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SUMMARY

41r Mygieme Id Hospitalee

Bmmlie, John AN .,

M.D. Thooio, University of Glasgow# (Sept# 1966)
60 pages of teat, 99 tables, IT figures,

158 references#

This thesis is in two main parts —a review and a report#
In the review, the devolopmeot of air hygiene as a Hospital
discipline i1s recounted before current principles and practices
are discussed# The principles of airborne infection are
considered under the headings of sources andddispersal,
environmental transmission, and colonisation and infectivity#
Similar headings are used to outline methods of control#
Brief comments are included to complete the review on the
types of pathogens most comaonly involved in airborne infection

and onnthe equipment and methods for use in studying them#

In the rc|>ort section, details are recorded of several
difier*Ait investigations# A series of experiments with
artificially produced aetesols demonstrated the fallacy of
using a single index of measurement for naturally ventilated
atmospheres, although such aerosols are useful for determining
experimentally the transfer of airborne bacteria throughout a
building# Also demonstrated were the Ancons!stencies to bo
found when oolonywcounts are performed, when unmatched slit-

samplers are used together, when aii“sampiing is done by means



of tubing attached to olit-eanplere, and when the concentration
of aerial contaminante in a whole room ia estimated by inference
from an observed concentration at only one site in the room#

A bacteriological method ia described for evaluating a simple
photometer with which the bactericidal light output (2037 A
wavelength) of commercial ultraviolet light tubes can be tested#
Finally, details and observations are recorded of a few mtudies
of naturally occurring aerial contamination in wards and in
operating theatre suites#

It is concluded that much is known already about airborne
infection in hospitals but that relatively little has been done
to apply this knowledge to establish more hygienic conditions#
The benefits to be derived from improved conditions cannot
always be measured to everyone®s satisfaction but, as a general
rule, any structural or functional change which reduces either
the production or the concentration of aerial contaminants
should be adopted whenever possible# The acquisition of new
knowledge and the refinement ef that available at present is
likely to be difficult because of the numerous and intofw
de/endent aspects of airborne infection# Probably this will
require the establishment of special facilitées# However,
the meat vital change of all which is needed is in the mental
attitude to air hygiene shown by the medical, nursing and
domestic staffs most immediately involved in protecting the
health of patients#
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1 : INTRODUCTION

2aloe Tiblos

The thesin i enditled “Aley Uyplene in Hoapitolal.

1eBe Puwrponca

&=t
Y
o7

propering this thealsny, I set wyself three objeediveas

F
®

o rovicw eurront conecepts of eirboras fufecdion

in hoopdial,

2¢ W0 record Ainvesdipgetioms I have made of cerdaln
eopeats of suoh infection, amd «

Ss 4o conslidey felure developmentn in the ophere of

aly hyglone in hoopitols

1+3e Formabe

fineh of my sovercl studies roprosents o separele ontity
for considerationy olthough all of thoem owve reloted 49 o
pinsle topia «~ ply hyglome in Iwepitelp. They ave
recopded and dliscunsed separatoly bud § proseat o shord
dinouasion o compoet the parts with the wholoe  Tablos,
giraphe ond diagrome evo gathovoed togother in the Appondix.



2 : REVIEW

Dele Hintoricpl Roviows

19 Befoze 1000.

Morengeo ﬁigh&im@@l@ and Joneph Lister are populorly
givon eredit for evolving the comcopbs of infection acguired
in hoopitnle The impordtonce of thels obsopvedlons eopnod boe
deoried vepoeiclly vhen bhese avoe rsaoased in tha contond of
the conditions preveiling du hospltale durlng tholy opg « 2ho
mided Foh Lonbturye  Howovory the oloments of the sitnobion
TOre &g@@@@ﬁ&%@ﬁ~&ﬁm@ﬁ% o century hofore (Beluyn 1906) pnd
tho modon of trenafor of Enfdations gonowelly were rogognisod
ovon corliors (Wolle 1988, #iloy & O'%Weady 2961)

It is selntory to realise thad planned vendilotion: fop
hospitals an o necns 4o contyxol  nproad of infection vithin
thooe iastitubions was firnd advocoted in 1768« Oy ohe time
of Hightingele and Ldnter, nod only wan plovned npdurael
vanbilation o reclity bud onouplen cxistod of mechoniooge
exdroct vontilation cnd oF an olomentary fomra of alpe
sonditioning. {Nuffiold Provineiol Hespliole Trusd 2966)
Tndond, doplug Sho some Cyimzan Ver in vhioh Miss Nightingolo
aprned her fame thove wos bulld o pemarkebleo wilitery hoaplial
vhich imcladed swong 449 weny novel: features o syoten few
nonitivesprossure vontilaodion of vevds. {Wocke 1808) %t 4o
slenificont thot such venbtiletion wos provided o smslude
paelle and apporently not 4o deal with alrberne miorvobes.



Some years before thot wary Sir Jawes Simpson, o noted
ourgeony stobted that “the vitioted slr of om hoopidel" was
¥Pull of living spores and germs® whichy “vhen they find o
proper nidus, lead on by their development to fermomntaitions,
putrefoetions, supperationfeesssac®s (Belwyn 2068) Neot
uptil after the war was the druth of Slmpaon's statement proven
wheny inm 1861 Louis Penteur demonstrofted the existemnce in elrp
of such geymp. Posteur's diseoveries prompted Lister, then
practisiong surgery inm Glospow, t0 comcelve the motheods of
enticepbic surgery with vhich he assoeinted the wae of g
garbolic acid sproy to disinfect the alr of the operating
theatres {Guthrio 19656) A marked reduction im the
incidence of peot-operative inferbions oeerwed. from the
introduction of Listerls wmetheds but subseaunently dthis vas
ovarshadoved by the more dramatic results obtained with the
intreduction of stecaw sherilisedion.for surgicel Iinstrunents
ond the appliecetien af aseptic surgical techniguon.

The apparent cclipse of Lister's mebhods caused mony
peraons te cttribute greater importence to apread of infection
either by contoot or by ingestiony thon to epread throuvgh oir.
This interpretation seemed to be confirmed vhem Flugge
demonstrated that oxheled droplets combtaining respirotory
porasites vere of swueh o sige thal grevity csused them to
sedimont out repidiy from ceriel suspempiom.  (Wells L96S)

23 Botween 1900 ond 1050.

Daring the first quarter of the 204h Cendury, the concepd
of aerial tromsfer of microworgonisms virtually fell into
disreputes Flugge droplets, as they were termed, ceme to he

regorded morely as speecial vehieles for the spreed of imnfection
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hy direet comtocts Respite eatoblished ncepticiemy; however,
intercat vas relindled vhen Meleney and Stovens in the
Unltod States of Maerien reported the imstanee ppporently of
- eerigl trensfer of pothogenic sireptocscel in aw operating
theatre from the nose of an wimoasked surgilcal atbendant to the
incigional wound of o potient. {lounrdy Jeie b _ole 1964)
Initially, investigations coubred om the streptoceccus,
ou the aperating theaire and on dispersal from the respiratory
troctse  Greduallyy e less resitricted abttitude developed
especially with the work of Williem Fipth Wells and his
gollecgureny and vith thot of his fellow Mmericeny Neryl Hawvts
Qvor o peried of some 85 yeors, VWells developed the hypothesis
“of "opoanibery ventilation" « thal 1s,y the desirability of
cleansing the atmesphores in which humen beings mipght be
exposed to harmiul mirbaéne microbese Wella' principle
combribution to the Tledgling secience of adr hygleme wos to
demonsdrate bhe oxistance of droplet nueleis - These vere the
residucs of respivatory droplets which hod uvadergone evaporation.
Although they were smaller than Flugge dwoplets, they often
contained @&?aﬁiﬁi@'mierah@m and vere widely seatiered through
the atmosphere bofore heing inhaled by o mew humoen hoabe
Anobther repuld of these impertant studies wes the produetion
of the fivab device for voluwetric sawpling of aire The
“traditional® method of alr sowpling had bBeen doveloped by
Patri before 1900, This procedure was t0 oxpone solidified
nudriont agory contained in o Pebri dish, so that airborne
bacteriomcarrying particles could sediment onto the culture
medivm and, after o period of suiteble imecubation, would
yield visible colonies to be counted and identified., The
vechnique had mueh to recommend it end continuwes in uwoe but

its eruciel limitation is thot ib edllects only the larger



alvbprne povdiclos which cun geddnont oud vndeyr normal
conditions of rontine neos In vasomee Wells? devieco
sepclorabed the effocts of natural gravitye & volome of
ple wos drayn dndo fhe samplor vhoere the poarticliesn in asplal
sasponsion vero anbjooded to contrifegnl foree - virdtually,
an ardificiel aod anhongsd form of pravidy » fn owdow $o
dopsedt thom an 4 soupliog wedlum. - For the fivet Jiwmoy
thoveforey the congentrationn of basberli-ceriying particles
notuslly in serisl  ouspension covld Do estimbbede {(Wolls 1905}
Havby o contomporery of Wells, exploved the prachbicol
Ioplications of disinfecting iy by irrsdiction with
wbravioled ighte  Turing the eowrse of these ifuvestigotions,
ho obsowved dhat bho advr ol veny oporslting vooms was heavily
cunbaminated with stephylocosol nnd that ineveases in the
consenisratlon of these alvborne wiovewogganisnsy pardtlcularly
daving the wvinbor months,; socmed 0 by pavalleled by incresses
in the iseldonse of severe sbophyvlioeseoad vopnise
Fagpthermorey be noded that the goneral condent of airborae
microbes in o room veried approzxisctely in proporbion 4o the
womber of pepsonn in Lhe roomy the dwrabion of thoelr stoayy the
dogree of thelr activity or theily belbingy and the presonce of
conbtaninating crgentong {n dhe noge oy thropd of eavh pOroone
The reseld was thely even vhen o swyply of clean oy was
provided to the veom, bacteovis cueneding from dhe vroon's
gpooupnnts rapldly contanianbed the wly space poavdiculorly in
the eriticel zono fmnediately over tho opoen opoeRebive woeunnde
Bort deponsteated clesrly that vldvovioled irvedistion of the
alr marbadly reduced the concontration of ecoriel contasinonice
Bud leass ascepbobleo wes Dis cloiw 4hat sueh nepiel digisfoction
wos acesmpenied by o significent reduction in the ineidonce of
popt-oporadive vound sopsise - (Howavrdy Jaoile ab ole 1084}



In Great Dritaing the work of both Vells and Hart
stimuleted interest in the sbudy of wir hygiemes 'This led
to the developmment of a second device for the volumeidrie
sampling of alr ~ the slit-paumplers Howevewr, bhe advent of
vor diverded the otiention of invesbigators in both Dritoin
ond Mveriea Eway fyom olr hygileue In hospliels and towhrds
the: problews, of aivborne infection in overerovded military
end eivilion. quarders. The reslisation thet micrebliologienl
worfore ves o possibility geve furdher Impetus to research
which uldtimately yielded mueh valusble information as vell as
several nev devices ond techniques, The resulis of many
- worbime investigebtions 41d hear upon problems encoundered in
aly hyglene for hospitels. {Bourdillon, Lidwell end Loveleck
1948) Bub, in the hospitel sphere in Britain ot this time
the greatest impoed vas wede by the deecisive demonstration of
the bemefite obitnineble with artificial ventilation of burns!

Aressinge-roomns Bourdillon and Colebroclk 1948
&

83 Between 19250 ond 19G06a

Harble ecarly appreclation of the cmergeneoe of the
stuphylococens as the predomimaent cousel agent of infection
acquired in homplital wvas Fully confirmed. Whet he couvld mot
foraee was the adapbability of the orgonism in it offorts %o
survive - in the hospitnl environment after the wideespread
introduction of pntibiotics for climicel uso. pmﬁaemolymﬁ@
streptococel, previously the mejor inbramural pathogens, were
almoat invariably sensitive to pemnicillim and thus were
canily elimingted from the hoapitel's enviromment. In combrost,
mony stroins of Staphylococcus pureuns seon developed resistense

both o ponieillin gnd te many of the snbtibiotics introduced

to supplement ite  Apparently these atephylococenl sbraims



&a@ profiifeorated to £i1} the eoologlonl vaouum wmﬂuﬁﬁﬁﬂg
frvom the romovnl of stvreptocccei. Hoeonllod Yopidonie®
ﬁ%f&iﬂﬁ wero fdentidfied and wvere thought o ponsess ununnael
@@wawm of infostivitys In foeb, thie epidenie progonsi by
ﬂr@hwﬁiy coflockod bobh the oyganiamn? inhorend ability te
pupvive in tho anvirammmn£ mﬂd.i@ﬂ mﬁqmiwéé abliity o rooisd
the offecte of wmbibioticn. toncuprontly, thore wan on
ingrease nob only in the munbers of pornons reeeiving
ﬁrga%aﬁmﬂ in xwapima& but alse in the nunhors of patients
wheso ilinoss o ﬁva&&mwnﬁ waﬂﬂuwaé thom ﬁ&waxawiaviy
muma@n&zhﬁ& b0 yaﬁﬁﬁ@@gne miorobono,

Hothodo fop iﬂﬂmﬁaﬁyim& ﬁ&?ﬁa%ﬁaﬁ tvpes of stophyioancal
,wwwe &ﬂ?&i@ﬁ@ﬁ and were ‘sigeificant in focilitabing otudy
of dthe machonlons of h@@@ﬁ%a& infoebions © Yeh attoentlion
wos poidy o both o procticsl onpd on emporidontal bools, to
npravelling the indrleacios of parbticndar facobs of 4he
prablems  Tn the field of oib Lyglene thia involved
idendifying sourcen of padhomens, oluoidebing the mechenics
af @imporsnl, demonsirating tho vebicles of tranonicsion, and
chavavberiolng the ottwilkates fox survival and infootivity.
Hosd investigediown wevo of o pubely qualltative mobturey o
FPov involved goendidebive eatinnbions bud oply veroly wan
there n seriouws adbempd o ansess dho indboveroledionship of
aovorpl individual compinents wpder studyve Froguonlilys also,
tho woselts of studies conduodted during epidemio ouitbreaolha
worg applied by inforeones bo dofining noasures §§ conbpol
ot twuly Justdifiobie Tor move morusl nomapldenio
altuntionne Conflicting thoovlon were propoundeds nev
wochniquen vere developed and aevorsl oFd mebhwds vore
vofinods Loabtewly, the develapment of byping procedures
Yor vorisus Gramepogabive bocllii hedghtoned the growing



owareness of the significonco of hoopitel infections souneed
by organioms other than atophylococcds Additionelly, the
firod tenbedtive sbops vere teohen to dofine criterle ond
eadablish generslly applicable mothods for reutine
gervelllsnce ef oll types of infostions agyuired in any pavt
of thoe hospitnl.

Safe Current Principlos end PFrasticom.

13 2drvborne Infeoction « Soureas and Bisporsole

The grimery seource of mont micro-orgonisne pathogenie
for one human bolng io wevelly anothors or the oome, hunen
hoinge - (IMlge Lo} This gevoralisedinn does oversimplify
the complen volotiovnhipe vhich oxiot in roollitys Yob
povhesre wore ¢hon applied to lafoction seguired in hoopital
doen 4t aserve o cophasine the moad loporbdend conoepd - that
the exictancs of mlerebicl pothogons in aw insbtitution ie
the direed conscanengs of the yrosenco of combouimatoed huwann
hofnge in thad building. (Nobewtocen 190853 Hovher & Yorron
rea2)

Bodth healthy ond diseaned huwons pey aod as powrees fow
a varioty of pabbogons. Use of the dtorm “souree® infors thad
the hupan possesses o site in or on his bedy vhewre the
booterie way live and auldiplye  Probably the healthy cersios,
devold of signe ov sympioms, io wmore importent then Zbhe
elindepily obvious, disessod potlionts Towevory %o bo
effoodive sg o sourece For sorial twsusaission of 446
negoniomeg o site smet offer cppordtunities nob only fop
suidlplication bud alae for liborebione 3I9 4o oimpleo do
doduee that sites o thoe surfoce of the body will Povour



dloporsal whereas these situebed doeply will weguire sowe
sdditionnl précesses if Libewabion of thels micvoben do to
bo acconpl iahed sucessiulive

oo ports of the body sve neturally endowed with
meohanisnes for disperanl ond thus can be considered imaedietely
s regnlav pourses of sirborsne bacterios The respiratory
treet's propenaity in thie wrospoot hes beon roslised for yeors.
Mowe voconblyy the potentiel for diopersal bas boen pppreciatod
s on dnocidendal to apvother wollehpoun physiologicel process e
the continunl shedddng of olin soslos from the surface of the
bodys - %mvﬁagﬁﬁﬁg Both thedo sonrees nownelly oavey conmensald
baotoria bul significont sumbers of persons inm She community
By eorry potontially pathogenic bosterie in 4he nabowpharyps
{Tomen, Loosld & Hamborger 3048) or on the shine {lava O
fidley 1658) A contemimant commenly prosend on bobh these
sites in Stoobe surBucde

The mewmal bodily functions of rospivetion- (Beid, hidwell
& willdams 1986) end ebin-sosle shedding {Davies & Yeble 1068)
ape aoconpaniod fnevitebly by diopeorsal of these booberlisld
contoaminonda, She sunbers of parbticlon dioperacd holpg related
spoposineboly o dhe degree of aebivity of any partieuloer
timoe  {Auntin 108B) For exouploy, sougbing and cneezing
produce more boetdria than do guiel respiration end nevmal
sollings (Dopeid 1948) Siwilavly, wesbing, {(Meve 1903)
showering, {(Spoers, Bornard, $'0rady & Shootor 1968) and
onoreise (Hethune, Blowversy Paviier & Pash 1968} yiold move
acriel conbtemivanite then do sedendery wmovenondtse However,
the embent of bacberial dlaperael socems to be welatod less to
varintions in thd nize o nusbor of puardticlen velossoed bub
more ¢o the comeemiretion of mierobes aveileble ot the sourse
for nontesination of cach pavticle. {Pugnid 1946; White 1003,
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Bhrenkraons 1004, Noble & Davies 1965) Im the diseesed J"
sbaboy too, this guentitetive difference ig detectable in
thoat gross conbteominstion of the source 1 uwsuslly sssociated
with ceriel  congemtrotions well ebove average for the partiévler
contonminents being dispersede.  (Rountree & Roard 1862)
This relotiounship hea been observed particulerly with certein
types of potients - those with “open" regpirstory tuberculosis,
(Riloy ot ole 1962) with stophylococcel pnewnonicy (Shooter,
Griffitho, Cook & VWillioms 1957) with respiretory virus
infectlonn ecpincidentel to mnasal carvinge of Stephe avreuss
(ﬁiemunwaldgfﬁwﬁﬁeua&@m.& Fosso 1060) with stephyloscoccel
pyederinia, (Solberg 1965) end with o varicty of olin discasese
{toble & Devies 1966) However, these. instances of groas
digpernal reveal more than Juat gocentuctions of normpl
progesses of liberations

Dlapersal dnte air from other sites in achioved indivcetly
pince the contaminaeting bacterie pass to on intermediobe site
from vhich the asectual liberation is effected, Most eivilised
human beings spend the greader port of thelr lives in close
conbnet with fobries, in the Torm eithor of clothes or of bed
linens Xt is not surprising to find, thereforey thet these
connbidbute the commomest intermedisries for dispersels (Heve
1968) of course, the presence of fobrics which are both
sleon end ecleosely wvovenr will imberferc with the proecess of
netvural disperaal from skinme (Bernard, Speersy 0'Grody &
fShooter 19068 Dlovers & MeCluskey 1965) This in the rationale
for providing speeial gorb for surgieel sbtaff bud if the
elothes or bedding sve oxposed for only some 48 hours 4o the
nobural owbpub of skin, respiratory traect and éther bacteriag
they ropidly accumulebe o high concentvation of conteminentso.
{Waltor & Kundsin 1060; Plovers & Wellace 31085)  Groas



gonboninadion of febricsy ench ag infands® nopbins, wouad
dropsings and the héd linon of incontinend petionte, &5 bodh
commonplace and obvicesy yoby similer though less recosmisable
degroen of ocontemination ese dordved from pationts with

ennive skin lesions, {(Seluyn 1008) with burns {Povrdilion

. /
(FEA

& Colobrook 1949) ond with ompyenss {(Lowwell & TobheGyulal
1961) Bispersal fwom these sitos doponds vpon sechand val
diaturbance of bhe Tabric {Bubbo & Baunders 1668) pesticulorly
daring bhe novoments of bthe clothed hodyy (Pugdid & Welloee

1948) the agitation of bod Linen whom o bod i made up,
{Michaelnon 1004 Uyshan ob ole LO6V) end the haudiing of

foulod dvossings o hoddinge  {Vhom & White 1962 Church &
Loonii 1958)  ¥Fobries bave niso boon densnsbrotod gxperinontolly
pe dinsominators of veceinie virwe, (Sidwell, Bizmen &

Melodl 1960) . | | |

S Sivbowno Infoetion - Envirousmontel Tronemiboions

Separabion of the beoteris fyom dhoir hunany donor hoad
cither by direecd ﬁﬁﬂ@ﬁ@ﬁaﬁ or by trensfor to cinbhor site
fmmedfoboly ﬁ@@#ﬁve& ohem of theiy optimal conditionn fop
porvivaely lod alomo for muldiplicobions They are introduced
inbe vhe essentilelly rigovous conditions of the hoapibol
onvironment vhore %ﬁ@y'ﬁwa axpened o wepy injurious fofluvoneesns
Bopid evapovation aPfeots thowm hobh in air ond own surfacay
{FPorryy Brown & Dowop 1960) Hinton,Yeliwman & Ore 1060, Hobode,
fall & Stweob 1064b)  Eumpevinents with virse sevosels
augpont Lhat certein viruses, including vaceinis and influcuwne,
ave leos suscepboble $o deying eubs In contvresh, poliovires
purvives bhotder in o bwild atoosplerc. (Harper 1961} Bug,

if deasjoabion is prolonged, mob enly moy pathogonleoity be
loat bud the vitel obilidty to colenlse mey Lo impalired,

{Bowntras 1903, Bemmollomp of al. 19885 Arsend & Vesiloglow 1904}
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Bxpooure 0 1ight (DLidwell & Lowbury 1958) and 4o ounbient
temporature (MoDade, Hall & Street 1984a) ave olse delotoricus,
so bthat only those ovgonloms eble U9 adepd quickly in %;
rosponse bo an over-ghenging veriety of onvirommontol
conditions will avervives Becberio vhieh ean Form BPOTES
have oi inbkerenrt advantage in thio respeed and con be found
in meny sidtes im. hospited {(Gye, Rowntree & Loewenthal 1961)
although thob most commonly Tound, Glogbridiuwm welechii,

probably originstes either outside the bospitel cnvivens or
Prom bhe gestroee—intestinal 4wact of humons. {Lowbury & Lilly
196838}  0F bthe nomesporiag types Ffreguently ensounberaed;

SBtephs surens hns only o velaetively short sureivel time in
dust » loss dhan o woely (UePade, Hell & Btreet 1908) which

in shorter even than the estlmated physicel helf-life of the
dust dteelfy, (Lowbury 1060) 64 is cleaw, thevefore, that
the shorter the dursbion of trensfer, the more likeliheood there

ie both of the orgenisn's survivel and of ite success in
coloniping o humaen, recipient hooths

The distence gver vhich an eirborne organiom may be
vransferred depends lorgely upon the eharagteristics of the
parblelo %o vhich it becomes abbdoched ot the sije for
dispersels The one or two microblal pavasites Likely o be
contalued in droplet nuclei, 1«0 mierons im digmeter, will
remain pirborne for prolonged powiods of time (Duguid 1946)
singce the effecd of gravity on guch o gmell pertieleo io
peadily overcome by the budyemt influences of oir eurionts.
on these eirgivesms, the partiecle comn dravel far from ithe
ploce wvhere it arose bub in sueh clirvcumstences it can more
rendily be wifted imte the exbtramurel eir tham be imbalod by
e bumen host ond deposited in his lower respivebory tract.
{Velle 198658) Lorger pordicled, G-20 microns in dinweter,



remedn in aserinl suspemsion long encugh onby to be projected
wvithin the room of origin ond therein they settle om any

e

exponed murface. Sproed throughout on B-hbodded word during
a period of 48=-86 hours has been demomatreted. {Andewnon, ‘
Coultor & Looke 1960, Rubbo, Stratford & Dixcon 1062)  This
is rendily eppreeiated vhen it is reslised that sueh particles
are easily temus@@nﬁéﬂ for eseriapl movement by even moederate
airflows impinglng en the surfaces vhero they lie. fThe
lorpest partielaa, %@»a@ microns in dismeter, sebile guickly
only some &7 feﬁﬁ ouny from their point of oxigin, therefore:
they comstitute the bulk of the dust im hoopitel. Thio dust
is o mizture of mineral, onimel ond testile debris, the last
beoing weinly cellulose fibres. (Hubbo, Pressley, Stratford
& Dixson 1960) Duat tends to remoin on the floor unienms
foreibly resuapended in air by the violence of mome huwman
activity « wallking, floor-cloaning, hoed-mebking -~ but sivborne
trousfer ic minimel, so marked is the offeet of sedimentebtion.
The average size of perticulabe metbor in the alr of hoapitals
in estimatéd €0 be 1810 mierons (Noble, Lidwell & Hingaton
1268) and pordicles such as this hove been Found to carry on
average four vicble cocci per stephylocoeccusw~hearing pordicle.
(Lidwell, Woble & Dolpbin 1058) Seldom more them 10 eogei
have beon foumd solthouwgh the partiecles examimed ware obbanined
in verds wvhem ective spreoad of staphylococeal infection wen
ahoente

8« Alrhorne Infection - Colomisation end Infectivity.

The final step in thip process of seviol transfer
lmvelves the orgonism and o pew humen hest entablishing
together o hostmporesite reloetionship. This stage im
itpelf ic mot peeculior 4o the aeriel route of trensfer of



infeetione  drgonisme troneferred by eonéoct faco aimﬁ&awjn;?
ghnbnelos anless they sre ingesteds Hovever, it has besn i
estimobdd that relatively fov nivborng mierchos actusily
mupvive o rosch o new bosh. Thorofore, colonisntion,

vhiloh is the mﬁmimnkxwa@u&wém@aﬁ for growbh of dho orgenfiom,
moy bo A890ieuld Go indtdote ond fo seindaln in wony inotencope
iw ﬂm@awaﬁﬁﬁﬁﬁy nohiovedy solonfsabion ean develep into o
aoaveior wolabtionship or oven into frank inﬁmgﬁiam ot %o
oeconplish Shis ho orgonian hos efthor to brecch er to
eivevmvont Che antural deflepsco of ids nev hosbs  The.
wajordty of these interactions botwoen o hoot's dofonses and
o orgoenisnts imfaa%ﬁvevgaw&wg ave sleo comsom o o}l other
hoatepovaaiteo velablonahipos. Thovelfore, ¥ will reatrict
fortber conslderation do the meabanions for eolonisaiion

Evoiz alve . ,

In health, the okin io intoct Shus offectively oneluding
onvironmontal beeteris al though thease mey lond on L4 and
golonice ity espoeiclly in the Ywolted” orcus vhore abundast
noaredbions favour ostablisbuoent of o eavrior sdnbes lLooalised
infoetions of belr folliclos aud of minor culs apd abresiows
ape Fronuont sogueleo of such surfoce colonianblone
Buporimentolly indoced infecbions have beon produced with
as fow as 10 orgenismg per inmoeulum plthough in this fnsbonece
md diplicetion woos wont wopid whon the leslon wes covercds
{Ponter &t Hubt 1060) Uovevery oy artificial oponing indoe,
oy loag of, ship grovides o unique epportunity for the ingress
of bacterics These mey oriss Ingelly from sdiscent shin oy
moy be implondted Crom eiry insbruments, sutures or obher
gonbominated vohicles of twoneelasions Fou surglcel ineisions
howe bheen found to be entively free Tvem conbtomingtion prior
o elogure of the shin. A considersble propoydion of them
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contalined Bteph. ourous straine identieal teo thone isolatbed
from sites olsowhere on the patient's bodys Bub an almosd
equel number ylelded several different streims eorresponding
to types isolobod concurrently from the alr. Less often
bhere wan a correlditiomn betweon dypes obbained from the
wound and those idolated from the surgicel otaffs {Burke
1963, Iven & Wirshfield 1088; Wise, Sueeney, Houpt & Waddell
1958) Im viev of these findings, it is .Almoat purpricsing
that e fev surgicnl wounds do develop sopsis due to such
bocterioe

The aree exposed during oh operstion and bthe ﬁur@@i@m-@ﬁ
oxpeasure has been postmlated as being of significence in
infivencing the degree ard type of contemivobtions fne
estimobe imﬂiea&ea that on average vound eospeses an arep of
12 sguorp inches direetly to the sedimentotion of alrborne
bactkerins Indirectily, howvever, through tramnfer of
pedimented baeterioe from surglcal pgowns, drepoes, instruomentso,
gloves and whohwbovla, o cebchmend oren of some 432 squere
inches is aveilaeble throughout the durptiom of the eperation
for %h@ s@ﬂ§meﬁ%@§iéﬁ of bocberia vhieh could threaten tho
vounds {Deveniush & Wiles 1080) 1t has beom suggested that
the placing on the list of operabionn mey alse be pignificont
in ensuring either o clean or a conbaminoted cnvironment,
(Stovaert & Douglas 1962) bub mere imporionce seems likely to
abboch 4o guantitabive differonces hetween imoeules In this
contesxby it hes been sheuvn thed gquite smell unumbers of bacterie
on subure maberials have indused appreciable inflesmatory
roneblons whereaes vwoundwclosure with Whutberfly®, sticlyp-
tapo stripe cerried out ot the some time did nod couse any
inflemmobion. {(James & MocLeod 1961; Cospendele & Screda
1965}


mailto:s@diEieia.ted

The obthoer common site of deposition Dor alrdorno
beoteris & the voopirabory tincde Tropled wvueleld pasa
undmpeded dhrongh She uppor pord of dhe twasd ond are
trapped in the saell ody passsges in the lowey porte T4 i
Bow accepted thed oven an inoculuws of one organisn doppslied
fa thio wey: may fuitisto infeoblom, the tuberele baelllew
boing the ouonple whieh springs wosd roedlily to pinds
{uiley of ole 1068}  tovevory less in Bnoum oboud the fate
of baeberins conveyed on tho lovgey pavticlos whieh are Gropped
by the oilieted epiiboliuvs of tho upper voepiratory twoed,
popeeinily in %ho boso-pharyngs  Tho phonomeson of bactorial
iuterforonce bas hoon demonstrabed {Bowde Bh ple 10GL)
whoreby lnplantobion of on appevenily nov-pathogenic strain
of Biopbe purows on bhe Gesal oueess bog prevented subseguentd
golonipation width pothogenic siveinn. In caather ozpeovimond,
rojoction of experimonbtelly Invoulated otreins of Slephe purons

on tho bosds of op Acmamelesicol response, ves posbtulsted ¢o
cupdodn inebility to colonise the nasol mucose of corteln
LOPO0IG g Aleo obsorvad ves the faed thod o cordsity mindmum
inoculum  wes regquived smevrely (o indtiote colonination on
pocound of dhe novespocifie Luhibitory offeet of thoe residond
flors - poosibly snothor facod of bectorial intorforonce?
{Phpentrons 1900}

4: Qontrol of Infection » Bourees and Disporsals
In thounelven, the effordts to 1dendtifly ond $o dofiwve
the eleomonds of hwapitelenequired infectlion would be welnly
of ascedenfie interost if 40 weve nod for the exisbance of an
importont saderliying purpone = the noed to protest the healilb
of the hoppldal ‘o podionts by dotermining howe vhon and vhore
to apoly meesuras o indtovvapd the Y"iife-cyeie® of the infections
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fegearech and proveation ocre Treguently complementaory in

praesice becanse hkrovledge of this Ylifewayele® ia fraguenbory:,
T

as yeb, particulerly with reapeet to the enviremmental
gojourn of the mieroworganisms involved,

Measures $o reduce diaparaai from human souwrces have
been applied for wany years sapecielly in the operating
theatra &alﬁﬁbugh_refiﬂ@mqg@w in metheds are iantroduced ot
intervalse . Thus, the provision of suiteble surgicel masks
{Shooter, Saith & Hunter 19560y Thomas 19013 Greeme & Vesley
1902) and of preperly designed thesdre elothing {Bermard, .
Speers, 0'Grody & Shootor 1965; Blowers & HeCluskey 1965)
in cssontial to ensure that noturally relecsed bacterie are
contained during surgical procedures. Other measuresn te deal
with conteminants at their bumen source include the isclotion
of potients known to cerry or %o be infected by ergenisms
vith epidemic propensities (Williems et 8l.1962) or the
segrogation of postwoperative patients from those awalting
operabions (Shooter b ol. 19068) Suitable focilities and
adeguate discipline ave essenbtial if these methods ore o
sunceceds In their absence, other methods have been adepted
which ave bosed wainly on the use of antibiolics to eliminate
the orgonisms at their site of colonisction -~ the nose, (Elek
& Fleming 1960, Gope, Shooter, Green & Noble 1901, Baerber &
Warren 1962; Rountree & Beard 1962) the wmbilicus (Gillespio,
Simpson & Tomer 1958) or the skine (Belwyn 1968) The
obvious risk with this method is that frequendt snd prolonged
exhibition of o particuler cntibictic may result in the develope
ment of resisteonce to it by the predominent poathogens in the
hospitel , primeipelly the Stophe sureup. (Jevons, Coe &
Parker 1968)

£
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Ha  Combrol of Infection - Envireosmmentel Tronsmissions

The seecond opportunity for aotiom preseonds fdteelf vhon
the orgenisms ere preseat in the enviromment. Bliminotion
of ewvirenmontal resevvoeirs can bead be achioved in mew
buildisge by eaveful plosvinge {(Howie, Tenkin, Robson &
Dizon 1964, Bogohowe 1994) Howovery o plem is ooly as
gffective an  %the hrovledgo vpon which i¢ is bosed thus many
nov hoapitels elther perpetuate old fanlis or Incorporabe
pow onwde  Lu existing dopsriments, the presence of microbinl
reservoirs wey he coundered by disianfection = of bedding
{Marah & Loduay 1D854; Plovers & Wellaneo 1988 Uoplon 1062),
of the verd siructure and its sswecloted fabries {Ayliffe &
Board 19887 or of apparatus in whish serocols wmay be
peneradeds  This lant group cobraces o vide verdety of
eguipmond including the hunidifiler unitn of both sig~coolers
{ Andovaon 19607 end bebies? imeubators, (Hoffmen & Finberg
19665 Sover 1062; Necker 1088) and tho atominers of inbolatione
thoerapy deviecns {Moopbereon 1068; Bolners, Ploreey Hoys &
Sanford 1085) Additiens) eor aliornative messures may be
tolken o contnin the diopersal of oloervobee, nmong them heing
bhagring of woed linon, {Hurst, Grossmany Ingros & Rowe 1968,
Bogers & Blater 1061; fokinshy 196G%; Michaolson 1965)
mechsnloeal sluicing of fouled limeny {(Sandiford, Mlowers &
Sitehell 1959), oiling of floora and bod 1ivens {lLendn,
fooali, ¥ise & Puehk 1952) vacaum-eclenning of carpots (Shoffer
1960) filtration of olr dischorged from surgicel swetion
apporatus and fvom vacuum cloaners, {(Dlowers, Moson, Wallseo
& Walton 19865 Boto 10013 Blovers & Hound ROO0) ventilabtion
or enclosure of wotereclosets (Darlov & Hale 19689; found &
Atkinoon 19066) angd the use of oiled mops for floowveclesninge
{iingoton 1063; Dabb, Lilly & Jowhuwey 1963) Indeed o varioby
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of procodures o combat an egunlly vewrled soleotiocs of disperpnl
processes oldbough probably thoe mest imporiant procodure, snd
that wost often negleated, in to diseipline the cetivition of
the hoapitel'o steff. (Kethley 1064}

fnvivonmental comtrol can aleo be offocted vhen the
miorobes oare aobually alrbornes The obvious cholee in this
instanee ﬁé vontiiation eléhough thoe lack of contyrol over
notural oirflows deoen nod fovour the use of nabural ventilabion
in orecs of ioportonces Thus artificlel ventilobion hne boon
widely cdvosatod for oporasting bthaabres {(Sevitt 1968, Blowers,
Hoson, Wallnco & Weltom 19065 Shooter, Taylor, Hilis & Noes
19665 Wolf, Werris & Byer 10505 Lidwell & NHlowers 1962) but
less often for genersl words. {(Hbeingold, Dumn, Houloworth
& Liub 1963; Ayliffe & Boovd 1002}  Thio edvocaey has heen
guelified espociolly when o reduction in the incidence of
post=oporative inTection has beon soughd but not eblofned im
@aaagiaﬁiam with a reductlon in the oporoting thoatvao. { Binmonth
gt nle 10685 Howe & Mowston 1963}  Coneurvemtlyy thers hos beon
considerable controversy over the relotive mewitn of tuvo types
of ventilotion - downward-diaplacewent aid furbulent. T
forumer womovesy with mindmel diaporssl, beoteria origineting
from sources below (be level of the operating toble whevean
the latder ia wmoro effoective for souvces ohove the table
bocpuae £4 carries baotoria away fvem Lhe vound by durbulent
oining of aire Hook hoo odventoges olthough the desired
dounverd,; dieplacing alrflows of the first system are resdily
eounteroeted by conveetion eurrents floving wpwards from
aueh soupreas of heot as the busop hody and the theotre lighte.
Mewre rocentlys bovevers the devolopment of ultre~clean rooms
for indusiricl use has boen secompanied by the introduction
of & third veatilobing process depending upon o stresmliped

or lominar airfiov podtern at acivechange retos far in excoss
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of the 10«25 chonljes poy hour wused for the conventionsd
sdilution® ayetomse SBueh lominar olwdliows evweop avay all
parbieclon Jorger Shon (8 micron diaseter so rapidly and
with sueh contrel of divecition thoet the allepgoed Jdeficicencien
of both of the conveonitionel pv@é@m@am are émvi@hﬂd¢ Howevor,
for bemefite to be obbteimed from thisy the operssting room
st be re~ovganised so that the flow of olean aly posses
Lirat over the svee for mosingl cloanliness « thoe fnstrusentd
taklos, positioned a% the Qé%ﬁﬁﬁ%“@ foote Thoreeftory Lt
haoougs QT@@?@@%&?&E?&%&f@ condarineted as 9 Flows posd
the wound and the ti:m%;‘ff;ﬁ.mﬂ Sevmy, ji:,%*zé poavient s ooty the
saonthetlst and any unscrabbod a@mfﬁ; before bolng rompved
from the the avea of miniuwlk aﬁﬁamﬁiﬁmﬁm - the changing and
wpshing veoms for the oteffe {(Boclestor 19043 Doek 1960}
Phe srineisie of bigh nireshange rates bhas elso boon applicd
0 o pressurisedy plastie spevading am@ﬁ@swra, to pé@?i&@ o
particularly elean swvirenuent vwithin au ordinaory opereding
thentres {(Chornloy 1968; Levencon, Trexler, Lo Uomnto &
Palachi 19G4) Hovever, bhe prineiples amd proctiees vhieh oro
gonernlly pocepbable ot presendty welate do pariticle sizmes of
H microns or lavger ond o siv-chongs rates nod oxecediag
25 per hours

derial diginfoctien by uliraviolet frradiation has
sohioved some yagul&wi%y for uwae in operating thesitves
porticularvly in fmovien, {Howvard Jo¥e of ple 10645 Bermard,
fipeern, H%rady & Shooter 1965) and to o losser omtent fov
use in wordse (Lourell & Honpe 10653 Stratfors 1063))
Irradiation in comwonly ewployed for disinfecting the
spacinl ireeuladion csbinets in modlesl lLabornlorics end
has elee been advoeated for unee in o ocpblnoed for the
dresaing of hand wounds.  (Sussmen, Yernes & Lemihan 1908 )

PRI DR
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Yot onobher use has hoon $o storilise water {Btratiord 1063,
Frodotte 1003} but on tho vhole ultwevioled fvradisbtion bas -
not achioved much fovour 4n Britseim ne a- bookoricidel agonte
soerial disinfection Ly bactericlidel vopours has received
attontion but ¢his ¢oo has net been uwsed enbtensively in
recond practicce - {Hinpsion, Lidwell & Williams 1962)

65 Comntrol of Infection « Uolonlsstion and Infectivity.

"Gomtrol of infection may be attehpled, finellyy ot the
aﬁag@ of conteet bebtween paracite end new hosdse - The
chnrpoteristicn of o susgoptible hosd eannot be defined
fully ob prosends far loos can thoy Lo seid 40 Lo favorieblio.
Bxbtreomes of ages dobility, exposure to speeislioed surgery ond
prolonged ok intensive troatmeat: by rediothorapy op _
chemobheropy are all yecognised oo yredisposing 6o infeelion,
Small word mnits with vebdliladion planned to exelude aoripl
pathegoens hove bozu built for groups of petients updergoeing
- Yeway thorapy {Bogebewe 1064) and rensl transplantation {Dovie,
Ponkin, Hobson & Dizon 1964) eldhough an ossential feature of
- puch unlts bes been coptvel of aebivitiss as wueh as contrel
of venbilotion, the two bhelng considered 4o be complowuenborye
Ohambors for dhe imolntion of ilsdividusl potients vith
extonsive burns hwve boen doveloped wish poaltive-preassure
venbilobion to ewclude sirklorme pathopons arisiug froewm other
pabiontn or from steff. Iwvory precsotion is taker 3o minimine
gontact trensfor frow outslde the isolator bubt 4 is significont
thadt dhere Lo o conshidorable wish thed.the pationt way infoed
hio lesions from his own eites of bacleriel earviogeg
copocially 18 ¢hese are widthin hends® resehs. In conbtrast,
a oimple system with o oimdler purposs hes besn deporibed
vherehy only the burned portion of the kody in acbuaslly
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isolated ond ozposed in sterile afve  {Potber 1964)

Ty Hospidal Polthopens.

Tm bhe fovegoing pevagrephs, ¥ hove attempted do oudline
n reprencnintive selootion of the many facets of als hygiowe
in hosplisle However, bhoe veview would mot be complote
withoud some remarks on the typos of ovgenisme commoply
involved and the mothoeds eveliable to fselete andl fo jdentify

Shome - Althengh dhe Btaph. pursus bes cosumed the role of

pre-opinent indroanural pebthogen in hospitely the wvadue
caphosis which 1% ban rogeived Las obpoured the faed that
obdher pothogensy prineipelly Uran-negotive baellli, ezisd in
the hoapitel envivomment.  Those baollli are less predictable
Shan the stephyloconcl regarding sensidtivity to cobtiblotics
and froguendtly they do not dovelop, oo n populationg any
uniform potbern of rosiodanco. Addivionallyy, Ghey rapidly
manifest warhked chongen in resistance. The stopbylosocel
sprvive in dey condidions and thevefore oppeos velatively
froquently in olry on oo do (1. wolchij,but tho Drem-negetive
boeillld are erientoeted wore towards molst conditlons ond arxe
srosent in olpr only infreguentlye In shis resmpeel, it ia
pignificent that puch beeilli, pertloulariy of the
Pgoudomonad and Proteus speecicos, were ropovtod oz the meln
gonteninants both in ¢bhe humldifiers of alvrecooling unide

and of infantat ipcobobors, end slzo ir the sinomizers of

inhinl ation-bherapy oqguipmont.

%p Fpidemiological fethods,

ndoubtoedly, tho epldoniclopicel investigstion of
stoshyloconcel tnfections in hoapitel bhas been Taclliitotod
hy the eveilability of bocteriophege dyping os o routine
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progedure for identifying partieulaor otreins of Stoph. ouronss
(Piafi-d Williaun, 1961)  Until vesently, any aimflor
differentintion of stralns of Oram-nogotive beeillld wes not

possible bhus 1ittle veluno was b0 he derived from oablomphs

4o unrevel the complexitics of ovost-infoction stdvibubable

to such orgenioms. - The desired technigues are now avpileble
snd elroady soverel Snvesdigotors heve shoun indorest in the
prablems {nvelveds = Colledne iyping too served to Ldentdfy
atrolnn of Lgoheriehis eolld related to oress-infectlen in o
arological werd (Linton 1968} elthoupgh sercloglcal bypisg

of the “enteropothogenic? atveinn of this organigm hae been
sobabliched Por some dimes ° (Rogors & Paylor 3001}  Miogos
typing of Salwenelle orgonisne bhes been availoble for somg
time also {Avdevson & Pillioms 19G5) but the mathoeds havo

now boen adepied o yiold o routine typing systen fop
Tooudemonns sbrainss  (Suiber, Hurat & Fennell 1205}
Additionally, Poeudomonas organliems onn be Gyped by o

gombived serologlesl ond pyocine mothod (Wabbse 1968} so

hat ely the Proteus geovp remsing wolatively wadifleronticted
encopt for o rudincnbtery divieoion possibly on the basiag of
Tlencn? phowonenon. * (Story 1064)  Those techoiques are nob
reatriobed to the study of alr bygicney of coursey altbough
thia docs bemofid from thelr nvellebilidy oo much oo eny
obher epidenicologlenl study of o elmiler natures lIn contrond,
the sampling deviees ore very charascterisdie of air hygliene
vork and an oxeellond susmary of dhe festures and appllentions
of wond bypos boy beown publlshed. Wolf ot ol, 18969} I
have describBed tup bypes belefly olweadys in the historicel
roeviewy ol though only the sottleo-plate continves 4o enjey
wideaproad acceptonse aund waoy despldée Lls limltatlonne The
obliar slressnpling toehndgus with which I om Ramilier o use



&z
2

of the Souwrdillon, or Busellay elitesasplore  Thovofopey
i will confine wy remarks o destribing dhis devione

The »lit=sanpler cousists of sk elp-dight chanbey
which esncloses b uotordrfven turnbteble Lavgoe enowsh 4o
seceimodate o 939 or o O {O0nme o AB0mw.} dismeter Patei
dbush conbaining n sulbeble hactoriclogicel eanpling modiums
Loonded in thio dop of the ohambay above the tugnbtable in on
ahr=inlod btubd of which tho lover end is elosed, exgopt for
e 8lity Uallnme vide which 3o posidionod radially to the coalre

F

of the turndeblee ' The turibable, with o Petri disk in
pjoalition, ooh bo Felsod or lovered muchenleonlly s0 thad the
whdersids of the =14t and Alie wppor surfoct bOF She akos
Cgeupling neddem arf’ ot & pre~doteoiudned distance epayie.
Thue, whon o vhesun lg Indueed in She chambew, vlsy flows
rophdly Ghrowgh the £146 frem the atuwosphere so that any
booberle-gorrying perticles ove lophebed on the mgﬁé whieh

ie revolving slowly beneath the olits Aflew o poricd of
sulteble lncubabtion, the plates ere ozculned ond the colomies
whioh hm@%‘ﬁé@@i@pﬂ&'@mu‘h@ anumersted ond idendified ae
Cpoguirede - The epporatus has o wvsiform sirflov vabe of
'éiﬁk@ﬁv@&@“ag five euble foed {2055 op 340.0 Libres) pop
minubey bhd tobel volume of wiv sanpled belung debevmined by
the duration of dovplinge  This lebber, in turid, i prewsed
by melecifon of eppropricte combiustiosood peors veed 6o
Sronoeid the welor«drive to ¢he burnheble - ond reveluntion
of the table odeupying half o nisubey btwo mipadon or five
minetons  The dovive pemdits relatiopabips te be patablishod
on & haslso of %&ﬁ@é botdweon varying concsntrabions of elsborne
conbeminants ond paréiohler cuvirewmmental oveidss  For this,
1% 4o inveluablo ospechally oo o dvol for réscarchs bub it
dovs not dfforentinio ho sisen of dbhe pavdicles it collicedos

1 1
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& madifiod design for this purposo hae boon degeribed
(LAdwell 1050) bub the ouly comuereislly cveiledle nilnce 5
groding soepler is the Mndeovgon esacndode-niove whieh is mod
so suitable for bime~concentration otudicss.  {Andorsen,
1066)

Sampling of bobth swrfeees and dextiles hose been
edvogpbed oo p complemendary procedure 00 slr soseling in
oy sorious ptbempd o o comprobensive air hyglione
invostigations The teohmigues awe in process of being
refined for routine vao ond nlthough I hove not weed themy
T will nohe possing veference to thome Surfasen were
pomnpled on o purely gualibetive boesis yrier to the developmond
68 o relisble, somieguantitobtive technigues (Wolter &
Fundsing 1060) Twoly guentitetive methods are now aveilable
in the form of the bandegeereinforsed sger-slab fnpression
progeas {Foatey 1960} end the "Hoduo® plote techoigue.
{Pomd of gle 1068) Similerly for seompling testiles, a
somi=quantltetive soseasnent of the mumbors of conteminonto
avedlebie for diopornnl wos obleined with Villisme' “oveopw
phote" {lovers & Wellsse 1065) but the “peroussionwplate®
{¥atuede & Subtherlond 1060} and the “friction-diapernel
pochnique {Fubbo & Scunders 1908) ostoblished ebondardised
gonditions for cosconment.

;93 Bignificomen of sirborne Infootion.

®ith the sceuvwnmulobion of knowledge and the refincment
of toehniguesy bthesre has come o groving reclisation hod
fsolated studieos 0F cesonbiclly epidemic situations, somduoted
acoording to difforing eriteric and with o varicty of eguipsont,
medic ond methods, connod yield gonerally nignificend sosulin.
Toie fa partlewlerly druwe of otbempbs o onseas tho meaning
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of varistions in bogboriel concendeotions in olw ab Aifferont
altes ond ob differend times. Withoud o “mermel” velue as
vord-gticky the relative lmpordtanco of eonch ohservebion
sanned bo nosensed weellotically, bul only empivicellye . Veb,
aften the boctordologiat i cshed t0o wrocowmmend copdrol moossures
en bhe bacle of sush an cscosswend only to Pind s propescle
condomned no undely complieated or ouponsive « gonnot
somaething cimpler of choaper vehiove thoe same resulée?  Tho
vealidobion of ¢his 2dlenmtn hao cpurred sowe investigotors,
pordlonloriy in fmericey o oy to estoblish the reguived.
*normal® veloe by wnderbolking rontine .cempling ob nomorous
nites for o prolonged poriod of diua. &@%@@ﬁ@; Vosley, tond
& Hiehool senm 10680, 1962by Shetfor & Velode 10043 Bhalffor,
Might & Hey 1808) From thofe wopordsy se fovg 4% ie olosw
$had hooterial concentretions Aiffer groatly for difforent
hospldala, for difforemd departwents in eneh bonpiiel,y for
difforeond orens in ench depertuont ond fopr difforont Hiuwes ob
each arca oven with only shoed latervels botween sowslinge
Theso obsoprvabions epely en much to comnbe of Letel bootoris
aa o bhoso of fbobhe ourens, there being 1ittle relotionship
detocted hetwoen the Sue as the Labior oftemn comsisted of
"ohovers” of ovgeonismp pppeering iv the cbeense of o dofinite
ponproey oldther humen or eavircnmondole  Totul counts do seam
to reflced the stondards of hovocheoping and of perconmel
diceiviine eoxleting in cach hoopltnl ob any porticuler dime
bt the uwnpredictadble and gross fluetunations in coundts hove
pronphod sowe ohoervers o suggest that routine pir sompling
of $hie pobtbern ip bobth wnrenlistle and almosd uvseleos,
{towmor & Glaspeos 1968} Cordteiniyy, there s only the wosd
iidwedefined covrelotion deteoteble botwoen pericl counmie of
Staphe psurous and incidence of slaphylococosl infestion
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during noreepldonic periodas

In comeluding this review of current congopbse X
think 1% vorth nodting dhat nevorel publicotions conteln
ueefel conteibutions on the topie of nir hypicns in hospitele,
ond perticnlorly on its relationchip do the problem of grose-
infoetion oo o whole. {Dourdillon, Lidwell & iovelook
1948 Wells 3966, Hablonal Resoareh Counell of Cnuede 1060
ond 10815 Villiams, Blovers, Garved & Slooter 1000 Hiley &
D*Grndy 19083 Colbook 1002, Willions & Shoobor X003, Howard,
Bofle 00 _nle 3D64)
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3 REPORT

Balo Moyorsal DBuperimendcs

te Parposos

Thane ouporinents wore underboiton for twr maln roanonss
to study the padterns of decny in concentration ond of trensfer
of sirborne orgenieng wvithin o buildiag mﬁbﬁea@e@ e natursl
voubilotiony, and 4o examine covdeln proctical problemw uvhieh
ppply 0 the routine wee of olitesouplorss

85 Materinlo ond Nebhodse

The artificial pesvoolo unsed in those studics vore
produced with o spioning=top, homogencous spray opperatus {(Vay
1040), mode speelally o the spocifications of the Mlowo-
pieloglieal Depeprch Botebiioboend. This atomisor consinds
boanleplly of o swell cone which fe soated in o housing sheped
o cocommedate $ve  Shollov cubs mede avound the sloping face
of the eone Touwm smoall vonse on whioh fmplnge jols of
ecrpronned ol delivered through orifices cud i the oleping
side of the housinges Those Jobs canse the top 4o mpin agio
rade vhieh la déiveetly properibional to whe pressure of als
ouppliods A superotrusture is provided to suppord o needic
with vhich o deliveor fluld for ntomisebion ombo the oty
wpper auefnee of the spianing conos Phe Llvid is drown oud
by centeifngsl force dmbo o ¢hin £4lm vhich fregments obudbe
perdpbory %o fors droplotses Tho droplets ave dhwroun into
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whe atwpsplhowe dn sizes roleted to the rebe of splnming of
the tope  The final sise oftor vvapopation of dhe fluid of
- pagponsion will dopeand upoen bhe oouwmd of solid wedloy lu
eaoh dropiod os 1% wan fokaede ' The deopled sizes chosenm ob
sppropsFioto for the onporimonts’ envisdged wovro dm $he romge
18-liy oo this in the rapgd of slzes uwsublly found dn many
honpdtnise (Hobloy Ridwoll & Hingetop I963) - Accesding to
Mey's coloulobionay (1040) a delivery prevsure foi pdl of
B Lhoe/nueins. produced perblcien of approuimetely 40w wob
piea bad dhope repidly eovaporated o o dey sine of cboud 1iu.
The tond susponaion ol bastorde comsinded of o beoth
cul ture of spoven of Doclllus subillis vore globigidy, ob o

abrongth of: 1 % E@gawga%ﬁama;h&.u- A stoch culturo for thio
won propared by geoving Be gleblsil io broth fer 426 houps
bofosre Srensforpring the culture o o 5826 pofrigeralors
Moy ¢he culture had sporsloted and tho gpores bed soeditled
outy bhe suporpabeool flvld was decevted and the depenit woas
genbrifuged to rewove oxcess broths The sporos wove then
rosusponded in wvober and this suspenslon wen ploced in o bath
of boiling wedoer for 10 ninuten to donbroy eny remaining
vogebablve formae A vioble gound wae performed do osbimato
the congentrotion of the epove suspenaion before the stogh
ealture wen dilubted to o Plon) conogntvalion of 3 = l@gagawam
por wley priop 4o storoge ot +478e  fhon roguired for waey o
suiteble guentdty of ¢est euspeneion: won propared on the basio
of Oefices oduch suldure added to B4coe of subrliend brathy
along with OeBose of B "Tuooon 80" whieh ves required nu o
vobtting egent to focllidade the fowmotion of droplotso.

The seapling opperabtus coemprised one or bolh of two
Qoselle cliteseuplows, whieh heve Beon desoribed alrendsye
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The types ovelleblo socommodaded siondard 550 dlemotor Podwd
dishos snd bod o sempling cdrflow robe of ome ounbls Tool pow
minwboe  The geare-drive on cach wes adjusted Go previde o
soapling periad of 30 anogonds fow ench vevolubtion of o sample
dinhe Homplon were tokem ondo “Ouold® nubriendt ogor which
v incubolod for 18 hours ab 55°0 before colonics vowe
goundade

The ﬂmyﬁ%%,mﬁ'%hﬂ buliding in vhich Ahie cuperimends were
sonduaded iz ahowa in the forwm of dlogremn in Lho Appondix
{fige 2) elony with indicetions of the siding of the oquipsent
Tor casch of the euporimendne

53 Bmpoerimentel Progedurcse

Befere sereying oud oby of the fowmal: experimendss 14
won noceosary bo enderbsoke several prolivinery tesdc.  After
its delivery from the menufscturery the atomizer underwent
soveral trisl rene duping whioh ite potebtionol spaod waw
oatinntad by the use of o boprvoved etwobesopplc 1ighd vmite
Thin deviece oloo olloved checkimg of he specd for unifowmity
ab difforent pressuren of delivery eire The rode of sploning
produnced with en ely proscsure of & 1bsefeqeine. woas fouvnd %o
he conadend within oceoptable Aimitn olthough 4hile was ansuped
only 4 the stemizer was hepd cepupulously closme A shord
gorden of tesds was performed teo estimnde apprezinmately the
sdze of the drepleds preduced by tho elomiumor ob this proceurc.
Popr this purposog o sulteble gquontity of the test sespension
wan atomlwed Inm o lerge fume cuphoords Somples were bLohon by
odh slit-sompling snd sedinentalion plates exposed Sogethoy
for periods of & sinutene Twrom tho polrs of covnds oblnined,
Yotrd redlos vere celenletods FBoch retio {%&) o thoe vesult
0f dviding the sumbor of basterlieecorrying porticlen seitling



por sguovefoot per wminute {A) by the numbow of aneh
porticleos in cusponodon in ome cubie foot of afws (V)

The wotios (AV) wore averaged and the mean velue Sor P of
1447 vas obboineds Heforence Yo o momogrem printed om page
349 of "Studiesn in My Uyziene®, {Bourdillony Lidwodl &
Loveloek 1048} shoved thot the approzniopie dlometer of the
particlosn produced by the atomizer woas 14 micronse.

One furthor serien of prepavalory toads van porfopmod,
privcipally do deteormine the guandities of tent suvopension
roguired 0 yield nusbers of colonieo por semple plote which
gould be countebles Fhese prelinminevion proved more usoful
than voe onvisoged originallys KO wao found that 10¢cs of
vont swgponsion, etomined ever o poriod of & minutes; was
guffiefond 0 yicld ouitable celomy coundne Howevery nil
three operators invelved fm dhe performaonce of the veriews
expovinents gove riso to obvious verdations fn the accurcey
of counting colomniose To aoacon dhe signifien-nee of these
differences, oach operntor counbod the colonies om 88 sotilce
plates on thyoo ocgesionne The veaulés of this sneillary
lavestigetion aro considered loters AHdditiemaliy, 1 wan
obeerved that the otomiser on ite ovn did vot project droplotbs
pufficlontly far into tho atwoophere for dthem ¢o mixn therein
ond ho trensferred in odeguato noabars to the soupling pite.
A propeller fom was obbaived sundy when in operation during the
entdve period of compling, ves found 4o iopreve the
performence of the aseresel aynten grontlys

Phe formel experiments consisdted of 28 smpavate ovends
of atomizing and compling, oxcluding thoese vwhieh proved o he
vochnd colly unsabiafoctorye Souples were tolon fox the
firad 8¢ sccondo of cool slanto, commonoing with the ¢lmo ef
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ipitiating atominnbions The expeviments wore wobd performod
wore Fraquently then twice in any worsing or afiternoon $o
avold the risk of socunnlabing test ovgondisms in the environe
meate A control plate vos alwoys ompoged for 30 seconds in
the wmioudte before ctomizebion hogan but this wever yielded

fle plobieli ofber inoubstions The days chosen fop tho eeunduod
of the owporinments oxbibited similer fondures - they were dry,
bright and with oniy lighd Dreezes. Try bulb and wet Lulb
tonperatures wvore regovded for each exporinont and fxom thewo
the pertontage relative buniditdes wero oeleulabod.

: Soverpl difforent suporismontel ervangements wore studied,
whieh can be swmwerdised as folloun =
ae One nomplow (Wis O woomss 10 siten.

be Bne sampler (B)3 1 woomyp 4 pid00.
8o Tuwo sompleorny 1 rooms 1 sitop bud 2 ponitions,

sioml boneoun sanplinge
So Tuo sampleras 1 woomy 1 pite, siouldtoncovs somplinge
with or without tubing

avbochnendae
fe Two nompleras 3 woomsg 8 altosg simnldoneous sompling

abh 8 sibose

Arpangoments e ond de voqulred thot the twe souplove were sob

baolh ¢0 baok, eguidistent from tho otowlzory and with Shedrp

aip fnlets 1OV opart bud ob the some heiphd pbove fleor lavel.

Then semplen were draown through tublng, the air ialet of the

machine wvidh dhe tube woe defined pg thoe month of dhe plecs

of " bere gloss tubsy 187 long, vwhieh was nbiaeched to the

soupleorts oun inleb nowvlos
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The sounts of ofsrboerno basterio-tarsying perticles
samplod ab intervals of dime after eoummoncement of abtomisation
are bobuleted for eoch ezporimonts {Tables I=8, 18, 14, 24
& 263 Aluo babulated are thé maulds of the study of counting
pecuratye  (Tables 18-83)

in the counbing oupcrimend, the gounta for eaeh plate
wore sversged te Find the “twue” covnte {(Table 10}  Phe
frogquenciee and mosoures of deviations from cech of those weons
voro solonlptode  {(Tables 2028  The freguency Mstributions
wore usad $o dobormine thie probebilisy with which eonl
oporator mighd be oxpected {o count the “eorreet” numbor of
golonione The averoge dovindions gslovdated Tor all
operabors wore plotted on loge=Rog proph papor agelnst differont
values of nctunl couvntos {(Pige 8) From the groph, vhole
pumbers vere chosen es “oorpcotion @aﬁ%@raﬁg gppropriste for
gavticulor rooges of eumz@m. With dhese, 1imite cowld be
defined vithin vhich o true count would lice  {Pableo 234)

Por the egperimends funvelving oply one samplér, the
individual ¢ouwnds and their range of covnd veluos {(Tablos
IwF} wvore converted into logarithss o the base 10.  Those
log valuoe were plobited on groph paper as o log-linear plot
of o eoncendration-tine relabtionship. The frvegueney with
whiah snmpios were tokon of the sivborme concontration serfed
o wevenl eppreclable wvariations of concontpnbion over abord
perieds of Hwe. Tud the incecursclesn wvhich eowld be
abtribnted to couvmting renderod 34 Aifficudd Lo assess the
signifionnce of thene vardablonse To nimplify faterprote
shion of the graphey oll plodding wee dene on Anwgoencalo
shoots which asnnot be reproduced in this thosess Tracings
of omollescalo replicas of Lheso apre ineluded to ililunatrate
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the visiblo foatures of the decay-eurve pabtberns undey
aonoddoretion. {Flgn. 8«6)

The original lntention wes to draw the best-fittlog
phraight 2ino, as Judged by ayoy for coch individunl plobe
The rote of dissppocrenes pow beuy wes onlenladed in
segordance with the equation desoribed or page 08 of "Studies
in Mr Hygiono®y . {Pourdillon, Lidwell & Tovelool 1048)
(2og, ol = 1@@39m)13@

Y
whore K ds the rate of dlunppeovence por hour, & &in the tine

i

in winnbes bebweon dhe momonds whow sordal concontwobion N
roduces bo concentration ny ond 188 is o constond for this
cguntions Thoe ¥ values vere to he awood in conjenction with
vional inspeoction of the greph plods to cowpare the feadures
of npbural vontilotion im the three differvent avess of the one
buddddnge  Duty when the graphio wore plodtted they indiesbed
oloarly bwo loportont ehservabions. Firodlys o styalghd
line could bo fidted guite Juatifiably to sowe of the plote
but obhera wore unpuitable oy thisitrestwment bogpuse o
atraloht 1ine slope obvionnly did not reflect ceowrately the
events vhigh vore redosdads Ew@gmﬁﬁy, allbhe enyves
exhibitod in varying degroe on dndtied poviod of rvapid docoy
which procoded o period of were gradusl decoy. Theoe
axnwples from dhe lorpgowacelo grepbs hove hoon reduced in
seale to (1lustrate these oheervobions amnd dthe combined
tracinge ove included in the Appondize éﬁigﬁ ) Forther
conaldoration of the decoyecurven ves based sololy on
gomparisons of theély visible clovoeteristios,

" inapeetion of dhe feur cete of principel gropheplote
(figos 8=0) woveals cortein bosie festuwese  As wight be
sgpocbod with atomizetion of o weifoerm guontidy of booberiael.
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suspension over o conobant pericd of ¢ime, the mazimum
sevinl copcondration cchiocved differs with the volume ef dtho
room in wvhich atomization took places  Hut it dose nod show
woch vorisblon for differeont altes im ¢the same rooms  Théo
ip wost noticeable vhon omporiments were poerformed during
the seme sorning o ofbternoon o wos bhe cese with sonpler W
in the small wardy vuns 1 ond 2y (Fige 8) with the sawe
sempler in the large verdy vurma 8 ond 4, (Pige 8) omd with
samplor B in She swell werdy rune 1 asd 8¢ (Pige 8)  Tho
vartéation relatos both do the btime of spposronce and to dhe
yplue of the woaxivum conconbeabicons The mont ropld inevesse
and the higheat concemtyration both develep in the duty room
{2300 E@sb vidth o less rapid iscronse ond o lower concentpation
agpearing in the swell wowrd (11,160 ?%3}; Tho lowent velwvos
apply to the levge word {82,996 f%ng
Inapeetlion also peoveple {had onch curvey, an well s
shoving the footure of inidial wapid docays oclveady aenbionod,
elso Gonds Yo apsume o bicomenve shepe with bho coneavity
spuards in 08 eerly stege of decay bubt downwards thoveaftors
Thio cppeoranse 1 mood nobticonble vhon the prineipel petiern
of decoy is graduel (Fige #) bul §d fu herdly diocernible vhen
thia do rapide (Fige 6) Ropld deony seems to be assosdsted
plao with vory fev fluctustions in concentwations. in
contranty oome of Sthe variations ebseyrved width graduval deoeay
amound 4o sooil but sedtual inereases in congendwrabtiom whieh
then serve as foel for now pabterns of deenye
“he eounts obioined with the wse of two nomplers operebing
togedhor abd one slte vere mot converted to logerithale forwm.
Indorest in them did pot eentroe wpon dogopy~ourve pabberms bud
wpon the sotwel reletlonships of poired counts. Inaecurcey
Cin counding won hnown to aceount for ob leend part of am?ﬁd
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differenco botvoom palrzs of punberg. Thus, counds vewve noed
conpidered notuclly to differ wnless thelr differveneco was
groptor bhem bwleo the value of the Yeowrreebionm facton®
appropinte for dhe peir of counbae. Tho Troguemeles with
which these “potuel? difforences vere obueprved vere uvaed o
enloulate the probeblility of obbpining ecomporable sly azuple
counts with the two samplers elther vithoud o tubing ebdoche
mond {Yoblen D=18} or with ite {(Tobles 13%39) Tho resultn
indicobte that for more fhen. holf the nusber of hses, differonces
beodtoon counts obbtelbed simuléoneeusly wiib dhe dvo somplovs
moy bo abtribudable in payd or im wvhele 46 imnaceurscion in
eountings The positdons of the machines way oleo be
pianificontd in produeing differencen. Uhen thore 3a o rool
dgifferoneey then sempler B will. Swvariobly wield counda highor
Phon sampler Yo The fntorpretations are welid only fow
somplea deyavn divectly from bho atugephors. . In condrood,
vhen & phort lenghth of stralght btubing is intorpased
vertionlly bebwoen the oiv to bo sempled ond elthor of the
somplersy it conaistently lovers the counts obbeineble with
the apohine $o whiech 3¢ s ebbacheds

The rosults for thoe sories of omporiments o asoens
eoviel tranefor within o building wers not sonverdsd {rom
vasl fipuros, eithory boecune hore too ahm>$ww@®m@ wan 4o
exanine setvoel evends and not roabes of deonye {rables 24
& 86) The patved sebts of counts should bo exsuined im
gonjunetion with the appropriate dlagvoms {Fige 2} vhieh
prosend oll the velevand eovironmental informadion in sumunfe
load forme  The first tvo peirs of rooults demomnptiabe
gloariy dhat the majority of pirborne hacberln will deavel
vith preveiling oirfliows bud nod ageined bthome Alao,
they show dhind eny strucbuvrsl foature vhich served o inogxosso
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girflow » dn this incbence, an open doorwny -~ will incranco
the tranefer of buotorice T4 must be voted thet a fevw
booteria do soem o flov bachwards apalnat the gurrende Oy
the uso of swmoke Lo visualiso the. actuel aipflowe sseoeloebod
widbh doorways, 8¢ was poasiblo jeo doteod small peripheral
Flows of ftucrbnleont aler whiah peascd In bhe oppoaite disoedien
to that of dhe wojor flowve HFften, thoruel differcncos
aorsns the doowvey inducod ¢his teranefor of wpipr im ono
direetion at the top of the door and in the obher ot tho
bottome The second twe pplrs of results ohovw $hot epprocinble
pumbera of sirborne bogberis may pass not juat from one roow
to bhe mont bud on egein into o third room in o volatively
short porliod of $ime. AT dho shresgdh and direction of
airflows is fevourablos  Dunt tho ovistance of durbulond
combar=flows will olmost invaricbly reauld im o fow hocteria
appearing upstreeon of the prineipal flow of eivre Thig
appeasrance in. woed related fto goscous diffusion ond must nod

ho confused with 44

83 Uiocusnions

heropols heve boon unod on sevoral cogasions to denonstrebo
the officiency of vontiloting processes., {(Wollo 1085,
Movers & Orew 1967, Hethley R964) If these procenses ovo
gontrolledy oo Ao the goop with ortificicl vonbilotiony them
it hae boon shovn thot op euponendiel rolationship for decoy
doen oniobe Pud in the cbeeneo of econtrols, ascversl
difforent decnyecurve pabttorns moy energe oither with one
pattern prodomineding oy more ofton oo o mixturs of pattornoe
Tho uneondrolled bhohoviour of moburel venbtiletion fs woll
Inown ond probobly is the eguse of the morked variations ¥rom
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n atrolight-line relstlonubip oheorved durlng the exporimends
voporbad here. §6 wmight bo reasopable to adduen that bthis
very durbulence vovld cnsure homogoncous niging of an seposol
in the atunophosre. Buby the vesulds obtafined with peived
samplers operabing ob one site euggoesd thod anite merbed
af Fleronces in gorial concontrations probally oxist ad eny
giver moment of time ab ccech of o lerge numbor of sltes in
& rooma

The eppesronge of o period of rapidy fnltiel docay in
the 1ife of artificlel covosols hoo been repowded {Dovrlowy
Powsll, Bele & Morric LD603 Porryy Broun & Demon 1868} bab
in these imetoncos the eserseols were contained within
eoutrollad; artificial opvivenmentss This Pinfédal kiZl®
wae atbtribuded to twe principal influencesns Partlyy 86 de
due 4o mechanieal destyusetion of bacterie in the process of
ptomisation ie concoguongn of the vee ef Porce to socomplioch
the Tormabtion and projection of dropledtss  Bud prodomimondlys
b in the resuld of wresid ovesporation whieh hese o Lethael
effoct vpoen baoteria in the droplels as goom os those hoecone
adrbornas Many orgabndemsy espocially obo baollliy, wre
suncentible to eunch eapld changes in theler miero~environmontos
The published repords of this phonomenon of “initinl kiR1®
velated 4o coreascels which wore produced and sampled vndey
the condidtions of o Lohoratory exporimente The ohservabions
rogorded hore domonstrabe that similaor effeets will influeneo
the pebterns of deony of atomined comdbanminonte in o nadwrel
gnvironments 10 hos been anggested dhat o sore realistdce

and loass violent smebthod of Yptomiszadion” would ho preforable
for simuloating nebtural dissomination. One wvrocodure whieh
L o Rdes L

hos been descyribed deponds upon ardifiolal countoninstion of
o Fabrico with o hnown punber of orgemisse in liguid evasponanion.
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Time is ollowed Tey the bagtoria %9 sdiuved do thoe onvivon—
mendel conditions bhefore the fabrie is ogltatod and she
microbos dleperned indte the altwsphore.  (Bubko, Biratford
& Diwson 1962) The- mothed aveldn Both bho dloadvontagos of
+he more uwsnal yet forcefuwl procedurasn of sltomimellion. Ite
very simplieity la abirocitive nnd for Hurely quelidadive
erperiuents 34 has heen proven solisfactorye. Bud fop
gaatdtotive cabimationa it olght be inodequade since dhe
sondivions for deying and For dlsgominabion would be diffieculd
e adondordisne

Effonta due solely to arddfieied procepses which do
ot have ssturel counderpardts onod bo oxelunded whon resulis
ebtnined vith $trocorbeoteria are assuosed in relation 60 2
Upepl® situations Uswelly, 84 will suffiev 4o dodormine
Trom o graph plod of the welves ebaorved She durntion ond
eutong of bhe "inldélal RiLI¥. This pesrtion of the dooay
any be onidtbed vhen the vobe of dlseppearcnce of soriol
gondbaninents in celonlated ss o lopgelimesy reladionsbine
St sinllar valuwes for woaben of decoy onn apply widely de
sopavated grounps of eongentrationss Thus, o folse inpression
will be loperted 1€ omly tho rate of dogay 3o guobted gnd the
polint of origin of onch desoyesurve iz ned defined. In
procbleey the bemefit o be dopived from vontilation is mol
dotermined selely by the vobo with ubich 34 vemovos boeetoria
fwom bhe obmosphire bat almesd cquelly by the weppitude of
the sevrlal concombrations vbieh roequire 40 bo vemovode AR
the cauvsation of infeoblon, the Lwpordtont moasure is the
product ef the average conccenbralien aveilable and the
duration of eupesure do that consentretion.  (Lidwell 1963
Kothloy 1904; Hoach 1966}

The maxisom concendrationy gud the vopididy with which



4% in atleined, is dedormined by dwe comnbevecting offuolise
O the one handy the vate and the dursilion of generation of
airvborng particles replobes dhe nunbers of srgoniame
enbering the etwospheres - Ho the odthor bond;- as sonn ap
haoborie-corrying dropiebsn ondor Hhe glwosphore they are
sublieated to bodth blologlasl end physicnl deosys The
observed ecoumulation of corvesel ropresppbds the combined
offoets of thene processes ol any apeolfie woment of bimos
Initielly, She rate of gensration oxcoeds bhat of deaay and
there 1o p dotectoble inevesne in porlal congentwation.
Gradunliy thils. tends tovards on oguillbriom. where the two
rabeo balanee each sthore - 4 consdand concendrabion in ale
vould bBe dhe ddocoeralbdle yesuld 48 ptomizmation thereoitor ves
a conbinulng procens. Howewery in roslidy atomlzebion ig
noldom condinvouns dhus ad some otipe the desay effceds come
o prodominate aud 1% ig these whieh ave ophencod by vendile
adbion or by the wse of boodericidal vepouvrse - Bab baowledge
i ropnired of both sbogos of the digpersal and deecny ovele
bofore these onhaneing offoots oan bo appliod in practico
Thereforay bhe use of arbificial aovosols to slimuinte the
Behovicur of nebural soriol conbdominents wwsd ho considered
aspolully width respoed bodh Go the stonmiziog process ound the
pannd Ang profois.e |

My observations indlenbe thed ab Ieasd thyres of dhe
comuobly acceptod clemonts of roubine alresanpling may incar
o significont depgree of orros - colony counbimgs the vse of
two or mare caaplersg  ond the wvse of bublng during sawplings
Liotla oen bo done to alber the inpoonracy Aun goundinge
uwe nilowance should bo made Por ids oxistamnco vbon &ﬁaea@img
the slgnifieance of appll differonoes ohaerved for variouws
situntionse. Unlese the differonse bobwoen twoe counbts exgoods



twiee dhe value of the velovand deviation to bo etiribubtable
to countlingy there fa the poseibllity thad dhe difference io
net o twue onee  Sewmplors should mot bo oporated topothes
paless bhey bove been mubohed duvdng oxtoneive testing im
porpllel to cateblisk thelr welative roladionobips. Tho
exiptonee of doteotableo difforences in aepinl congcenivadions
loented only o fovw incheos opard indiceton the need for more
than one seopling peint in euy oluosphore ond also confirvms
the obmervadions of other invesdigotors regavding similaep
avonts in roplidye {YWorney & @losoce 1963 Sheffor & ebade
1964y Hethley & Cown 1906) Hven thon, only epproximately
reprovsentadive cstimetions of nerisl econbominatiop in o voom
will Dhe possible wnless some epvpling roudtine based on rondenm
aselostion of ssapling sites end conduvobed over o prolonged
neriod of dime ceon bo vndortoliens The prooticel and
toghnienl dwplicotions of this ore aclfwovident.

Gonesidderable dounbd was ¢ost olso uvpon the prantice of
aempl ing dhrovgh tubing oven when beokdsy horisontal alerflows
ond excessive longdhs of bubing vere avoideds  The eonvonience
of uwaing tubes o oblein sowples fron some sites i often of
peronount considaration bud $he validity of resulits with this
wethed alwuld be swapect. Paréiouwlavly dg this so, when owvly
a fov bastericseoerying pardticles per 100 euble Feod of alr
spmpled may bear o wpoeific pethogeny soyy Blopbe poireuse

Forwul go bave heoom dofined dn ollovw cstinmetion of losses im
tubing (Pourdillon, Lidwell & lovelock 1848) bub 3% secne
doplreble 0 avoid the naoe of tubes vhonover poseible ond to
aomple direadly from bhe atwoapheras  §¢ would hove boen
interenting andy porbops, informative @ tost o plecge of
saeobh=hore, oloectrically-corthed rubbsr tubing vith slodlap
dimensions to those of the gloss dtubing uwaed In ny testoe
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This might heve clarified the potential vole of sleatrostatic
ptdractlion as o couse of deposltion of particles im tubinge
Foveveor, suitable material ecould not be obtelneds ;
Finally, these oxperiments demensirhte the major perd
played by eolrflows and structural openimge in the tromefor of
aivborne bhacteriss (Wells 1955; Lidwell 1961; Rond &
Hichaol aen 1964, Wolf, Harris & Hall 19613 Me 1965) Airflovs
mey:s be enhenced ox impeded by the sbsemce or prescmnee of
physieal obatrictions, sush as doorss Often, n» eontrolled
flow of pir is required to ensure bthal perial conteminants ere
trenpferred from one ares 4o ciobhor, av-is the case in
operobing theatre suites, (Lidwell & Dlowers 10G62)  BDut the
suﬂcégﬁwafiﬂa@w@*in pedueing alrflovs will be pssured only if
they romain closed to ell but the most ecssentiel dreffic end
this is o mabtber’ of human diseiplines (Blowers & Crew 1960;
Kinmonth et ol. 1968)

F}

Sale Ultrovioled Irrediations

13 Purposae.

Thia series of exporiments wos conducted do determine if
there was a useful relotionship bebween o photometrie and a
hacteriologicel method for estimating the outpuet of ultres
violet (W~V) bactericidel irradietion im the 2637 A wave}ength

from commereially evailoble U=V tubeas

23 Moterielh and Methods.

Puenty U=V tubes of stendord, commerelel pebttern were
bvorroved from warious souwrces im o uuwaber of hospitealds The
emiseion of light ot 28587 A was weasured on o photomeder
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gonatructed speelelly for the purpose. This moder waes
calibrated in velotion o o noy, veused tube obloioed
diroetly from the sonufacdurer and chosen eebityrarily oo
ozhibiting 1005 physleal officloncy of dutpute Al) photow
wetric resdings voere toben width Hhe noter placed esnectly
BOcupe diatand from dho @@ntwwwﬁﬂﬂﬁﬁ of the btube undor teete
Bootarioloplcal tests were performod woing aw overnight
hvodh coltwed of Shavhe gurens in o concentration ef
approziantoly 1 = 3®§ orgeninus poy wlse  Viable eoujba
vere dene by pipetting off five volwmos of Qo) mle suspote
alon os Feguired ond dioteibuiing one velune to ecech of five
bloodeamar pletens The dvops wore eprend over the agoer
surfgoe with sterile spreadors before the plates wmec
incubated overnight ot °0 so yviald eplopien fTor euﬁm%ﬁnga
8 o loboredory bomnohy a gantery vas comatructed of Yihexion®
anglemmetal no that tho tubes were located during dssd at o
Fized distance of U0cms. fyom btho bacterial suspemsion vhen
1% wos exposed In o wobohglonn oxastly below the cemive
poind of the tube. Hleotrie pover for the bubes was
sappiicd through o "Verise® twansformer whiob meinteined e
conntent voitage of 840 40 ewsure thadt bthe emission of
853Y% A Tdght 4i¢ nod vory durding the duration of the emperiment.
For oimilar cocsonsy A% wos pecpssaly w0 Yeerm up® the tuhes
before aotusl uses Thoe type of ach tube determined the
length of time Toy thin wornimgeup beeouse double-upllod UsY
tubes took lomger %o achieve mozimum oundpus than did aingle-
weilied tubess  FThe former were 144 for on hour bhefope the
tent bad the Robtor reguired only 10 minuten® operation.

83 Tuporinonicel Progodure.
Philedy Moodwpger wore propared fopr esoh teosd and vewre
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dried in the ineubalor for two heurs hefors usce  The UV
tube for denting woa suitebly “wvarmed wp¥s  Iuwediately
bafore the onporiment starbed, bthe bostoriasl suspension wvas
dilutad 18300 vith salive snd Bul. vere plaeed in a wobeohw
fleoe vhich was covered with n blaeck elodth to execlude light
rayne Oefimla. wore wvithdraovn by pipotte and plated sub es
the wairradisted; control counts. The shrouded wobobplaess
vas placed in the Gﬁ??ﬁﬁﬁlﬁﬁﬂﬁﬁﬁﬁﬁ‘ﬁmﬁﬁx bhe U=V tubo and dShe
sloth womeved for oxpelbly 18 soeonds. | The aloth waes
roplaced and the vabtehploens 1ifted anide 4o pormid removal
of o furdhor OQefml. of suspovsion for plating ounbte  Cupe
vad debken $o prevent ordinery light reaching the suspension
loat photoeroactivotion of frvadioded celle repulted, The
shirended votchglesn ure poaitioned vhder dhe tube esgain and
&ﬁw-ﬁwwceéaW@m repeated untll & total of §0 seeoendnt
irrodiation ves cospleteds Toobh tulo ver onsepeed gholsoe
motrically both bHefore and afber ites bootericlopgicel tests

43 Topultos

The ecolony counds eblsined for irvradiotion from each
tube ore fabnloted along with the overapges of the 5 counts
made Tor ench peviod of irradindions {(Tobles 26-52)
driginally, the meon veluwes vere plotted on semi-log groph
poper on the basis of log. concentrobion ageainad erithactic
tlmee  The hent-fitding straighd line, so judged by eye,
wos drova through each set of graph points and the slope
of ooch lime wmessured diwecdtly ns o liw deeline. Traecings
of conbined seba of thepe ouponentiol dogay-curves ave
appondods  (Pigs 0 & 18)  The veluss for thoso slopes
vere uwoed o rank esch tube in reletion 4o the others, A
ofnilor ronliing wethod was agplied to Gho valuves fop physiecd
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efficioncys Paire of venlkings vore couparod and the
difforonce for sach dedbarnineds ‘,ﬁf@%&hﬁlﬁﬁﬁaﬁ were ¢l calated
for the frognency of ocourrence of verious difforences in
ranking to optimede the gowparibility of thoe dwe euperimental
methods,  {Teble 823} Subseqguontlys T hod the oppertunity bo
hove. bhe covnin processed by on olestrenle computor. Thins
eoleulnted the slope of the stwalght lise vhieh waebhempileally,
o0 log velnesg oot Fittad ocach g0l of chasrved countse
{Toblo 34) I plotted dthese slepe valuves an o log-log
roleblonabiy asgeinat She wolues for physioel efficlienay.

ﬁyﬁ.ﬁ@ 31} : o '

G Diseupasions - P
Vitraviolet Tight ds used fer ide haoterieldal eoffcets
in seversl locaddons in hoapitole wmuong them belng thoe apeeioel
. fnegulation cobiuets in potholeogical laboriidriens Other
plagses Tor une eve in enbimets for the protecblion of Romd
vounds during surglealedronsing procedures, (Sussmen, Darnos
& Lopiben 1061} in operebing bhostres ond worda Por disinfoow
tlon of alk, (Wolls 1968; Lourell & Donge 108D Sirotford 1003b;
Howprds Relle 0h nle 1004) and in wobter conboimners vhore
storilisation of the fiuvid is desireds {Stpniford 10683,
Frodedto 1968 The obllity of U=V royn t0 reduce Lhe
goneentration of acriel bagteris hos Leen emply desonatretod
{Rentsehlary Nopy & tourenoe?f 1941; Rentschler & Hogy 19H48)
but 8t iz of practioel lmportence thob the oubpud ef {the
bocteriolidel soys doce dealine witheut any commonsurabe
roduation in dho owission of the visible Lighte Hoe of o
subsbence which flusresses only in the wayé of the geroicidal
vavelopngth vill indioate dhie fallure of outpud end bhoryllium
poudor hoo boen recommended for this purposc. {(Htrotford
1068p) Huch indigstors do ot give & quandilative meosure of
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the efficloney of the U=V Jubes and bthorefove detecd oply
gross dnefficlengy of Avvadiabione

faoterdological boating ao o poudtine is ned o praciienl
proposition vhereas phodomedwic testing in bolh guicky asluple
and acenroate §7 dhe medbod i luwwn 4o wrolobe fu besbowricidal
effislioneye. ¥ am npol conversend widh the phyoics of Lhe
photometric nesouring cyuipuent mad meot accopd Lhe valididy
of the mobthods cwploged Zov ite  Hovever, within the linids
of ervoy for bocteriologicnl toclmicuesm, {(Meoynell & Moyonoll
1005) pordiculorly oo vpplicablo to visblo countny ¥ consider
‘bhat the rosulis ef phodensiric wmoenourenonts do compayo
potisfactorily with dthooe obboined basteriologieallye On
thin basis; ¥ ocuggest thot corbain criteris Bo eatsbliched
for doceribing bhe eflicienuy of U=V Luben for hospidtal uscs
B8 the baglevieldal officlieoniy of o tubd operating af Full
enbput for 60 adeéonds ond cchieving o veduotion fn suwrface
gongontretion from 800 eolonien 0 1 eolony in wntod as
Coadleluctory'ts the coundvnlent renge of ghysical offisioncios
i 70-2005: Ef o veduction 4o hobveon 2 and 10 eslsnlen in
doomed ®doubeful® tho eopropriete cguivelond £8 50700
The deceripbion “unsebisfantory® would apply to dubes of
lesa then BOP offielonaya

Bede Appliod fir Hyglocnoe

i3 Forpones

The publication of oo mony reporde dedeliling Toaturen of
givhorne infeodion in hoapltal hes Ffoousped tho sittontion of
woany wenbers of hospdtel sbaf? on problems, both reoal ond
fmaglosyy, oesccliated with thelr own deparvtuctite. It was
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0% serpricing; thepreforey o find al! times thot the hospiiel
bastorioloisd ves invited to invesdipede Fawﬁiamamw‘&itmaﬁﬁamﬁ
or cobdvitics amd to odvise upon mebhods o desl with bny
setunl or podontin] bacboriol Tiskoe R

Zg Madoriels end ¥odhodo.

Aie sampling wos pevforaed with o Ueoelle slite-sanplor
vhonover $his ves poseiblo bud on ococslons It vas mope
conveniont to uwse only acdile~plabte sompling despite the lack
of wolationsbip botweon bthe tuo nothodsee The duration of -
oxposure wos chonon for ench invostigation im wospoet of the
natre of the sampling site and of the inlormablon seughie
17 shevi=torm varinbiony associstod vith purticvlor ovents
vere uader @xamingﬁﬁmﬁg bhe ﬂi@ﬁﬁﬁﬂﬂgﬁﬁ?‘Wﬁﬁ used to souple
velunos of ¢id fepr periods of ﬁ'minwﬁéﬁ, at inbervaln nod
oxeeoding & minutens  Bob i avorage conchotrgdions of
perticlos pebiling during prolenged pevicds of time wevs Ghw
meoourenends of chojee, then sobilosplodus wove employed fop
samplings ' : :

fowmplos wore wouelly toben ente hﬁ@@@md@#@'pk%@@ﬁ whil o
vore incubated serobicelly overpight od ot°0s  On o fev
wﬁﬁ&&i@ﬁﬂg.m&&my@ﬁﬁMQﬁﬂwmwﬁ@a? phobes wero wsoed o soaple fop
Gle wmi@@ﬁi amtl Sheao were incubatod snoevgbicelly. 3112
eplonies wore counded to détermine the totnl bactorist
concendrationg somplode Slitesnmple counts wéro onprossed
af the numbor of bostovis-carrying pevticles por cubic foob of
adr opmplode  Sobitlewplnte covnbn wore converbed to numbors
of buebowrie-sovrying perticlen settling por aguore foot of
aurfacs aron pow houdws  Any potendtisl pobhogenn wowo
fdontified by routine bootorliclogicel mobthods and were
difforentisted on the basis of eulibictic sensitivity tenbs
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ands Yor Btovbhs surens, baeteriophape typing.

X7 alirflows werg thoughld to bo luportondt, os im en’ .
ppersting $hontve snitbe, suoke tuben vore voed to debecdh tho
diregbion of thoese flows ob deoorvaoys. Petoillsn vore reporded
pf podtivition observed 4o he in progress ob difforent dinoen
duaring sowpling so thed verdations in seriel ecomeontrationn
of haoberin gould be relsted to specific environmontol ovonts.
Yhonover possiblao, podhogens in the human popvlation of the
orea untler ipvestigation, wers alao identifiod and compared
with the nerial frolgbon to iccover 4f stralns in sir and in

haans wore relnteds o , ;

25 Eltuatione fovesdigatode

Fipht differont situntioms were exawmined.  Tour
investigabibneg applicd 4o oporating thoetres or obher euvrglionl
departuents, twe roladed {o disposel Teellitiesr in wards ond
the romaining tve desld wiidh staphylecoecenl infeotion in
wardn.

The Tirst oir byglone study wves uwederdoken in o gonoral
surgloal thoatre ca part of obn investligetion of conditions in
the theabdre. The obtudy occupied dwe woele and wes designed
to demonatrate $o the stoff the edvanloge to bo galmed with
input vontilodlon. Dorimg the first wveel, the ewiasting
voubilaobing prootice of ontroastion wes comdinwmed bub during
the nocend weel both input and exnterast fans weve in operabions.
Bottle-plates were oxposed ab four sites in Uhe theatye
suite ef whish twe wvere fn 2he theadrey one boing neor the
operabing teble and the obther woll sremoved from i4. The
duwrnbion of emposureo was relaobed fo dwo periods ef the day
to try to reveel offoots for both Luay and nuict conditions.

Bmoke dests were porformed ut only totel boeterisl covnts
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vere nades  Tuo other bhostsos were eczanined = g socond
gonoral surglonl Shoatre aud en ordhopnedic thootro.  loth
surgleal undds hed boom lavolved in eploodon of posteoporabive
popals bhue bthe purpose of the studies vas 4o fing i
deficioncios in thealtro precticen could have conipibuted to
the iwcidenee of infoutione Blit-ssapling wvas povrforued in
She theadtve itsekf abe fo the avdoersom of both suiten in
ordor b0 obbain counta of &%&'ﬁaetmwim and of eny individueal
pobhogonn, porbicdlarly of Stepbe sureus. The genero?
suprgicld theatre wao previded vith extroot ventiladion onlyy
but the eorthopeedie wndd woo supplied with £ilicred alr wader
alight posldiveepwoanura.

The atudien of dioposal foellities in werds vore wadoys
tokon 4o Lry 4o compare bostoviclogically the comditionn
posoeleted with o plgpio dosign of dispocal ohube ond thoso
oxiating whon n dispooal systemy inecluding ita ohube, was
specially designod o minfmise sprosd of infootions The
pimplo syoton doponded won o plaln vertdenl abafd with
aecens habehways indo the dirty wtility rooms of dhe words om
ench Tioor 36 puooed thronghe The chmie wos uned only fow
linen 4n boge ond the agoecas openings wore closed off by
hinged doowrss Tho wbility vooms, both clean and dirty, wore
nod opecielly vontilated nor wore the other werd aroane Em
contrant, the apecisl eyotem ingluded cutwaocd ventilation of
the dirdy vtdility room ond impudt ventilotiom aof {the pdjoining
trostuont roome  Tho coooss oponlngs to both tho Timen omd
the rofuse ohubte vere Fitted vith doublewonded loading binae
vhich effectively formed nirlockse Boggod materiolso gould
not be dischorged inte eithor chute unloss the owder id of
bhe Bin wes cocupely eloseds ALR aolled or Touled limen wes
decontoninatod and then mechonicelly sluleced bofore being
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boggod For discharges Hebtlo-plote camplos were obbained
for ddopoopl ovoos in o theodre auldey in o werd with noscuss
to bhe chulbe, in a ward withoud access o the ohude, and im
- dhe hosemend oren vhoro tho chubtes diachergode Somplasn
from povoral sitos in cach aken vore tabon sdnulltoneously
to difforontinte botuoen aeviel contominodien avrisiog in
the promimity of the ohute apd thald evising ol sevwhere in
the arens  The soupling poriods wory chooen. to refleed the
periods of woxinem minioum. end gvevege actividy for oceh
prdos Retords wveye nnde of the usoege of each ehube during
gaoh penpling povied and elso of the iooladions of specific
pothegony olbhier from bhe olr cowples or from the pebientoe
Sitenanpl ing van tnderbahen for onily showd periods in oach
pion during ddaposel activition.

Ventdlotion of o cevdioc cothoterisntion room van altudied
4o dotoraine how bost %o une exlobing feollidticse Bither
fupud ey exlvaect flov could be obbteined with o venldiletion
plont eguipped with Filters oo 140 ocubtnide duetme Seporate
louvwod dosta ploo ombended 4o the cutside atmosphore of o
busy strood ab povement Jevele Zoput ventiletion wos found
W produce fntolorobly vovam ond stuffy conditloma in the
poor during ocoupndion bud menbors of tho aitoff wvere rolustant
He uoe the room iF only extract vendilotion wan ovellablo.
8litenonpling, and o genoral cupminetion of the fpedlities,
wne wndertalien 0 oscens the Ailficultiosns

Yhe tue investigodions of elrborne otephyloconsal infeotion
wore oupplementary to the work of eollesgues who were Invedved
in offepde do contrsl outbropks of such infeetion im o
dwwma@ml@gﬁesﬁ apd in on ordhopoodic unide Hiitecanplos
vers taken in the contro of eneh male and femcle wvord oo woell



&Y

e {n bhe deormetology teestment voom ond ia e orthoposdie
isolotion worde Totel bacborlel coumts oo well se counds
of Stophe surcne were oblolned and ol stophylococed whiel

woro esoaguloese positive wore phoge-itypoeds

42 Besuldos

The ocobtlo~plote counts fow the Pisnd study arve teboleted
in the Appendize {Toble 86)  Along with thewy ave the average
sounds solbulated for the different sitos during the Aifferent
poriods of « fays - 49 wvas expegted, the counts for gach ures
voriod comsiderably but thope Tor the comridor end the
voablbule wore gredbor dthen thooe obdelined inside the theatro.
fxbroct ventilation induced flows of aley fwom the hooplial
into the thestre but this wps roeversed when the inpud fang
wore in oporebion. Intrnot vendileblion could mod bo abelichod
hoecsuse ite malm use wou 4o rewsve eozsons host gonmorated in en
opon oterilicer boy on ome eside of the theatros Anpud and
exbroet vontiletion did redueo the conccndration of gorial
combaminents quite morkedly omcept dn the vestibules Thio
ite wan the Fooal polnd for odl the octlivily in the thostve
sultes Treffie for euny port of the owlte hod o pass dhope
and probably thins aceounds Tor bhe cppapront fallure to show
fwmprovenonts  Ohoervntions of the twelflie ouggested that an
vnduly bigh freguency of wovemsnds to and from tho theatye
aid 2idvele o combribubo 4o clegner onvireonmentel conditiono.

Uodue acbividy,; coupled with o noticenblo relusteneo on
the part of otaff 0 hkeop doore closed, wom o Tesbure of the
gindies of tho other surgionl unitass The genersl surglienl
theatre vhich hod omly onteact ventilobtion freauently hed om
unebebructed flov of oip divest from Che hospltels  Ageing
ene of the comploints woo Shat hot ofw from tho sterildicer
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ravm uade copditionn unheareble ir the theadtro uvoless o goed
flov of cool olr wes provideds Begrottably, only oxteach
vonblloblion wes ovedlable 4o provido guy Mind of flowe Thoe
ortiopacdic btheotve did hove Anpud ventiletion whieh produced
g airfleow predominantly feom the theetee lewards the hospiinis
The pressurisation wes such thet coundorflovs were rocdily
induged vhen dony opendpges wore unobotructots  The majer
foature of tho observotions vas the froguency with which fen
er ppre poreeons wore present dn the theatwe durimg operedlons.
Thic dld noe soom fo be o poonlliarity of the operebion whioh
wan in progreos vhon alit-soupling wa&-@wrfarm&ﬁ@ In
oddition, the ante~room wos often veed e o wivey thoaire
slébough propor facilitdos did wod exisd theree  OVore
erowding vee comwon alse ian the ceprdine cathoberioction woom
plbkough the reatrioted dimensions of the svoe vie ned
sonducive to offlicient function. Alrflows wove obdalmed in
sccovdencs with the type of mochonleslprocess of voatiletion
ohonen « fn-flowvs with exdracd wventiletlonm end ecud~Tlovs with
prosourised ventilabions  Although those were the predeminend
flovse bhe exlobance of thoe seporete ducts bo alnesphore
glioved econsidorable variation deponding uvpon the provailling
air eurvonds im the cuteide aire In some dnasbonessy the
guboraal pressusre omccsded thot produced by thoe ventilobion
piond ond complodo reversel of the flows of ely regulbed
pononterilye  The slid-seuplo counds ore recordeod graphically
for conh theatre {Pigos 18 & 13) snd for the eothoborisation
poomg (Fige 16, top) in tho Appendixe Holevanit deteils of
eronda obraerved to rolabte to changes in aerisl comcentretions
ond of the ouabers ond identity of pothogenlc imoloten ore
rogprdod on the agram olaoe



The resulits foirr the jnvestigotion oFf the tuwoe ehute
gyabons are recerded in tuo pavia. The peditle-plate counds
pre tobulnpted (Pablea 896 & 87) as teo are the average volwes
rolating to coch site in ocach avee cndd for coeh poriod of
timwee (Toblon 98 & 39) The slit-coupling counba ave
diaployed grophieelly (Pigoe 14 & 18) slong with annotations
of the reloted ovonds and baetorisl icolotionne T4 was not
posalble 4o tost diveodly tho oxdent of bactorial dwonafer
shrongh the two difforent types of chutes. Smdke tosds ald
dewonsbrate cloarly that vory lorge volumeos of ply pessoed
wpvards and outvards in dhe simplo chube so wuch se thad the
topnent deorvay afforded almond continuous diseoharge of eipr
into the top=floor verde The groater pord of thie olw
peemed to oviginate in the grownd-fioor word vhieh accommodeded
fnfentne. YHeny fovled naphing vewe hebdied for boagging close
bo dhe lower acocess hotehwoy and posaibly foocel haoberie were
diapersed upverds to othor dirty ubility roomse (DeUeBe) Im
this comboxty 4t may be of sigeificanco bhet eolifoxms ond
$le wolehii wore inoloted durinmg alr compling in thio hoopitel
more often then was Btophe nurcuse Only wimfmel trancfor of
adr through the speclial chute covld be detecteds Tho use of

sy

ontreed ventilation for the diwdy willity ovess of this othewr
gyetom cnoured p consbont flow of pir from the werd and from.
he drentment room into the disposel svone Bolh bhompltoele.
had Botehweys linking the sdjolining droctmnent endudiopecael
poomae Lt ven oboepved that the prevailing oivfiov wes from
Polean® to disrty® with the ombrecd vendiloated errengomont
bad dhe roverse of this io the naturally ventilptod hoopitele
Enbroed ventilation woon provided for the dermoiolugy
drentnaent room bud tthis did not afford wuch bemefid fox
glesnlinenn of air vhen compared with ward stonderdse  Poth



wprd wadts vere of the old-fanhioned, naturally wentllnted,
Hightingele® btrpe with B4 bods evranged gound the periphery
af o lorge rostangulor vooms . Pomentie foacilitics and. the
dudy room vere oituated ot one end and penitery scconmodstion
ad the othere Id wor Lmpossible to rolste oboerved boctepisl
gongendrations 4o ouytbing vwre spoeifis than gonerel patierns
of word nedblivitys The reavdts of elit-seupling ere roespded
in grephic form ond detnlls of thedo petterns are incsludeds
{Pigna 16, bodbomy & 2%Y  Tobtold bacboriel counido gre deawn
in but sedtusl mumbors of edlonies of pertiovlar phoge-types of
Stanhe surens are noteds . Slaphylocoses)istrains inolebed

guring the epidomie oudbroahs in the dermstologlienl Ffemale
ward and i the orthopacdic wmale ward belore cloemming were
readily related to pationts infecbtod with the sene strnino.
Isolations during nonwepidenin poriods in the some wards op
othor words of the seme unito were ofien apperently wnreladod
to any detectoble sourcoes

By Disousslions

Gordnin zeneral obsorvadions dan be made regoarding the
posults resordods  Both cobtle-plode sampling {(Table 885)
and slitesonpling (Figes 18 & 16, top) show the offect of
Input ventilotion os o moons o reducing congentradions of
olirborne boclorics Igoeally, they both rovesled imcreanses
in dotal basterip in alp or dodiumending frowm nlp during op
after humon acbivity « tronefer of pedtionts to and from the
opovobing dalle; (Figos 18, 18 & 16,t0p) vonhing of floors,
{¥ige 14) handling of loose Jinomg (Pige 16) bodmaling {Figed¥)
and dressing ond undressings{Figes 16}  Bub dhe apposrance
5% pathogens in afyr even duping cpidemie conditions vas nod
diractliy reloted in diwe oy in numbore 40 tho prosence of



general boetorice {(Figse 16, bobtom & 17) Probobly $hie
difforonce wvofleots the difforent sites of origin of dhe
un groups of gonteminents - Bbaphe ourews derived direstly
Fron humens end genoral baslerin pregent meinly en duat
partiedeons Nuring spidemieny the Sypes of pobhogenn Lownd
in odr naunlly corvespond to the Sypos hnown to bo effocting
whe paticntos {Plge 10 ~ fomplae wordy Fige 16 -« male ward ond
isolotien verd) At other times, whop sewress of seric)
padhogenseeould not bo fovnd; ¥ vonld suggest thot dhose
nbrey isolaten sre dusi-hovne porasites exisding in %ﬁ@i
environuentol port of the 31ife oyale" of hospitel infoetdon.
(Figa 18, 13 6 17}  Zp the dloposel oress, hondling of ithe
- eonbamingted linem gove vioe to grose diaspersasl of contoninontos
{Toblos 47 & 30}  Thin wes portioviesrly noticcsble whore
vracedures o sinfoise hondiing opnd ddspereel wore notd
anforoede In thin revpooty, it io sigeificomtd thot the sorliag
of thio linem ven pevformed clese to the nempling eite diatont
from the simple chubes The depree of contominetion at this
albo provides amplo evidence of the mnhygienie noturs of the
procedurens More disturbing, howvevers wan the observetion thot
t+hio dleperoal orose close do the hobtehwoy connoeding the werd
trootment room to the dirdy vbilidty ores svd thot tho 2irflov
shwough thioc opening vrobobly conveyed lerge numiers of
grgenions into whed vas supponed §8 o o cleon avens  Vory
conciderable dicpersel wos found olso in the derantolopy ward
apporontly o8 o normel cceuryemce sithough 14 ven well fn
eneonn of the disporssl associotod with the orthopaedie warde
Theae Tindinga evo dn ogroemond with the observetions of
obher fnveatigetors vhose soports hove bheen rofovred to hofore
im thio thavisese The overeriding impression golfned lo dhate
despite the publicaticn of thone roperds, relobtively 1ittlo



bos beon done, $ob alome aebomplished, %o beuefit from them
either by physical inprovenonds op by bebley ovpenilaation of
homen oubivitloss Certolnly, of the bospitels ¥ visited
durdsng my favestlpetions, only one hed beon bullté se wrocently
s be provide the opportunidy o obbaupd plevned conbral of
infoction haverdss 1o this pleonning, oy bysieme wes tolon
o8 ob inbegral pavrd os s ovidemeed By the pyrovicionm of impuod
vondilotion for the weprd dvoaiuent rooms, oxbrood vendllation
for bhe edjocond dlrty wbility rvoowsy ond speelal sieelook
Topding bing for the 3lben and tho refuse chubese  Othoy
inabonees of forotbonght based vpon exisdting kuvovledpe of
hooplial infestion fs the omxicdanee of ward Lavladlon~roomo,
e dininfeobion ead wochenioal slulelung of Douled gnd
infecbed Ilnen befows 46 is bandlod leooase and baggod, sl

blie woe of plostie 1inipg-bags for el vesbe weceplenion to
elininede loosd hondling of rofuod.

Tho microocopie differencen deteoded bhodueen theso
Qaposel Toellitdss sad the unes avellablo in tho hospitol
with bthe simple chute only confisaod whod conld be dlecerned
macrneeopionllye  Bolisnee wnpon wadursl ventilation fop
malntonence of direotional airfiow, obsonoe of Torethought
in pleoning werds for officlent opeveitiony ond persisbend
application of wahyglonlic methoeds sueh oo mapmel sovtiag of
fouiled and infeoted linven all conleibnted to the exlatonee
of gn uatldy ond baobericlogloally uncleonn catablinhment.
Aprooft « this hosplital vee pleoned ond Wullt belore the full
eypreaination of the concopis of contwel of hoeapitel fnfoabliom:
bad bogun to hove eoffaods Patund proof of his waan Tound in
the provicion of poesitlve~pressure vendiletlon indopendendly
For euch of o pelr of opereting thestres bub the aomissisn of
pny suiiable cutflov in the intorvening dirdy vdility roome
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Conpeguently, vhen obe theeire's ventilaetien sysbem was nob
in vwe, the posidive pressure in the other forced contaninabed
aly from the disposal.avres indo the wavendilalted theabres
Furthermore, independent soeess o the disposal avee hod not
been provided end okl atelf onbering or leaving thisn apen
had 0 pase bthrough one ov obher ¢f the operating theatroa.
With this in mind, poseibly one should wot be too eritical
of the hyglenie fallings of other hospiials bullt befere the
durn of this conturye Ldbtle can be done to improve the
stroctural loyoud of meny of thesé old bulldings either in
operading theatres or wards ol though the modern prectice ip
o divide up the word space inm o "MNightingole" ward inte o
pevies of open cublclese Howover, the limitetions on chevge
in strocture are olben wsed gs ckouses to postpone oy reject
n veworganisation of the humer acbivitlen within the hospitel.
Such clemenbory chonges ar the goryeet use of ownlsbing
venbiloabing equipnent, the cloding of doows wvhen these ave
provided and the provision of doovs when these ave a
doovways, were relatively conily eccomplisheds Bod the
easentieal chonges regquired are in the sbiltudes of the mediecal,
pursing and domestice etelfs who sre dirvechbly responsible for

the eare and healdh of the peitiente in dhelr wards and theetros.

Sede General Biscussione

Alshough the perdsonsl investigetions deseribed have cpch
beon underbolien akd reporded sepavately, they 21l Besy in gome
vy upon the one tople of “hespitel infectlon™. Alr hyglene
in only one Faced of this peculiarly institutional problem, an
i have atbemphed to shovs Undoubdbedly, sirborae infection has
roecoived much attendlon during the pasd 25 yoowrs end periienlerly
during bhe Last docados Dospite this, opinions differ widely
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reparding 1t fumportoncos ¢+ Those differances of opinilon
pinsng wedioslsbanberiologiats heve porved %o confune bhe
poaind ob desuoy nod Jush for thomealves bob mere g0 for Sheip
olinigal ocollengnons - The: problem. is nod wvhoether one youle
Cior spread of infeogtion la moere Smportood over all dthon
saodher but rether whon epd vheye fo one voule wore
advembogeons te poadhogons eeupared wlth enothere | Howeln Ldos
ho oruy of the matter booawse adeurade nsseasuond of She
gonditions oxlsting cn one wroube in one portlenlor depsrtmend
of ono boaspdilel presuppuses that dhese i aveilablie scourade
ond upwboedzbe informeblion on the condidlons exniobing for oll
rowtes An Shet slduoiion. The prastical fuplicallons of this
sthbenont sre aveh thel the wosd ezxpericnced Bospidel nioroe
tiokogint would dvav bosk An hopwor 47 ashked do ableompd sush
o Lboshe

My investipations indicale o Fov of the weny dverase
problems of aly hyglene which may reguire to be considered by
a hoopitel bacterfelegists Dven im the gbsones of o 5lile
gamplery ho can pblespd several slvple lnveatigatlions 4F only
bo provide prociicel demonstreltions of the beneflits S¢ be
davived from epplication of the peinelples he sdvoesing
crerbollye The dime and offord obsorbod by even ol enenberyy
investigotions of thids kind gre often il thad o bumey
laboveltory vorkey can spore. . Hovre onbitious investlgetionn
poquire propoer Tocilitics and sdaff wvhich few hospliale can
nfPord individuallye Tho ostablisimont of su cuporicnsed
tosm bo deel vith problems of hoapital Infectios would by a
Teasiblo proposition for ¢ hooplded group op ¢ reglonsl hoowds
Hovevery %0 be of mosd veluws and effect; such o tooam would
have 40 consist predominantly of engincors whoe wero thovounghly
ponversont with the inchnicalitlies of the problems facing dhewme
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Setie Gonelusions.

sevial dravsfor of pathogenic boeberis i on esteblished
foete Ita froquesmcy snd wogaliude verles grestly from plage
Lo ploce wid fron tlue 4o dimee. The plak of infeedbion uith
which 4% is cosvelobed boy oot been defined ap yob bub
measures which veduce concentrobions and which direst the
Mown of tyansfer are to be recommendad gonerallye Undue
ouphosio chould wed be placed upon Individuel aapocts of
alrboyne Infeciion do the onelusion of others hoceuse seldon
dooos such snolusion opply in roclidys  Intersotionn oo the
puley, not the axsepbtiong hoth in ale hyglons end in dhe widoew
sphere 4o which 3% beolongs - conderel of infoction in hospiiel.
Howevery bhe wepy vordety of the problems reguiplng solution
aud the need 4o devedoe sdeguabe bioe and resources to thelip
gtudy indicates dhad fubure Investigation of aivr hyglone in
hospital 1a likely o become the provinte of euperiensed
techniolona rathey thon of medioad basteriologletoe
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