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Al TRJACT. A program for biological safety iii the animnal laboratory mulst Consist of

fi fim establishment of clearly stated principles, thle eduication of all pe'rsonnel in safety,
i imunization of personnel where applicable and the use of properly designed safety

equ meart. Alany laboratory infections are preventable by the judicious use of such spe-
ciallY designed equipment. This is exemplified by the proceduires and equipment, describedl
in this paper, which hiave been proven by actual pract ice over miany years of tests with
hiighly conliniiinicable disease agents.

The most important aspect. of the problem of biological safety for infectious
disease laboratories is thie prevention of infection in laboratory p~ersonnel. Phiilo-
sophically less, important,, but still of great p~ractical significance, is the prcb'enh
of also p~rev'enting laboratory acquiretl infections (cross-infection i n the animals
used for experimentation. The needi for iiinitnizing, aninial cross-infection is best
indicated by its prejudlicial effect on experimental results and the( infectious
hazard presented to the handler of infected animials, (Kireliheimler, eleilski andl
Phillips, 1961).

The simplest and the surest method to achieve this "prevention" is the pro-
hibiting of personnel f rom working with certain agents infectious for man or ani-
mals. This principle actually has been enforced in some laboratories wherein
work with certain disease 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 muore reasonable practice, therefore, is one in which
the use of special techniques or equipment providles and maintains safe working
conditions in the infectious disease unit. The absolute necessity of such tech-
niques can be exemplified by thle conceivable isolation of a viruis as the etiologrical
agent of human carcinomas. In thiis situation thiere undloubtedlyv would be a rising
emphasis on the moral and legal obligation of laboratory chiefs to provide pro-
tection for all personnel associated with any wvork 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 onl the basis that occupational
illness was inherent in thie p~rofession. The fact. however, is that nmany lItboratorv
infections are prev'entable by the jiudicious use' of specially designed equipment.
(Weduni. et Iil., 1 956a I andl by the conscientious application of good tevhnimime.ý
in biological procedlures that are potentially hazardous I isnadel. 1951 ;Fish and
1ýpendlove, 195() I. The practical wvorthi of these concepts was pointedi out at thec
1960 meeting of the Animial ('are Panel it, a renort froni our- laboratory (.Jni.;'zm.
1960O I. This report showed that not one( case of illness inl citiher our, anlimnil haundler

Plre~ente~l at the 12th Annual Merting of time Atm:uv0 care Panmel (vtpmjinon nio.)itmaiil a1ni R111,1-
Snial5mfety in the Animal laillcirat nrv) qeptembe 'r 27 29, 1961, linsoit j Mas.-.s

U .S. Armm- ( lemmmmea ( 'rpý ii t ouiltival Ltalitirat ortP4 toi iDet rivk. Fr,, letok, %huinavl id.
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01' techlnical p~ersonnfel occurredl in over 200,000 exJ)o,,ur(-risik uma iotirs even
though the work involved direct hiandlling of animals exp~osed to aerosols of 111gh ly
infectious organisms. This past year's wvork hasý resuiltedl in an add(itional 15,)000
man hours of safe work.

'\ost of the publications r'elating to the frequency, the( causes. andi thte eliuiui-
nation of lab~oratory acquired infections have led to thle conclusion that the sýource
of in fection is generally wvithin a few inlhes of thle worker's faee and that inclo-
sure and ventilation are thle ma~jor factors in eliiminating lab~oratory injfections..
It, therefore, is applarent thI at tile basic princlell involved in thle t1(sigi anit I use
of mnicrob~iological safety equipment is in limiting or contr'olling intimate or
ca1sua'l contact with thle infectious agents. In the pr'evious report from our labora-
tors', this p~rincipl e wvas illust rated byivt il( indlividIual m ainutenance of experiiuenl-
tal ly infected1 animials in sealed cages venti lated with filt ereud air pulled thIirough
thle cage. Such equipmenvit shields animial fromt anlimlal and handler fronu anlinual.
Thiese (lesgig features also typify tile 1bacteriological sa fety cabinlet, whiich is tIile
to~ost impijort ant iteil of equipmllent inl tilt prevent ion of laboratory acquired in-
fections 4 Wet hm, 19531I. Tni vent ila iid cablloet is a device which not only pro-
vidles suitable table tolp area for the perforimance of miicrobiologic'al opecrations
but. also provides glass shieblding for t lie vor-kcr.

A variety of ventilatedi bacteriological cabiinets are iv-1i1lable commizercially I S.
lBlickiian, In(-., l~eelawken. N. J.; Kewauince \ Ianufac1 ur!'g (C0.,.Adrian.
M\liehigan Ior can be fab ricated froiii wood, incmtal or even Iplast ic. Figure 1 shows
a typ~ical cabinet const rutcted of stainless steel. All work is done through thli armn-
length rubber gloves. An att ached pass-tlirough box, equipped interiorly wvith
uilt raviolet lamps, is Used for inserting or removing itemis fromt tilie cabinet. This
cabluiet is providIed wvith an exhaust air-filter andI an exhaust blower N% hiiel main-
tainis a retducedl pressure of one-half to one in. I wvater) wvithin the cabinet. Utili-
ties attached to the cabinet include hiot andl cold wvatet', vacuum, comllressetl air.
gas, dirain, at 110 volt AC utility outlet, ultraviolet lamps. andl fluorescent lighting.

This cabinet, is highly satisfa ctory for many operations, but it dloes not pre-
vent p~ossible exposure of thle operator to infectious materials removed from thle
cab~inet..

To overcome this probleimi a more elaborate and complicated interconnected
cabinet system has bleen develop edl and has been describedl in (detail lby G~renmil-
lion ( 19604 . The basic unit of this system is a 34 in. modlule. A typical general
purpose5 miodlular system is seen in Figure 2. These cab~inets are gast ighit and have
been designed so t'hat all materials leaving the system may be sterilized inl thle

alutoclave (seen in tile right foregroundIi by either steamil or etibylenle oxidhe gas.
Non-lultoclavable it enis mlay Im, reiiioe -oiro) tile cabinlets by passing thirouigh a
dlisinfectant solution containedl in a dunk bath seen in the left foreground. This
systemii can be tailored to tilie requirements of the user by~ thle incorpiorat ion of
addhit ional hback or bot toii miounitedt units into which are, fit tedl refrige'rator,.
incubators, deep freezers, balances, and sinks.



Fic. 1. Bacteriological safety cabinet. The ultra-v~olet ~ntr.N box is seen on the fight

F't. 2. (Gene-ral-purix", nmotul-ir hbxsl s vsemi. Thle dlunk lantik is wen al~ ~laced Io I liv lint -
tont~ of t be muecond fromi left nitlitilamr urnit.
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Fw;. 3. Animal hold•ig modu!:ar units

To protect animal handler, in infectious anmumal roomis, it ilmay be d(esiralhie
to house animals in a cabinet systeii in.,teald of ventilhtetd eages. Such animal
holding Imoduhles Can he added in one or more levels to the basic cabinct system
as shown in Figure 3. Various lev'elsare connected to each other by electrically
operated elevators I Fig. 4) for the transfer of animals, feed, and cquipm.ent. It

is within these modular sv.-tems that all l•cedures are carried out with in;fecti-
oills Stulit ances. Such lrotedumre include the olening of culture tubes, blending.
g zrinding. inovlating, inje'lig• or n•,verol aing animals. .knd opening s.alhd cen-
rifig -i ru, or other cont ainers of in fe-etimus imateri-al s-Iislwetehl of haing

inner leakage or briuakage.
At the eonelslioim of a part icular operatliontle•trilizltli)1 of the entire s•yAutm

canl 1w:-t Ibe achieel hy v'alwrizing .teaii-iorIilhyi•e mixturcs ( liek.
"(;rinjillion and oulImer. 1961 . For each cubie foot of air-spaeie. onet ml of 37';
formiahiyelivi s.hould Ihke va'orized. Most any %tvamn ze•:mrabor can be tll'49 w.:

-- -----
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Fic. 4. Elevator :vteni for animal) holding vabinets. The Exposure Tank is on Owe righit
and the elevator system L; seen on the left (of h~e stand) piush-hut i ont vout jon.')"It t1 11"
center of the picture.

the disseminail~tor. Mists of ))eracetic acidl. 5))rflvei front !% 21; aqueous- soltit ion.
also can be used for cabinet sterilization. hut~t precaution muitst lI~ takvii to
thoroughly air aini wash thle cabinet a fter itse of the, acid.

Al though the baeteriologricalj ecabinet prov-i. les a1-itrtigh otaet of in fee-t

tiolls Ilaterials, it cannot -erve 3s ak Substittute for :uei~ltlatv training ,ndiu carefuil
t.1 fliq ues.
It is of interest to note, that line cqui pmtent iIllustra ted I . designed1 andI uj orate.)

for purpioses, exactly the revernse of that 'it iutoote ethhdg.h olu

Ia r ga~st ight system, uti.ler nega tive pre-s-tre. is dvnigme. to prvvent lie 4c-ca3)4,
of organisms front within the systemi to the outsit le environment. ( ; ioto.))(t ic
ealiinets tire mnaintainted tinder positiv pejres~.urv to pruvent rut ranict of turgani-
ismis from the olitsi(iv envi ronmient Into the ý,%-t eamm. Both tV)x (i f tiumt unmet-i
halve thle ident[1 i.1) objective of pmrevent ing, arccidental tinfectuonw. ]in either ila.~
tvorker or in the gnotoliiote.

Gra~nt ing the esset ial utv of a cabilnet ~vtlmin inifeelt iouNl~aMIb
other ylvieus of equimpuen t not w, ,1wrtactilar in .le?.crimt ion hut highly cont ribui-
tory to safe operation- cannut lie overitwikis!. Pip-tt ing tievice-. are, in thi- Cate-
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gory. rl* (langer Involvedl iin miouth jpiptetting of pat hogenie muaterial is obtvious
aind shlouldl never be allowed. A variety of stilt able pipetting detvices are coml-
muercially available I Wedumu 19.501. ~'Ntr of thevse operate front tile laboratory
vaiCuumII line. Recommnende let-Imthodis for tilt uise and halndlling of pipettcs a

replorted by Reitmian and Phillips ; 119501 should bei followed.
Another piece of eqjuipmuent universal in a laboratory is the( cent rifuge. Tilt

biological hazards Involved in the opelration of t!iis eqIuipmuent usually vonsi-st
of an infectious aterosol created by thet breaking of glass, tubes or tlt- loss of tube-
stoppers during centrifuging ilcitinan and Phillips. 19561. Another hazardi is
creatted v.hen infectiouts fluids are entrappedi in the screw threads of screw-cupped

cenltrifuge tubes and atre thrown out ;as anl aerosol when thec centrifuge is, ope-rated
i witWitwell. ravlor and Of)iver, 19-571. Saile centrifuging, cani W.e accomplishieud by
ti(e lise of safety cuips or hevads. S :ulvi cups, mare avai lable to fit either pimi-t y lK
or conical-typet heads onl International Company e~juipmment. After centrifuiging.
%1 -4-.aled or eappet clips shoullb I be returned to the bacteriological hootil for

opening. Tabple top ;ou~g- r %%+1ch no ý-fety cups are -vailalble. shiotilul
Sihe~ plce in tilie safety cab inet dhiring operation.
Anmothmer extretikelv hmazardlous techninuue is tilte grinding or hoimogeniizinig ofi

pathogenic material Iin a high speetd blendor. This problem wats investigateti b)y
Heitman. et al. 11953;. Ouht of their s-tudies evolveý a sealedl containmer whichk

canit be USeA onl any' standard Waring blendor to prevent thet escape- of inf~ectious,
aerosols dluring a high speed mixing process. 'mis eUitlummeilt is~ particularly mIi-
portanit when large numbetrs of samples of infectious animual tissutes muust Ihe

ogrount! joir pathogen isolation or Identification.
The frejuency of labloratory Infections aimong animal roomi worker, AN'i(tiluiii.

19.61 certainly warrants attention to the proceslures and equlipmnent uised for

holding exp-rimnentally infcted(4 ankimlals. First andi focteImiost is the litmeed to
adlequately separate Infectious animals froimt labioraitorv workers andi front other
anllimal. Thet bust Isolation obviously is olbtain il by hiousing anilimials mu livie I-
uiallv inl sealed Cages equippedi wit h filters and ventilattei Ithrough an air exhau!st
sy'steim. A hioldfing, area of mt lividutall lvcagv il mtimomkry- Iin ventrilateuli cages I-.
shown Iin Figure .5. This -st 1!ha all atitltlitonal adlvanitage Inl t hat ý ivi rate
group,, of imionkevys infectud I xit h various: t yJXwý of infectious aget vlt. for exampi-ihl
%"Ilih tubercle li u'illi or I eriic n p ts al ehue nth at om

It 1, recognizvd. howe-ver, that ill ;mmyn lahoratories tlte uxpewse of t his et~jiij-
til-lt V. prohihuit11 ve

As aI practical alternative. p-roimviical uilt rax'iolet t-'l cage rarke- hiave beenv

desýignedA which hla't effct-VI-ivel riluct~l tit hnitaihw-r ifl :tir-liorne %-vpet~ktivc

*organm-m!-is t-capbing from cont aiiinatt-l aninual I- Vhlil lp'. .1 I a., 19561 I. II1
Atw. :mo al rack lo:tmil Molong. tile front wall of an infct- mu-l Ilaniit holdingll

r`00111 The rack is a ft high. 4 ft wtidu and 22 In. deepvi. with mislid mii~t al shevlev-ý

Two 15 ws.. IS in.. hot calbt hod IN'i laitip' withI fixi ures. ar, nt'edc'l for each -!0ief.
Eah ixur i i ;ipe wtIi anauitmmtrfetor to dirvet tilh- r-ad ationin:

T
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hau aros O theups of t he cagvs. [Thc capg-7 arc o'iIlt ttI' andi ,ohIi~-s.tletI(
to protect tile animain fro m I"X* rtat iitmu. The ll(- xtom udghe of the kitips I!, po~i-
tionnti to ibe lt-vie withi the top ege t. of li :g.~ ttivp tlfie-. With tiltlhs -%,terl ila-ve
shown thmat teIN i VhIrrtmr prxtrrit di't-c4t1ina 41 tfroml :atrosOk of
vegi -tative bacteria prothiirviIil adjoin lug ('te.Ii ailtueiiiiiis manner

wwst oinly partl iveffective ag.airi-I biacterialI'ar-
.Animali w~orker., Iintt "evar -kIn :mtae ev rotnert01 inWlien work o a uin- a in UV~

eage racks. In our hlwoate'riet- worker, "ear ventjilartti pe-r~.otirid htxti-
,(VI'll ii Figtire 6 for this p r n 1 ;liin - e(o it4tN at Ix r o -utwr itr~i

in O il. :trv3. It is. mimprt.-n mt Ihat an s+Itjuatv l~ampj titaint eniance proermiai 1e
practicetI. 1'Re UV hmlip- IuU't he citant-41 fmurviuet i andi repdartii whien iuatun-sltv'
mnehs~vnri-Ii~tsn Indicamtv a 401, * I,ý, of outpuit. Inten-,il mv iur- for UVl rvuiindlg'
can Ie purt-Ia%.td from unt-;.nral Elect rir or tit. Wvt-tinghou.-I, ( orix~, lot).



VV

11i t1 tIlaIf %I: R IIOIfIIHIUI. vFforv6 ý :JI ýavlil'%! fr i(-;\rvr

tt) .:iitiptr throiwit tilt tunnit-. calllit mt ratpptil 'nfit teilt-tvar liv jrojier iwiiviiil-

vurivr tif tht, timiii'l1 thoir. Tl -1,01t itaiml il tin lt- top alti two ldove po~rt:.. wvithi
:attatdiei! leatheri glovvtý oil eithcr -Palv of tht atumail. ail~ti t,:i-x v.I r. k rainin :aiie

I 11:111i1 MI:k 110?) 1iIf t lIeI :aaillltiia. The itinnel :ikot ha I-4-ii' ti-thi lin work xwih weit-
mfiitedti miiiakuyv- awil ha-. rt-olatvi lit a wltulro* tlvrt'.:-t l thti flt nunill-r til

,IuuIIaktv Iltvf- :iiliai t'IIIIln-ii Illtilt- c~trvIfaktjr 2 5

To i1ý1n-u rouitilluity Illilah ot, anan of tin vt iow- iiaaarial -Lirlilg ig
Chalwimng. '114 .'agt- an, rumoviinil from tlt, UVt rtck- anwl jirosr=-rt4l it a om
n aamnf:inta iv midutr iilai tpru's-luri> A~fi r a rani- r-ring .-Il :t linauii t I clea rtai

v'agq" lhit comntanlimintt-4t Cap '~g - placted witlm hii la r-g n-ri :IngI~rl:Ir '.cr"iri

"wI)- f'Ill. j. arimntlt-al into :u largev tlttiihl-tltMw :ktiItmtblvt liic:ittil Ill (hrt w~all

h,-we' "Colittntiillantft~l hldlaimig In-:I anii- tie*lt- :uivit Iprtibarahtio t~t nim
1ig 7' Tlit t~nut Of iumtoclaving i- nt lt nviuttI, tlt- a e ttiatcm A laur tilt- -it-rili -

rat ionl ;~Im-no i- rtlipleftt . tilt- lxi~car 1- vm-iii t a on a w crui-i -idu It a ahsan i
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FiG. 7. "Box-Car" containing animal cages being placed in double door wall autoclave

returned via the autoclave to the animal holding area for recycling 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 electronic 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 vacuum of
14 in. (Hg) is drawn on the chamber and the ethylene oxide gas injected to a
positi;-e pressure of 20 psig. A disadvantage in the use of this gas-mnixture is the
required exposure time of at least six hours. Also, exposed rubber and leather
matcrials must be thoroughly aired after treatment.

For disinfecting single sheets of paper, a 1V pass-through chamber installed
in a wall separating an "agent" from a "non-agent" at ea has been (lescribed by
Phillips and Novak 11956). This apparatus rolls sheets of paper slowly between
1W lamps with a ra(liation dose sufficient to provide in•ctivation of 99.97(, of
contaminating bacterial spores. It makes for a very convenient method of pass-
ing daily animal records or necropsy protocols for comlpilation, computation or
for immediate trasol)spition into per•tanent form by clerical Ipersonnel.

)ne of miany other uses for ger:-ijiiidal ultraviolet radiation is in thle (onstruc-

___.______________--...... .... aa. *.Ji
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tion of 11' door barriers I Weduni. Hand and Phijllips.. 19561. These( barriers
are constructed by placing UV fixtures in aI Channel butilt aroundi a doorway in
such a way that a band of radiatiOnl screens the opening. It miay he veydvei rable
for exampule, to p~lace* these barriers aroundifldoorways be(tweenl in fectious animal
holding roomis or betweenl rooms housing different sp~ecies of animials. It should
be emipjhasized, however, that the (door barriers are not inltendedl for the decon-
tamination of surfaces, clothing, or equipnment, b~ut only for the treatment of
air th~at may pass fromn one area to another when the doors are opednedl.

CONCLUSIONS

A program for laboratory safety miust consist of the firm establishment of
clearly stated p~rincip~les, thme (education of all personnel in safety operations, the
immunization of p~ersonnel whlere applicable, and the proper application of safety
equip~ment. Mlost of the p~rocedhures and equipment for the animal lab~oratory
dliscussed in this prtesentation have b~eenf proved by actual practice over many
y'ears of tests with highly communicable dlisease agents. Many will counter that
the methods and equipment may he too (difficult or to exlpensive to use. However,
it -was not too long ago that tile ultra high speed centrifuge and the electron
milcroscopec were considered too expensive andl exotic. Today this equtipmI~ent IS
found in tile majority of laboratories. If one lpro-rates the advances made p)os-
sible by the use of equipment which allows for almio~st unlimited flexibility and
scope of work with infectious agents, it can only be concluded that the real
ex~en~ses, materially andl morally, arc the mnedical andh psychic costsý incurredl
when occupational infections, occur aniong laboratory lpersonncl.
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