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(1) To measure the persistence of active lactic streptococcus
bacteriophage in air and on surfaces contaminated with atomized infeoted
whey which has been mentioned so often &a an important mode of trans-
mission. |

(2) To investigate ﬂw "wsﬁbil&%y -of insstivating lactic strep-
tosoccus basteriophage in the air by mesns of certain ﬁm&id@l‘a@m’ba
suitable for use in dairy plents,

{3) To determine the amction of certain viruscidel agents upon
lactic streptocoscus bacteriophage contained in certsin dilutions of

whey

T -
Spelliing sccording $o Webster's New Internmational Dletionary of the
Merriem Co, "Viricidal" is used more commonly and has grester sciemtifle
acdeptance.



REVIEW OF LIDIRATURE

samaa and Hodes of Dissemination of mzm Stmpﬁmmum
Bascteriophage

The gaizﬁra}.' emtsriaﬁu gf bacteriophage have been discussed in
many ;:lwasl in the literature. It is beyond the seope of this presenta-
tion to review this subject exhaustively. However, citation of certain
articles cautaznim* material on ambes and modes of dissemination of
lactic streptococous basteriophsge seemed desirable.

Evidenoe of lactic streptosoccus bacteriophage was first demonstrated
in leotic acid cultures used in butter. Hammer (1933) at the lowa Agri-
cultural Experiment Station reported that addition to mﬂa&gﬁﬁm or
sterilized milk of cultures that had cosgulated slowly resulted in delay
of coagulation by normal cultures. Whitehead mnd Cox (1935) reported
the first iselation of lactic streptococcus phage, The phage isolated by
Whitehead and Cox (1938) proved active only sgainst e particular strain

ouE cremoris among seversl tested. Aeration of the milk
in which the phage~infected eultures were grown was reporied to stimulate
phage development,
Nelson, Harriman, snd Hommer (1939) reported that filtrates from slow
cultures shoved varying dsgress of inhibitory effect upon the growth of a
considerable number of strains of lactlie streptococci. Under proper condi-

tionez the inhibitory principle csused lysis of a suspension of erganisms



of a sensitive strain,

Sutton (1939) in New South Wales isolated baoteriophage from whey
by an enriochment procedure In milk culture. OCoagulation seldom was delayed
beyond 24 hr, but a sample of the resultant whey ¢aused lysed areas to
develop on smeared agar plates and brought sbout disintegration of the
streptococcus growing in milk eulture.

Whitehead and Hunter (1941) demonstrated the presence of bacterio-
phage sffecting lactic streptocoecl by recovering the phage from sterile
water through which air was aspirated, from sterile skim milk exposed
to the air in petri dishes for 10 min. and from exposed inoculated agar

surfoaces. The phs

ze slso wae recovered from whey, dust and earth from
under the whey tanks and dugt from beame and ledges. The greatest con~
centration of sir~borne phage was found nesr the whey separator. Fallures
in acld development in the menufaciure of chesse seemed to occur almost
entirely as a result of phage countsmination of mother culture or bulk
culture, rather theaa from other causes,

Mazd (1941) reported the isolation of Tive bacteriphages from the
excreta of plgs being fod whey from a nearby chesse factory. The phages
were specific for the cultures being used by the factories.

Pailure of single strain %ﬂ@ag as a result of wggga@ga infec~
tion was confirmed in England by Anderson snd Meanwell (1942). A minute
infection of bulk starter milk with bacteriophage was found to increase
1,000 fold after overnight incubation in the presence of the susceptible
starter. Bacteriophage of mixed starter cultures retained their full
eagﬁaw on gtorage. Bulk nw%w& was successfully protected from
bacteriophnze infection by the use of a special alr-tight can with a small
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Hichols and Hoyle {1949) fed seven strains of lactie streptogocel
to plgs but were able $o recover ouly one phage. They admitted that a
phage may persist ia a plggery or in the gut of a plg for some time, but
that the claim of Magé that the gut of the pig is a ususl source of
Phage hamy could be maﬁaimé by their resulis. They ware unable to

obtain from cow dung any phages for 23 stralns of Streplogoccus scremoris.

Although malkting numerous attempts, Kichols and Hoyle were unable to demons
strate any lysogenic strains of lactic streptosocei. They admitted that
a further search might yleld a suitsble indicstor strain which might

reveal a lysogenie straln,

Action of Glycols on Viruses and Bacteriophages

Reports in the literature on the effsctiveness of glycol ssrosols
and vapors agalnst certain viruses msy lead one to expset that they would
be very effective against air-borne bacteriophsges also. No atteupt has
been made to present an exhsustive review of these reports but the follow-
ing examples mey be interesting.

Henle and Zellat (1941) stated that atomized propylene glycol
aeroeol reduced the chance of air-borme infection with & virus of influenza
A and might be effective in preventing air-borne sm'm& of the diseanse.
They 414 not investigate the practicability of its use for this purpose.

All of 32 mice which Hobertson et al. (1942) subjected to propylene
glyecol vapor in concentrations of 1 g. %o 2,000,000 mi. of air and 0.39 ml.
of 8 10”7 dilution of influenze virus remained well. ALl of the 35
amxﬁmi mice subjected to the virus without the glycol vaper died.
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Robertson et sl. (1942) found that concentrations of 1 g. of propylene
glycol vapor in 2,000,000 to 4,000,000 ml. of air produced immediate and
complete steriligation of air into which pneumosovcl, streptococecl,

staphylococei, H. influenzse and other misro-organisms, as well as

influenga virus, had bheen sprayed.

Stokes and Henle (1942), in experiments under contrelled conditions,
proved propylene glycol vapor more effective than ultraviolet irradistion
in preventing @»?.eﬁ.sﬁ infection of mice by influensa A virus. Propylene
glycol was vaporiszed to a concentration in alr of approximstely 1:2,000,000
to 1:4,000,000 from an eleciric hot plate,

Propylene, tristhylens, and diproplyens glycols were found suitable
for prescticsl use s serosols by Rebertson et al. (1943). A 2 to 3 ml.
aluminum cup heated dy & radio resistor carrying 15 te 20 volts was used
to vaporize 0.1 to 0.2 ml. of triethylesne glycol in 3 to 5 min, For
40 to 60 min. after the introduction of influenza virus in the sir enough
viras remained to kill 90 per cent of tegt mice. Ome &+ of triethylene
glyecl to 200,000,000 ml. of air protected the mice.

Bigg, Jennings, and Olson (1945) observed that maintensnce of concen~
trations of vaporized triethylene glycol between 0.0025:and 0,003 mg. per
liter of air in test and control barracks of a military installation
during the housing of approximately 1,000 men in each group produced &
slgnificant reduction in total bacterlia count of the treated air, practical
elimination of hemolytic strephocooci in the treated alr and & reductlon
of incidence of sir-borne infections.

Hosebury et al. (1946) tested the effect of triethylene glycol vapor
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on meningopneuwonities virss strain Cal 10 end psitisconis virus etraln

68C which had been eprayed in broth suspension into & closed cloud chaxbar,
Triothylene glycol was nebulized or veporised in a Loiling water beth at
relative humidities in the chanber between &6 and about 6D per cent,
Reduction in virus concentraniion in the ssmples rangsd from O to 93 per
ecent and averaged 62 per cent, Beductlon of infective response in mice
ranged from 55 to 98 per cent with an sverage of 73 per cent,

An in vitre test of glyeol on vwancinis virus by Dunham snd Maclesl
(1943), for example, sugpeste the investigstion of the sction on bacterio-
phage in liguids alse, The vires wes lnsetivated by 70 per cent propylens
glycol when exposed for 3 min. in watery suspension, On tvlm other hand
*%fiilmr snd Anderson (1947) found 100 per cent ethylenc glyeol ineffective
agninst the virus of Hewsastle disense.

Wolf, Nichols and Ineeon (1946) repsrted inconclusive but apparently
not very satlsfsctory results from propylese glyecol sist in attempts to

destroy air-borne lsetie strepluceccus bacteriophage.

Action of Nyposchlerites and Chloremines on Bacteriepheges

Wolf, Nichole and Ineson (1946) coneluded fyom n seriss of tests
that @ fine mist prodused by spraying 4 ml. of 9-12 per cent aveilable
| chlorine solution for esch 1,000 ou. £. of alr speee guve protectien
from phage for 0.5 hyr, vhen the Mumldity was well in sxvess of 50 per ecent.
Lov bumidities markedly reduced effestivenese.
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Beokwith and Bose (1930) demonstrated that mest straine of phage
from sewsgze are vasintant %o chlorine im witre. Didaert (1974) alse
fraed that Dooteriovhage from water sontaminated with feesl satter resisted

gonsentratione of 0.3 mz. of chlorine per 1iter,

Teetie strepheosceur Pacteriephage bas Besn mora resiily affected
by chilorine, Wanter sad ¥hitehesd (15M0) found permsngmnate end active
shlorine from hyposhlorite were the ased desivabdle apents for the deatrus~
tien of beotarlophzge of lnotie streptecscel in whey, Concentration of

0,08 per sent svailable ahlorine wes sufficient i o 1:2 didution of
whay o issctivats the Waoteriophage in lewe tham 1 nih. when %he protein
sontent of the M wee stonderdived to 0,49 per sent, The phage prepare~
tions usel voried in p¥ frem 5.23 %o 6,11,

hiteheed pnd Honter (19%7) found that 1MM ppm. of availoble shlsrine
s Sneveses in whey fyee from surd but wuld net destroy

wonld provent :
the rhage. One bundred sod FI04 ppa. csused veluetion ip phage tifter in
whey durina 24 hr. storsge. More then

200 pom. were reguived to destroy
low titer phages ond over 500 ppm. ©f availsble ehlorine for high titer
shagen, Ower 600 ppm. 6F avsilsble chlorinme were neelsd 4o sliminete

phage from high $iter whey. Destruotion was Jodged By the mors delicate
1reie tent,

Agsion of GQuakernary Amponium Compounds on Bacteri phnges

Azparently ne tests %mm been made of the sffeet of guaternary
sompeande in asroucls wpon bacteriophages. A fow tests in liguide heve
bean reporged.

Hater {197%9) employed alkyldimethylbenzylesmonium shioride selution
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in the preservation of vaceine and venom solutions, A dilution of

1:50,000 d1d not interfere with the reproduction of staphylecoccal dacterioc-
vhage. Beproduetion of phage from such s mixture was obtalned after 3 mo.
of contact in the refrigerator,

1o yitze tests with influensa A virus by Klein and Stevens {1945)
revesled a definite virascidal action with cetylpyridinium ehloride,
p-tertiargootylphenaxysthoxyethyldinot bylbeneylammoniug chloride and
alkyldimethylbengylammonium ¢hloride. The eompounds 1igted were viruscidal
for the iafluenza A virus ia 10 win. in dilutions ranging from 1:2,000
to 1:8,000, while dilutions of 1:500 to 142,000 gave s conmplete kill in
60 see. XKlelm et al, (1945) found the same compounds to be viruseldal
for vacoinia viras. Although the H{alkyl scld esters of colaminoforayl~
mothyl)-pyridiniun chloride showed but & suggestion of sction againet
influenra virus, this coampound was effective in concentrations of 1:4,000
against vaccinis virus. All three compounds proved lethal for Shigslle
g and Stanh. albug phages. None of them inactivated Z. goli
bacteriophage.

Kalter ot al. (1946) desoribed a mathod for the isolation of 2. goli
bacteriophaze from sewage by means of cationle detergents. HN-(alkyl acld
ester of colaminoformylmethyl)-pyridinium chloride, ethyldimethylbenzyl~
ammonium chloride and cebtylpyridinium shloride in finsl dilutions of
1:5,000 were recommended for the isolation of bacteriophage from sewage.

Prousy (1949) working at 20-22°C., added 0.1 ml. portions of bacterio~

phage filtrate to 100 ml. amounte of dilutions of guaternary ammonium
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compound renging from 200 to & ppm. At intervals of £ min. continuing
over 5 period of 20 min., 0.1 ml, portions of osech test’ mixture were
transferred to tubes containing 10 ml, of skim milk inoculated with

1 per cent {noculum of the homologows culture. The presencs of absence
of ‘active beoteriophage wae determined by incubsting the 10 ml. tubes
of the inoculated skim milk plus the treated filtrate at 30°C, The
quaterasry smmonium compounds tested were slkyldimethylbenzylemmonivwm
chloride, diisopropylphenoxyethyldinmetbylbenzylamnonium chloride,
diiaabutylpﬁaaaasuthﬁxye%ﬁyﬁ&iﬁmthy}haazyiaaﬁanxnﬂ chloride, 9~
octadecenyldimetbylethylammoniun bromide, Ne(acylecolaminefornylazethyl -
pyridinium ehloride and lauryldlmethylbensylammonium chloride. One
hundred yom, of soch of the sompounds wog considered sufficient to
insetivate the bacteriephsge in all trials st 2 min. exposure except
alkyidimethylbenzylansoning chloride which d4id not insciivste in 2 min.

in ene oub of 17 tr&ala.
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EXPRRIMENTAL METHODS

Selection and Fropagation of Culturss

e three straing of bacteriophesze and the Yespective suedeptidle
us oremoris used in this siudy were selected

cultures of Sireptococe
from the collection maintainsd by the Dairy Industry Section of the

Tows Agrisultural Experiment Station. Three dacteriophages, F10, F67,
and ¥69, which were specific in their aotion as %o strain of §. gcremoris
and also immunclogically distinet ware selected. whgy were claseified
in Groups II, IV and VI, respectively, by Wilkowske (1950), the
respeative susceptibdle cultures of §. gremoris were 122.1, 1ULF end MIL,
The litmus milk veed for the estimation of numbers of phage partiocles
wae prepared from fyesh skim milk fortified with 200 g, of nonfat
dry milk solids and 1 liter of filtered V48 vegetsble Julce to each 3

gal, of skim milk., The litmus milk was distributed in tubes in approxi~
mately  ml. gquantities and mtmlmo& at 15 1b. pressure for 3@&:#

2% min, Unfortified skim milk for the preparation of whey filtrates

was distriduted in 6-02. bottles with sorew caps, 3‘1&0»&1' mr' bottle,
and sutoclaved at 15 1b. pressure for 2% min.

Twelve~ to 2l-hr cultures of 5. gremoris, prepared with one drop

or one loopful of imoeulum per tube, were used in all assays for bacterio-

phage. When the eultuwres had developed to the point of coagulating the
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0,003546 g. of aveilable shlorine. Glycels of teshnical grade were
uoed, Test nolutions of them wers prepared volumetrieally.

The %wg%ag of the guaternzyy mmuonium sompounds were prepared
volumetrically on the Dosis of the manufagturers' stated strengths of
infustrinl solutions (uwauslly 10 per cent) or prepered gravimstricelly
from the solld compound, Subseguently, solutions caleulated o contsin
1,000 pym. from sach compound were prepaved snd tested by the method of
Biller and Elliker (1950). Since diiscbusyl (or p-tertiaryoctyl)s
phenexyesthoxyothyldine thylbensylonmoniue ohloride was avsilable in
zolid 3& it was token as the referyrace material, The volumes of
Fisher Ladorstory derosol required in the titration of the solutions of
alkyldinmsthylbensylasnoniwn ehloride, ¥-(acyloolanineformyinmethyl)e
pyvidinium ebloride, Y-oetsdecenyldimethylethylanmonium bromide and
methyliodeoylbennyltrinethylansoniom ohloride were 1.88, 1.02, 0.77
and 1,60, respestively, times the volume Fequired in the itratien of
the solution of di1sebusyl(or p-tertiaryoetyl)-phensxyethexyethyldlnethyl-
bensylassonium shiordds. A late commusieation from the fumior swthor
stated that the $itration waluee obtained with a standard asionie
golubion 4o not follow a molecular ratio with quaternary ammoniwm
compounies apd sugiested that controls Be set up for esch compound t0 be
tented, Bince only one of these oompounds was available in pure fors
the sbove results are only empirical svelustions of the strengths of
these stook solutions and wers not used a8 o basin of preparing solusions
in this investigation,



£1euse00n URYA PRYSIFUTSTR SUA WOOX SUL *AGYUIA O3 Iepua 4enf POEvET
PEA JOBTYEL WWeRE ¥y *FIOY UIV4EVe YUl UL UM ysdou Oyl uT POsUsel eua
82 lxg ﬁﬁﬁ%ﬁ%@ ROPUTA ¥  *W0OZ Sy} JO IOUIOD T JUAW TTER I8Ee oyy
Uy Pegusel FEA Joop ‘43 L x £ v '$sea puw jeed Lpejewpmeaddw uwer mooa
aqs 3o WISWeT eyg Temvue WIyA pejured taea syTen pexeyenTd ey puw
4007 ©3910u0n WHOOWS B YUY 31 uFYY ‘WY O 55 £ X ‘Wi {9 Wy e1 ¢
WY C*0T *4F L Arejvuirosdde woox B O4UT PELTMOIT GiBA S84RIITIS AV

seReydojae408g Suo00o0sdeasg HT409T YITA ITY JO WOTRORZUY

; ,.ﬁﬁ_ﬁg wﬁa Jo sotdues eoxyy 2oy pesedesd (g267) sowng
e ﬁgﬁ& 3o oTqEy ey of Jugaasgex £q pouTERQe SxeA IOGTTILTIW eod
#eTo7aRd Jo sIoqumu eTqeqosd ysow eyy eFvydolaeionq SATIOP FujurEuos B
PRIOPISLOD SasA YEbqny ToxUop esgresdeyd Sy3 UL POXIM0Oe W8 ewws Ay
‘UOTHTUNRNT *aq GT 0% 2T 2995 STWIIT Jo WoToupss pue wopjwTadeco Temzouw
aoys o4 FULLIRF woqng ,&g;a& sang e ‘ay-nz 04 =27 Jo doxp Suo exea
BInoous Sup ot uhgﬁa YRPA 408 PITUR ¥ PUB TN SANITRO I 108
pucoss ¥ f?mmﬂ a%,?a WA POYBTUOOUT WEA 308 ONp ‘SUCTINTIP 1TSS
843 puwe ordues jeey gowe woxy peasdead exes seqni Jo =408 SyeorTdlas
*sofuyd oYy oyy wo epem BIeA S804 SUOSUELILNLS POUTH Jm&ﬁ 1oqeg
v (GE6T) T TF wosyoy *(4£6T) Wewpaawg *(0C6T) JePemsy £q peqriosep
subuqoey WORRTTY FUTRYWIT Sque~e0sqy oyt Aq POUTEISGSD exom SPIUBYY
4993 Uy soToTared eFuydoTaeeouq PATYOR JO BIQURN STqUeId ysom oyg

. : Lad 3 5 2Ll o
edeydotaegoug Jo sIequMy STQRAOLS SUON JO UOTIBRATWISLE]

-8~



03 Kassseceu swa 3§ ‘POTPUwy sIom SPTubIT JO somnioa JePiey uweyy °Tw
02 wwy ogom ATyudyrs ves JoTIWOLW OB JO IT0AI0B0X oYY JO hﬁu&ﬁu
Yy “IUOTINTO [PPIVGMITA Y DU SOIBIITLS oWy HIOQ fursyuosw 405 £1qe
~aJuuqolejuy peen Saen nﬁsuwﬂ@a,ﬂ oYy *3sey ﬂaﬂu, 09 suoiaead *diw Op X0
esunenoad *qI g1 ¥ PRARIUOSNB PUY SITOAISRI eBYTT xﬁﬁ oy 3o Joous
Jedy SITEIUIN 0% I09WA POTLTISTP U wﬁ%g 20 amoy suo soF weqs
Supaoly uy pegwey .e% POUBSTD DIOA BIVSTWOLE YL “SUOTIN[OS TIPTONNITA
oy} FUYSIGASTP X0 POSH SuA RIGITWOYS SYY JO IGUJORY “WE] DIX007e
FuTATOASS SYS SAGYR ‘UT FE-UT SISITWONS LT "Off SEIQIIASL 98Xy JO euo
wo1y POFIRYOSTP 2Xem W00l 9u) FUTIONIUT 10 SEBIITIF POLTWOYE ey
*IFIEY yowe jnoydnodyy
Ltsnonupquoo pessiede Sua Uy 0Uy Poteis SETAIOYI0 SSSTHH WS TUWYDSW
J098TTI080 oYy Jo Wopyeredo ouy MOTTE TIT4® YU S1qIS80d 98 Iuj se
PURIs OUy UO PIRANDUQ POITTY BA U SYF  *PIEAYLION FUTOBF OTGEY O3
3¢ epI6 ysnos eyj PuoT® Lempiw gnoqe 498 ewa uvy OI0e(e Fuyjwyijose
woslemy ‘WE-ZY Y ‘WO0X 8W§ JO STIVA YINOS PUB YIAOU SYY USBMIOQ
Aempru 9moQw TTBA 386A oYY 45UTeSe PUS UB YIjA PeOVTd sua uSty ‘uy (g X
g4 x og Lreseumixezdde doy Teeys SEATUTSIS ULTA 6Tq¥3 Hloa Teiem v
| | .wﬁn
~jaedxo oyy Fo sucpsaod 1ONpucH 0F WOOX Suy JO N0 L6 U od oy gaacmﬁ
swugey 93 sv jdeoxe ‘terxs %ﬁa Purany pesero 1dey suea WOoX ey ‘Jegjea
- up punodmos mmyuoume Lrvuzejend Jo uoljexzuesues ydty @ yjIA Se0wans
Tejuozja0y T19 FATUINTS 40 UOFILIZUSOWOO UYSTY Jo IWeIVOIUTNTP OUFIOTUO JO
wmone Tedeqry € Fupfeads Lg sywydq snojasad woxJy werseoJuy MO JIWLTd 04

a!mw,.ﬁ -



mm

refill the reservolr. Air preesure of 20-25 1b, per ﬁ‘m‘g wag supplied
to the atomigzers by an air compressor pump., Dry bulb and wet buld
temperatures of the room were taken with s Mason hygmker and the
relative humidities were deteramined from these tammﬁww by use of
the relative humidity tables of the Taylor Imstrument Co., reprinted
by Langs (1946). | |

Hessurement of Porsietence of Actlive Lactic ﬁtwmwweﬁa
Bacteriopbage in the Alr
A 35 x 200 ma, test tube was used for ssmpling air, It was

fitted with & rubber stopper through which twe 15 ma. dlameter glass
tubes for inlet and outlet were inserted. The inlet extended rearly
te the battm\ of the teet tube and the outlet tube Just thmugh the
rubber stopper. Both tubes extended streight owbvard for distances
of 8 %o 20 em. A sudfficient cuantity of glase beasds spproximately 35
mm, in dismeter was placed in the tube so thet they came wprazimmly
to the surface of the water when 25 ml. of distilled or buffered water
was placed in the tube. The test tube containing the beads, rubber
stopper, and the two 15 mm, diameter glass tudbes was sterilized in
the autoclave at 15 1lbs, pressure for 30 min. After sterilization and
cooling, 25 ml, of distilled waﬁar or of sterile 1/300 M phosphate
buffer solution et pH 7.2 were measured into the sample tube. The
outlet tube wae connested by a sterile rubber tube to a 50 gal. aspirator

located just outside the door of the room. The test tube was held in
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20 ml. of 1/300 M phosphate buffer solution at pH 7,2, sterile
rabtber policemen belng vsed for serubbing the inside surfaces of the
dishes,

Polished stainless steel discs approximately 90 mm, in diameter
wore placed in sterile petri dishes for setfling tests also, After
exposure 20 ml. of 1/300 Y phosphate buffer at pH 7.2 were added to
each petri dish containing & stainless steel disc and the surface was
scrubbed thoroughly with a rubber policeman, Ringe water wes assayed
for basteriophage content,

In order to test the effect of atomizing upon the sctivity of the
bacteriophage, 20 ml. of the ¥69 phage filtrate were stomized into
a8 2-1iter Brlenmeyar flask. The filtrate was tested for phage content
before being stomized and also afber collection in the flagk following
atomization, Similar tests also were gﬁ& on filtrates diluted 10”2 and
wai. The resulte shown 4n Table ) indicate that recovery of the atomiged
phages was about 10 par cent in 10 out of 39 comperisons but was 100
per cent or more in 27 of the comparisons. The recoveries in excess of
100 per cent may be explained by the bresking up of clumpe of phage
particles in the atomising or by normal varistions inherent in the
method au ansay. 4

In order to mensure the possible effest of Hubbling alr through
phage filtrates, air was drawn for 10 mim, through undiluted filtrate
and through diluted filtrates. The numbers of phage particles were
determined in the filtrates before and after the dubdling with air.
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TABLE )

EFFECT OF ATOMIZING 20-ML. SAMPLES OF WHEY PILTRATES CONTAINING
LAGTIC STREPTOCOCCUS BAGTERICPHAGES INTO 2-LITER SELENMEYER FLASKS

“Mpn.ful. of phage particles on undiluted basis
n

Filtrate 0 ¥67 769
Undiluted, unatomigzed 4,500,000
Undiluted, atomized o 450,000
Diluted 1072, atomized 450,000
Plluted 10™, stomized L ‘ 850,000

PH 4.7
Undiluted, unatomized 250,000 450,000,000 110,000
Undiluted, stomized 26,000 45,000,000 110,000
Diluted 10°%, atomized 25,000 25,000,000 250,000
Diluted 1074, atomiged 45,000 11,000,000 260,000
Undiluted, unstomized 250,000 45,000,000 110,000
Undiluted, gtomized 250,000  1,100,000,000 250,000
Diluted 10™%, atomized 25,000 76,000,000 150,000
Diluted 10°%, atomized 25,000 110,000,000 250,000

 pE 5.9
Usdiluted, unatomized 2,500,000 286,000,000 260,000

Undiluted, gtomized 2,500,000 25,000,000 250,000
Diluted 1077, atomised 2,600,000 110,000,000 250,000
Diluted 10™%, atomized 480,000 450,000,000 250,000
pH 6,66 | | |
Undiluted, umatomized 1,100,000 26,000,000 1,100,000
Undiluted, atomised 1,100,000 150,000,000 4,500,000

Diluted 102, stomized 1,100,000 110,000,000 2,500,000
Diluted 104, atomised 2,500,000 150,000,000 1,100,000




e Sl

The results shown in Table 2 indleate complets rescovery of dbasteriow
phage aftey air had been bubbled through the wadiluted filtrate. In
only two oub of 10 comparisons vere there appreximabe ten~fold reduc
tions in numbers in the dilutions of filtrates as a result of the
trestment, Other changes in numbers which sppear to result from the
treatment may be sxplained by the bresking up of clumps of particles
and ngﬁ&%wgm which may ocour in the assay procedure,

Areas of 4 1n.2 in varlous parts of the room were tested for the
annﬁg of %ﬁ# bactariophage gﬁmﬁg storile cotton swabs _na
4 ml, of %%ﬁs &.nﬁwww» xﬁgﬁ wvﬁmﬁwwﬁ ‘areas, q%gg the
%a to ag,{%cn and assaying the vater for active Yacteriophage.
Attempts also were made to get sotive bacteriophage back into the air
from the floor ww sweeping vigorously with a dry broom. The air vas
then gp&,ﬁw tested by the methods described above. |

" Determination of Actien of Certain Aerosols on Lactic Streptococcus
R ~ Baoteriophage _

Alr infected with bacteriophage in the manner deseridbed above
vas trested with ssrosols of ethylene glyesl, triethylene glycol,
propylene a_g@_euq and solutions of aﬁﬁﬁ, hypochlorite, ¢hloramines
7 and alkyldimethylbensylammonium chloride. The serosols were made by
atomizing the ligquide with DeVilbiss No. 127 atomizers in the same
manner ss the filtrates were atomized, The sir was treated at various

intervals before, during and after infection with bacteriophage.



CONTAINING LACTIC STREP!

0

PABIE 2
. EF¥RCT OF BUBBLING AIR FOR 10 MIF, THROUGH WHEEY FILZRATES

'OG0COUS BACTERICPHAGES

ﬂltrah

Undiluted, untrested

Undiluted, troested
Diluted 10~H, treated

pH 6,65

Undiluted, _gnwma&
Diluted 10 troated
Diluted 1073, treated
Diluted 107, trested

Undiluted, patreated
Diluted 107, treated
Diluted w:g treated
Diluted 10 ', treated

%;m,/ul. of ph&m paﬁ%glﬁwmim%& baeis
T

200,000
1&13, 800
2%9@%
:uwa’m

150,000
lwm@@

110,000,000
250,000,000
11,000,000
25,000,000

25, 000, 000
110,000,000
45,000,000
36, 000, 000

F69

4,500,000
bﬁﬁgﬁ
9,500,000

1,100,000
; ;'m
250,000
250, 000
1,100,000
2,500,000
2,500,000
2,500,000
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Mr samples were taken and fests of bacteriophage settling out of
the air slso were made by the methols a%auﬁ_ﬁ above. In addition, a
sories of petri dishes were open for suscessive Swmin, perieds follewing
the trestment of the sir with ssleium hypeshlorite serosol. In the
trisle of aeroscls containing aveilahle chlorine, the sir esampling
tubes weare charged with 25 ml. of & selution sontaining 3.2 ng. of
sodium thiesulphate and 1/3200 M phesphate buffer, The recotion of the
solntion was adjusted %o pH 7.2, The petri dishes each contsined 20 ml.
of the same solution. Buffered water without imhibitors was used in
tiesting the aetion of the glycols and alkyldimethylbenzylammonium
chloride. _

uﬁaaxgﬁ? of Astion of Uertsin Viruscidsl Agents on lactie
awu%wa%aﬁu Basteriopheges in @»ﬁﬁuu&
‘The setion of g&wﬁ agents on basteriophages in liquids ves
; ugg mostly in ﬁgaﬁé lsberatories st the University of Georgis.
A a&ﬁ»?ﬁg of the w@gww@uﬁ progedure una@iuﬁ by Weber ond Black
(1948) for evalusting prastical performance of quaternary ammoniua
conpounds and other w%&,awﬁ%, proposed for nvﬂﬁwﬁﬁm food utensils
was ,aawwag.‘
Bix %o 10 ml. of the test 35&»@3 of the viruseidal agent

in ?&f. &,nagﬁ vas %.%&‘ in a 25 x 150 mm, test tube and dovered
with a 30 x 50 mm, glase or &ﬁuﬁk cap, Distilled water |
for preparing ,«.&w selutions, the metal csps and all au.ﬁat%‘ Used



in this group of triale were sutoclaved at 156 1b, pressure for 30 umin,
Five ml, quantities of phage filtrate or diluted phage Tilirate were
carefully transferred to another 26 x 150 mn, tube, aveiding touching
the sides of the tube in transfer. This tube slso war covered vith a
30 x 50 mm, glass or alumimwm cap. Both capped tubes were placed in a
400 ml. beaker of vater for obtaining snd maintaining the test tempera~
ture., w

The varmed tube containing the phage vas sst in a 2 oz, glass jar
in a verticsl position out of the water bath, With a 5 mi, tip-delivery
bwﬁsxﬁologiaax pipette with an eperture dismeter of about 3 m;; §
ml, of the viruseldal solution was transferred to the tube containing
the phage, The contents of the pivette were dissherged guiekly by
blowing them into the tube. As the trensfer was begun a stop wateh with |
& sweep second hand was started. The pipette was discarded quickly
and the contents of the tubs swirled vigorously, With an APHA 1,1 ml.
bacteriological pipetis, ) ml. of the trested filtrate was removed
from the tube and gquickly discharged mﬁ & 9 wl, inhibitor blank prepared
as desoribed Webw st 1D sec. The inkibitor tube was swirled., sddi-
tionel tramsfers of 1 ml, of treaked filteate sach ware sade at 30 sen,
and at 60 see. The tubs containing the tmawa filtrate then was
returned to the water bath, A fourth transfer of 1 ml. of treated
filtrate to & 9»-ml, inhibiter blank was made st 120 ee¢. and & fifth
transfer at 300 ses. Each tubs containing the inhibitor blank was
swirled after the addition of the 1 ml, portion.
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REBULTS

Persistence of Lactic a&r;jgtwuwns Bacteriophages in Infected
iy
Besults obtained in recovering the bacteriophages from the air by

aspiration and by deposition on petri dishes when the room was infected
with filtrate having a pH of 4,86 are presented in Table 3, The par-
centage of active particles recovered by aspiration during the second
period, 104-111 min after infection began, ranged from approzimately
0.1 per cent in the case of F67 phage to 10 per cent in the case of
¥69 phage as compared with the mumbers recovered during the perioed 10-17
min, after infection began. . TI10 and F67 phazes were not recovered
by aspirstion 210 min., or longer after infection and P69, 670 min. or
longer after infeotion. In the diches exposed continunously the numbers
of active particles tendsd to increase rapidly %o a peak and then to
decline at a more or less rapid rate. The peak number of F10 particles
wag obtained 17 min. after infection and the peak number of F67 and FE9
particles, 111 min., after infection, disregarding the high count of
767 particles at 677 min, which is irregular and cannot be explained.
The examinstion of the dishes exposed for 7-min. periods showed the
largest numders of active particles in the dish for the first peried,
%~ %o 16-fold smeller mumbers in the dieh for the second period and
from none to sboub AG.% per cent of the Initial nusbers in the dishes



- PABLE 3

BACTERIOPHAGE BECOVERY FROM ROOM INFECTED WITH ATOMIZED WHEY
PILTRATE AT pH 4.85 CONTAINING LACTIC SUREPTOCOCOUS BACTERIO-
' PHAGES . ‘

Mpn./f.© of phage particles recovered from
the air by sspiration through distilled water

Peried my@l@ taken |
efter infection began

(min.) 69
10~ 17 940 94,000
104-111 1.1 9,400
*210-217 0 1,700
272-279 0 26
670-677 0 0

Mpn./ft.? of phage particles recevered by
rinsing dishes with distilled water

Period dish open after
infection begen

{min,). 10 167 . 69 .
0- 7 3,000,000 6,400 140,000
0~ 17 64,000,000 1,100 110,000
o-111 3,000,000 11,000 300,000
*0u217 1,100 110 180,000
0-279 1,800 110 89,000
0-677 4,7 30,000 110
0- 7 3,000,000 6,400 140,000
10~ 17 180,000 1,800 0,000
104~ 111 640 0 24
*210- 217 0 4,7 30
272« 279 64 0 13
670~ 677 0 0 0
677 4 4, Q 4.7 0

60 ml. of whey filtrate containing 450,000, 15,000,000 and 25,000,000
particles/ml, of F10, F67 snd F69 phages recpectively vere atomized into
the room. Time required for atomiszing was 7 min. Room temperature was
B4-85%F, and relative humidity, 75-80%. Trial was made July 7-14, 1949.

*Oscillator mechaniam of fan ceased operating between 111 and 210
min, after infection began and was not started agaein during trial.
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TABLE 4

BACTERIOPHAGE RECOVERY FROW ROOM INFHCTED WITH ATOMIZED WEEY
FILYRADRE AT pH 4,45 CONTAINING LACTIC STREPPOCOCCUS BACTERIO-

PHAGHES

Period semple teken

after infection began

{min.)

10~ 17
73~ 80
131138
269-266
490-497

Period disc exposed
after infection began
{min.)

0~ 7
0~ 17
0- 80
0-128
0266
0-497
01220

Qw 7
16- 22
78- 86

136+143
264271
495-502
497.1220

"~ Wpn./Et3 of phage partisles recovered from Uhe

air by sspiration through buffered distilled

o water
2 1o SN ;- 69
17,000 9,400 940,000
110 : 110 2,800
0 1.1 36
0 0 0
0 o 0

Mpn. \&«.m of phsage particles recoversd by
rinsing stainless steel discs with buffered
distilled water

767 _F69
30,000 300,000
30,000 53,000
11,000 300,000
© 11,000 30,000
130,000 30,000
530,000 110,000
480 11,000
30,000 30,000 200,000
3850 11,000 110,000
11 0 180
4.8 (4] 4.8
4.8 0 0
0 2 0
0 300+ 300+

60 ml. of whey filtrate containing 250,000,000, 25,000,000 and
110,000,000 partieles/ml. of F10, F67 aud 769 phages respectively were

atomized into the voom.

Time required for stomipging was 5 min. Room

temperature was 82°F. and relative humidity, 80+84%. Trisl was made

July 25, 1949,
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TABLE 6

BACTERIOPHAGE RECOVERY FROM ROOM INFECTED WITH ATOMIZED WHEY
mwm:s AL ;pﬂ ﬁ.ﬁ CONTAINING LACTIC STREPTOCOGCUS M(’&E?Rlﬂm

?KM&E&
FPerlod samplie taken ﬁm./fh:* of phage particles recovered from the
after infection began air by aspirvation Vhrough buffered distilled
(m.,} water
, ~ #O . 67§69
10- 17 1,700,000 - -
3= 79 17,000 940 17,000
130- 137 9.4 940 3,600
2860~ 3B7 i 24 360
499« 508 0 0 0
Period dish open after ﬁm.fﬁ‘t.g of phage particles recovered by rinsing
infection began stainless stesl discs with buffered distilled
(min.) . vater
no . ... 67 e 269
O 7 300,000 300,000 300,000
0 A7 300,000 110,000 1,100,000
O 79 300,000 30,000 300,000
Q- 137 180,000 11,000, mo ~ 530,000
O 257 110,000 3%30.606 300,000
O 287 300,000 *300,000 * 53,000
O 506 180,000 110,000 530,000
0= 1210 30,000 , 30,000 3{5.0%
0= 1210 * 30,000 11,000 * §9,000
O 7 ' 300,000 300,000 300,000
10- 17 3,000 3,000 30,000
72- 79 24 1,100 300
130w 137 4.8 30 300
250~ 287 ) ¢} 4.8
498. 506 0 ¢ 0
506~ 1210 0 0 0
BOB= 1210 ® 0 = 0 *0

60 ml, of whey filirate mmammg 110,000,000, 25,000,000 and
260,000,000 particles/ml. of P10, F67 and P69 phsges resmt&miy wers
atomiged into the room. Time m@uim& for atomizing wees 5 min. Room
tmmrmam wes 81-82°F, and relative mmiw, 80+91%, Trial was made

*Potrl dish alone without dise exposed for collection.
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" in the numbers obtalned by aspiration and from continucusly exposed
disec sawples are practically the same as in Teble 4, ¥No phage particles
were recovered in samples from disos expesed for 7-min. periods after
499 min. or from the dise or dish exposed during the 506-1210 min,
period. Five of the counts from the corresponding disc and dish sewmples
were the same, the counts from the disecs were greater twice, the counte
from the dishes grester twice and the maximum difference in any instance
was less than three-fold.

Petrd dishes alone instsad of dlses were used in the trials reported
in Tablest and 7. The pH of the filtrates was 5.5, The trends in the
data seem to be esgentially the same ag those in Table B, However, in
Table & no reduction in P69 particle numbers occurred in ﬂw second
aspiration sample and 28 ¥69 particles per f&g“ were resovered during
the 423-430 min. perioed. Also, in the same table, 4.8 F10 and 3.5 F69
particles per e,° were recovered from the 15669-1576 min, dish,

The data from tvo similar trisls using flltrates with a pH of
6.556 are presented in Tables 8 and 9. Ho consistent differences are
apparent in the trends of these data and of thoss data fyom trisls with
filtratee having lower levels of pH. These data sgree with those in
Pables 37, inclusive, with the exseption of parts of t’mblm 4 and 6,
in indicating greater persistency of FE9 particles than of F1O or ¥67
particles. The exceptions te this agreement with other data from Table 4
are the recovery of 4.8 particles of F10 phage per £t.° and no F69
particles on the disc for the 284-271 min. yéﬂa& and the recovery of
poseibly as meny F67 particles as of P69 on the dlise for the 497-1220



TABLE 6

BACTERIOPHAGE RECOVERY FROM ROOM IRFEOTED WITH ATOMIZED WHEY
FILTRATE AT pH 5.5 OONTAINING LACTIC STREPTOCOCCUS BACTERIO-

PHAGES

Period sample token
After infection began

xpn‘/fe;3 of phaga particles recovered from the
alr by aspiration through buffered distilled

{min,) watey

— 10 257 )

10- 17 260,000 1,700,000 940,000

70- 77 ‘450 36,000 940,000 +
423~ 43D 4] 0 ]

Period dish open after
infection ?egun

ﬁﬁnp/ft.a of phage particles recovered by rinsing
dishes with buffered distilled water

10 287, ¥69
O ? 5,300,000 3,000,000 3,000,000
O- 17 30,000,000 5,300,000 5,300,000
0= 77 3,000,000 3,000,000 11,000,000
O= 430 30,000 + 30,000 + 1,100,000
*0w 7230 00 + 25 % 300 »
O ? 5,300,000 3,000,000 3,000,000
10w 17 110,000 110,000 1,100,000
0= 77 530 300 2,400
423~ 430 B3 24 . 110
441w 1876 30,000 30,000 30,000
1569~ 15676 4.8 0 3.5

60 ml, of whey filtrate containing 200,000,000, 160,000,000 and
460,000,000 yartialss/ml‘ of ¥10, F67 and F69 phages were atomiged into

the roonm.

Time required for atomizing was 7 min,

Room temperature was

79-80°F, and relative humidity, 59-68%, Trial was made July 12, 1949.

*Pan was stopped 1576 min. after 1nfactiun‘hega§*
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TABLE 7

BACTERIOPHAGE RECOVERY FROM ROOM INPECTED WITH ATOMIZED WHEY
FILTRATE AT pH 5,5 CONPAINING LACTIC SYREPTOCOCCUS BACTERIO-

FRAGER

Feriod eample taken
after infection began

- bﬁm; [£3 " of phage ‘mmm“mm:ma Trom the

air by sspiration through buffered distilled

(min,) ) - water

11- 18 560,000 56,000 1,500,000
M= 78 110 5,600 94,000
131~ 138 9.4 9.4 940
254~ 261 94 170 4,100
1212-2217 0 0 0

Period dish open after
infeetion began

(m)

O ?‘
O« 18
O~ 78
O- 138
Qe 261
O-1217
0-4081

O- 7
1l- 18
7i- 78

131~ 138
2H4- 261

Mpn./£%.° of phage particles recovered by rineing
é,iahaa with buffered distilled water

I £ 3t T 22 )i}
890,000 36,000 480,000
530,000 530,000 B30,000
890,000 190,000 1,800,000
1,400,000 35 cm 1, me 1000

8,900 1,@00 3 000, 1000 +

530 480 et aw
850,000 35,000 480,000
53,000 1,300 110,000
300 300 630
500 300 12,000
B30 300 890

53 ml. of whey filtrate containing 16,000,000, 9 » 500,000 ana.
150,000,000 particles/ml. of ¥10, ¥67 and F69 phages mametwah were

atasaim& into ths room,

Tine mgnim& for atomising ves € min. Noom

tewperature was 79-~80%F. and relative humidity, 57-644. Trial was made

Jaly 22, 1949,
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TABLE 8

BACTERIOPHAGE RRCOVERY FROM ROOM INFECIED WITH ATORIZED WHEY
FILTRATE AT pll 6.55 COUTAINING LAGTIC S?WWQQGHS BACTERIO~
FHAGES

Period m@m toxen Wpn, J26.5 oF Thege Wiri&s yocovared from the
after infection begaw  alr by aspiration through Wf&mﬁ ﬁmimea

{nin. ) . water
‘ — F10. ; EG7...
10« 17 940,000 940,000
. 73~ 80 94 9,400
130~ 137 3,400 9,400
269« 266 0 2.2 ,
490 497 0 ) 94 +

Period dish epen after  Npn./ft.2 of phage particles recovered by rinsing

infection bogan

dishes wﬁsl@ waffered 44ntilled water

(min,) 67 269,
- 7 1,100,000 6,300,000 3,000,000
0~ 17 5,300,000 3,000,000 3,000,000
0« 80 1,100,000 890,000 3,000,000
0w 137 1,100,000 300,000 1,100,000
0~ 266 1,100,000 3,000,000 3,000,000
0~ 497 530,000 1,100,000 3,000,000
0-1217 180,000 89,000 1,300,000
0- 7 1,100,000 5,300,000 5,000,000
10- 17 110,000 300,000 180,000
3= BO 830 %00 1,100
130+ 127 18 110 890
259~ 266 11 110 300 +
490 497 30 53 300 +
497~1217 0 0 o

€0 ml. of whey filtrate contalning 25,000,000, 8,500,000 and
450,000,000 particles/mi, of ¥10, ¥67 and ¥69 phages respectively wers

stomized into the room. Vime reguired for atomizing was 6 min. Room
temperature was S0UF. and relative humidity, 79-87%, Trial was uade
July 21-22, 1949,




TABLE 9

BACTHRIOPEAGE RNCOVERY FROM ROOM INFEQTED WITH ATOMIZED WHEY
PILTHATE AT pH 6,55 OONPAIRING LACTIC STREPTOCOCCUS BACTERIC-

PHAGES
Period sasuples taken Mopn. \&?mﬁm phage particles recovered from the
after infedtion began sir by aspiration through buffered distilled
(min.) vater
S o F10, - —
10- 17 - 940,000 + 1,700 940,000 +
?0- 77 150 1,700 410,000
250« 257 94 94 9,400 +
490« 497 1.1 11 36
1930-1937 0 0 1.5
Period dish open after xm?\w?m of phage particles recovered by rinsing
infec¢tion began dishes with buffered distilled water
O 7 3,000,000 1,300,000 5,300,000
O« 17 5,300,000 1,100,000 5,300,000
0= 77 3,000,000 180,000 3,000,000
O~ 257 3,000,000 + 130,000 2,000,000 +
“« 497 5,300,000 5,300,000
0=1937 300,000 300,000
O=4610 5,300 300,000
¢ A 4 53,000,000 1,300,000 8,300,000
10« 17 48,000 18,000 530,000
70« 7 B30 110 2,400
250- 287 300 B3 530
490- 487 ‘ 300 + 300 530
1930-1987 4.8 4.8 i8
4803~4810 o 0 0

60 ml, of whey filtrate containing 1,100,000,000, 11,000,000 and
450,000,000 particleafml, of ¥10, P67 and F69 phages respectively were
stomized into the room. Time required for stomisming was 4 min. BRoomw
tenperature wag 79-82°F., and relative humidity, 54-61%. Trial was made
July 1618, 1949, v
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TABLE 10

BACTERIQOPHAGE RECOVERY FEOM ROOM INFECTED WITH WHEY FPILTRATE

AT pH 6.3 CONTAINING LACTIC STREPTROCOCCUS BACTERIOPHA

oES

mriaa,mpié taken
after infection bagan
: (ﬁiﬁi}

10~ 17
40« 47
70~ 77

Period dish open after
infection began
(miﬂ. )

O= 40
40« 70

10~ 17
40~ 47
0= 77

m./m% of phage particles Tecovered from the
alr by sspiration through baffered distilled

water |
3,600,000 75,000 940,000
17,000 36,000 56,000
36,000 15,000 56,000

¥pn,/f% .‘3 of phage particles recovered from
ringing dishes with tuffered distilled

wa.‘;ar
-H30. 267 769
1,100,000 1,800,000 3,000,000
11,000 8,900 30,000
3,000 300,000 53,000
530 11,000 &, 300
630 530 300

60 ml. of whey filtrate containing 75,000,000, 115,000,000 and
250,000,000 particles/ml. of F10, F67 and FE9 phages respectively were

atomized into the room.

Time required for atomlging was 7 min. Room

temperature was 83° F. and relstive humidity, 61659, Trial was made

Aug. 15, 1949,
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PABLE 11

BACTERIOPHAGE REGOVERY FROM ROOM INFECTED WITH ATOMIZED WHEY
" PILTRATE AT pH 6.3 CONTAINING LACTIC STREPFOCOCCUS BACTERIOPHAGES

Period ‘sanple taken m..ffk,.a of phags partisles recoversd from the
after infection began air by aepiration through tuffered distilled

(min,) water |

10- 17 940,000 1,500,000 3,600,000

30« 37 76,000 170,000 2,800

60- 67 1,700 9,400 75,000
Period dish open Mpn, /1.2 of phage particles recovered by
after infectlion begen rinsing 4ishes with buffered distilled water

_(mia) T %9

0= 20 1,100,000 5,300,000 3,000,000

30« 80 30 30 30

10~ 17 ' L 48,000 248,000 300,000

B0~ 37 11,000 11,000 30,000 +

80~ &7 , 630 530 11,000

60 ml, of whey filtrate containing 765,000,000, 115,000,000 and
286,000,000 particles/ml, of ¥10, 767 snd F69 phages respectively were
atomized into the room. Pime required for stomising was 8 min, Room
temperature was 81-82°F. and relative humidity, 65-726. Trial was
made August 16, 1948.
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On June. 28, 60 ml, of f&iﬁmﬁs sontaining 486,000, 95,000 and
250,000 partieles per milliliter of F10, F67 and F69 phages, respesc~
tively, vere atomiged into the room. Fhe room temperature was ¥9° F.
8t the tine of stomizing snd ab the %ime of sampling and the relasive
humidity, 79 per cent. On the following day, mo phage was resovered
by aspiration although the floor was dry mopped and the fan operated
during the sampling.

On June 30, 1949, 60 ml. of filtrate containing 250,000,000, 450,000
and 450,000,000 particles per milliliter of ¥10, F67 and ma“pm@u.
respectively, were atomized inte the room. The temgémﬁm at the
tine of atomising and sampling was 80-81° F. snd the relative humidity
72-74 per cent, On Jul, 2, the floor was dry mgpgﬁ vigorously while
an air samsle was taken by sspirvation. No phage was recovered.
Inmediately afterward, nine sanples .wata teken by swabbing areas on
the window sill, the door, & lacquered metal drum top, the pump base,
the west and south walls at low levels and three widely sepsveted
sections of the floor. The recovery of Fl0 phage particles was O per
ﬂ.s from three arsas and 360 %a\ 6,500 per £6.2 from six areas., From
3,600 to 36,000 + F67 particles per ﬂ.z were recoversd. The recovery
of 769 phage particles was O per £5.° from two areas and 360 to 36,000
per mﬁ from seven areas. There was no apperent correlation between
the kinds or positions of surfaces and the muwbers of phage particles

recoversi.
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TABLE 12

RFTECT OF WPHYLENE OLYGOL ASROSOL ON NUMBIRS OF PHAGE PARPICLES
RECOVERED FROM ROON INFECTED WITH LACTIC STREPTOCOGCUS BAGTERIO

- PHAGHES .
Poriod sample baken — Wpn,/ft.5 of ¥69 phage particles recovered
after infection began from the alr by aspiration through distilled
10- 17 | 17,000
40 47 ' ‘ 940

20 ml. of whey filtrate containing 250,000 perticles/ml. of F&9
phege were atomized 1nto the room. 20 ml. of ethyleme glycol were
dispersed into the voom 30 min, sfter infection of the room began.

Room temperature was 72-75° P. end relative humidity, 38-58%. Trial was
made April 9, 1949,
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TABLE 13

EFFECT OF SCHYLENE GLYCOL AERCGSOL ON BUMBERS OF PHAGE PARPICLES
- RECOVERED FROM ROOM INFRCYTED WITH LACTIC STREPTOCOCCUS BACTERIO-

PHAGES

Forlod sample baken
after infection began
{min.)

13- 22
27- 34
43~ 50

Period dish open after
infection began
{min, )}

PP
¥R

Ow 12
13- 22
27« 34
43« BO

mw?\ww _.u of @g%.gwwman, x._aﬁlégﬂ from the
air by aspiration threuzh buffered distilled

vatay ,

- 167 o BE9
17,000 56,000 1,700,000
8,400 9,400 9,400
280 540 36,000

Hpn. \ma.m of phoge particles recovered from
baffered distilled wator standing in petri

dishe

o rer . ¥69
3,000,000 180,000 3,000,000
1,100,000 3,000,000 3,000,000
300,000 89,000 3,000,000
3,000,000 160,000 3,000,000
18,000 5,300 200,000
1,800 . 880 5,300
00 110 1,800

60 ml. of whey filtrate with & pH of 6.6, containing 75,000,000,
95,000,000 and 150,000,000 particles/ml. of F10, ¥67 and F69 phages
respectively were atomised into the room, Time required for atomlizing
was 13 min, 60 ml. of ethylene glyscol were dispersed in 20 ml. portions
sliernately with equal volumes of the filtrate, the filtrate firast.
Roow tempersture was 7%, and relative lumidity, 78-82%. Trisl wes

made August 4, 1949,




TABLE 14

m{ﬂ’ OF PROPYLENT GLYCOL AVROSOL ON NUMBKRS OF PHAGK PARPICLYS
RECOVERED PROM ROOM INFRCTED WITH LACIIC STREPTOCOUCUS BACTERIO-

PHAGE
Ferlod samole takem Wipn./ft.5 of 760 phage partioles 'waﬁé'&éﬂ& from
after 1nfection began the alr by aspiration through distilled water
6- 14 o 56,000
60~ 80 - | 2,500
80~ 98 940

20 ml, of whey filtrate containing §69 phage were atomiged into
the room, 20 ml. of propyleme glyeol were dlspersed into the romu
beginning 26 min, after infection begsn. Room temperature was 700F,
and relstive humidity, 72%. Trial was made April 27, 1949,
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TABLE 16

ARPFROT OF TRIBPHYLEHZ GLYCOL AZROSOL ON NUMBERS OF PHAGE PARTICLES
RECOVERND FROM ROOM IRFRCTED WITH LAQGPLIC SPREPTOCOOCUS

BACTERIOFBAGES

Period a@%wa, taken
after infection began
{min,)

10- 17
20~ 27
40~ 47

Poriod dish open
after infection began
Agw.wwo v

Mipn./t6.3 of phage particles resovered from the

alr by aspiration through buffered dlstilled

wateoy .

719 267 269
760,000 280,000 940,000
940,000 170,000 940,000
9,400 56,000 17,000

%\?,M of vhage parbtleles recovered from
buffered distilled wolter standing in petrl

dichos

710 267 259
1,100,000 530,000 3,000,000
3,000,000 1,100,000 3,000,000
5,300,000 2,000,000 3,000,000
530,000 1,100,000 3,000,000
1,100,000 530,000 %,000,000
200,000 0,000 530,000
20,000 11,000 110,000
8,900 6,300 3,000

55 mi, of whey filtrate with a pH of 6.6, containing 160,000,000,
48,000,000 and 150,000,000 particles/nl. of F10, 767 and ¥69 pheges
respectively were atomized inteo the room.

wera dispersed slmultansously with the filirzate,

60 ml. of triethylenc glycol
Boom temperature was

7707, and relatlve humidity, 52-56%. Trial vas made Augast 2, 1940.




TABLE 16

EFFROT OF CALCIUM HYPOCHLORITE AZROSOL ON NUMBERS OF PHAGE PARTICLES

RECOY

KRED PROM ROOM INFEOTED WITE LACTIC STREPTOCOCCUS BACTERIO-

PHAGRS

Period sample taken

after infectlon begsn

Rm‘/ﬂ;ﬁ of ?héga Miaias vecovered from the
alr by aspiration through buffered thiosulphate

(min,) solution
b 21— N - 4 769
12- 19 9,400 9,400 94,000
28~ 35 17,000 15,000 36,000
58~ 65 780 750 3,600

Period dish open
after infection began
ﬁﬂino}

4 before~ 22 after
22~ B8

12« 19
20~ 35
66« 66

Mpn./f$.% of phage particles recovered from
buffered thiosulphate solution standing in

petri dishes ,
./ Lt RRO— 1 269 ..
0 0 0
54,000 54,000 54,000
11,000 30,000 30,000
11,000 1,400 30,000 +
1,100 480 3,000

‘ 60 ml. of whey filtrate with a pH of 6.27, conbaining 45,000,000,
25,000,000 and 150,000,000 particles/ml. of F10, F67 and F69 phages

respectively wers atomized into the room. ‘
10 ml, of calcivm hypechlorite solution containing 2.5%

was 9 min,

Time required for atomizing

av., Clvwere dispersed into tYhe room 4«3 nmin, befors infection began, A
seocond infection with 10 ml. of Ffiltrate was made 22«24 min. after the

first,

Room temperature was 82°F. and relative humidity, approx.

76%. Trisl was made August 18, 1949,




TABLR 17

EFFECT OF CALCIUM HYPOCHLORITE AKROSOL O THE WUMBERS OF PHAGE
PARPICLES RECOVEHED FROM ROOM INFECTED WITH LACTIC STREPTOCOCCUS

BACTERIOPHAGES
Pariod sample taken  Hpn./ft.0 of phage ‘Wrﬁclaawwﬁnwrﬁ from
after infeotion began the aly by aspiration through buffered thiosule
{min,) « phage solution ,
rmms— ¢ SAPERNRIUNEUS | (AT . ;. W)
8~ 15 {150 260 1,700
27~ 34 0 1.1 .
6%~ 64 O 0 0
Pariod dish é:@m aftoyr ﬁm,/ﬁ,z’ of phage particles recovered from
infection bu%;m buffered th&am&p&aﬁm solution standing in
3 bafore- 27 after : 0 0 30
27 57 0 1 0
Be 15 11,00 11,000 300,000
27~ 34 0 4] 0
Hle 64 4 0 0

60 ml, of whey filtrate with a pH of 86.27, containing 45,000,000,
25,000,000 and 150,000,000 particles/ml. of F10, P67 and F69 phages
respectively were atomized into the room. Time required for atomizing
was 7 min. 10 ml. of calcium hypochlorite solution containing 2,.5%
av, (1 were dispersed into the room 3-2 min. befors infection began.
Room temperature was 79°F. and relative humidity, approx, 75%. Trial
was made August 18, 1949,
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TABLE 18

EFFEC? OF A CALOITUM HYPOCHLORITE AKROSOL ON THE NUMBHES OF
PHAOE PABTICLES RECOVERED FROM ROOM INFECTED WITH LACTIO

STREPTOCOCCUS BACTERICPHAGES
Pai?f;& asmz}iﬁ token . Mpms /ﬁ.3 of pha)g@ "%ﬁwlw recovered from the
after infection began air by aspiration through buffered thiosulphate
(min.) solution
. e o Fer . Fes
12~ 20 3,600 . 15,000 380,000
27w 34 84 1,700 3,600
57= 64 , 5.6 340 3,600
Period dish open after Mpo. /% .3 of phage particles recovered from
infection bagan buffered thiosulphate solution
o lmin) T . R
3 bofore-27 after 0 8.3 4.8
2l BY ' : 110 300 00
13- 20 30,000 53,000
27~ 34 1,800 3,000
5%« 64 300

60 wl., of whey filirate with s pE of 6.3, contalning 15,000,000,
25,000,000 and 450,000,000 particles/ml. of ¥10, F67 and ¥E9 phages
respectively wore stomized into the room, Time required for atomising
was 12 min, 10 ml, of calcium hypochlorite solution centaining 2.5%
av. UL we digparsed into the rovom 3«2 min. before infection began.
Room temperaturs was 77° ¥. and relative humidity, 87-74%. Trial
was made August 19, 1949,
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The second infeotion in Tuble 16 incressed the numbers of F10 and
F67 particles recovered by aspiration but the recovery of P69 particles
was slightly more than one-third of that in the first sampling. Active
phage was not recovered from the dish exposed during the peried from
4 min. Mfam» to 22 min., after infection btut was recovered from the
dish exposed :}.uriw the 12+19 min. pericd. An «m&mﬁm of this
difference was not appsrent. It may huve been the result of concentra~
tion of chlorine in & mist just above the dish and/or in the surface
layer of the llquid in the former dish which was open during the dlepercal
of the servsol., The second infection resulted in maw?y of motive
phage in the dish exposed during the 28-5C min. perded and inm recovery
of awraxtéaw}.y the same mhara‘ of F10 and ¥é9 Mtiﬁlw in the dish
for the 28-35 min, period as ia the dish for the 1319 min. m;aﬁ.
There ui ' mﬂfam lese recovery ;ss F67 particles in the dish exposed
during the 2835 min, peried than in the dish for the ‘1,3%9 win, period.

The results of treatments of the ianfected room with calcoium hypo-~ -

chilorite asrosols producing 1 g. of avasilable ehlorine to 38,000,000~

47,000,000 al. ai" alr (0.61~0.76 g. per 1,000 £5.%) sre presented in
Tables 19, 20 and 21, In the first two trials (Tables 19-20) sotive
phage particles were not Mwaw& until the second infection wes
wade (Table 20}, From serc to nesr #am numbers of active thel“
were recovered after the second snd third infections. Noticeably lavger
#mbe;rs of ¥69 particles than of F10 or P67 particles were recovered.
In the third trisl {Teble 21) the nerosol wez dispersed 3-2 min. before

infection and emall mumbars of sctive phage particles were recovered inithe



~ TABLE 19

BOP OF CALCIUM m&cmmw AEROSOL ON NUMBSES OF PRAGR PARTICLES

m&%m&zﬂm&

Forlod rample taken

efter infection began

: Kﬁﬁm lfﬁ % of M& mtielw mwerea from the

air by espirstion through buffered thiosulphate

(min,) solution :

e mo . BT . F69
10-20 0 , 0 - 0
25-32 0 _ 0 ‘ 0
40-47 0 0 ' 0

Period dish open after

Mpn./£t.2 of phage particles recovered from
hu!,famﬁ thmwlpham wmﬁan atmdang in

infection began
{min.)

0=10
020
Qw32
0-47

0-10
10«20
26-32
40-47

4] 0
0 0
0 0
0 0

OO

80 ml, of whey filtrste with & pH of 6.6, contalning 75,000,000,
95,000,000 and 150,000,000 particles/ml, of F10, ¥67 and P69 phages
respectively were stomiged into the room. Time reqguired for astomieing
vwes 8 min., 10 ml, of caleium hyposhlorite solution containing 8,3%
av, 01 were dispersed ima the room simaltaneously with the filtrate.
Room tempersture was 77~78°F. and relative humidity, 53-63%. Trial was

made August 5, 1949,
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PABLE 20

EFFECT OF CALCIUM EYPOCHLORITE ARROSOL ON NUMPERS (F PHAGH
PARTIOLES BROOVERED FROM ROOM INFNCTED WITH LACTIC STREPTO-

$OCCUS BACTERIOPHAGES

Feriod sample baken
after lofection degan

“ﬁgﬁ;lﬂg of phoges particles Totovered from the

air by sspiration through buffered thiosulphute

{min,) solution
£10._. 287 269
10+ 17 2 [+
46+ 53 750 17,000 360,000
77+ 84 170 17,000 75,000

Period dish opes sfter
infection begen

| ‘ﬁ%::m/ﬂ,a of phage particles recovered from
buffered thicsnlphate solution standing in

{miz.) petri dishas |
- 70 R8T P59
Om 37 0 0 o
37- 47 30 30,000 110,000
10~ 17 ) 0 0
46= 53 0 24 1,100
77~ 54 180 890 53,000

60 ml. of whey fillrate with a pH of 6.55, containing 1,500,000,
160,000,000 and 150,000,000 mﬂialaa/m. of ma P67 and ?m phages

wqmzt&wly were a’mmimd into the yoom,
10 ml. of caleium hypechlorite solution containing 8.3% av.

was & nin,

ime mqu:lmd for atomizing

1 were dispersed into the room 7-9 min. after infectlon began., A
second infection of 60 ml, of the filtrate was wmade I7-45 min, after
the first begsn and a zmm of 20 ml. wae made 71-73 min, after the firsb.

Room Semperature was 82-83%°F, and relative bumidity, 65-69%.

made Anguet 8, 1949,

Trisl was
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TABLE 21

EFFECT OF OALCIUM HYPOOHLORITE ARROSOL ON NUMBERS OF PHAGE
PARTICLES RECOVERED PROM ROOM INFROTED WITH LACTIC STREPTO-
COCGUS BACTERIOPEAGES

Period mpia taken ﬁ:ﬁu;ltt.s of phage Mi@hd recovered from the
after infection began air by aspiration through buffered thiosulphate

{min,) solution

?"" l& ) 1»1 1.1 304

30~ 37 360 17,000 75,000

Ba- €1 840 56,000 170,000
Poriod dish open after Mpn./ft.% of phage particles recovered from
infection began buffered thiosulphate solution standing in

(min.) petri dishes

, no . EE 169

O= 22 4] 80 24

28« BO 540 30,000 180,000

B0 37 0 2,400 3,800

54~ 61 300 11,000 30,000 +

60 ml. of whey filtrate with a pH of 6.5, sontaining 4,500,000,
4,500,000 and 75,000,000 particles/ml, of ¥10, F67 snd ¥69 phages respec-
tively were atomized into the room. Time required for atomliging was
7 min. 12 ml. of galcium hypochlorite solution containing 8.5% av., 01
were digpersed into the room 5-2 min, before infection began, A second
infection of 60 ml. of filtrate was made 22-29 min. after the first and
a third of 20 nl. was made 50-54 min, after the first. Room temperature
was 83-84° F. and relstive humidity, 69~80%. Trial was made August 10,
1949,
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first samplings. Considerable numbers of active particles were recovered
sfter the second 4‘&&?&%1@& and greater numbers were recovered after
the third infection. Oreater numbers of F69 than of 710 or ?8’? ‘mtialat
survived but not in proportion to the numbers added to the room,

%a r#wltm of sn sdditional trial in which the infected room
was treated with 1 g« of avallsble chlorine o 165,000,000 ml. of air
(0.18 g, per 1,000 £5.%) are presentsd in Table 22. These dets agree
with those in Tebles 16, 17 and 18. In addition, the nwsbers of phage
particles resoversd in petri dishes during successive Semim, iﬁa«rxeﬁs are
glven., ¥No mtiw particles were recovered in the dish exposed during
the peried 3 min. before to 2 min, after the infeotion was bogun. The
largest numbers wers recovered during the following Se~min. period,
The mumbers of 710 particles recovered remained comsbtent for the third
ond fourth perieds and then deslined three- and six-fold, respectively,
| for the fifth and sixth pariods. The nuwbers of P67 particles recovered
declined 36~fold for the third pericd, declined nearly three-fold for
the fourth and remained sbout comstant for the fifth and sixth periods.
. ¥hen compared with the respestive preceding periods, ninme-, six~ and
less than two~fold and no desclines occcurred in resoveries &mm‘ the
third to sixth periods, Whey filtrate added to 2 portion of the contents
éf the dish etm.mtéﬁ for the first B-min, period sad assayed for active
phage particles indicated that the econtents of the dish had no imhibitory
effect on the phages.

The results of treating the iafected roem with a chlersmine-T
aeroeol supplying 1 g. of available chlorine to 39,000,000 ml. of air
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TABLR 23

- FPFEQT OF QALCIUM HYPOCHLORITE ARROSOL ON WUMBERS OF FHAGE

?AE&’IM& HECOVERED FROM BOOM

BFEOTED WITH LACTIC STREPTO-
_ GOQCUS BAQTERIOPHAGES o

%ﬁm mfpi?e' taken ok

after infection degan

(Ninb ;‘

9*1&
30 - 37
57 - 84

Period dish open
after infection begen

ﬁw. fﬂ.$ of yh&ga wﬁiahn mamw& Trom the
air by aspiration through buffered thiosulphate

solution
o re? ¥69
180 2,800 9,400
8,400 11,000 7,800
520 %600 1’&* , 000

Mpn. /5.2 of phage perticles recovered from
baf;ﬂcma thiosulphate solution atmﬁim in

{min.) petri dishes

; 710 e B‘%
* 3 pefore - 27 after 0 13 110
7 - B . . 53,000 53,000 110,000
9~ 18 11,000 30,000

30 - 37 30 30,000 48,000
B7 « 64 : 53 - - BEO
* 3 vefore » 2 after ] 0 4]
2~ 7 300 30,000 48,000
7 - 12 300 zma 5,300
12 = 17 300 300 830
17 - 22 110 350 480
28 - 27 18 &0 480

60 ml, of whey filtrate w:vsh s pH of 6,26, containing 250,000,000,
45,000,000 and 150,000,000 particles/ml. of ¥10, ¥67 and V69 phages
regpectively were atomiged into the room. Time required for stomising
was 7 min., 10 ml, of eslelum hypochlorite solution sontaining 2.5%
av. C1 were dispersed into the room 3-2 min. Befors infection bogan.

A second infectien of 10 wl, of filtrste was uade 27-28 min. sfter the
first began, Room temperature was 76~77° ¥, and relative humidity,
66*6‘?% Trial was made Aug. Bé, 1949,

* 1 ml. of £iltrate diluted m"‘* was sdded to approximately 9 ml. of
buffered thiosulphate solution in each dish and assayed with the
following results:



TABLE 22 (cen'd)

5T

Disk 1
Geloulated mpm,/ml. of mixture,
aesuming no viruscidal action
Actusl mom, /mwl, of mixture

Dish 2

Galoulated wmpm, /ol. of mixture,

assuping no viruseidal sction
Astusl wm./el. of mixture

10

re?

490

450

490

2,500

¥69
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TABLE 233

EFFECT OF CHLORAMINE-T AEROSOL ON NUMBIRS OF PHAGE PARTICLES
HECOVERED ¥ROM ROOM INFECTED WITH LACTIC STREPTOCOOCUS BACTERIOC-
PHAGES ;

Poriod cample taken “Mpn./f.5 of phage particles recovered from the
after infection begun air by aspiration through buffered thissulphate

(min.) solution
UG ; (M - 2. 269
10- 17 « 94 94 9,400
33- 40 940 3,600 94,000
63~ 70 940 19,000 19,000
Period dish open after m./ﬁ.g of phage particles recovered from
infection began buffered thiosulpbate zolution standing in
{min,) petri dishes
~ [ I 2869
7 before ~ 23 after 300 5,400 2,400
238 30 A 540 54,000 300,000
10~ 17 0 300 0
33- 40 . 5,400 30,000 54,000
63~ 70 5,400 5,4 30,000

60 nl. of whey filtrate with s pH of 6.25, containing 45,000,000,
95,000,000 end 25,000,000 perticles/ml of ¥10, P67 and P69 phages res-
pectively were atomized into the room. Time required for atomiging was
6 min., 42 nl, of chloramine~T solution containing 2.3756% av. 01 were
dlepersed into the room 7«2 min, before infection began. A second infection
of 60 ml. of filtrate wag made 23-30 min. after the first began and a
third infection of 20 ml,, 60~62 min, after the first. Hoom temperature
was 83% ¥, and relative humidity, 76-80%. Trial was made August 12, 1949,
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. TABLE 24

EFFRCT OF ALKYLDIMETHYLBENZYLAMMONIUM CHLORIDE ABROSOL OF HUMBERS
OF PHAGE PARTICLES RECOVERED IN ROOM INFECTED WITH LACTIC STHEPTO-
QOCOUS BACTERIOPHAGRS

Period sample taken ] xw?\m?a of phage particles recovered from the
-after infection began air by aspiration through buffered distilled
(min.) « water
e B ¥er ¥
10 = 17 o 0 | 1.1 940
38~ 46 56,000 17,000 17,000
0~ 77 75,000 940,000 94,000
Period dish open after x@?\?.m of phege particles recovered from
infection began buffered distilled water standing in petri
{min,) , dishes
R no. 7 - 769
0~ 28 5,400 11,000 0,000
28~ B8 540,000 1,400,000 240,000
10« 17 3,000 11,000 890
38 45 64,000 110,000 110,000

0w 77 _ 5,400 30,000 11,000

meawemtgmwﬁggtﬁww Wz ewm.m.agggwgwmogso@
200,000,000 and 25,000,000 particles/ml, of F10, F67 and ¥69 ﬁﬁ&au
respectively vere stomized into the room. Time required for atomizing
wag 6 min. 10 ml. of 10% slkyldimethylbenzylammonium chloride solution
were dispersed into the room 5-2 nmin, before infection began. A second
infection of 60 ml, of filtrate was madé 30-35 min, after the first
began and e third, 60~62 min. after the first, Room temperature was
m?@ma ¥. and relstive humidity, qm:w@. Trial was mades gﬁs« 11, 1949,




EFFECT OF ETHYLENE GLYCOL ON LACTIC STHEPTOCOUCUS BACTERIOPHAGES
I¥ DILUTIONS OF WHEY FIIABRATES AT 2859 ¢.

8 *Npn./ml. after exposure time {in sec.) of:

2,
T ’33 B o 1 30 6 120 300
E r2 5 3
) :} A 5 e §
B - 4 'g 3 4 o it
@ By - - . B
§ : 41 2 4%
2 = B AT 5% wney filtrate ailuted 1071
*
FI0 6.5 500  7.05 1,100 500
P63 6.5 500  7.06 25,000 5,000
F10 6.5 1,000 7.1 25,000 50,000
769 6.5 1,000 7.1 95,300 ‘ 50,000
10 6,65 1,000  7.15 11,000 | 9,000
F67 6.65 1,000  7.15 1,100,000 500, 000
P69  6.66 1,000  7.16 »500 16,000
' ‘ Whey filtrate diluted 107~
&8,
¥63 4.7 108 - 45,000 19,000 19,000 5,00019,000 2,300

n"{gm

*  Assay of treated filtrste diluted 10”> in sterile milk.

** Cale. = calculated.
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TABLE 2V

EPFECT OF TRIEPHYLENE GLYCOL ON LACTIC STREPTOCOCCUS BAGTERIO-
 PHAGES IN 102 DILUTIONS OF WHEY FILTRATES AT 28° C.

‘ © - ,

y f B 3 s :

' - % 8 % "'é %

7 & vis °4% £ 155

3 ¥ 25wk 4% iot

g 5 Rsd =@ §s £E5
¥10 6.5 50O 7.0 1,100 500
769 6.5 BOO 7.0 25,000 22,000
F10 6.5 1,000 7.1 25,000 50,000
¥69 8.5 1,000 7.1 95,000 50,000
710 6,65 1,000 7.1 11, 2,200
re? 6.685 1,000 7l 1,100,000 2,200,000
re9 6.565 1,000 7.1 » L0000
R Assay of treated filitrate diluted 1@*3' in sterile milk.
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have oceourred.

The results of teste Lo determine the aciion of ecaleium hypochlor-
iim upon the phages in whey filtrates diluted 112 are shown in Table 28.
A concentration of 100 ppm. of awvallable chlorine reduced the numbers
of active particles izx filtrates with & pH of 5.0 from 25,000,000-
58,000,000 per milliliter to 1.4+5,000 per milliliter in 200 gec. with
most of the destructive actien waum;mg within 15 sec. of exposure
time. The action of the chlorine diluted in tap water was not signifi-
cantly different from that of the distilled water dilution of the
ghlerine. The effect of the chlorine was greater on ¥10 and F67 phages
at 46° ¢, tham et 25° C., but such was not the case with F69.

A concentration of 100 ppm. of available chlorine issotivated the
P10 and P87 phages in filtrates with a pH of 5,25 within 15 ses., but
the original numbers were very small.

The F1O0 pbage appeared to be somewhat more susceptible to the
concentrations of 150-200 ppm. of available chlorine but the effects
of these concentrations on the F&7 sand ¥69 phages in filtrates at pH 6.0
sppeared to be very little greater than that of 100 ppm., A concentys~
tion of 300 ppm, was more effective but still did net inactivate =ll
three phages within 300 see.

A concentration of 400 ppm. of available chlorine inactivated all
three phages in filtrates with a pH of 5.0 within 16 mec. but when the
filtrate had 10 per cent of milk culture of the homeclogous organisme
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TABLE 28 (con'd)

*ipn. /ml. after exposure time (in sec.) of: '

8]
F |
2
8
w0
ol
10300 UY

“Tu/*udn ‘oyep

84823112
pogeaxy jo pd

oq8xy
~{%3 PPYesay U

| 10 caw yo -wmig

'Mwww Jo nd

sBeydotasyoug

225,000

2,250,000
10,000,000

RER]

e

0w

o
¥e7
- Fe9

o {3 T

OO0

5.0
5.0
5-@ L

710
¥69

°g8
°g8

°g8

3,750,000

2,250,000

1,250,000

888

L A

o
¥e7
¥e9

SO0

oco

.
OO

3,750,000

2,250,000

1,250,000

SO0

Lon R oo B oo

OO0

SO0

) .
e B e §

0.6

8%‘&‘3



TARLE 28 {econ'd)

*Mpn./ml. after exposure time (in see.) ofy

o T2 15 30 €0 120 200
® - 58 H
g - s )
g 0FE 22 3
) ﬁ @ M ﬁ @ g
g 4 % g
g. 3 43 %5 s
& = RE =@ 33
*+§10 4.6 500 4.8 1,260,000 500 90 50 0.6 0.
**F7 4.6 500 4.8 2,260,000 50 50 50 50 50
“xp59 4.6 50O 4.8 1,250,000 9 50 9 1.4 o
P10 6.5 400 6.5 10,000,000 ,_ 500 50 90
¥67 6.5 400 8.5 7,600,000 400 5,000 5,000 220
¥69 6.6 400 8.5 7,500,000 5,000 5,000 1,900 90
¥i0 6.5 400 6.6 1,260,000 50 9 B 0
PE7T 6.5 400 6.6 1,250,000 50 50 50 50
F89 6.5 400 6.6 2,250,000 220 90 50 5
F10 6.5 500 6.4 10,000,000 5 0 0 0
P67 6.5 50O 6.4 7,500,000 50 50 50 1.4
769 6.5 500 6.4  7.500.000 50 50 50 19

n‘ggu‘,-
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TABLE 29

mmwwnwmwmwwﬂwm&mumwamWQWﬁﬁmmmwwmﬂmmmﬁwmmmmammnmm wwmwwwmmt
PRAGES IN 10+l DILUTIONS mm mmwﬂ FILTRATES AT 25° ¢, ‘

o - .m _*Hpn./ul. after exposure time {in sec.) of:
M £ ., 2 2 15 30 60 120 300
) = 53 e m @ g -
T 05 wig 3 "%
- JM . .W ,m - ™ m
. 4 ot - 0
§ = Rsd =¥ &3 | |
710 4.6 50 4,500,000 50 80 18 4 1.
¥E7 4.6 - BO 11,000,000 %0 220 90 90 6
¥69 4.6 850 1,100,000 50 50 50 19 9
F10 4.6 50 4,500,000 80 80 50 50 0.
¥67 4.6 50 11,000,000 90 220 150 220 50
F69 4.6 50 1,100,000 90 50 50 50 6
**F10 4.6 100 4.75 450,000 400 50 20 90 4
P67 4.6 100 4.75 9,500,000 50 50 50 50 220
s*P6g 4.6 100 4,75 400,000 90 . 26 220 220 50
**F10 4.6 100 4.8 450,000 o 9 ‘19 5 |
**p7 4.6 100 4,8 9,500,000 300 180 80 90 19
*2P69 4.6 100 4.8 400,000 50 50 90 150 19
0 5.0 100 4,500,000 0 50 0 o 0
F67 5.0 100 11,000,000 0 50 0 0 0
769 5.0 100 11,000,000 0 50 0 0 o

“Th=
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EFFECT OF CALCIUM HYPOCHLORITE OF LACTIC SYREPTOCOCCUS BACTERIOPHAGES
IN 10°% DILUTIONS OF WREY FILTBATES AT 25° C.

*Mpn./wl. after exposure time (in sec.) of:

He E-

‘® b4 8 § o - ~ ' ’
3 i - 3 K] 15 30 60 120 300
g‘ § ) ﬁ'%’i % ® g

';_‘: L -] *g g B o

& G4 - \é a * ﬁ

% e . g ;5 1 4§

2 = K& =g  F5
710 4.6 15 5.4 26,000 9 0.6 0 1.8 1.2
PE7 4.8 15 5.4 45,000 19 4 5 0.6 0
FE9 4.6 15 5.4 25,000 9 50 5 1.4 1.8
P10 4.8 15 £.0 265,000 19 1.8 1.4 3.2 g -
7 4.6 15 8.0 48,000 50 3 3 3 1.4
P69 4.5 15 8.0 26,000 1.8 9 2,2 1.8 1.2
0 4.6 26 6.0 26,000 0 0 o ) 0
P67 4.6 25 6.0 45,000 0.8 0 o ) 0
F69 4.6 25 6.0 25,000 0 ) 0.6 e 0
FIO 4.6 25 5.8 25,000 ) 0 0 0 o
F67 4.6 25 5.8 45,000 0 0 0 0 0
P69 4.6 25 5.8 25,000 0 0 0 0 o
Fi0 4.6 50 6.8 28,000 0 0 0 0 o
P67 4.6 50 6.8 450,000 0 0 0 0 o
F69 4.6 50 6.8 150,000 o 0 0 0 o

bt T/



TABLE 30 {con'd)

*¥pn./ml. after exposure time (in sec.) of:

i s .
o = - 15 30 60 120 300
) - 0 ﬁ g *
g - 2 ®
5 &8 3 P
b o , - v g
T L) ag g & B ord
§ , : 3 °x % 2
O BEF a3 33
10 4.8 80 6.4 2,500 0 ) 0 0 o
FE67 4.6 50 8.4 450,000 0 o 0 ) 0
P69 4.6 50 6.4 150,000 o o o o 0
FI0 6.5 25 7.4 200,000 o 0 o 0.6 o
Y67 6.5 285 7.4 150,000 0 0 0.8 0.6 0
P89 6.5 25 744 150,000 0 0.8 9 0 0
FI0 6.5 25 7.2 200,000 z 50 0 1.8 0.8
P67 6.5 25 7.2 150,000 50 50 50 50 50
P69 6.5 25 7.2 150,000 50 50 50 50 500
S thiosulphate inhibitor.

hasay of treated filtrate diluted 10

“Vie
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insctivated all the phages at pE 5.8~6.0 within 120 gee. but failed to
inactivate in see. in one of two trials when the pl was 7,2-7.4.

A concentration of BO ppm, inactivated within 15 sec. al) the phages
at pH 6.4&«6.3,_ ‘ )

Data showing the effect of shloramine~T on the ‘MM are presented
in Teble 31. Very noticeably larger numbers of phage particles sur-
vived in these tests than in the corresponding tests with maiw
hypochlorite (Tables 28+30), especially as the treated preparations were
less dilute. The pH levels of 7.6-8.1 of the viruscide~filtrate
mixtures wers distinctly hi&hs: when chloramine~T instead of celecium
hmahleriw Wag uﬁsa. undoubtedly explaining some of the &iffaremn

obgerved between the two compounds.

The results ai’ treating the phages in L12 dilutions of whey fil-
trates with alkyldimethylbenzylasmonium chloride ars given ia Table 32.
A concentration of 400 ppm. of the compound lowered the titers of the
test mixtures from 1,3%1‘5,8%,9%: to %,mﬁw, in & pericd of
300 se¢. when the pH of the originsl filtrate was 5.0, From 0 to 50
active mrtwlgs per milliliter survived 1,000 ppm. for 300 ses. in
the case of a filtrate at pH 4.6, VWhen the pH of the filtrate wae
6.5, the phages were inactivated within 300 sec. by 800 ppm. and within
30 mee. by 1,000 ppm.

The results of treating the phages in w0

dilutions of whey filtrates
with alkyldimethylbensylemmonium ¢hloride are presented in Table 33, A
concentration of 300 ppm. of the compound reduced the asctive particles
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HONIUM CHLORIDE OW LACTIC

STREPFOCOCCUS mmaswmuwmﬁwawm Mm 1:2 DILUTICES OF vHIY

FILTRATES AT 25% €.

of ﬁmmi&o

in trested f£il.
trate

6@1&.@&,/‘&1, in |

PR of filtrate
control

pH of treated

filtrate

5

»oo
L S

*

. .

§§§ ' % §§ Bast eriophage

»

LA

DOl Nt COOO QOO

AR BBA OO

P

L]

*lipn./ml. after exposure time {in see.) of:
15 0 66 120

900,000 3,000,000 500,000 500,000
500,000 500,000 BOO,000 500,000
90,000 800,000 190,000 500,000

5,000,000 3,000,000 5,000,000 1,900,000
5,000,000 4,000,060 900,000 5,000,000
80,000 150,000 190,000 40,000

80 50 9 0.8
22,000 22,000 90 &0
1,300,000 500,000 82,000 1,800
220 80 3.0 5,0
220,000 2,200 2,200 19

500,000 500,000 46,000 2,200



TABLE 32 {con'd)

° -§§ ' '% *Mpn. /ul. after exposure time (in sec.) of:
4 , o ‘

g & § 2 £ 3 15 30 60 120 300

5 o P22 Ee B

g 54 Y oo g o & 4

® 9 ®

© o t - I -

S -t B |

i = PBa ad CH
710 6.5 60 6.7 5,500,000 5,000 2,200 220 50 9
?5? 8.5 600 8.7 2,250,000 $00,000 9,000 5,000 50 19
P69 6.5 600 6.7 1,280,000 1,5 500 220 50 19
FIO 6.5 600 6.6 5,500,000 90,000 50,000 5,000 50 0.6
a7 6.5 5(3@ 6.6 2,250,000 500,000 220,000 5,000 20 0.6
789 6.8 £00 8.6 1,250,000 6,000 5,000 8900 84 1.4
¥10 8.5 800 6.6 5,500,000 19 0 4] g 9
a7 8.5 800 6.6 2,250,000 800 5 ) 134 0
F69 6.5 800 6.6 1,250,000 2,200 50 0 0 o
10 6.5 800 6.6 13,600,000 B 0.6 4] Q.6 O
87 €,5 800 6.6 1,000,000 80 1.4 5] O 4]
FIO 6.5 1,000 6.6 750,000 o 0 0 0 o
¥a7 8.5 1,000 6.6 1,260,000 0.8 0 ] g 9
P69 6.5 1,000 6.6 75,000 0 0 0 0 0
10 6.5 1,000 6.85 750,000 0.6 0 0 9 g
FE7 6.5 1,000 6.65 1,250,000 0 0 0 0 0
f 50 8.5 1,000 6.85 5,000 a 4] 14 o 1]

~Ed~

¥ Assay of treated filtrate diluted 10°1 in asolectin-Tween 80 imhibitor
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TABLE 34 {(eon’d)

2 & *Mpn./ml. after exposure time (in mee.) of:
ot g . ‘
® ; _ ‘
.w £ mm 3 ..m 15 30 60 120
C & et 1l & )
8 5 F:e 2, -
wt L2 E & P o
r oD h LB * h
@ % M % G 42
- o : L | g
& an fa afg %8
no 4.6 200 8.1 26,000 o 0 0 o
o7 4.6 200 - B.l 46,000 i.8 0 0 0
69 4.6 200 .1 25,000 0 o o 0
F10 4.8 200 5.2 25,000 0 0 0 o
Fe9 4.6 300 5.2 9,500 0 0.8 0 ¢
o 4.8 2300 5.3 25,000 0 o o 0
F&7 4.6 300 5.3 1,100,000 o 0 0 0
re9 4.6 300 5.3 9,500 0 0 0 0
F10 6.5 25 7.0 15,000 $00 800 500 300
¥67 6.5 26 7.0 25,000 5,000 §,000 500 50
769 6.5 25 7.0 1,800 1,900 500 400 500
PO 6.5 25 7.08 15,000 5,000 1,900 5,000 900
a7 8.5 25 7.06 25,000 5,000 5,000 5,000 5,000
25 7.06 - 1,500 5,000 5,000 5,000 5,000

769 6.5

L h

~yg=

-

W
§g§ mtmg L0 OO0 oOOo

-

*Aseay of treated filtrate diluted 10"+ in asolectin-Tween 80 inhibitor



RFFECY OF DIISOBUTYLPHEN

MHONIUM CHLORIDE

OF LACTIC SIEEPTOGOCCUS BACTERIOPHAGES I¥ DILUTIGNS CF WHEY FILTEATES AT 28° G.

F10

% § g Baeteriophage

P of filtrate

o
L

6.5
6.5

6.5
6.5
6.6

8.5

treated filtrate

%%% Ppm. of viruscids in

8g8

BE BEW

PH of treated

filtrate

P
e 15 30
=<
-3
. &
8
a8
P ©Wney filtrates diluted 1:2
45,000 0 1.8
75.000 0.8 0.8
ﬁﬁa;m gjﬁ% 5{}
Whey filtrates diluted 107}
9,000 ) o
15,000 0 o
110,000 5 0
Whey filtrates diluted 10~
900 0 )
1,600 0 0o
11,000 o 0
250 50 50
7,500 5,000+ 5,000+

*Mpn./ml. after exposure time {in sec.) ofy

60

G
0
90

SO0

120

D O

00O

Mmoo

SO0

-G
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the flasks. The fact that the cummlative numbers of active phage particles
recovered in petri &ial;aa in the room ‘(T&blmy 3~11) decressed so markedly
aém after atomiging, indicates that the phages may have ‘beﬁu inactivated
to a greater degree than in the flasks. Sismltaneous sampling of the air
indicated that the nuuber of active ;zm» particles in the air also were
decreasing. Nelson gt 21. (1939) demonstrated that awwaatian under
spparently less rigorouvs conditions cansed from slight to almost complete
inactivation of the principle inhibitory to acid development by culturss.
The results of the trial presented in Table 3 when the filtrate atomized
vag at pH 4.86 shoved much move drastic reductions than at higher pH
levels but this was not true at pH 4.45 (Table 4).

Twort gt gl. (1940) presented data to show that droplets of about
5 microns 1in radius settled very rapidly. The finer droplets settled
less rapldly and might be expecied o dehydrate to still smaller sizes
more readily. The sizes of the mist particles were not determined in
the present investigstion but probably were as small as mmﬂu would
be encountersd im prectical dairy plant operatioen,

The present data agree in gemeral with those of Wolf g% al. (1946)

hage particles recovered

in demonstrating & repld deersase in agtive pl
from the sivr, Although ﬂwy were able to recover less than 5 per cent
of the phage dispersed into the aly, by mesns of Mpimﬂm through a
8lit sampler depositing perticles upon gelatine plates, &.LB., 0.4 snd
0.02 per cent receveries in J-min. periods were obtained 2, 12 and 30
nin. respsctively after spraying the phage. 0Une hr. after spreying, no
phage wae recovered by deposition on agar plates, The present data show
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et al. (1945) concluded that if sn aoresel wes hygroseople, stmospherie |
bunddity will not be of mueh w%o.@wg? @@a@w 1s rsather hygrosocopie.

It is a well recognized fact that higher tenmperatures generally
acoelerate the action of disinfectants, ALl of the tests of serosols
in this investization were conducted at aow%u@aww warm temparstures such
a8 might 3 sncountered in the summer in nEny g»% plants and in the
winter in well-heated processing rooms.

The present results sgres with wgg of Wolf gt sl. (1948) in
indicating ineffectivenssa of glycols as serogols sgainst lactic strepto-
cocous phage. The effectiveness of glyeols dispersed by other messe
then by the DeVilbiss atoniger vas not Sested in the present invesilgs~
tion., Puck (1947) demonstrated that it wag the vapor phase of ;m_u,qgwn
that was essential for asrial disinfection. However, Twort gt al.
(1940) found ethylene glycol and propylene glycol droplets 2 microns
in radiue s@wﬁwgw in about 7 see. and 4 wec. respectively. Beker
and Twort (1944) conoluded after bsutericidal tests of propylene glyeol,
including various gmﬁa of dispersal, that “near the bolling tempsrature
and possibly beyond the results with the hot plate are re zood as gﬁm
ebtalned by mechbanica) atomizstion®,

In evalusting the results of virecidsl tresatments in this study,
inactivetion of the phage has been considered as gwa& socconplished when
there were no sctive mg& icles prasent, rather ngﬁ when 99 per cent
inactivation occurs. In msny cases, the latter eriterion would have
shown the viruscides to be more effestive. The more rigid standsrd than

is common in bactericidsl studies probably is sdvisable because of the
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would be advantageous if & quaternary ammonium compound were £o be
used but would reduce the metivity if available chlorime wers the viruse
eidal agent.

The tap water used in the two trisle in Table 28 containad relatively
little imparity. More ilmpurity, Knmaiﬂ.auy hardness, in many water
'mmmaa wmria very likely produce results more divergent from those
obtained frhan distilled water was used as s diluent for the viruscides
{of. MoOulloch, 1948; Lawrence, 1950). | |

The m!.lw numbere of phage particles present in the test filtrates
mﬁ@;ﬁ to some extent the numbers of 'wtiw phage particles surviving
(See Tadle 20). This factor shouwld be kept in mind in practical applica~
tions, ‘ ;

Exposure times over 300 sec. in liquids were not included in the
present tests beceuse this limit was coneldered to cover the extent of
most treatments under practical conditioms.

Chloramine-T, in comparisen with cleium hypochlorite, was:even less
effective in liquids than ia the air (of, Tables 31, 28-30; 23, 19~21).
The higher alkalinity of the chloramine-? product as revesled in the
higher levels of P in the treated filtrates (Table 31)may have been a
disadvantage.

" The dsta in Tables 28 and 32 clearly indicste o decrease in effec~
tivenese of chlorine and en increase in effectiveness of slkyldimethyl-
benaylammonium chloride at higher pH levels within the acld range.

These results are in agreement with those given on the germicldal ,
astivities of these @ﬁmﬁ%}n by MoOulloch (1945) and Lawrence (1960).
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chlorine £r6m caleium hypoechlorite mﬁimwﬂ the three phages used

in thie m@u@sm in 15 gec, More than 500 ppm, were faﬁnﬂ necessary
to insctivate the phages in 200 ses, in 1:2 whey dilutions at pl
6.4-6.6, The phrges when suspendsd in - & 10”0 dilution of whey with
an originel pil of 6.0 weye insctivated in get. by 100 ppm. of aveile
able chlorine from caslelum hypoehlorite bubt survived in smal) numbere
an exposure of 300 sec. st PH 6.9+8.95. The phages when suspended in
1072 diiutions of whey at PH B,4-6.0 were insstivated in 16 sec. by

25 ppm, of mvailable chlorine from ealcium hypochlorite but were not
insctivated in 300 sec., by the same ooncentration of chlorine at pH
7.2-7.4. | |

There was some evidence of differences in susceptibility to avall~
sble ehlorine between the three phages bub the data vere not gemerally
sonslstent on this point.
| Available chlerine from chloramine~T was much slowsr in action
and was very poticeably less effeotive oven sfter 300 se¢. exposures
ﬁm available chlorine from czleiuwm W@hlaﬁt&. 4 higher pH levsl
in the former may have been a factor,

A concentration of 1,000 ppm. of alkyldimethylvengyleamonium ehloride
inactivated the phages in 30 seec. when they were suspended in 132
dilutions of vhey at pH 6.6+6.55 but falled te inactivate them at pH 4.6,
Bix hundred ppm, of the compound inasctivated the phages in 120 gec. in a
19')“ dilution of whey at pH 4.8 and PIm. inactivated the pheges in
16 sec, &t pil 6,9, WYhen the phages were suspended ik 10™° dilutions of

whey, 50 ppam. of the compound insctivated the phages in 15 sec, at
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pH B.1 but 25 ppm. was insufficient to inactivete them even at pH
700708,

Pressnce of organic matter decreased the effectivensss of elther
available ohlorine or the quaternary smmonium compounds studied in
the destruction of the phages. | '

Avallable ghlorine was more effective in the ﬁas@mﬁm of the
phages at the lower pH levels than st the higher levels within the range
of pH 4.6 to 7.4, 'The opposite was true of alkyldimethyldengzylammonium
ehloride.

No outstsnding differences in the actions of the five quaternary
sumonium compounds on lastic streptococcus bacteriophazes were abmrvéa.

The use of 1 g. of available chlorine per 1,000 ﬂ.z tmﬁ hypé- -

chlorite in a fine serosol is recommended for the inmctivation of air-
borne lactic strepteccccous basteriophage. A final rimse containing
100 ppm. of svailable chlorine from hypochlorite or 200 ppm. of an
sppreved quaternary ammonium compound equal in effectiveness to
alkyldimethylbeneylammonium ehloride is suggested for the destruction
of the phage on cleaned surfaces,
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