
AD/A-002 961

TIlE QUESTION CONCERNING THE INACTIVATION
OF VIRUSES IN TIHE AIR

R. A. Smitrieva

Foreign Technology Di)vision
Wright-Patterson Air Force Base, Ohio

20 November 1974

"::: it ~IL iLii l

rI



aim" ATA It V
Xfw'** p~ oft? ,,A g- '0p " o*f#*

Foreign Technolocý_y visIAir l'orce SystemsOIh
u.S. Air Force

f ~i .-lA:.cTlON~ cOTACLRtNluG Till: T4JAC7'&%?..'.MII OF V!P"'::1,ý'~ V. TM' VýT_

P~~~1 -too's~@ 0D2 t.*or0* !%OSWZ

- i___ d ý _L1
pe '9 0 "0 

.

~Xir~vcdfor pub)iLc releaise; 4t.tri~ution u~ro~

roreiqr Technoloav Divý.s-.cr.

Olt S(Wright-Patterson~ Arp,' inThi

Is C

NTTONA TE1*CA4



EWWWTWD MACHINE TRANSLATION
:7"'i'J-!T-l' 11 -" N'L o vermbel- 19,74

THE W.TNCONCERNINIG T;:F INA'C'TViiTIXl!
OF [In:~ No TIM AIR

By: hs. J-g.itr: 8v

1iurnobiologil!, No. 4, 197_,

Re que. o -: :' TDM/?DTR
Thi ~c- .-.ntIs a SYS'a"'AN machine aidea,

tranz:..a7-'-r, post-edited for technaical accuracy
by: des T. Ostertag,J.

A~pov~~ c~r;'1-.bc release;

THIlS TRAS...A',!Co :, A 2ENDWTION OF ?I4! ORICt.
PHAL POREiG,' TEXT W;IWNUT ANY ANALYTICAL %nI
IZITORIAL COMM4EK4T. '.TAVOWNTS 0R VIM4ORIES PF 1 Y
ADVOCAMNV 00 iufto ES ARE TM714 OF THE MIURCa
ANDD00 NO jOFT sEESSAgty REPLECT THE POSITION TRAWSLI .1 g1 DiVISION
On OPIOuOW 3. T41 FORES6,. TECHNOLOGY D&. FOR CIGw VEC04OLOGY DIVISIQI.
V'IWON.PA9,OO

4- ju ,jju-Fst uvjte~ ~y



All figure,, graphs. tdbi.s .uitm.. e qura i,,'

this translItion were ext,' ated fruwi the best qua;.

cMW jvaabie.

U. S-. BOARD O% G&IOGRAI/1C ?iAMES TRANSIITERA'iX?.) SYTMT

Bleck Italic Transliteration Block I*.alc Tranf"Lterati.r,
A ~ A 4' A, a P P pp .i

s 6 5 C B, b C c S,
.a a. V.v T I T,tT

r• r ir V g y r Y U, U
Av Dsd * *F

Ye, ye; Ee* I0X a 9 , kb
a . ZhZ h U a i U Ts, ts

3 3 Zooz 4I 1 VCh. ch
N t i S h, st,
aI Y R y usW N Shch, sheh
Ku Mt K k 16 t
1 A" L,l 1M i M, y

m i NN m bu

oe 0~c 0U v Oa YU, yu
fp Na Ya,ya

"g -en1v1ai". after ",owels, and after b, •; e ,,-rewherv.
W1•en written as V in Russian, transliterate as yu or P.
The use 3f diacritical rmarks in preferrt', out Euch mar;-,
may be or.,lttcd when expediency dictates.

FTIU-MT-24-16 4-0-74 (@



?OWWIIG MEl m1 C lGR!hSLW1 AND fhGLJhU

MUSILT tONS (w TBL Thlouosmmc racTim

Russiaen ~ 1

sin sin

4c taa
Ctg got

ob Dishi
Ct Cash
tb taub
eth Coth

inchSeth
ceach cinch

arc ale ~ Owll

are ct. COO~
are See"C-
arecme ftCSC-I

amc sh eirsd1 4

are ob Cw
are tb tamh'1
are cth Co~br4
-'re gab Poch-,

rat Curl
INl~



GREEK ALPHABET

Alpha A a e Nu "

Beta X4 B

iamma r y Omicron 0 0

Delta 6 Pi

Eps tIon E R Iho P o *

Zet3 Z r, Sigma

Eta hi n Tau T .

'Meta 0 8 1 Upsilon T u

1otT I PFhi•I

Kap, K x Chl X x

Lami tda A Pst v

Mu M ;O-~g~a'

V
PTF~T.-.2I-ZL- 6?6-74



THE QUESTION CONCERNING THE INACTI-
VA.ION OF VIRUSES IN THE AIR

R. A. Daitriyeva

InstitUte of General and Communal
Hygiene imeni Sysina ANN USSR,
.•c~cow (submitted 15/II 1972

Although the role of theair mehdium in the propagation of

resptrat,.-ry virus infections is commonly known, t.-e mechanist

of theiLr transm.ission has still not been studied completely.

Respiratory vl-uses enter the air during the coughing and 3ree!ing

of sick people. In this case the large drops of aeroso! settle

rapidly and tkh fine are found suspended for a long tiLe and -,.-e

moved by air currents ani cause diseases In suzsreptlhle cont.n-

ge.ts. in ,cinnectlon witn this, the questin concern... the

influence of the different factors of the iir medLim Dn the

ractivation of viruses I-. an aerosol is of consideraole iterevt.

•.'iord.ng to the literature, on, of the factors wh-.c!,, ar•iec

the Inactivsitlon of vi&ruses In the air is tht. c"

Thus a number o' Investleatc.,s noted the rap.d .:m:Avutloi ,"

the vAr'.r of influenza at moderate and high 1ndices o:" relatIve

1-sumiditly 'lv 2, 5, 6, !01, 11- 13;. Furthermore, there ar',

reportn concerning the effect of relative h._midity on the vlru3

of parainf'uenzi [1?•, adenoviruses (2, 127, the viruses of

poliomyelitis (5, 63, vesicular stomatitis, s3rallpox, VenJzue..an

en.epha3,9myeliz' [5',, and the virus of neasies '1, 61.
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We studied Zho e'fect of Uie different Indices of relative

humidity on the processes of inactivation of the viruses of

parainfluenza, respiratory-syneytial virus, adenoviruses,

enteroviru.se:i, and the virus of, N.wuastle diaease in the droplet

phase of an aerosol.

L.,ptrImental Investigations were conducted on the following

d c . the infectious activity of which was expressed

!n :egatlve •galt~ns: the virus of parainfluenza (type 3)
.- i 0 2 l respiratory-syncytial•Randall strain)

JJ.-3.6 ig /. mZ; the virus of the Newcastle disease

,s•rai ?,; >.-7.5 Ig 1ED 50/ 0.2 mt; adenoviruses of type 5
(standard ana c fl, isolated from the feces of people afflicted

S"fc 1=z.epa-ltls) 6.5-7.0 lg C 0.2 ml; ECHO 7.0 ig

,.Aa - 'PE cytopathic effect; i3A - IZD expansion

unknown K

The ';Žstat~fns were conducted in a 500 Z experimental

•.--, in " h --ith the help of the glass sprayer from a
T:,., 3 yEr, c, 2 mir. a virus--ontainint liquid was disp?rsed
1,'.',-w--rate :he aprayer was 0.37 aZ/min). Samples of air in the

aC• ., f "-e-e taken witn the help of a Rechmenukiy bacteria

,r• •fe.ter and 33 muin, 1, 3, 5, 7 and 24 hours afttsr the dis-
e , me virus sumpension. As the trapping1 ,quid in the

b•, :-ia "-r-.. rn.L of mediu.m No. 199 with antibiotics ýpenicillin
' wa used.

':. -Tam and titration of viruses 1n the samples was

'-:, by st: •:aada.-d methods: the ECHO-7 virus - on the initially

t.;psini.zea iu'Lture of the kJdneys of monkeys, the viruses of
paral,f'luenza, re•-pL-atory-syncytial virus and adenoviruse, -
x:. tht. tPans.pl-_nt,.d 21he of Hla aells, the vil'us of Newcastle
lise:v.e - .>n 9-day chick embryos. For eacn dilution of sample
Stest tube:; of tissue culture or 4 chick embryos were used.

?i.al re3ults were. conside-red based o0 the cytopathic effect

-TD-MT-24-1686-742



with adonoviruses in 21-28th dave, with the ECHO-7 -Vi1.,", in 10

days, with respiratary-syncytial virus for 10-12 d:;,, w~hereupo:,

for the acceleratlors of the aipe•'arce cf th,' cyt,[..

the replacement of the medik.M .In the lnfeete: test W.I:-

done every 5 days [33. For ý.he deterinatLo!n of --he pa!•-if":",:,

',-.i on the 7th day after inrtion the reatlUor. of henaorrtti

was set up, for the determination o: the v'?-s of Newcastle disc.ise

with tne allantoic fluld of the Infected :mn•rjos after 2 days o;"

cult vatlon the hemagglutination reaction (RGA) was se; ". The

inactlvation jf viruses in air was Judged by the lost o, ln*fect'ous

act±v'dty by them.

The Investigations were conducted with 3 zra.,ces ",f x':- i..

nxjaidtty: 20-',5, 50-55 and 80-65%. The air Lemperature . •

Z'Om 19 to 22'.

As tka*., re.sulL:; or tlic Invc:;t~gatioa~nu :Pswv'.t:.i ,oAC7 01,

inaztivation of di,•erent viruscs was dissimilar. MoOt rap.l1lv

in the air of the chamber the viruses of parainfiuen:a Rnd

resplratory-synuytial virus were inactivated, for a more proi.oged

period of time It was pcssible to detect adenoviruses, zntero-

-'Iruses, and the virus of Newcastle disease. The degree of in-

ac;zvation of viruses in the aerosol was influenced signifi_2arA,,•!y

t :he relative humidity. Thus adenoviruses (both strain-,,' -ali
ohc, ZHC;-7 virus were inactivated most rapidly with low Indi,.-es

of relalivc huri.iiry. With humidity within the 11- o. o.-

these viruses could oe deetermined in the air of zhc- ,;%amher for

oily an hour. On the contrary, the average and high injilt-_s Dt'

rclat've humidity contributed to the most prolonged .p:eserva.tton

of thk infectious activity at' tnlese viruses r. the air. Thus at

an atmoa'heric humidity of 50-55% both viruses were detected in
the chamber aft;wr 1' hours, and with a humidity of B0-8_=% - it;

certaln :a.ýes -even In 24 hours after the creatlon of.che aeroso'.
(see the table).
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Other resul•z wiere ottained during the study of dynamics of

Anactivailon in- air of the parafrnf2uenza and respiratory-syncytial

viruses. On the one hand, thety turned out to be slightly atablr,

under conditions of the air medium, cn the other - are less sub-,

Jected to the *effect of differetnt relative humidity. The virus

of paralihfluenza was inactivated most rapidly at moderatc and

hglh relative hxmAAAIty (it was; detected only for 1-1 1/2 hours),

wi1'e with ]o" e'latl-.e hunicilty the degree of inactivation was

zorts'.derably lcwer znd the tirus ,-ould be determined in the air

OC the :hambý,;r for 2-- ho.r.; (sic, the table).

Dynamics of t!he Ina t'attion of viruses in an &sroscl
at different atmospheri: humidity.

4 , I rit ,.w r ,zt
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vi 'r vIses i3 expressed in thc neSa-
laarl-mj f heCFE5/- ; and is

the gomet~r~~ -ý-an olf 5-7 series of uxperi-
Ment.:' on ca-h ;ýndex of~ relative humlIdity.

Ab~r~v~A~:i:PdamOr - viru.s revertled only In~ um-
4!.Wzued zaorples; -tltler was not determincd.

-'en le.;, v t, 11. , Ii. n! the aterosol state ia Dosre3sed ty the

r,:spira:tory-u:,vy~C•ia vJ:'us. In the air of" a chamber It was

, to 0et:ct "t ",:asicallly after 5-30 min after the dispersion

.f thi vi.u; Ounpennior.. 'd'n i-'w relative humidity the t1tes'3

•f the virus were 3omewhcA h•gher than with moderate arid hlgh,



which testified to th'e ravorabl,. eIf ect o0" 1,..w Ixuv.,M v,*. 'dWIL1

humidity wlthini the limits oF 5'9-55 and 80-•51 the re-zCratclv-

syncytial vlrus wan deterfitv- '-ly in u,(:' '. l- - st -: ; cilons.

The short period during which the respiratcory-syricYý.'U: 31:

ould be detecte" in the :1i1 o0" 7 . ,Ii, ' Is . .'e, .

the one hand, wiih :zhe hig, 1:ibL Ity LIY of z-I vi'uS. oi t!..- 0'•. -

- wit-n the low infectious Lt.:e" ..1r the in"It al "'" • " 'l <

iuid utilized for the creat~ou of the aerosol (see t;c tab Lo.

l'he virus of Newcastlc- disease, Lanlike ti,2 parl;i";'

aiid re:.pirator"'-syncfyltial viruses,, Oossessoe%, ,i;: .t,-b>it., Ii '

dI:'ulet -phase of the aer'ozol. and, just as they was les• .i:"-<..

tLhc effect cf dlff,!rent reltlt vo. humlsllty. W'-," 1i""

Lhc !1aactivatlo':a oi" the r'r;; , Newastle d! ;iase In t! " ,,•.."

t ,e act.ion of relatu lve huuinldity we:0o isignl sl 1,*!ZZ t ati. o i',t.u, •

uo a rul,, w*it1lt, the limit- ot' 1-.2 hours. a'w2v, th, ", '.

..,:;! 14led to the clearly cx,'es.ud tendency tow- t, ..

iniactivation ,;f' virus at hii uwnd ,moderate l'l:tl|ve hu",idi[y

and greater st:;i21ity at low (sve the table). '.ths wl:t.

of 50-55'% Vhe virus of Newcastle disease was detected rt..:

In ,ilr for 5-6 L•urs, and with a humidity _-.' -O-25A` - for

Moreover, with low humidity the tiler of virus an tlt ,'.r'a- :

7 hours after the dispersion of suspension was 1.6 'LS TED

It should b-. noted that the greatest edfrect of reiaziv%'

humidity was exhibited in the first seconds and cn'- o2 ex!_-."

of the virus aerosol. This was testifted to by th,. di:'ferenCeS

in the titers of virus in the sprayed virus-c-nrta'_nin Suzpe:,: .i '.

and the aamplie of air, obtained in 5 ain afttvr Lhe dlspersiot,

(see the- table,. Th us under the effect of I.1- relative hum-ihl.-y

the ECHC-7 v1ru: was inactivated to th;. greatest de-re,' - Li'-

difference in t!ters was mor%: than S logarithms, fre. adenov'ru:*t,:;

thil difference waL 4--.5 locarithms. Unde.: u:':'avorabloe e:-

ultions, i.e., with high and mode'rate relative humrdlt:,, t!.%.

difference L.i tIt.er, for the -It',is or parai,!.c12?• z',:ic.,..i

logar'thms , rinc fu',' %Lhe vi'u. 4,* ?#,:w:::t.. .! ; , , - '- * ,,,



.*CClo Ic.v~2 O~-a- V or U 10116 L '1_,V USlte!' %",.A 10~. 1 ' - ~ .

.~~'~va. '~:. au". therefIore, for a 3pectric . Ty
c~n a thetto susceptIble, c~nt~ingent3. It, 4,

. :g9 '<irusess whsI.C ,,;a~ inrcioti ati...' V

* ..- 1 bý.. .ýh he 3 A(~ ourti- of Infeý71 t ! of

Thu ~i & - ~1~:~of e~sol du'ring, dry -O1eaning 1duLlr,* !,
~:i ~ ~:.>ti,, s.-r.aces (zdu~v phu~;e of atn'osol) ~tst

_n"~I >:.n of viruses In unclosed pvronises. In 1_110
:c; ~at ~iusc ~ o 4 Žr'ovl ruse's and the vlrtis i3.'

r:t-0 '-T, "ia" VU a~."-zre uns-abic In -lie environvinLi,
- .. .. r~CaL I:,1 cu~znneted basically with t~he

:t t.actlo of 'he air medium which af~~ h
~ 7.* nc1~~a~o.! Ir ,.s n h,-r aerosol -.tate lz

- - . .* c- ci z, ~ frt iniu-Les of form~a-
.4.. ~ D!urlaik -,hJ,.; perlod the greatest ef""e..t C.,

1-' -v ar-~ tnm process of settling.

*'~ r. ~<w~. ~y JI~ a ir~tensteln [1l21, who lahelhd
V t~he virt~r of' pa~rainfluenza arid

.~. ~. ~ i'.th e ccn L 4--lt ~f dye and in fcc I ous

- ~ ~ ~ v -: tr h edu tlcn in the quantity ~

uecal)-e Zr ctvaio and tO'a 1hsser do, re
L 3a -3'2 3,ttJnZ.g

.r~ ~ - .~ -~lct3.vatlý)r. viruses In air dapan.Jitig :n
~ r;'~i~~- UV 4umia- ty ts not clear. With %Ow

-L at ~ j VQY ti,-; :vlp.d dehydrr'ti n~ of' nucloic acidls
.4! ,m j. ''1t az .. th~e Inautivationl ot* vj1:'a:,*:1

i!.~ a~'~2 A~tit~CI[111 j. Thij hyipottical s was conrij'uk'it i'yv
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virus and its nucleic acid, In which it wur sho'.n i ý-t the In.•'t.-

vation of virus in the air wa' connected. f!..st of .a!, I±- ;.....

in the structure of the nu,.,e-.-, aold. llowcvc:'. ci. -h o, .:- -

these invextigatlot-s it is noL possitl'.. t.r exp!':Uax th, ri:'- :'.-'..

in[activation of a number of v~iru.szs wit,, h1gh rt.at.1"ve it,::d:

and considerable stabilltt with low. Data i3'M.tiU .thf I, L.!.

make it possible to assume that the inactivution of viruses In

the air depending on its relative humild!ty -. connected 1a:re'y.

wt~h the structure or the virus particle. Thus the .-uclcoprote.c:is

o:" ,nyxo- and paramyxoviruses (influenza, parainfluenza the viiud

of Newcastle disease, respiratory-syncytial virus) are 3urror,-.4

by ra secondary membrane which contains proteins, 11pides, c'r-

bohydrates and other cell components. Appar-ettly this mbr-Mr.te
protects the viruses from the d•|sastrous effect of low riat.Aive
hu:itad ity. O: 1. st.' otitrary ,' :tdioos- and c,,:v~'r1:.ea do :.M hl":!'"

a•I.ndiar melra:uo', as a re:;ult o1 whlch' wviL ;ow humdi,..y Ih,.v

are rapidly inactivated. A certain confirmation of this hyrthhc..3
are the investigations of Benbough [4]: on a model of pu.rl.lc!
Semliki virus the author showed that the removal of protein :-,A

salts does not affect the stability of a virus at low relative

humidity, but accelerates its Inactivation at high, while car-

,.,nydrates, especially inositol, Increase the stabli•ty of 'he

virus at low hunidity and do not afrect Infectious actiyi•y at

high.

Thus. the results of the investigations conducteý. testify

* .;.• the prslonged preservation of infecticus activity by vl.Y;ses

iii the air has I specific epidemiological si~nirlca.,c', and It

should bi considered during the conducting of different hyg'Pn1:

and d1sinfecting measures.

Corc. as .ons

1. In enclosed habitable and comunal set•tlng3 auny v.1ri',:;

SCopy•'?-•T2•-£ 4- .d•
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