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Aerosol Stability of Three Acute Respiratory Disease Viruses. 
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Knowledge of the aerosol stability of mi- 
crobial agents inducing disease in man by the 
respiratory route is essential to an under- 
standing of disease transmission. It has been 
shown that aerosols of influenza and measles 
viruses are more stable a t  low relative 
humidity (RH)  than at  high(1,2,3). With 
poliovirus, on the other hand, greater stability 
of infectivity has been found at  high RH 

Aerosol stability information has not been 
reported for most acute respiratory disease 
(ARD) viruses. The study reported here was 
designed to provide data on adenuviruses, 
types 4 (Adv-4) and 7 (Adv-7), and para- 
influenza 3 virus (Para 3) .  The former viruses 
are most prominent in acuite, febrile undiffer- 
entiated respiratory disease of military per- 
sonne1(4,5,6,7). Para 3 infections commonly 
occur in infants and children( 8,s). 

Materials and methods. Viruses. Adv-4, 
strain 208, FD64 was isolated from an army 
recruit with acute respiratory disease. The 
virus employed in lthe aerosol experiments had 
been passed 13 or 14 times through H E p 2  
tissue cultures containing 2 %  chicken or fetal 
bovine sera in Eagle’s Basal Medium 
(BME).* The mean titer of the harvests was, 
in logarithmslo, 7.54 tissue culture ED50 
(TCEDSo) per ml. 

Adv-7, strain 1022-2, FD62 was used for 
aerosol studies after 8 passages in HEp-2 tis- 
sue cultures containing 2% fetal bovine serum 
in BME (loglo titer 8.94 TCED,,Jml). 

Para 3 virus was a strain employed in the 
laboratories of the Walter Reed Army In- 
stitute of Research. The virus had been pas- 
saged an unknown number of times in mon- 

(2) - 

** Present address in Brown and Root-Northrop, 
Lunar Receiving Laboratory, Houston, Texas. 

* Cell cultures and media purchased from Flow 
Labs., Rockville, Md. and Microbiological Associates, 
Bethesda, Md. 

key kidney and KB cells, followed by 3 pas- 
sages in human amnion cells and 6 passages in 
grivet monkey kidney cells (loglo titer 6.20 
TCED50/ml). 

Viral assays. Adenovirus titrations were 
performed in primary human embryonic kid- 
ney tissue cultures, utilizing 5 tubes per di- 
lution. Cytopathic effect (CPE) was the in- 
dicator of infection. For Adv-4, cultures were 
observed 21 days; for Adv-7, 15 days. Prior to 
assay, impinger fluids were passed through 0.8 
micron filterst to remove bacterial and fungal 
contaminants since )tests had shown no sig- 
nificant viral loss during filtration. Para 3 
virus was assessed in grivet monkey kidney 
tissue cultures fed with BME and 2 %  fetal 
bovine serum again employing 5 tubes per 
dilution. Samples were not filtered because an 
apparent 1-log lo~ss of titer was found in a 
preliminary experiment. The endpoint of as- 
say was hemadsorption on the sixth day with 
guinea pig erythrocytes( 10). 

All tissue cultures were incubated at  36 C 
in stationary tube racks. Titers were com- 
puted employing the method of Reed and 
Muench( 11). 

Tracer assays. Uraninet dye was added to 
viral suspensions as a physical tracer for 
aerosols. Samples were collected in distilled 
water and assayed for fluorescence in a pho- 
tometer .O 

Aerosol p!rocedures. Aerosols were produced 
in a 500-liter rotating drum( 12) with a Colli- 
son disseminator ( 13). Prior to dissemination 
of viral suspensions, the air within the drum 
was adjusted to the appropriate temperature 
( 7 5  F) and relative humidity (20%, S~oio/o, or 
S O Y )  by flow of conditioned air through the 
drum. During the adjustment period, oper- 

t Millipore Corp., Bedford, Mass. 
$ Soluble sodium fluorescein ; Fisher Scientific Co., 

9 Series 540; Photovolt Corp., New York. 
Fairlawn, N. J. 
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ation of a Colliscm disseminator containing 
water compensated for the subsequent effect 
of added moisture that would occur during 
dissemination of virus into the drum through 
the same process. With attainment of the 
desired conditions the disseminator containing 
virus was olperated in place of the water spray 
for 60 seconds with the air flow continuing 
through the drum. The drum was then iso- 
lated except for conditioned make-up air in- 
troduced during sampling. 

Aerosol samples were collected with 12.5 
l/min All Glass Impingers(l4,lS) at  mid- 
points of 5, 30, 60 and 18101 minutes’ cloud 
age in all trials although viral concentrations 
at 180 minutes were often belofw the limit 
of assay sensitivity. Seperate samplers were 
employed for viral and dye assays with BME 
plus Antifoam All as collecting fluid in the 
former and distilled water in the latter. Sam- 
pling times were 1 or 2 minutes for viral col- 
lections and 1 minute for dye. 

Data processing. I t  was od interest to ex- 
amine stability in terms of infectivity loss 
with time of virus in aerasolized particles and 
in terms of loss due to physical fallout. The 
former objective was attained by computing 
the ratios of virus to dye recoveries a t  each 
aerosol age. These values indicated the rela- 
tive viability of the aerosols. The ratiois were 
then noamalized to the ratio of virus to dye in 
the original suspension before spraying. Con- 
version of the latter to percentages provided 
estimates of per cent viability of aerosols at  
the several cloud ages with respect to the 
original suspension viability. 

The change in aerosol viability with aerosol 
age was expressed as bliological decay rate (per 
cent per minute) and was based on recoveries 
through 601 or 180 minutes’ cloud age. The 
decay rates were estimated from a least 
squares fit olf cloud per cent viability with 
cloud age( 16). In addition to biological decay 
rates (BDR), the physical decay rates of the 
clouds were estimated. These computations 
were based on changes in dye tracer concen- 
tration with time. The decay rate statistics 
for each virus were subjected to analyses of 
variance(l6) to test the effect of relative 
humidity. -_ 

11 Dow Corning, Midland, Mich. 

TABLE I. Particle Size Distributions of Viral 
Aerosols.* 

Cloud age Slope 
(min) MMD (,A) t (probits/log,, diam) 

5 2.3 4.0 
60 2.0 2.6 

360 2.0 3.0 

*Based on  dye recoveries in single stage im- 

t Mass median diameter. 

Result. Preliminary experiments to deter- 
mine the effect 04 sodium fluorescein tracer on 
viral titers showed that one per cent dye 
would not significanltly alter infectivity of sus- 
pensions. 

Additional preliminary studies were con- 
ducted to determine the particle size distri- 
butioa of aerosols in the drum. Determinations 
were made with a suspensiojn of adenolvirus 
type 4 containing dye tracer. Singlestage im- 
pactor samplers ( 17) with particle diameter 
cut-offs of 1 p, 3 p, and 5 p, were employed 
along with a liquid impinger of the Green- 
burg-Smith type( 18) without size selection 
characteristics for estimation of total aerosol 
concentration. All estimations were based on 
dye tracer recoveries. Because of the similarity 
of the suspending media, it was considered 
that the distributions obtained with this 
system would be representative of those for 
all 3 viruses. 

The distributions in terms of mass median 
diameters (microns) and slopes (probits per 
log diameter) were estimated at  cloud ages of 
5, 60, and 360 minutes. Ambient colnditions 
of 75 F and 80% RH were chosen for this 
test. The data shown in Table I suggest a uni- 
folrm size range regardless of cloud age. 

For Adv-4, eight replicate aerosol trials 
were completed at each relative humidity level 
of 2076, 50% and 80%. The average viral 
and dye recoveries are given in Table 11. The 
means of per cenlt viability are plotted in Fig. 
1 and indicate a much lower rate od infectivity 
loss a t  80% than at SiO(r, or 201% RH. The 
physical and biological decay rates olf adeno- 
virus type 4 were computed froim observations 
at 5, 30, and 60 minutes’ cloud age. The 
means are presented in Table 111. There were 
no significant differences among physical de- 
cay rates a t  the various relative humidities. 

pactor samplers. 
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TABLE 11. Average* Aerosol Conceiitratioiis of 
ARD Viruses and Dye Tracers. 

R,elative liuniidity ( c j ' ~ )  
2 0 50 80 Aerosol 

age 
(in&) Virust Dye: Virus Dye Virus Dye 

5 138 
30 100 
(i 0 14 

5 1Oii 
30 255 
60 88 

180 5 

5 3 5 
30 38 
6 0 4 0 

Adeiiovirus Type 4 
1.60 35 1.24 
1.4i  1 4  1.36 
1.36 5 1.22 

Adeiiovirus Type i 
1.60 951 1.24 
1.34 121 1.45 
1.27 '73 1.34 
1.14 i 1.14 
Parainfluenza 3 
1. i3  51  1.65 
1.61 14  1.53 
1.50 7 1.58 

315 
243 

9 1  

22,071 
1 G,03 n 

8,261 
2,139 

13  
45 

6 

1.55 
1.44 
1.31 

1.53 
1.42 
1.32 
1.14 

1.62 
1 .4 i  
1.32 

* Each entry is tlie average of 4 to 8 replica- 

t TCED,, per liter of aerosol. 
tions. 

Micrograms per liter of aerosol. 

There were, however, significant differences 
among biological decay rates (P< 5 % ) . The 
major difference existed between 80% RH 
and the means obtained a t  5 0 %  and 20% 
RH. 

Figure 1.MEAN PER CENT VIABILITY OF ADENOVIRUS TYPE 4 
4EROSOLS AS A FUNCTION OF CLOUD AGE FOR EACH OF 
lHREE RELATIVE HUMIDITIES 

-8OXRH 
..--..50%RH 
---20%RH 

I I S  30 $0 90 120 150 180 2iO 
Aerosol Age (min) 

FIG. 1. 

Folur replicate trials were completed at  
each RH with Adv-7. Average viral and tracer 
recoveries are given in Table I. The mean per 
cent viabilities are plotted in Fig. 2 and decay 
rate data are presented in Table IV. Because 
the viral suspension had a 2-log higher titer 
than did adenovirus 4, more concentrated 
aerosols were produced and prolductive sam- 
pling was possible through 180 minutes' cloud 
age. Again, there was no significant effect of 
relative humidity on physical decay rates. 
There was, however, an effect of RH on 
biological inactivation (P< 5 % ) that was 
similar to that noted with Adv-4. A markedly 
lower mean decay rate was obtained at  80% 
RH. 

TA 13 LF, 111. Pliysicnl :ind Biological Decay Rates 
of Aerosols of Aclenovirus Type 4." 

Mean decay rate (70 per niin) 

liuniiclity (7 i )  t Biological: Physical$ 
R ela tive 

20 
,5 0 
80 

5.0 . l G  
3.6 . l G  
1.5 .14 

* Each memi was derived froin tlie data i n  8 

t '75°F. 
$ Rtaiidard deviation 21.86. 
0 Rt:iiitl:irtl tlcvintioii 2 .03. 

aerosol trials. 

TABLE IV. Physical and Biological Decay Rates 
of Aerosols of Adeiiovirus Type 7." 

Mean decay rate (TO per min) 

1inniidit~- ( Y d  t Riological t Physical$ 
Rclative 

20 2.7 .ll 
50 2.9 .11 
80 .82 .14 

* Each iiieaii was derived froin the data in  4 

t 75°F. 
Standard deviation 2 . 5 8 .  

$ Standard deviation k.054. 

aerosol trials. 

The aerosol trials conducted with Para 3 
(4 replications at  each RH) were intended to 
provide comparative data with virus from the 
myxovirus group. Recoveries are summarized 
in Table I. Per cent viability plots are 
presented in Fig. 3 and decay rate means are 
given in Table 5. High experimental errolrs 
were associated with the trials so that {the ef- 
fects of relative humidity did not olbtain sig- 
nificance. However, a t  28% RH, consistently 
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Figuro 2. MEAN PER CENT VIABILITY OF ADENOVIRUS TYPE 7 
9EROSOLS AS A FUNCTION OF CLOUD AGE FOR EACH OF 
lHREE RELATIVE HUMIDITIES 
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FIG. 2 .  

lower biological decay rates were obtained 
than at  50% or 80% RH in each of 4 rep- 
licate trials. Further, in tests for airbiorne 
virus a t  180 minutes after dissemination, an 
average o'f 8 TCEDBo units were recovered 
per liter of aerosol at 201% RH, but no more 
than trace amounts were occasiolnally ob- 
tained at 50% and 80% RH. 

Discussion. The biological decay rates of 
airborne Adv-4 and Adv-7, and probably 
those of Para 3, were affected by the relative 
humidity condition in the aerosol vessel. Both 
adenovirus sero-types showed lower decay 
rates at  8070 RH than at  20170 or 507%. Tests 

TSIJ1,E V. Physical arid Biological Decay Rates 
of Aerosols of Parainfluenza 3 Virus.++ 

Mean decay rate ( YQ per min) 

liuinidity (70) t Biological: Physical$ 
Relative 

20 
50 
80 

.53 .15 
3.8 .14 
3.1 .17 

* Each mean was derived f rom the data in 4 

t 75°F. 
$ Standard deviation k2.72.  
$ Standard deviation I+ .033. 

aerosol trials. 

with 2 strains permit only limited conclusions, 
but the data suggest a similar response 
among the adenoviruses as a group. I t  is in- 
teresting (to note that aerosols of Para 3 ap- 
peared to1 be affected by relative humidity in- 
versely to the effects observed with adeno- 
viruses in that the lowest decay rate was as- 
sociated with the lowest RH. Thus, Para 3 re- 
sembles other myxoviruses (influenza and 
rubeola) (1,2,3) in its response to RH. The 
similarities in behavior of these myxoviruses 

Figure 3.MEAN PER CENT VIABILITY OF PARAINFLUENZA 3 
AEROSOLS AS A FUNCTION OF CLOUD AGE FOR EACH 
OF THREE RELATIVE HUMIDITIES 

i i s  30 60 90 120 i i o  ido 2io 
Aororol Age (rnin) 

FIG. 3 .  

and their difference from polioviruses ( 2 ) and 
adenoviruses suggest that response tot aerosol- 
ization is a function of the physical or chemi- 
cal structure of viruses. 

There was no major influence of RH oa 
concentrations of airborne virus at the first 
sampling period ( 5  minutes) with Adv-4 and 
Para 3 (Fig. 1 & 3) .  With Adv-7 about 30 
times more virus was airborne at  the first 
sampling period at  80% RH than at  210% or 
50% RH. Relatively high piassage material 
was employed in these studies. It should be 
noted thalt Hearn et al reported an effect of 
passage on the aerosol1 characteristics of yellow 
fever virus( 19). I t  was found that as passage 
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number increased from 1 to 3 in HeLa cell 
culture, aerosols of the respective harvests 
changed from RH insensitive to RH sen- 
sitive. The change in aerosol characteristics, 
however, was in (terms of initial aerosol re- 
covery only and was not seen in comparisons 
of decay rates subsequent to the first sam- 
pling period (personal communication). These 
data suggest different mechanisms of inac- 
tivation of virus during or immediately after 
dissemination and during extended exposure 
to aerosol conditions. Further, it is suggested 
that stability of viral aerosols immediately 
after dissemination can be dependent upon 
passage history. 

The effects of RH on decay of viral aerosols 
is of major importance in understanding the 
epidemiology of the associated diseases. For 
example with Adv-4, the mean BDR at 80% 
RH was l.S%/min and the mean at 2076 
RH was S.O%/min. Assuming equivalent 
initial aerosol concentrations, after 3 hours 
there would be theoretically about 550 times 
more infective virus airborne at the high RH. 
After 6 hours, there would be 300,000 times 
more Adv-4 at  80% than at  20% RH. With 
parainfluenza virus the BDR means of 
3.1%Jmin and 0.53%/min at  8076 RH and 
20% RH would result in 100 times more 
infective virus after 3 hours and 10,400 times 
more virus after 6 hours a t  low RH. These 
relationships are based upon studies of small 
stable aerosol particles. Whether or not 
particles of this size are of prime importance 
in natural disease transmission is not yet 
known. 

Hypotheses attempting to explain the 
higher incidence of respiratory diseases during 
the winter season compared wilth other times 
of the year have implicated indoor crolwding, 
lack of ventilation and low RH due to heating. 
The results of the present studies indicate 
that ademvirus aerosols, unlike aerosols of 
influenza, parainfluenza and other myxo. 
viruses, have a greater decay rate at  low RH 
than at high. Thus, viruses producing respi- 
ratory disease do not all behave the same in 
aerosols. If low RH plays a major role in the 
epidemiology of respiratory disease, it may 
be more important with some agents because 
of its adverse effects on mucus secretions of 

the human respiratory tract than on survival 
of the virus in aerosols. 

Summary. Aerosols of adenovirus types 4 
and 7 and parainfluenza 3 were tested for 
biological stability as a function of relative 
humidity. The levels tested were 2070, SO%, 
and 80%. Both adenoviruses exhibited maxi- 
mum stability a t  80% RH. Paraiduenza on 
the other hand exhibited a minimum biological 
decay rate at 2070 RH. Studies were carried 
out with aerosols having mass median diam- 
eters of about 2 p. 

The authors wish to cite the excellent technical 
assistance of Joseph W. Dmominik and John F. Brewer 
of Fort Dotrick and of Martin Schneider of Walter 
Reed Army Inst. of Research. The statistical analy- 
ses by Dr. N. Bohidar of Fort Detrick are also 
acknowledged. 
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Additional Evidence for the Participation of 5Hydroxytryptamine in 
The Intestinal Response to Morphine.* (32055) 

T. F. B U R K S ~  AND J. P. LONG 
Department of Pharmacology, College of Medicine, University of Zowa, Iowa City  

The means by which morphine produces 
its profound effects on the mammalian gastro- 
intestinal tract has been the subject of a 
great deal of scientific controversy and even 
more speculation. Since the early work of 
Slaugbter and Gross( 1) on the dog intestine 
it has generally been thought that cholinergic 
mechanisms are involved in the pathway 
mediating the actions of morphine on the 
small intestine. This concept was supported 
by the report of Vaughan Williams and 
Streeten ( 2 )  that atropine antagonized the in- 
testinal actions of moderate doses of w r -  
phine. Plant and Miller(3), however, found 
that the effect of morphine Q N ~  the dog in- 
testine was not modified by atropine and con- 
sidered that morphine could exert its actions 
directly on the intestinal smooth muscle. 
More recently Margolin (4) and Margoh 
and Plekss ( 5 )  have obtained evidence to in- 
dicate that in celrtain species, inhibition of 
the intestinal propulsive activity is ac- 
complished indirectly via the central nervous 
system. 

Burks and Long(6) have presented evi- 
dence that some of the effects of morphine 
on tone of the dog small intestine may be due 
to local release of 5-hydroxytryptamine (5- 
HT) by morphine. Since there is evidence 
which indicates that the intestinal actions of 
5-HT may be antagonized by atropine and 
enhanced by anticholinesterase agents ( 7 ) ,  

*This work was supported in part by USPHS 
grants B-13%, B-4431 and 1-F1-GM-31, 186-01. 

t USPHS Fellow. 
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such a hypothesis would be consistent with 
the finding that eserine may potentiate the ac- 
tiion of morphine on the dog intestine( 1) and 
that atropine may antagonize morphine effects 
(2).  Treatment with reserpine has been 
shown (6)  to diminish the spasmogenic effect 
of morphine on the dog small intestine, but no 
study of the influence of prior treatment with 
reserpine on the actions of morphine on 
propulsive activity of the intestine has been 
made. The purpose of this investigation there- 
fore was to compare the effects of atropine. 
and physostigmine on morphine and 5-HT 
actioas on propulsive activity oS the small in- 
testine of lthe mouse, to evaluate the effects of 
reserpine treatment on the response tol mor- 
phine and to determine whether a 5-HT 
antagonist, methysergide (UML) , would 
alter intestinal responses to morphine. 

Materials and methods. A total of 2470 
young adult male Swiss Webster white mice 
were randomly divided into groups of 10 ani- 
mals each and the mean values for each 
group were employed in the analysis of the 
data. All chemical agents and saline were 
administered intraperitoneally to the animals 
in volumes of 0.01 ml/g and their effects on 
gastrointestinal propulsion assayed by the 
method of Macht and Barba-Gme(8). Poiw- 
dered charco'al was suspended in glycerine and 
administered p.0. to the animals in volumes of 
1 ml. At the time of sacrifice by cervical 
fracture, the entire small intestine from the 
stomach [to the cecum was removed and the 
distance traversed in cm by the charcoal 


