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Though there are several accounts on the stabilization of the influenza
virus in protein-containing liquids and buffer solutions and the unfavorable
influence of saline solutions and distilled water [6, 7, 9], the problem
concerning the influence of the spray fluid on the stability of a viral
aerosol has been studied very little. According to the data of I. B. Blok
/I/, the influenza virus which is dispersed in a physiological saline solu-
tion injures the pulmonary tissue of mice to a lesser degree and has a
lower titer of hemagglutinins than the same virus atomized (sprayed)
in saliva. G. S. Yakovleva and S. V. Shandurin /5/ established that the in-
fluenza virus atomized in broth i$ considerably more persistent in an aerosol
than when it is dispersed in a physiological solution.

In the present work we studied the feasibility of detecting the minimum
-concentrations of influenza virus in an aerosol, depending on the liquid in
which an allantoic culture of the virus was cultivated and dispersed, and
also the influence of the spray fluid on the amount of virus which is trapped.

Materials and Methods

Various dilutions of the Pan strain of A-prime influenza virus were dis-
persed in a 250 liter experimental chamber. This was done with the help of
a modified Larkovskiy atomizer. Over a period of 2 minutes 0.3 ml of a
virus suspension was dispersed in the air of the chamber. Various liquids
were used for diluting the virus suspension (sugar broth, allantoic fluid
of chick embryos, physiological saline solution, milk, native saliva, dis-
tilled water, phosphate buffer mixture). Immediately before each series of

Stests the allantoic culture of the influenza virusws diluted in 10-fold
dilutions from 10-1 to 10"5--10-6 depending on the liquid used. The tests
were carried out at a temperature of 18--22.50 and a relative air humidity
of 47--65%.

In the first test we selected the nast diluted suspension of the virus

for atomizing. After 5 minutes following the conclusion of the dispersion

of the virus we took a 50 liter sample of air with the subsequent titration

of the trapped virus on chick embryos /2/. Then we carried out a series of

tests with lesser dilutioi.s of the virus. The last experiment was with a

dilution of 10"1, and when using allantoic fluid for dilution the undiluted

virus was dispersed last., Following the conclusion of a series of tests
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with a particular liquid and the disinfection of the air in the chamber
with short-wave ultraviolet radiation, we carried out the experiments with
another liquid.

In all the tests the trapping of the viral aerosol was accomplished with
the help of a Rechmenskiy bacteria trap and sugar broth was used as the adsor-
bent. According to our data /3/ this is the most effective method of
trapping an aerosol of the influenza virus.

Results

As is seen from table I, sugar broth 's the liquid which is most
favorable for the stabilizing of the influenza virus in an aerosol during

V the first period following the disper3ion of the viral suspension. Some-
what worse results were obtained with the dilution and dispersion of the in-
fluenza virus in milk and the aliantoic fluid of chick embryos. It should
be noted however that the differences between these liquids are not great,
and in general the results obtained are quite close to each other. Thus,
following the dilution of a virus suspension in these liquids, the virus is
detected in all the atr samples when sprayed in a dilution of 10-3, and

17 when dilutions of 10 -- 10- 4 are used it is trapped not only in a nondiluted
substrate, but also in dilutions of it up to 10"-2-10-3. In individual
tests the influenza virus is cetected in the air following dispersion cf
dilutions of 10-5 6, which testifies to the high sensitivity of d.e

Rechmenskiy device for the indication of a virus aerosol.

The native z-aliva of man turned out to be less favorable for the ýt_,:j'-
zation of the influenza virus. In all probability this is connected with
the presence of inhibitor substances /4/ in it. Thus, when a virus sus-
ension is atomized (sprayed) in saliva in a dilution of 10- the influenza
virus is detect in -he air of the chamber in all the samples, and with a
dilution of 10'--10- in 5 tests out of 6. Worse results were obtained w•a
distilled water was used; the influenza virus is trapped in all the test!
when dispersed in a dilution of 10-1, and in 5 tests out of 6 when atomizvt•.t
(sprayed) in dilutions of 10-2__10-3. The most toxic medium is the physiologi-
cal saline solution. Following the dispersion of the virus in a 0.85% solu-
tion of NaCl the influenza virus is determined in the air in all the tests
only when the very lowest dilution of 10-1 is used. In 3 tests with a
phosphate buffer mixture we did not obtain clear results which would niak.
it possible to characterize the influence of this liquid on the influenza
virus in an aerosol. It can only be assumed that a phosphate buffer is
mildly favorable for the influenza virus, and based on its effect is ci:st
to -distilled water.

We made several theoretical calculations of the feasibility of detc-ct_,i
the influenza virus in an aerosol following its dispersion in various dilu-
tions. In these calculations we proceeded from the assumption that the in-
fection of a chick embryo is caused by introduction of one virus particle
into the allantoic cavity. Here we did not take into consideration the physi-
cal loss of the aerosol due to the settling of the drops which contained the

virus and the biological loss due to the inactivation of the virus under the

conditions of the atmosphere; the stated processes go on particularly in-
tensively during the first minutes of the aerosol's existence. The calcu-
lations of the minimum concentrations of an aerosol of influenza virus
which may be detected in the air of an experimental chamber, without
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considering the loss of the virus due to inactivation and settling, are
presented in table 2.

They testify to the fact that when liquids are used for dilution

which are favorable for the influenza virus (sugar broth, milk, allantoic
fluid), the doses of virus which are recovered are close to the calculations,
and in individual cases even exceed them somewhat. The latter may be ex-

plained by the considerable mechanical infiuence during the dispersion of Ii
the virus suspension. This is accompanied by the crushing of the drops
when they strike the glass surface and as a result of Lhis there is a dis-
ruption of the virus aggregates with the appropriate increase in the number
of viral particles. This assumption is found in agreement with the experi-
mental data of Zimmermann /11/, who considers that the change in the titer I
of the virus in a suspension is dependent on a change in the ratio of free
viral particles and their aggregates.

The calculations cited show that in all cases in the presence of favor-
able conditions the influenza virus is determined with the help of a
Rechmenskiy bacteria trap when a virus suspension in dilutions of lo4-1-0-5
is dispersed in the chamber. If all the liquids studied exerted a similarly
favorable effect on the influenza virus in an aerosol, then it would be
trapped to a similar degree without any dependency on the spray fluid.
Only protein-less liquids would have a certain advantage, since in the ab-
sence of protein the evaporation of water is speeded up and the volume
of the drop is reduced more rapidly. In other words, in a protein-less I
liquid and especially with the atomization of the Virus suspension in dis- -•

tilled water, conditions would be created at which the virus particles would
be found longer and in a greater concentration in a suspended state in the
air of the chamber. Consequently, the influenza virus, diluted and dispersed
in distilled water or a physiological solution could be determined 1.i
larger concentrations than the virus which is atomized in sugar broth or I
milk.

The tests carried out, however, clearly show that when protein-containing
liquids (sugar broth, milk, allantoic fluid) are used as the spray fluid
the influenza virus is determined following the atomization of large dilu-
tions and in greater concentrations than following pulverization in solu-
tions of inorganic salts (physiological saline solution, phosphate buffer
mixture) and distilled water. These data testify to the favorable effect
of protein-containing liquids on an aerosol of the influenza virus. The4
rapid lowering in the concentration of an aerosol in saline solutions takes
place as a result of the inactivation of the influenza virus in the first I
minutes or even seconds following the creation of the aerosol. These data
agree with the data of Ferry and Maple /8/ and Webb /10/, who showed on models
of bacterial aerosols that the death of the microorganisms in the aerosol
takes place in two phases: There is a significant dying off in the first

minutes and even seconds following dispersion of the bacterial suspension
and a slower dying off during the entire following period.

Thus, the results of our tests showed that sugar broth, milk and
allantoic fluid used as the spray fluid, and to a lesser degree native saliva,
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are a protective factor which promoteis the preservation of the viability of
the influenza virus in the first, most unfavorable, period of the transi-
tion from a liquid to an aerosol state.

S~Conc lus ions

S;Proteiv-containing liquids (sugar broth, milk, allantoic fluid)

are considerably more favorable for preserving the viability of the influenza
virus in an aerosol than distilled water and saline solutions (physiological
saline solution, phosphate buffer mixture). Native saliva occupies an
intermediate position.

S-•-2. The results of determining the influeuza virus in an aerosol

A when liquids which are favorable for the preservation of the virus are used
as the spray fluid are close to the theoreti,:al calculations. (
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Table 1

ITr1,Ijp oI" .,n - nto ,., nzra ;.rosol depending on the nature of the dispersing
Siqlu id

Trapping doses of virus (in

D)i 'pei•:ioni Nu;iIi.i u(I ]D:ilution dilutions of substrate)

';' I .~ ~ f iflfiuflndi- -O 1 Ii 2 1 10-3 10i-4 i-
~ ViI"US uted - -

Number of tests
6'u!ýýtr broth ' 6 .10-6 ...

C 2 1 - - -

"10-4 4 4 1 - -
I . 4 3 2

S; 10-'z 6 6 4 3 -
G; 0"6 6 6 6 3

Milk-= 5 0-6 1 ..

5 i 1O-5 2 . . . .
F) 104-. 4 2 - - -

5 10- 3  5 5 3 - -

5 i0" 2  5 4 4 4 1
5_...... i0" 1  5 5 5 5 2

Aillantoic fluid 6 10-6 1 . . . . .

6 10-5

6 i0-4 2 1 -. . .
6 10-3 6 5 1 - - -

6 10-2 6 4 4 2 - -

6 10 - 6 6 5 4 1 -

6 undiluted 6 6 6 6 3 3

Saliva 10-6 - - - - -

6 10-5 3 . . . .
6 10-4 5 1 - - -

6 IO-3 5 1 2 - -

6 I0- 2  6 3 3 2 -

_ 6 10 -1 6 5 5 2 -

)i.stilled water 6 10-6 - - - -

6 lO-5 1 . . . .
6 10-4 3 . . . .
6 1 0 -3 5 3 - - -
6 10-2 5 3 - - -

6 10"I 6 6 6 r3 -

Phy::iA.iolical 6 10-5 -. . . .

:,,lut:iun 6 10-4 1 . . . .
63 1 - - -
6 10-2 5 °4 1 - -

6 10.-1 6 5 5 1 -
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Table 2

Approximate calculations of the feasibility of detecting
"an aerosol of influenza virus with the Rechmnenskiy
bacteria trap

I Dilution of Theoretically possible maximum
influenza virus concentrations of trapped virus

I Undiluted 10- --. 0

1 io.1 10-3 O

-0 32 10 -lO-3

10 -3 10- 10-2

10. Undiluted -- 1051

10- 0
S. 1-6 0

A|

6.a

- ' ,,• :::1 I1'• I II II I


