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Prolonged Viability of Yellow Fever Virus in Serum Mixtures Containing
Ammonium Sulfate.

Henry R. Jacoss.
From the Laboratory, Rockefeller Foundation, Entcbbe, Uganda, Africa.

Because viruses tend to die out rather
rapidly in liquid media if no growing cells are
present, it is necessary to hasten all opera-
tions as much as possible while the virus under
study is in this circumstance. When the ex-
periments here described were performed
little had been recorded about what consti-
tutes the most favorable medium for yellow
fever virus in vitro.l®* It was well known
that simple saline solutions are rapidly lethal;
and also that the presence of serum proteins
exerts a profound preservative effect. How-
ever, under the best conditions the serum-
saline mixtures are not especially effective.
These considerations, together with the sur-
mise that intracellular media are slightly
acidic, led to trials with various inorganic
salts which in the main tend to create a
slightly acidic reaction. Following is a sum-
mary of what was found when ammonium
sulfate was used.

Mouse brains infected with neurotropic

yellow fever virus were ground and diluted
with saline so that the final mixture con-

tained a 102 dilution of mouse brain. Three
mixtures were then prepared.

I 1T 11T
Normal human serum 05¢ce 05ce 0.5c¢c
10% ammonium sulfate 157 0537 0.0
0.8% sodium chloride 2577 357 407
Virus suspension 10-2 05 057 05

Mixture No. I contains 3% ammonium sul-
fate; No. II contains 1%; and No. III con-
tains none. The final strength of mouse-brain
suspension is 103, No. III represents the
control, which is a mixture commonly em-
ployed in routine experiments with yellow
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3 Frobisher, M., (a) 4dm. J. Trop. Med., 1931,
11, 127; (b) Am. J. Hyg., 1930, 11, 300; (c)
J. Ezp. Med., 1931, 54, 733.

fever virus. All 3 mixtures were incubated at
37° C continuously; material for test inocu-
lations was removed daily under sterile pre-
cautions. Test animals were standard white
mice; each received 0.03 cc of the inoculum
intracerebrally in the manner which is stan-
dard for this work. The measure of viability
of the virus was its capacity to cause illness
and death in mice between the fourth and
tenth days after intracerebral injection.

The control mixture (III) has lost much of
its living virus after 48 hours of incubation,
and practically all after 3 days. The mixture
containing 3% ammonium sulfate in addition
(1) shows a greater viability. The best exhi-
bition is by the mixture containing one per
cent ammonium sulfate; it retained much
living virus through 6 days of continuous in-
cubation, and appreciable amounts for 7 and
8 days.

Additional experiments established the fact
that the optimal concentration of ammonium
sulfate lies in the neighborhood of 1%. An-
other series of experiments showed that much
benefit arises from a shift of the pH in the
medium. When a buffered phosphate mixture
of pH 6.3-6.5 is added instead of ammonium
sulfate, a similar, though apparently not quite
so great, prolongation of life of the virus is
shown. The reactions of the ammonium
sulfate-serum-virus mixtures soon after prep-
aration were: (I) pH 6.2; (II) pH 6.3;
(IIT) pH 7.4. After 5 days of incubation, the
pH of each was 6.2, 6.5, and 7.7, respectively.

When one per cent ammonium sulfate mix-
tures containing virus and serum similar to
the ones described are kept at room tempera-
tures (22-25° C) and shielded from light, the
capacity to kill mice in the usual fashion is
maintained for as long as 20 days. Here
again, the viability of virus in ammonium
sulfate solutions is much longer than in nor-
mal serum dilutions alone.
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Experiment of September 17, 1941. Six mice were injected intracerebrally each day
with each mixture. The graphs show the number of mice which died between the fourth
and tenth days after injection.

Conclusions. (1) Neurotropic yellow fever
virus in serum-saline dilution is protected by
the addition of one per cent ammonium sul-
fate. (2) Much of the preservative effect is
due to a shift of the reaction of the medium

to the acid side. The optimal reaction ap-
pears to be near pH 6.3-6.5. (3) Addition
of ammonium sulfate to 1% concentration

seems to be the most convenient method of
bringing about an optimal reaction.
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Estimation of the ED;, and Its Error by Means of Logarithmic-Probit
Graph Paper.*
Lioyp C. MiLLeEr AND M. L. TAINTER.
From the Research Laboratories, Winthrop Chemical Co., Inc., Rensselaer, New York.
With the increased emphasis on evaluation
of all-or-none data there is need for a sound

likelihood solution of data based upon small
approximate procedure for arriving at a nu-

numbers of subjects afforded a rigorous al-
merical expression of effect such as is repre-
sented by the ED;o (the dose affecting 50%
of the group treated) and its standard error.

though somewhat tedious procedure which
The publication of Bliss' on the maximum

has been generally accepted. Using the latter
for comparison, Irwin and Cheeseman® con-
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