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K = K = ¥, k % » > » "

n = A s L, 1 B s N ¥ Y, ¥

M % N o M, = b » b '
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ye ‘nitlaily, after vowels, and after v, t; e e¢irewhere,

en written as ¥ in Russian, transliterate as y¥ or ®,
The use of diacritical marks ls preferred, out guch mark:s
may be or.ited when expelliency dlctates,
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POLLOVING ARE THE CORRESPONDING SUSSIAE AND ENGLISH
DBSTOHATIONS OF THE TRIGOBOMETAIC FUNCTIORS

Russien English
sin sin
cog cos
tg tan
ctg cot
20 Asc
codecC [T ]
th oinh
ch cosh
th tanh
cth coth
ech sech
csch csch
arc sin ein-1
kre oo cos~1
erc tg tan=-l
arc ctg cot=-1
are sec sec-1
arc cogse cse~1
are sh elnh'.l
&rc ch coah~1
arc th tanh~1
arc cth com‘l
»re seh esech-1
are cech coch~1
ret cwrl
1g log
"
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Alpha
deta
Gamma
Deita
Epsllon
Zeta
Eta
Theta
Iot=
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Mu
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Hu

XL
Omicron
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THE QUESTION CONCERNING THE INACTI-
VAT1ON OF VIRUSES IN TKE AIR

%. A. Dalcriyeva

Instituse of Generai and Comaunal
Hygliene imeni Sysina AMN USSR,
Mcscow (submitted 15/1II 19720

‘ Aithough the role of the air medium in the prop%gation of
respiratcry virus infectlions is commonly known, tue mechanis=

of the!ir transmission has still not been studled completely.
Respiratory vi-uses enter the alr during the coughing and sree:zing
of sick people. In this case the large drops of aercsol settle
rapidly and tke fine are found suspended for a long tice and ace
moved by air currents and cause diseases in suscaptihle contin-
gents. In connectlon witn this, the questicn cancarning lhe
‘nfluence of the different factors of the air medlum on the
‘ractivation of viruses i- an aerosol 1s of consideraole Interest.
4~zording to the liverature, one of the factors whieh alfect

«re irnactivaticn of viruses in the 2air 13 the roiatlive bomlily
Thus a numoder u” investigatcrs noted the rapld lInoctlvation o’
the vir.c of influenza at moderate and high lndices ol relative
humidity 1, 2, %, 6, 10, 11 13i. Furthermore, there are

report- concerning the effect of relative humidity on the virus
ol parainf.uenzi [12], adenoviruses {2, 12}, the viruses of
poliomyelitis (5, ¢], vesicular stomatitls, sralipox, Ven:zueian
encephalomyelicis [, and the virus of measies /7, E].

PTD-MT~24-1686=-704 a



We studled the effect of Lhe different indices of relative
numidity on the processes of inactivation of the viruses of
parainfluenza, respiratory-syncytial virus, adenoviruses,
enteroviruses, and the virus of Nowcastle disease in the droplet
phase of an‘aeroscl.

Esperimental investigations were conducted on the following
mads.s of virusc:, the infectious activity of which was expressed
‘n negative .ogarlithms: the virus of parainfluenzea (type 3)
5.6-7.0 1g JZ‘qn,J 2 @1’ respiratory—-syncytial (Randalil strain)
2.0-3.0 1g ,.u,d/j 5 mpr tRE viruz of the Newcagtle diseas~
{strala 2,, 7.0-7.5 1g IEDSD/O.Z my’ adenoviruses of type S
(standard anc 2 {, isolated from the feces of people afflicted
witn Lnfecti.uz tepatritis) €.5-7.0 1g GPESO/O.Z ag’ ECHO 7.0 1g
CF%%O/C.; e (N4 - CPE cytcpathic effect; W3fJ - IZD expansiorn
Unknow: .

.)

L

b

Tne {nvestizations were conducted in a 500 1 experimental
chamber,in which with the help of the glass sprayer from 2
Tary L7 syesten ‘or 2 min a virus-containing liquid was dispersed
teiuw-rate ¢ the sprayer was 0.37 mi/nin). Samples of air in the
amceunt 2 S0 . were taken witn the help »f a Rechmenukiy bacteria
Lrap after © and 30 min, 1, 3, 5, 7 and 24 hours after the dis-
cernlun of the virus suspencion. As the trapping 1iqu1d in the
becteria trap 3 mi of medium No. 199 with antibiotick vpenicillin
poci cLreptomy- ln) was used. |

The Z:igorazlon and titration of viruses in the samples was
1.2 Dy Lhi stal 1decd methods: tie ECHO-7 virus - on the initially
trypsinized ~2uiture of the kidneys of monkeys, the virusaes of
para..flusnza, reazpiratory-syncytial virus and adenoviruses -
an the transplant«<d line of Hgla calls, the viiua of Newcastle
lisexze ~ 2n 9-day chick embryos. Por each dilution of sample
4 test cubes of tissue culture or U4 chick embryos were used.
Plial resjults were ccensidered based o9 the cytopathic effect

TTD-MT-24-1686-T4 2



with adenoviruses in 21-28th dave, with the ECHO-7 ~ivng in 10
days, with respiratory-syncytial virus for 10-12 dayc, whecrsupen
for the acceleratlon of the appearaace &f the cytop @ .1 oftelt

the replacement of the medium !n the infecte test T8 was

dcne every S days [3]. Por the determination cf the paralnfiuenca
v.1'5s on the Tth da, after inf-cticn the reactior 2f hemacsorriion
was set up, for the determination of the v!rus of Newcastle dls.ise
with the aliantolc fluld of the in‘ected 2miryos after o days ol
cultivation the hemagglutination reaction (RGA) was sec v». The
inactivation Jf viruses in air was Jjudged by ~he los: ! !niectious
activity by them. ‘

e
re
»
o«

The lavestigations were conducted with 3 ind.ces &l r-
numidity: 20-45, %0-55 and 3C0-65%. The 1ir remperature varic:
Srom 15 to 22°.

A3 the results of the tavestligatlions ahowede, Lie dop o ofF
tnactivation of dil:rfecrent viruses was dissimilar. Most rapidly
in the air of the chamber the viruses of parainfiuenza and.
respiratory=-synzytlali virus were inactivated, for a nore groionged
period of time 1t was pcssible to detect adenoviruses, cntero-
viruses, and the virus of Newcastle disease. The degree¢ of in-
arcivation of viruses 1n the aercso’ was influeuaced significan.ly
2% the reiative humidity. Thus adenoviruses (both strainz) and
the ZCHG-T virus were inactivated most rapidly with low irndi:es
of relative hurnliity. With humidity within the 1imic of 20=ZE%
these viruses could ve determined in the air of the .namber for
2:1ly an hour. On the contrary, the average and high indices of
relative humidity contributed to the most prolonged L:-eservation
of the 1infectious activity cf these viruses ' the air. 'fhus a-
an atwocpheric humidity of 50-55% both viruses were detected in
the chamber afu>r ; hours, and with a humidity = E0-8%5¢ -~ i
certaln ca.es =ven n 24 hours after the creation of che aarcsol
(see the tablz).

FTD-HT=24=1630~74 3



Othier resultsz were obtained during the study ot dynamics of
inactivacion in air of the parainrluenza and respiratory-syncytial
viruses. On the one hand, they turned out t3 bte slightly stable
under conditicns of the air medium, cn the other - are less sub-.
Jected to the affaect of different relatlve humidity. The virus
of parainfluensa was inactivated most rapidly at moderate and
hich relative numldity (1t was detected enly for 1-1 1/2 hours),

<. 1le with lov velatiie humialty the degree of inmctivation was
cénsideraﬁly icwer znd the virus could be determined in the alr

of the chamber for 2-3 nours {(see the table).

Dynamics cof the inactly

- ivatiorn of viruses in an seroscl
at difTercnt atmospherls

humidity.
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Tha 2.wcr f viruses 1s expressed in the nega-
tive logari:ums of the CPE.SO/0 2 m: and 1g

the ceometric ~can 5f 5«7 series of uxperi-

ment: on cach index of rslative numidity.
Abhraviatlian: wosiir - yirug revesled only in un-
difluied aamples; -titer was not dstermined.

s

_ven less stabliily in the aeros»nl state ia poscessed by the
resplratory-cyucytial virus. In the air of n chamber 1t was
;4851512 to get.oct 1t Lasically after 5-30 min after the disperslon
0 tha virga cuspension. Wiin icw relative humidity the titers
>f the virQs were somewhit higner than with moderate and hlgh,

b



which testificd to the favorabl.s effect 0 luw huniaity., With
humidity withia the 1limits of 57-55 and 83-257 the resciratcrv-
syncytial virus was determined My in oundlat:d sue puc o sloncs.
The short period during which the regpiratory-syneyntal vir.cs
.ould be detectad in the alpr o tpe chambar Is cuonnoctes, oo

the one hand, wiih cthe high 1ability of thils virds., on Lihe olher
- witn the low infectlicous tviter o the Inltlal virug=connnd i
1:3uid utilized for the creation ol Lhe aerosol (see ithe tadilce’.

The virus of Newcastle discase, unllke the parzlinliconco
and respirator--syneytial viru808,7bossessea hipgh stebizite 10 O
d:orlet phase of the aerosol. amd, just as they was less sutlrnoo
i

[N

« . whe effect cf Jdifforent relntive humidity. {fdevene

Lhe Inmetivation of the viras of Newcastle dlscase dn oale onaer

the action of relatlive humidity we:rs lnsign!ficunL amt Fiuctue

45 a rule, within the limices of 1= hours. dowaver, the ©hli o
test1eied to shie clearly expresced tendeney towasuw the i,
inactivation of virus at high and moderate relative humidity

and pgreater stzillity at low (sve the table). Thus wiolh, o el loy
of 50-9%% the virus of Newcastle dlsease was detected reg.arly

{n alr for 5-5 hours, and with a humlidity o [0-25% ~ for ° hours.

J ceoAn

.y
.

f-

&

Morecover, with low humidity the titer of virus con the

-

o
7 hours after the dispersion of suspension was 1.6 1ig TED., 1 - -

It should b notsd that the greatest efTact of relative
humidity was =xhitited in the first scconds and nmi e

of the virus aerosol. This was testiffed tvo by the di

in the titers of virus in the sprayed virus-c-nia’ning
and the samgle of air, obtalned in 5 min alter the dlspersion
(see the table,. Tnus under the effect of 1~: relative numiiltuy
the ECHC-7 virus was lnactlvated to the greatest degreo - tLa»
difference in titers was more than & logarithms, (or adencviruses
~nic difference was 4=4.5 logarithms. Unde: unfaverable con-
aitlons, 1.e., with high and moderate relative humidity, the
difference !.: titers for the rirug of paraladivernsa proactad

logarithms, anc for the visus of Hew:aslao diseane - U=3 naptedi b



Tne roscolts o ottzined testdfTed ohant o many vl st 1o tn

L.fectlious acilivivy Yor a2 long viwe uuder conditlions oY <t alr

mediup at roon Lenmperature. therefore, Sor a speclfic Lime they

cun constitut,e: a Shreat to susceptible‘contiuzents. It {5 ni—cessarcy

Toonote that thie viruses which rstafn {nfectlous activiiy o 0
cong vhine oot f'dexovivuSuq enteroviruses, and Lhe virus o7

Liv o dlsennel settle on he suriace of survounding AT I
worieho In U tnne ho the svowndary source of Infection ar pooyloc.
Shus tne drloo arips of 2erosol during dry leaning [dustinsl oo
cooralsed Tronothe surfaces (duct phase of aerosol) into the ul
2id Lo moved wriles the effect of ite currgnhaz'sﬁppartiﬁﬁ the
¢ atirnn oiproilutlcn of vipuses In enclosed premises. in Lhe
Drepazarion o saegovireses, ontereviruses md the virus o
LSt s 0 o Levh the drcelet and Jdust phase of Lhe peronol
Lo vhe b oL surtaces can b important.  The parainfinenui
LUorespiiatoovesyneysial vl puses JPQ ungtable in the environment,
Lroeswlove Losir progagalion 15 connected basically wiih the

PrsTopaet Lo rontzet Ttonte b transmission.

PRI Cortant ractor of fne alir medlum which affects he

Liecess L L. cndetivatlon 0 vlruses  ir the aerosol state is

Shooorelat e hoamtalny, especivlly in the Sirst minutes o Sorm
vl T zirossi. During whis period the greatest offect on
o In o DL Thae fntecuious activity ¢f Lthe viruses is exeprs-d

.

a0 0T lnautlivatlon and Lhe process of settling.
T arean haws wy Milier asd Artensteln [12], who labeisd
LR oo T oolang 1t the virus of parainfluenza and
- tatied o tae canges in the content of dye and Infectious
' sy <he reduction in the quantity »°¢
viruses .oourroes pecause o©f ‘nacsivation and to'a lesser degree

3707 Inrctlivetlon of viruses in air aszpanding cn
moderal: an' Nlgon relagive humidity lz not clear. With iow
Tusatlve Lhusbdloy the raptd dehydratizn of nucleie acids occurs,
A choln the  Tinas rezult leads oo the tnactivation of viruue:
1r. the aer<:.]l Ctate [1%]). 'This hypothesis was conflrmed Ly

FTL=MT= 821626~ "0 6



Lhe experiments of dJong and Wlocldee {8] o u modesr o1 L pulio-
virus and its nuclelc acid, in which 1t wus shoxn vi-art the inacti--
vation of virus in the alir was connected flist of 2l wvisr ¢ senm--
in the structure of the nuciez: acld. Howeve:r., ¢ “he boxta
these investigations it 1s nol posslidbic %S¢ explain the nore raprtld
inacrtivation of a number of vircscs with high relative hunlidisy
and considerable stubllity with low. Data 'row zhe llCeratu:s
make it possibie to assume that the inactivation of viruscs in

the alr depending on its relative humidity ‘= connected liaryely
with the structure of the virus particle. 7Tausg the ucleoprotelins
o myxo~ and paramyxoviruses (infCluenzs, parainfluenza the virus
of Newcastle disease, respiratory-syncytial virus) are surrcundeg
by a Qecondary membrane which contains proteins, lipides, zir-
bohydrates and other cell components. Appareuntly this mrobrane
protects the viruses from the disastrous effect of low relative
humldity. Oa the contrary, :udenc- and cntcrnvlrdsca d0o ot hoee

a wimilar membrance, as a resull of whle® wiih (ow humldliy they
are rapidly inactivated. A certain confirmation of this hyrcthesis
are the investigations of Benbough {#]: on a model of purifled
Semliki virus the author showed that the removal of protein ani
salts does nct affect the stability of a virus at low relative
numidity, but accelerates its inactivaticn at high, while car-
conydrates, especlally inositol, lncrease the stapility of ihe
virus at low hunidlty and do not affect infecticus activiiy at
high.

Trus the results of the investigations conducteu testify
tnzt the prslionged preservation of infecticus activity dy viruses
in the air hasz 1 s_ecific epidemiological siznifica..cc and ‘v
$hould ba considered during the conducting of different hygienris
and disinfecting measures.

Concls..ons

1. In enclosed habitabie and cosmunal setiings wmany viruses

R TT-t N RS} SIS N SRPEN
IR AR RS Fa B
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var ot alel LoaTeeluns senicity o Wb zir foroa long tlme. Moav
sl de uder toaese conaitlons are iie adenoviruses, ths entero-
cnraer ang te cirvg f Mewcastle Jdlsease, and the viruseo 2V
Caralniloenme onl the respirutory-sytcytial virus are inactliviaied
DR Tiep Sty Lo e e of lunacrivatlon of virusgses 1 thwe sir

Lol eanta o e tluecnced by telntlve humidivy.

L Ao s aes and enterovir.ses are lnactivated in
U e Lot Lwer humidity ana felain fafectious actuiviiy don

P - - AL AN

s Tile -2 hours ) 2t shpyh uand moderate atmospherls

.e
.
»

A SRS T SETA B SO 1] PRSSCREN L3 1N respiratory-gyncytias vicaces

st le disease are inactivated most ropidly

o

N T
s .- P e e . e e e

S g wme rorcuret o relative humld'iy ang are nore stabie 2t W,

Ze e Lo Lanctivation ol alfferent viruses o the
e Ut omane 3T oL merclo: unaer the Ufect of relalive hamid ity

TooLb tnhie ooooerted WALk Lue sTTucture of the virus particles.
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