relative humidity) from within the operating rcom. The supply fan switch
is located in the operating suite hallway. One air suprly louver (size
24 inches x 24 4inches), 30 inches abrwe the roof level on the vertical
stairwell wall 19 feet away from the exhaust duct, serves the three air
conditioners. The outside air passes through an "A" frame expanded
aluminum mesh washable dust stop filter that is within the air conditiomer.
The vertilation system is 100% make-up air.

The volume of the operating room is approximately 3,738 cubic feet.

Air enters the operating room at the ceiling through a centraily
located diffuser (18 inches x i8 inches) and is exhausted through a duct
opening (20 inches x 20 inches) in a side wall mounted 2 inches above
the floor (Fig. 1). A void space made with cinder blocks within the
building's walls serves as the exhaust duct. It is connected to a metal
manifold duct before it enters the exhaust blower housing on the roecf.

Equipment in the nperating room during surgery and disinfection was
(1) face masks for use with anesthetizing gases; (ii) anesthesia machine
with associated gas cylinders and hoses; (iii) stainless steel Mayo and
instrument stands, stools, and kick buckets; (iv) sealed jars of intra~-
venous fluids; (v) wooden arm boards with a rubber-covered sponge padding;
(vi) canvas restraining straps; (vil) standard operating room lights, and
(viii) a suction machine used for aspirations.
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Schematic Drawing of Operating Room, Frederick Memorial Hospital.




arer

0

A -. - S - - - "

3. W=D

e Tive-bed mala werd is Ioczted zpproiimately midway a2long the zain
cerriier on e secemd flocr (Fig. 2). Toe vard is aljacent on e sice
Lo &n ozzside porch tzat is directly cbhove the mein extrance end offices
of tke Ecspital, o tke seccod side to 2 wopen’s five-bed wand, =3 o
the third side to 2 sexvice room. The X-r2y depsrizent is Iocated shove
the ward va the tRird Flocr. Tte ward kzs two wizdows, cce of which is
ecuipped with 2-foor high docdle docrs below the window z=d cxte=dizg to
the flocr Lo perxit extracce o=t the porch when boeth ths docrs =3 wicdow
azre cpeced. The cotter wizfow Tas an 2ir conditiconer izstalied In the Inger
pert of the windw., Ix0 8-inch csciilzting fermg are lozzated oo opposite
wails 7% feer adcve the flocr. TRe extracce-exit docr is cectrally located
glcoz the corrider wall,

e walis z=d ceiling of the ward zre plesrered and cocarad wirkh o=

Sil-pra= peirr, 2o4 the IIocT is covered with aszz2it tile, The voizme
Of tze ward is 2pzroxinztely 3,250 =Dic feer.

Ecudpment withi= the ward doxirng diginfecticon with 37 was (1) £ive
metal bed framec with sc=ings, (E@) Zive metal bed stads wicth thelx
Dommal eoctents, {111) two wooden cEazirs, (iv) Swve merz2l focr stocls
with roiber treals, axd (v) Three plastic waste b=c¥ezs.
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Iii. DISTSVECTICH

A, CoIRATIRG RO

The cperating roca (¥Fig. 1) was prepared for disinfection by (i) elevar~
irg the 2obient Tooa temperature %o 75 ¥3; {i1) raising the relative hrxidity

te 75% by injecting steaa into the zir serply system doct after the ™A™ frewe

filrer; (iii) taping tke peripteral s2zzs of the doors with gressure-
sensitive tape; (Iv) turcing off the zir srpply fan; (¥) seaiirg shur the
docr of the surgiczl Znstrrwent sopply cebdinet with pressure-sersitive

tepes 2od (vl weringeeﬁitbein&tsua?ycnctmt&eoz.ﬁxa‘caireeil
wall zod the exhzust dver within the room with oolyethylepe £ilm, This
£ila was attzched to the walls zrocsd the =xhaust Suet icurver with oressmre-
eonsirizs Iope, IThe fiim covering the exhzust Soect louwer within ths cper-
atipgy Tooz wa2e eguipped with 2 &wine tear strip; = keavy plece of &Liive
extexceé to the 28joinirg hallsey to provice 2 mezns of remcvicg the poly-
erhylene £iln cover withcut znyeme’s heving to enter tle EPL-1zdeved roca
2frey the BZL, cooist time wze comolere. A piece of zZbsorbent paper was
placed beczath the gererestor to rrevent possibla Gaazge te the floer during
discemicaticn of the E7i.

Before dissexirating the BPL 12 clezrly delimited sites throcghout the
cperatirzg roon wWere seeced with spores of Bacilius subtiiis y=r. niger
{couant 1 10% spores per nilliliter) by dipping = sotten s=2b into the
igeid culture =nd rrensferring the spores cnto the selacted surfzces.

Areas contamivated with the speres were wall, wincdow sil] a2nd floor suzieces,

scred sink and scap dish, deocr kacdie, operzting table, stande, znd zpesthe-~
tizing machire, Tke purpoze Of seeding the srezg with spores w2s to édeter-~
wmice the efficacy of the disinfection procedures.

Rine hondred nilliliters of BPL were dissexinated (amomt czlcu!.agea
atazateozcnegalengcreacnlzvmtomc-w;:w.cf.etczsnace)
with e Chzllenger gmera..m-, ¥odel 5100 CF. (See Figure 1 for gemerator
location.) PFPollowing dissemination a2nd 2 2-howr contact pexiod the poly-
ethylene filxs were removad, first frem the exhanst louver by means of
tte twire run under the door into the corridor, azd then from the supply
louver. Thern the exhaust fan was turned cn. Alr was exhzusted for 30
minutes under this 3rrangement, wnich kept the operating rooz under 2
slight regative pressure and 2llcwed fresh zir to enter the reom through
the supply systex. The supply fan was stzrted 25 homrs after teradnation
of BPL dissexnination. With both the supply ané exkaust fzas om, the
operiting room was under a 3light positive prassure, but because of the

two-iach-wide pressure-gensitive tape sezlirng s11 cracks around the doors,
the vapors of BPL did not enter the adjoining hallsay or service rocn.
After 2% hours of aeration a portion of the tape was removed from oze
door to permit sampling of the.air for the datecticn of residual RPL
vapors. Apprcoximately 100 ce of air frem within tha operating roo= was
drewn through a chemical agent detection tube' ’° that wijl respond to

— e — e
T
' .

e ——— p———— —
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BFL ccncenrraticos lower then 0.01 milligran per liter, The test iz based
cn <he appezracce within the tude of a blue color czused by the rezctinn of

3FL with the gzma {p-nitrcbenzyl) pyridime zbsorbed on silica gel., Thke
seascq systexs of zmzn bimself wiil cdetect 0.05 milligran of 3YL per liter
of air.”

The twelve previousiy seeded zreas were sazpled with stegile cotzen
s¥zbs moistered with chysiolegical sa2lirce for the recovesy of 3. subtilis.
The cottca sE2bs were strezked cn comn stesp agzr (see Apperdix) im plastic
petr: dishes zmd jrcctated ar 37 € for 48 hours. A duplicate set of samples
225 tzken of the seeded areas with sterile Swubes™® moistened with Gistilled
water., Saxdes were aseptically transferred to thicglycolate broth tubes
zrd izcrhated st 37 € for 2% hours. Contrals —oos 5523 In ecojoierion
with the test scmples zzf were satisfactory. Ko 3. subtiiis or other
sicroorsanisss were recastred with the corten swabs. Howeve: However, the suxrizce
szeple from the window sill that wae inoculated into = thioglycolate droth
tcbe showed turbidiry. Tbe thioglycolate troth twbe inocalated with B.
2rbtilis as 2 ecotrol 2lso sbowed 2 comparative amornt of tuzdidity.
¥jcroscopic exzniration with Graa stain of both the coptrol and test sazpie
revesled graz-positive zods. Subsecvent bactsrioloz:cal exewinstion and
testing revealed that tke recovered microorgenisn from the ceramic window
sill gzs Bacillus cerens, $Oce of the possible sowrces for B. cereps con-
tazinaticn foilcwing disinfection is contemination of the broth tube, or
Swube, or entrance of the organism into the operating reoz through the

entilaticon systex.

To determize if air leaked aromnd the door's seacs a HSACK® ventilation
saoke tube was used. It also was used to determize the directiom of air
currents frca the exhizust duoct once zexation of the operating roem com-
mepced. Air leakage and curzent tests were run before, durfag, sud following
dissezinaticn of the BPL to preclude difficulties with penetyation of the
BPL vapors into othexr occupied areas within the hospital.

An unforeseen exergency surgical operation was begun in the operzting
room adjacent to the service rooz that 21s0 served the awerating room
being disinfected, at the same time that the supply fan was tuzmed on
(Fig. 1). Because of the wind direction znd atoospheric conditionms,
vapors of BYL did not enter the ventflstion suppiy system to the operating
suite, so that the emergency operziicn proceaded without incident.

Subsequently, all surfaces within the disinfected operating rooc and
its equipzent were wiped down with cloths moistened with Tergisyl solution.

% Palcon Plastics Division cf B-D Laboratories, Imc., 5500 West 83rd St.,
Los Angeles, Califormia, 90C4S.
** Mize Safety Appliaaces Company, Pittsburgh, Pemnsylvania, 15208.
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B. WARD

The relative humidity within the ward was raised by spraying tepid
water from a Challepger gemerator until 77% was obtained throughout the
ward. The ambient temperature was 74 P,

Eefore BPL wag disseminated, 14 carefully delimited surfaces within
the ward were seeded with B. subtilis var. niger sporesz in the same manner
as in the operating rocm., Areas seeded were door kmob, beds, chair, stool,
floor and wall surfaces, bed stand, curtain rod, waste basket, window siil,
and fook stool.

The oscillating fan opposite the generator location {Fig. 2) was turned
on low speed to help distribute the BPL vapors throughout the ward with

5om= dcgree of homogonaity.

Cracks con the windows were taped with pressure-sensitive tape. The
window with the double dosrs bemeath, serving as a doorway to the porch,
was arranged so that later both it and the doors could be opened from the
outside. Windows to patieants' rooms along the second f£loor corridor were
closed to preclude entraznce of BPL vapors into the rooms during the phases
of B?L, disinfection. All doors and drawers of the metal bed stands were
opened. The generator contaiuing the BPL was positioned so that BPL
vapors would not impinge directly on any surface; in addition; a piece of
absorbent paper was placed beneath and approximately 8 feet in fromt of
the generator. From personal experience we have learned that asphalt tile
i5 dissolved if liquid dropiets of umndiluted BFL fall directly onto the
tile, After the Challenger generator was turned on by . 2 person who then
immediately left the ward, the peripheral cracks of the door were taped
with pressure-sensitive tape.

Smcke tubes were used to determine if any air was leaking from withia
the ward into the corridor during dissemination of the BPL, during the
contact period, or during aerationm,

A two-hour contact period was maintained after the BPL was disseminated.
Then the double doors beneazth the one window were opened from the outside
and a 20~inch exhaust fan was placed in the opening. The BPL vapors were
exhausted from the room with the fan positioned so that the created air
gtream directed the BPL-ladened air away from patients' rooms. During the
initial seration period, personnel monitored the patiemnts' rooms for pene-
tration of BPL vapors.

After two hours' aeration, personnel could enter the ward without
chemical respiratory protective masks, The level of BPL vapors at that
time was below the detectable range of the Civil Defense detection tubes.
However, to insure that all residual BPL vapors and breakdown products

_— - - e LIS ST
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were removed from the ward, the other oscillating wall-mounted fan and the
window ajir conditioner fan were turned on and allowed to run overnight,

in addition to the window exhaust fan, The tape was removed from the door
after the two-hour aeration period to permit a greater volume of air to
be drawm from the hallway through the openings around the door. ®ith the
above arrangement of fans the ward was under slight negative pressure

during the entire aeratiom period. This prevented vaporg of BPL froa
entering adjoining areaas.

After the initial two-hour aeration, sterile cotton swabz moistened
with physiological saline were uged to sample the previously seeded areas
for the recovery of B. subtilis. Upon return to the microbioclogical lab~
oratory, the cotton swabs were aseptically streaked on corn stsep zzaz
(see Appendix) in plastic petri diches, The piates were incubated at 37 €
for &R kours, mo B. subtilis or other microorganisms were recovered after
disinfection of the ward with BPL. This showed that a satisfactory disin-

fection was achieved. Subsequently, the ward and contents were wiped with
water-moistened cloths.

‘\ oAt e %
t



PENEEEY

b o,

17

I¥. CONCLUSIONS AND DISCUSSION

A hospital ward and an operating room were disinfected by disseminzting
beta-propiolactone (BPL) in 2 corcentratiem of ome g&licn of BFL for each
12,040 to 16,020 cubic feet of space. Zhe texperature was elevated to 75 ¥
znd the relative humidity to 75%, the supply and exhaust ventilatica
s8ystens were turned off, and z11 seaxs and cpenings were blocked before
BPL wae disserdnated. It was possible to enter the &isinfected arezs
after two hoursz of forced zeration. However, overnight aeration is advis-
gble whenever BPL is used.

The efficacy of BFL disinfection was detersined by sceding areas with
spores of Bacillus subtilis var. niger (comnt 1 x 10% spores per nl).

Uritical vicual examination of the operzting roocm revealed ro apparent
dsmsge tc items occasionally a2ffected by liquid BPL, such as the painted
surfaces, synthetic rubber products, or plastic items. T= the ward the
oanly apparent damage was to the varnished door. It is8 the opinion of the
writer, after exemining other doers of the same a2ge (approximately 25
years old) throughont the hospital, that any elevation of huzidicy would
have czused the slight blistering of the varnish that was evident on the
door to the ward disinfected with BPL.
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APPENDIX
CORN STEEP LIQUOR MEDIUM

Stack Solution - Dissolve 500 grams of crude black strap molesses in 1250
millilitere of corn steep liquor.

Medium:
Per Liter
Molasges and corn steep stock solution 31 ml
Bacto-~agsr 20 grams
; Digtilled Hy0 1000 =1
- 5 ¥ RacH 0.75 ml
Actidicne (dry) 10 mg

Preparation - Dissolve agar in water completely; add stock solutionm,

actidione, adjust pH, then autoclave. Finzl pH to be
6.8 et 7.2‘

ti’f &Y
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