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MICROBIOLOGICAL SAFETY EQUIPMENT!

JOSEPH V. JEMSKI AND G. BRIGGS PHILLIPS?

YPRACT. A program for biological safety in the animal laboratory must consist of
fifm establishment of elearly stated principles, the edueation of all personnel in safety,
igmunization of personnel where applicable and the use of properly designed safety
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ment. Many faboratory infections are preventable by the judicious use of such spe-
cially designed equipment. This ix exemplified by the procedures and equipment, deseribed
in thix paper, which have been proven by actual practice over many vears of tests with
ilighly communicable discase agents.

The most important aspect of the problem of biological safety for infectious
disease laboratories is the prevention of infeetion in laboratory personnel. Philo-
sophically less important, but still of great practical significance, is the prehlem
of also preventing laboratory aequired infeetions (eross-infeetiony in the animals
used for experimentation. The need for minimizing animal eross-infection is best
indicated by its prejudicial effeet on experimental results and the infeetious
hazard presented to the handler of infected animals (Kirehheimer, Jemski and
Phillips, 1961).

The simplest and the surest method to achieve this “prevention” is the pro-
hibiting of personnel from working with certain agents infectious for man or ani-
mals. This principle actually has been enforced in some laboratories wherein
work with ccrtain diseasce organisms is not permitted. The general acceptance of
this concept obviously would soon lead to a general ignorance of human and ani-
mal disease problems. A much more reasonable practice, therefore, is one in which
the use of special techniques or equipment provides and maintains safe working
conditions in the infectious disease unit. The absolute necessity of such tech-
niques can be exemplified by the conceivable isolation of a virus as the etiological
agent of human carcinomas. In thix situation there undoubtedly would be a rising
emphasis on the moral and legal obligation of laboratory chiefs to provide pro-
tection for all personnel associated with any work with this “cancer virus.” Ac-
tually, these obligations have always resided in a supervisory position but in a
great many instances have been tacitly ignored on the hasis that occupational
illness wax inherent in the profession. The fact. however, is that many laboratory
infections are preventable by the judicious use of speeially designed equipment
(Wedum, et al., 1956a) and by the conseientious application of good techniques
in biological procedures that are potentially hazardous (Smadel, 1951 Fish and
Spendlove, 19501, The practical worth of these concepts was pointed out at the
1960 meeting of the Animal Care Pancl in a renort from our laboratory (Jemski,
1960). Thix report showed thit not one ease of illness in either our animal handler

! Presented at the 13th Annunl Meeting of the Animn! Care Panel (Svmposium on Biologieal and Radio-
loieal Safety in the Aninal Laboratory) . September 27 20, 1961, Boston, Mass.
2US, Army Chemieal Carps Biologienl Lahorntories, Fart Detrick, Frederick, Macylmd.
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February 1963 MICROBIOLOGICAL SAFETY EQUIPMENT 3

or technical personnel oceurred in over 200,000 exposure-risk man hours even
though the work involved direet handling of animals exposed to aerosolx of highly
infeetious organiss, This past vear's work has resulted in an additional 15,000
man hours of safc work.

Most of the publications relating to the frequeney, the eauses, and the elimi-
nation of laboratory acquired infections have led to the conelusion that the source
of infeetion ix generally within a few inches of the worker's faee and that inelo-
sure and ventilation are the major factors in eliminating laboratory infeetions,
It, therefore, is apparent that the basie prineiple involved in the design and use
of microbiological safety equipment is in liniting or controlling intimate or
asual contact with the infeetious agents, In the previous report from our labora-
tory, this prineiple was illustrated by the individaal maintenance of experimen-
tally infeeted animals in scaled eages ventilated with filtered air pulled through
the eage. Such equipment <hields animal from animal and handler from animial.
These design features also typify the bacteriological safety cabinet whieh ix the
most important item of cquipment in the prevention of laboratory acquired in-
feetions (Wedum, 1953). The ventila o eabinet ix a deviee which not only pro-
vides suitable table top area for the performance of microbiological operations
but also provides glass shiclding for the worker.

A variety of ventilated hacteriological cabinets are iviilable commereially (3
Blickman, Ine., Wechawken, N, J.; Kewaunee Manufacturing Co., Adrian,
Michigan) or can be fabrieated from wood, metal or even plastie. Figure 1 shows
a typical eabinet constructed of stainless steel. All work is done through the arn:-
length rubber gloves, An attached pass-through box, cquipped interiorly with
ultraviolet lamps, is used for inserting or removing items from the cabinet, This
ubinet is provided with an exhaust air-filter and an exhaust blower which main-
tains a reduced pressure of one-half to one in. (water) within the cabinet. Utili-
ties attached to the cabinet include hot and cold water, vacuum, eompressed aiv,
gas, drain, a 110 volt AC utility outlet, ultraviolet lamps, and fluorescent lighting.

This cabinet is highly satisfactory for many operations, but it does not pre-
vent possible exposure of the operator to infectious materials removed from the
abinet.

To overcome this problem, a more elaborate and complicated interconnected
cabinet system has been developed and has been deseribed in detail by Gremil-
lion (1960). The basic unit of this svstem ix a 34 in. module. A typical general
purpose modular system is seen in Figure 2, These eabinets are gastight and have
been designed so that all materials leaving the svstem may be sterilized in the
autoclave (scen in the right foreground) by cither steam or ethylene oxide gas,
Non-autoclavable items may be removed from the eabinets by passing through «
disinfeetant solution contained in a dunk bath scen in the left foreground. This
avstem ean be tailored to the requirements of the user by the incorporation of
additional back or bottom mounted units into which are fitted refrigerators,
incubators, deep freezers, balanees, and sinks.




e g

¥ic. 2. General-purpose modular hood svstem. The dunk tank ix seen attached to the bot-
tom of the second from left modular unit.
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February 1963 MICROBIOLOGICAL SAFETY EQUIPMENT D

Fre. 3. Animal holding modutar units

To protect animal handlers in infeetious animal rooms, it may be desirable
to house animals in & eabinet system instead of ventilated eages, Such animal
holding modules can be added in one or more levels to the basie cabinet system
as shown in Figure 3. Various levels are conneeted to each other by electrieally
operated clevators (Fig. 41 for the transfer of aninals, feed, and equipent. Tt
i within these modular systems that all procedures are carried out with infecti-
ous substances, Such proeedures include the opening of culture tubes, blending.
grinding, inoculating, injeeting or necropsying animalx, and opening scaled cen-
trifuge cups, or other containers of infections material suspeeted of having
inner leakage or hreakage,

At the conelusion of a particular operation, sterilization of the entire system
an best be achieved by vaporizing steam-formaldehyde mixtures 1Glick.
Gremitlion and Bodimer, 19611, For each cubne foot of air-space. one mil of 374
formaldehyde should be vaporized. Most any steam zenerator can be used a-
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Fic. 4. Elevator sv:tem for animal holding cabinets, The Exposure Tank is on the right

and the eclevator system is seen on the left of the small push-button control panel n the
center of the picture,

the disseminator, Mists of peracetie acid. spraved from a 2¢97 aqueous solution,
also can be uxed for cabinet sterilization. but precaution must be taken to
thoroughly air and wash the cabinet after use of the aeid.

Although the bacteriological eabinet provides airtight contaimment of infee-
tious materials, it eannot serve as o substitute for adequate training and eareful
techniques.

1t 1x of interest to note that the cquipment illustrated is destgned and operated
for purposes exactly the reverse of that in gnotobiotic methodology. The modu-
lar gastight system, under negative pressure, is designed to prevent the eseapwe
of organisms from within the syvstem to the outside environment. Gaotobiotie
cabinets are maintained under positive pressure to prevent entrance of organ-
ismis from the outside environment into the system. Both tvpes of cquipment
have the wenticul objective of preventing aecidental infections in either the
worker or in the gnotobiote.

Giranting the essentiahity of a eabinet svstem in infeetious disease laborasories,
other types of cquipment not as speetacular in deserniption but highly contribu-
tory to safe operations eannot be overlooked . Pipetting deviees are in this eate-

LABORATORY ANIMAL CARE Vol. 13, No. 1
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gory. The danger involved in mouth pipetting of pathogenic material is obvious
and should never be allowed. A variety of suitable pipetting deviees are com-
mereially avadable (Wedum, 1950). Some of these operate from the laboratory
vacuum line. Recommended methods for the use and handhing of pipettes as
reported by Reitinan and Phillips 119501 should be followed.

Another picee of equipment universal in a laboratory is the centrifuge. The
hiological hazards involved in the operation of this cquipment usually consist
of an infeetious acrosol ercated by the breaking of glass tubes or the loss of tube
stoppers duritg eentrifuging (Reitinan and Phillips, 1956). Another hazarnd s
created when infeetious fluids are entrapped in the serew threads of serew-cuppesd
centrifuge tubes and are thrown out as an acrosol when the eentrifuge is operated
(Whitwell, Taylor and Oliver, 19571, Safe centrifuging can be aceomplished by
the use of safety cups or heads, Scaled eups are available to fit either pin-type
or conical-type heads on International Company equipment. After eentrifuging.
2l sealed or eapped cups should he returned to the bacteriologieal hood for
opening. Tuble top cenanuges, for which no safety eups are ovailuble. should
he placed in the safety eabinet during operation.

Another extremely hazardous techmqgue ix the grinding or homogenizing of
pathogenie material in a high speed blendor. This problem was investigated by
Reitman, ef al. 119331, Out of their stwties evolved a sealed container which
can be used on any standard Waring blendor to prevent the eseape of infectious
aerosols during a high spesd mixing process. This equipment is particularly -
portant when large numbers of samples of infeetions animal tissues must be
ground Ior pathogen isolation or identification,

The frequeney of laboratory infections among animal room workers ( Wedum,
19561 certainly warrants attention to the procedures and equipment used for
holding experimentally infeeted animals. First and foremost 15 the need to
adequately separate infectious animals from laboratory workers and from other
animals. The best 1solation obviously ix obtained by housing animals individ-
ually in sealed eages equipped with filters and ventilated through an air exhaust
system. .\ holding area of individually eagad monkevs in ventilated cages s
shown in Figure 5. This aystem has an addittional advantage in that separate
groups of monkevs infeeted with varous types of imfeetious agents, for example
with tuberele haeillt or Cecerdioides tmmifis, can be housad i the same roo.
It 1= recopnmized, however, that in many Laboratories the expense of thix cquip-
ment is prohibative.

Ax a practical alternative, germieidal ultraviolet (UV) eage raeks have been
designad which have effectively ndueal the manber of air-borne vegetative
organisis exeaping from contaminatead animals 1Phalhips, of al| 19561, Figure
6 shows a UV rack loeated along the front wall of an infectious anunal holding
room. The raek 13 ft hygh, 4 1t wide and 22 in. deep, with sohd metad shelves
Two 13w 18 in. hot eathode UV lamps, with fixtures, are needod for cach <helf.
Eaeh fixture is equipped with an alununum teflector te direet the sadiation i a
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Fri. 5. Ventilatedd cages for moakeys

band across the tops of the cages. The eages are solid-bottomed and solid-sided
to protect the animads from UV radiation. The bottom edge of the Limps is posi-
tioned to be level with the top edge of the eages Studies with this svstem iave
shown that the UV barrier prevented eross-contamination from acrosols of
vegetative bacteria produeed i adjoining eages, Ultraviolet usest in this manner
was only partly effeetive against bacterial spores,

Animal workers must wear skin amd eve proteetion when working around UV
cage racks. In our laboratoris workers wear ventilated personnel hoods as
seent in Figure 6 for this protection. Goggles ean be worn for short work intervals
in this area. 1C s importent that an adeguate anp maintenanee progeam be
practiced. The UV Linps must be eleaned froquently and replaced when intensity
measurements imdieate a 409 loss of output. Intensity meters for UV readings
can be purchased from General Eleetrie or the Wedtinghouse Corperation.




February 1963 MICROBIOLOGICAY, SAFETY SQUIPMENT 4

Frio. 6. Ventnlated equipment for nteenionscannnad hoblding roone, Ventihoed cager rek
outtitted with uboviober hehts s wenom the baekeround.

An additional foaoas: shown i Figure 6 1~ o safe mcthed for the transfer of
infected monkeys from one ventidated eage to another by means of a transfer
tunnel plaeed between eages. Two amllotine doors, foeated near the ends ot the
tunnel, are pulled up and both cage doors are opened. The monkey, i attempiing
to seamper through the tunnel can be intrapped in the center by proper maneu-
vering of the tunnel doors, The sight pancl en the top and two glove ports, with
attached leather gloves on cither <ide of the tunnel. allow casy restraming and
wanipulation of the annad. The tunnel also has been usetul in work with non-
infected monkevs il has resuftad in o weleones deerease i the mumibner of
monkey bites and pinches i the earctaker croup

To insure continnity in the contminment of mfcetions matenial ofuring eapee
changing. e eages are removed from the UV paeks and processed an a howd
maintained ander negative pressares After transfernng an ammal to a4 elean
eage. the contaninated eage 1 placed within o farge reetangular “boxear”™ which,
when full, i~ trundbsd mto a large double-door smitockave loeatesd i the wall
between e eontaminated” holihing ares aned the “clean”™ preparation room
iFig. 7. The time of autoclaving i~ determined by the contents Adter the stenh-
zation penod is completed, the boxear 1~ emptind on the clean <sudes Tt then -
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Fi6. 7. “Box-Car” containing animal cages being placed in double door wall autoclave

returned via the autoclave to the animal holding area for recyeling of the process.
All animal cages, bedding, carcasses, or other discard materials are passed
through these autoclaves for sterilization before they are handled in the clean
preparation room.

The disinfection of heat labile materials or delicate clectronic equipment is
possible by the use of ethylene oxide gas. A steam autoclave can easily be
equipped to be used with this gas which is available as a low-pressure mixture
with Freon in disposable 16 oz cans. To operate the “gas clave,” a vacuumn of
14 in. (Hg) is drawn on the chamber and the ethylene oxide gas injected to a
positive pressure of 20 psig. A disadvantage in the use of this gas-mixture is the
required exposure time of at least six hours. Also, exposed rubber and leather
watcrials must be thoroughly aired after treatment,

For disinfecting single sheets of paper, a UV pass-through chamber installed
in a wall separating an “agent” from a “non-agent” area has been deseribed by
Phillips and Novak 11956). Thix apparatus rolls sheets of paper slowly between
UV lamps with a radiation dose xufficient to provide inactivation of 99.97¢; of
contaminating bacterial spores. It makes for a very convenient method of pass-
ing daily animal records or necropsy protocols for compilation, computation or
for immediate transposition into permanent form by clerieal personnel.

One of many other usex for gerinieidal ultraviolet radiation is in the construe-
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February 1963 MICROBIOLOGICAL SAFETY EQUIPMENT 11

tion of UV door barriers (Wedum, Hanel and Phillips, 1956). These barriers

are eonstructed by placing UV fixtures in a channel built around a doorway in

sticly a way that a band of radiation sereens the opening, It may be very desirable
for example, to place these barriers around doorways between infectious animal
holding rooms or between rooms housing different species of animals. It should
he emphasized, however, that the door barriers are not intended for the decen-
tamination of surfaces, clothing, or equipment, but only for the treatment of
air that may pass from onc area to another when the doors are opened.
CONCLUSIONS

A program for laboratory safety must consist of the firm establishment of
clearly stated prineiples, the education of all personnel in safety operations, the
immunization of personnel where applicable, and the proper application of safety
cquipment. Most of the procedures and equipment for the animal laboratory
discussed in this presentation have been proved by actual practice over many
vears of tests with highly communicable disease agents, Many will counter that
the methods and equipment may be too difficult or to expensive to use. However,
i1, was not too long ago that the ultra high speed centrifuge and the eleetron
microscope were considered too expensive and exotic. Today this equipment 1s
found in the majority of laboratories, If one pro-rates the advanees made pos-
sible by the use of equipment which allows for alinost unlimited flexibility and
scope of work with infectious agents, it can only be concluded that the real
expenses, materially and morally, are the medical and psyehic costs incurred
when occupational infeetions occur among laboratory personnel.
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