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ABSTRACT

Expériments were conducted to determine the effects of rela;
tive humidity upon the survival of the Japan 305/57 strain of influ=-
enza virus, type A2, A rotating drum chamber was employed with
controlled temperature, humidity, and aerosoi concentration, AérOWI
sols were generated from undilute allantoic fluid. Viral infectivity
of aerosols was assayéd in embryonated eégsu

Aerosol studies were conducted at 70 F and at 4 relative
humidities (25%, 40%, 55%, and 80%). Highest viral infectivity was
noted at the lowest tested relative humidity of'25% and lowest viral
inﬁeétivity was noted at the highest tested relative humidity of 80%.
Thé results indicated that under the test qondifions, the effect’of

relative humidity on the prototype strain of Asian influenza virus

closely parallel that of influenza virus, type A,



INTRODUCTION

The Asian étrain of influenza virus (A2) has caused diseéserih l
one. or more geégraphic afeéé of the Wprld each year since 1957o Tﬁe'
‘viruses responsible for‘epidemiés of tyée A influenza éince 1957 have
beén of tﬁe A2 sub~type, clearly related.t5 Qiruseé isolated in 1957
but showing antigenic shift (28).

The natural history, méchanism of spreéd, and epidemiology of
Asian influenza are well documented (16,20,28,34), These reports
glearly indicate the importance of Asian influenza as one of the priv
f-. mary causes of respiratory infecéionso

Experimentally, influenza virus haS’béen'shown to be trans-
mitted by the éerosoi route, Alford et al. (1) exposed human volun~ ‘
teers to small particle aerosols of the Bethesda 10/63 (typé A2) strain
of influenza virus, Infection and typical influenza resulted even when
low doses of virus were administered.. Low levels of serum mneutralizing
) antibody were not completely effective in éreventing infection and ill~-
ness;  Hood (14) deﬁonstrated the infectivity of aerosols of influenza
.virus in mice by using the PR8 (type A) and Singapofe (type A2)strain,
Saslaw and Carlisie (29) infected rhesus and cynomoigus monkeys with
the PRS§ stfain of influenza virus, |

Viral agents other-than influénza have also béen shown to be -

infectious via the respiratory route (3,4,8,19,23), These experiments



further indicate the potenfiél importance of the aerosolized state of
Qiral agents in.causing infections in man and animals,

For an airborné respiratory infection sﬁch as influenza, passage
of the etiologic agent fh;ough the atmosphere is aﬁ essential part bf
»the infectivity chainj therefore, the agent will be exposed to.éhe ef=
fects of many envifonmental conditioﬁso The observation that relétive
humidify has a significant influence on the survival of airborne influ~
enza A virus was first made by Loosli and associates in 1943 (22)c
They observed that the iﬁfectivity'of influenza virus decreaséévas the
relative humidity increases,

Since the work of Loosli, many experiments involving the'ef—
fects of relative humidity on viral and bacte?ial agents have been
conducted, Lestef (21 observed that the infectivity of influenza A
virué decreased as the relative humidity was raisgd from 30% to 50% and
then gradually increased as the reiativé humidity was elevated to 80%
of lowered to 20%. Dunklin and Puck (55 obse¥ved this same phenomenon'
in the death rate_of.pnemococci, hemolytic streptococci and étqphylo—
cocci atomized into the ‘air of an experimental.chambéro Thé concept
that intermediate relative humiditiés are most iéthal.is sﬁpported by
other in#estigatofs (6,31){. Harper (9), working with vaccinia;'inflﬁenm
za, Venezuelan equine encephalitis and poliomyelitis viruses found that
with the exception of poliomyelitis virus, all survived best at‘the
lowest relative humidities tested which ranged from 17% to 25%. Polio=-
myelitis,ﬁirus survived Best at the highest relative humidity ﬁested,‘

which was 81%, Hemmes, Winkler, and Kool (12) reported that relative



hﬁmidity was more important thanvtemperature and absolute humidity in
‘the survival of iﬁfluenza and poliomyelitis_virus aerosols, Also, the
“effects of relative humidity wére'not dependent on the compositionlof
the medium surrounding the virus particlee They reported that infiUw“
enza virus survives best at low relative humidity and poliomyelitis
virus at'high'relative humidity. |
In a more recent'séudy5 Songer (32) observed that virus loss on

~aerosol geﬁeratioﬁ was lower at 90% relative humidity than at lb% or

' 35% relative humidity, With reference to aerosol stability, he ob-
.served that Newcastle disgase virus and vesicular stomatitis virus sur-

vived best at 10% relative humidity, whereas infectious bovine

rhinotracheitis virus and Escherichia coli B T3 bacteriophage survived
best at 90% relative humidity, With aerosols of parainfluenza 3 and
adenovirus type 4 and type 7, Miller and Artenstein (24) found that
parainfluenza virus was more stable at lower relative humidity and

“ the adenoviruses were more stable at higher relative humidity, Finally,
‘Kelley (17) observed that the infectivity of aerosolized'PR8 gnfluenza
virus was higher'at 85% than atvSO% relative humidity.,

In the studies reported above involving the effect of relative
humidity dn influenza virus, the PR8 strain of influenza virus, type A,
was used, The results of these experiments yielded little information
as to whether or mot Asian strains of influenza virus, t?pe A2,.are af-
fected in a similar manner, Asian influenéa virus resembles eérlier
type A stfaiﬁs, but there are cer£ain distinct strain d;‘.fferenéeéc

According to Robinson (27), the more important differences are: (a)



b

there a¥é significant immunologic différencés;when compared with éar—‘
lier prototypeAstraiqs; (b) the hemagglutination-inhibition (HI) test;
which is strain specific, reveals no antigenic relationship when com=-
- pared against several isolations made during the period 1§33£l957;
(c) the Asian strains agglutinate erythrocytes to a considerably lower
‘titer than the earlier type A strginsp and they Will agglutinate a
broadef spectrum of erythrocyte épecieS; and (d) the Asian strains are
not particularly virulent for mice, |

The present study was undertaken to determine the effect of
various relative humidities at 70 F (21 C) on the infectivity of the

prototype strain of Asian influenza virus, Japan 305/57.



MATERTALS AND METHODS

Microorganisms

Spores of Bacillus subtilis were used as a physical tracer-for
determining physical decay rates and recovery ratios of ae?osols; A
stock spore suspension, prepared by Kelley.(17), with a concentration -
of 6,0 x 109 spores/ml was used, From this stock suspension,-a working
- stock containing 5.3 x 107 spores/ml was prepared in doubie distilled
wgtero One~tenth ml of this working stock was added to the sbray sus-
pension.

Jépan 305/57 strain of Asién (A2) influenza virus was used.

)

The:virus was obtained from the Research Reference Réagents Branch of
the ‘National Iﬁstitute»of Allergy and Infectiéus Diseases, National
Institute of Health, Bethesda, Maryland., It was passed one additional
time in embryona;ed eggs in our laboratory before the working stock to
be used in these experiménts was prepéred° A virus working stock was
prepared by inoéulation of 0,1 ml of a 10"4 dilution of stock virus in
Diféo brain heart infusion broth into:the allantoic cavity bf lladéy=
old embryonated eggs, After 48 hr incubation at 38 C, the embryos were
candled and all viable embryos were refrigerated overnight, The allan-
toic fluid Waé_collected aseptically, pooled, and stored at =65 C in-
5-ml volumes, This ﬁorking stock of Japan 305/57 influenia virus‘had_‘
an-égg infective dose 50 (EID50> tifer of 10? infectiogs units/00¥ ml

as determined by thé method of Reed and Muench (26),



Aerosol Generation

A rotating.drum.chamber (7) housed in an environmental-con-
trolled safety cabinet was used for the atomization, storage, énd col-
lection of.aerosolso Characteristics and operating procedufes for this
épparatus have been Teported in detail by Kelley (17)0-

Aerosols were generated from a sterile Devilbiss #40 nebﬁlizér
.using a .compressed air suppiy.of 25 psi., The spray suspension was-pref
pargd by mixing 0.1 ml of working spore suspension with 4,9 ml of ﬁn=
dilute allantoic £luid contaiﬁing the working stock virus, The
nebulizer was loaded with 4 ml of the spray suspension prior to atom-
ization and then connected to the compressed air line., The aerbsoliwas
generated for 4 min at a total air flow of 250 liters/min, Secondaryr
aif was obtained.from the environmental~controlled safety cabinet
through a filtered valve. Air balance in the cabinet was méintained
with the compfessed air inlet valve., After atomization, the compressed
air and vacuum lines were closed simu-lténeouslyo The secondary air

valve was then closed, thus sealing the storage drum,

Aerosol Sampling

Aerosol samples were obtained with sterile all-glass impingers
(AGI-30) (2), The impinger fluid consisted of 20 ml of sterile brain-‘
heart infusion broth containing 2 drops of antifoam. The“impingers had
a flow rate of 12,5 liters/ﬁin and each sampling period Qas 1 min,
‘Aerosols were generated at 70 F at relative humidities of approximately
. 25%, 40%, 55%, énd 80%. Initial samples were taken at 15 mihbafter 

aerosolization, Subsequent samples were taken at intervals of 10 min,



30 min, or 60 min, depending on the relatiVe humidity being tested,
Spray and impinger samples were dispensed into tubes and stored at

=65 C until assay could be conducted,

Physical Decay

Physical decay of the aerosols was determined- by uéiﬁg the
spores of B, subtilis as a tracer, The stability of this orgéniém'fOr
aerosol studies is well established (11,25), Spore assays were made
promptly on the spray suspensions prior to and after aerésoliéatioﬁ,
and on the impinger fluid of eéch seim.plev° Tenffola diluﬁioné'were ﬁade :
in distilled water, Assays of spray samples were made by spreadingroel
ml of each dilution on each of 3 plates of Bacto nutrient agaf0 Im;
binger samples were assayed by spreading 0.2 ml of undilute impinger
fluid on each of 3 Bacto nutrient agar plates. Dilutions of spore sus-

pension yielding less than 300 colonies were counted.

Total’Deggi

Total decay Qf virus was detérmined for each relative humidity
tested, Aerosol storage periods were as follows: (a) 25% relative
humidity, 360 ming (b) 40% relative humidity, 195 ming (c) 55% relative )
Humidity, 65 ming and (d) 80% relative humidity, 55.m_in° Aerosol sam-

ples were taken at storage times from 15 min to end of storage period,

. Biological becay

Biological decay was determined byAsubtracting the 1og10'3pray

© virus/spore ratio from the loglo.impinger virus/spore ratio. To this



g
figure was added the log of 100, thus giving the log per cent of infec-

tious virus present for a particular aerosol sample,

Exrythrocyte Suspension

| Bléod taken aéepticaily by cardiac puhcture from chickens was
suspended'iﬁ Alsever's solution (15).and stored at 4 C, Prior to use,
a 0,5% (v/v) Suspénsion was preparedvin 0.85% NaCl by washing the cells

3 times in saline solution and centrifuging at 1000 rpm for 5 min,

‘ Virus Titration'

The titrations of the infective virus concentration of stock
preparations and aerosol samples were carried out in ll-day-old -em-
bryonated eggs. _Brain heart infusion bfoth Wés used for making serial
dil}ltibnso Eggs were inoéulatea by the allantoic route with 0.1 ml of
the test material and incubated at 38 C for 44 to 48 hours. Live em-
bryos were éubseﬁuently chilled at 4 C overnight, After chilling,

‘ approﬁimateiy 0.5 ml of élear'allantoic fluid Was.removedAfrom the egé‘
and checked for hemaggiﬁtinin° Fifty per cent end pbints were calcu-
lated as suggestedAby Hirst's (13) application of the Reed-Muench
technique (26), |

| Preliminary titrations were carried out by ﬁsing 10-fold dilu-
tions and 6-eggs/dilutionob This was necessary in oxder .to esta#lish
épproximéte end points and aerqsol—storage times, Final titrations

were based on 3-fold dilutions and 10 eggs/dilution.



Serology

Inmune guinea pig serum which had previbusly been determined to
éontain strain specific hemagglutination-inhibiting antibody to Japan
305/57 influenzé virus was used to confirm the identity of -wvirus in |
stock and aerosolvsampleso, A microtechnique as déscribed by Sever.(30)

" was used in making these determinations,



RESULTS

Preliminary Assay of Virus

Preliminary aerosol experiments with the Japan 305/57 strain of
influenza %irus were conducted in order to establish whether or not
changes in relative humidity had any effgét on viral infectivity; Rel-
ative humidities selected for these éxperiments‘were 25%, 40%, 55%, and
' 75%. Aerosol samples were taken at 15 min, 60 min, 120 min, 180 min,

240 min, and 300 min after aerosolization;— The'results of these exper-
imeﬁts aré summariéed in Table 1, Preliminary viral assays revealed
that at lower relative humidities the virqs maintained its infectivityr
fqrgembryonated eggs longer than it did at-the higher relative humidi-
ties. These results provided the necessary information for continuation
: of the studies, It was apparent, becéuse of the‘diffgrent decay rates,
that the intervals between sampling had to be adjusted for each rela-
‘tive humidity. This was neceséary in order to provide sufficient poiﬁts
fdr decay rate determinations, With this information it was decided
that future samples would be taken at infervals of 60 min for 25% rela-
_ti&e‘humidity, 30 min for 40% relative humidity, and 10 min for‘55%'and‘;

80% relative humidity,

Final Viral Assays

Viral titrations were conducted on all spray suspensions and

impinger samples., Assays of spray samples revealed the following 1og10

10
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Table 1. Recovery of airborne Japan 305/57 influenza virus, Prelim-
inary titrations of impinger samples,®

Storage Period (min)

Relative

Humidity 15 60 120 180 240 300

(per cent) EID50 Concentrationb
25 2.65 2,63 2,67 1,75 1.63 0.75
40 2.90 2,48 1.85 1.25 0.63 0.33
55 2,10 0.05 0.00 0.00 € €
75 2,30 0,00 0.00 € € -

a, Titrations in embryonated eggs, 10-fold dilution, 6 eggs/
dilution,

b, Concentration expressed as EIDSO/O'l ml (-1og10).

c. Not done, .
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titers: (a) 25% relative humidity, 6.546; (b) 40% relative humidity,
6.,903; (c) 55% relative humidity, 6.588; and (d) 80% relative humidity,
6,736, At the 95% confidence limits there is no significant difference
in titers, These results indicate that under the test conditions the
influence of relative humidity had little or no effect on viral infec-
‘tivity of the spray suspensions during aerosolization., The geometric
mean titer (6,693) of spray suspensions described above was used in

making future calculations,

Viral Infectivity

The 1oglO ratio of infectious virus titer to spore tracer in
the spray suspensions is shown in Table 2, The variations in 1oglO
virus/spore (V/S) ratio are caused by the different concentrations of
spore tracer used in the spray suspensions,

The log per cent infectious virus recovered from the impinger

samples was determined by applying the formula:

log per cent infectivity = (2.0 +—log10 impinger V/S ratio)

- loglO spray V/S ratio

The amount of infectious virus recovered under various experimental
conditions is presented in Tables 3, 4, 5, and 6,

The manner in which relative humidity affects the infectivity
of airborne Japan 305/57 influenza virus is presented in Figure 1, The
lowest tested relative humidity favors viral survival and the higher
relative humidities are the most detrimental, As the relative humidity

was increased from 25% to 55%, the capacity of this virus to survive
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Table 2, Virus/spore ratios of spray suspensions at test relative

humidities,

tmidity Logto Vizus  loglo Spore Virue ooz
(per cent) ’ Ratio
25 6.693 5,580 1,113
40 6,693 50041' 1.652
55 6,693 b, 845 1,848
i 80 6.693 4,903 1,790

a, Geometric mean of all spray sample titers at 4 min,
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Table 3. Infectivity of Jépan.305/57 influenza virus aerosol recov-
ered at 25% relative humidity from drum chamber,

g eme Lm0 IO g b ooy
Atomization Titerd - Count V/S Ratio nfectivity
15 3,073 1,813 1,260 2,147
60 - 3,37 . 1799 1.508 2.395
120 3,020 1756 1,264 2,151
180 2,74k 1,699 1,045 1,932
240 2504 1.681 0.843 1,730
300 2,442 1,716 0,726 1,613

360 2.309 | 10643 | 0,666 1,553

a, Concentration'expressedras EID5O/001 ml,

b.  Based on a loglO spray V/S ratio of 1,113,
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‘Table 4, Infectivity of Japan 305/57 influenza virus aerosol
recovered at 40% relative humidity from drum chamber,

Time in Log1g

0,629

Min After . Impinger §§§%2~ ii;%%ger ;g%eziivgigﬁ
Atomization Titerd Count V/S Ratio ,
15 3,102 1.0 2,102 2,450
45 2,648 0,954 1,694 2,042
75 2,586 0,954 1,632 - 1,980
105 2,309 0,978 1,331 1,679
135 2,113 1.0 1;113 1,461
165 1,865 1.0 0.865 1,213
195 1.607 0,978 ‘ 0.977

a, Concentration expressed as EIDSO/Oql'mls

b, Based on a loglO spray ratio of 1.652,
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Table 5, Infectivity of Japén 305/57 influenza virus aerosol
recovered at 55% relative humidity from drum chamber,

e bl w0 lomd g pee o
Atomization . . Titera Count V/S Ratio nfectivity
15 : 2,777 0,954 1.823 1,975
25 2,524 1,0 1,524 1,676
35 2,386 1,021 1,365 1,517
45 ' 1,960 1.0 0,960 | 1;1;2
55 1841 0,978 0.863 1,015
| 65 1,798 0.757 10,757 4 0,909

a., Concentration expressed as EID50/0°1 ml,

b, Based on a loglo~spray v/S ratio of 1,848,
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Table 6, aInfectiVity of Japan 305/57 influenza virus aerosol
recovered at 80% relative humidity from drum chamber,

CainAfter  Tmpidger  Spole  Iminger 10§ Per Genp
. Atomization Titera .. GCount V/S Ratio _
15 S 2,270 0.699 1,571 10781 _
25 2,061 0,740 1,321 1,531
35 1,860~ 0,778 1,082 1,292
45 1,021 0.740 0.281. 0,491
55 | 0,997 0.740 0.257 0,467

a. Concentration expressed as EIDSO/Ool ml,

. b, Based on a loglO spray V/S ratio of 1.790,
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Wéé proportionally reduced, the most rapid decay occurring above 50%
relative humidity., Under the test conditions, the biological'half—iife
for Japan 305/57 influenza virus was found to be: (a)-25i relativg
humidity, 140 ming (b) 40% relative humidity, 60 minj (c) 55% relative

humidity, 13 ming and (d) 80% relative humidity, 10 min.

Hemagglutination~inhibition Test and Other Controls
Hemagglutination~inhibition tests confirmed the identity of the
.stock virus preparation as the Japan 305/57 stréin of influenza.virus,
'-typé,AZQ This procedure also established that the hemagglutinins pro-
duced in‘embryonated eggs following inocﬁlation of impingér samples were
: induced by the same virﬁs° Stock spore preparation, when inoculated in-.
to embryonated eggs did mnot stimulate the production 6f hemagglutinins,
Therefore, the hemagglutinins produced from impinger samples were es~-
tablished as being the result of infection of the émbryonated eggs with

Japan 305/57 influenza virus, type A2,



DISCUSSION

" The results of breliminary trial assays indicated that<the

" Japan 305/57 strain of influenza virus was affected b& the varibus
‘changes in relative humidity. The reéovery.of the stable sporéitracer
in aerosol samples eliminated doubt that the-loss of viral activity

was due to physical decay (settling oﬁt), The size and density of the |
_virus paﬁticle when cémpéred with thét of tﬁe'gﬁ.subtilis spore is much
lessb Theiefore, it can be assumed that under the same experimental

: conditions'physical depaonf the vifus would not exceed that of the
spore, and any loss of viral acti&ity is the ,result of biologicél de-
‘cay (“death“ of virus),

The decay rate for the Jaéan 305/57 influenza virus aerosols
étored at the test relative humidities was comparable to that reported
by Hemmes et al, (12), Harper (é)9 and Loosli et al. (22) with type A

influenza strains. The decay rateé, however, do not comﬁare with the
. tfpe A influenza viruses reported by Shechmeister (31) and Lester (21),
In}séparate studies, they (31,21) observed highest viral recovery at.
“high and low relati%e humidities, and most decay invthe intermediate
relative humidityvrangeo Whether or not these differences were due to
' the,natﬁfe 6f the suspending medium is ﬁot known., frevious étudies
_’(10518933,35) have shown that the compOéition of the spray suspension

exert a great influence on the rate of biological inactivation,

20
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The experimental results showed that relative humidity had
little or no significant influence on the infectivity of the viral
spray suspension during aerosolization. They did'not,lhowever, provide
information necessary té determine which relative humidity was the most
detrimental to the viral cloud immediately (Within the first minute)
foliowing aerosolization, ‘Songer (32) observed with several viral
agents that loss of infectivity on aerosol generation was consistently
lower at 90% than at 10% or 35% relative.humidity;"Iﬁ-that this point
~was not investigated with the Japan 305/57 strain of influenza virus,
if is not known whether generation loss, as well as storage loss, must
be considered when fully evaluating the effects of rélative humidity on
airborne Japan 305/57 influenza virus,

; AThe'findings obserﬁed are based on a spray suspending medium of
undilute allantoic fluid aﬁd a collection médium of brain heart infu-
’sion broth, It would have been interesting to esfabliéh whether.or not
Other suspending and collection ﬁenstrua.wduld have:given the same fe»
sults. Such experiments»would have indicated Whethef the stability of
aerosolized Japan 305/57 influenza virus observed in this study repre-
sent a true property of the vifus, or the added influence of the medium
'surrounding the viral pafticlee

The epidemioiogic implications of these obsefvatipns on Asian
influenza virué, as well as -those of Dunklin and Puck (5). on bactéria,
may well be important. It seems 1ikély that, in most environments,
greater numbers of the infective agents dispersed from the respiratory

tract are destroyed'fhan survive, and many factors undoubtedly play a
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»role in this process. The results of this study, along with many
othérs, strongly suggest that relative humidity is ome of the more im~
éortant environmental factors in.determining the survival of resbira»

tory viral agents issuing from an infected host.



SUMMARY

"The effecté of felativerhumidity on the infectivity of airborﬁe
Japan 305/57 influgﬂza virusy typé A2, were studied in an envirénmen«
‘tally éontrolled rotating drum charﬁbef° Aerosols were genefatéd from
allantoic fluid at relative humidities of 25%; 40%, 55%, and 80%.

| The infécti&ity of Jaban 305/57 influenza virus aerosols was

-determined by the ébility of the virus paiticle to produce hemagglutin-
ins in embryonated eggs. The infectivity of the tested viral agent is
greatly influenced by rélative humidity. Highest viral infectivity was
noted at the lowest relativé hﬁmiaity and loweét viral infectivity at
the ‘highest relative humidityp

The results of these experiments compare with the findimgs gf
‘oﬁher workers who havevsfudied influenza virus, type A, It is there-
fore cdﬁcluded that relative humidity affects thé p:ototfpe Asian |
strain of influenza virus muéh the same as it does type A influenza

virus strains, I

23
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