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tion, and stained with fluorescent antibody con-
jugatee as described by Goldwasser et al. f As shown
in the accompanying figure, particles of specifically
stained rabies virus can be seen in the cytoplasm of
the cells. Some cells showed a stained delicate
lattice-like network, apparently on the cell membrane.
Many cells showed agglomerations of virus particles
at the periphery of the nucleus.
These results confirm that rabies fixed virus can

be cultured in explants of hamster kidney tissue and
demonstrate that cultured virus can be stained by
means of the fluorescent antibody technique. At the
present stage of cultivation, however, too few cells
seem to be affected for grossly cytopathic effects to
be discernible.

e Kindly supplied by Dr R. A. Goldwasser, Institute for
Biological Research, Ness-Ziona, Israel.

fGoldwasser, R. A., Kissling, R. E., Carski, T. R. &
Hosty, T. S. (1959) Bull. Wld Hlth Org., 20, 579

We are continuing our efforts to investigate con-
ditions of growth in order to obtain finer tools for
both qualitative and quantitative study of the rabies
virus.

Addendum. We have succeeded in growing, and
staining with fluorescent antibody as described
above, the CVS 24 strain of rabies fixed virus in
tissue culture of a continuous diploid cell line
derived from normal human foetal lung. The cell
line was isolated by Dr L. Hayflick, of the Wistar
Institute, Philadelphia, and has been designated
WIHL (Wistar Institute Human Lung).

* *

We wish to acknowledge, with thanks, the tech-
nical assistance of Mr T. Jacobs.

Kinetics of Deterioration of Smallpox Vaccine

by NUSRET H. FISEK, School of Hygiene, Ankara, Turkey

The stability of vaccinia virus at different tem-
peratures has been investigated by many workers, but
there are no systematic quantitative data which
would make possible the estimation of potency of a
vaccine exposed to different temperatures for a given
time or which would allow for the design of a stabi-
lity test.
The results of our investigation on the kinetics of

heat inactivation of vaccinia virus are presented in
this note, and the possibility of designing a stability
test is discussed.

Material and method
The vaccine used in the study was 10% crude calf

lymph suspended in 75% glycerol in saline.
The potency of the tested preparation was de-

termined on rabbits by the intracutaneous injection
method either using a 6-point parallel-line assay
method, a or interpolating the regression line of a
standard vaccine.
The technique used has been described previously. b
a Fisek, N. H., Standardization of smallpox vaccine

(unpublished working document WHO/BS/381)
b Fisek, N. H. (1957) Trilk. I]. tecr. Biyol. Derg., 17, 33

For computing the rates of inactivation the tested
vaccine was divided into four parts and three samples
were exposed to different temperatures; aliquots
from each sample were taken at different times and
their potencies were determined. The line of best fit
passing through the points which were plotted using
time and log of potency as parameters was drawn
and half-life time was computed from the equation
of the regression lines.

Results
The order of heat inactivation reactions was

studied at 400C. The results are shown in Table 1
and Fig. 1.
To study the rates of deterioration at different

temperatures three samples were exposed to 300,
400, and 500C respectively in a water-bath and
another was kept in a refrigerator at 6°-8°C. The
rate of deterioration of the vaccine at these tem-
peratures is given in Table 2 and regression lines are
shown in Fig. 2.
The data in Table 2 show that the log of half-life

time is proportional to the reciprocal of absolute
temperature. It has been demonstrated that the
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TABLE 1
DETERIORATION OF SMALLPOX VACCINE AT 40°C

Average
Time Dilutions infiltra- Ptnyb Log

(hours) tion a Potency b of potency
(mm)

1/8 42.2
Unheated 1/32 28.0 100 2.00

1/128 13.6

1/4 46.2
3 1/16 32.0 75 1.87

1/64 17.2

1/1 50.8
6 1/4 36.2 30 1.47

1/16 22.6

1/1 46.0
9 1/4 32.6 21 1.32

1/16 19.6

a Sum of three readings
b The potency of unheated vaccine was arbitrarily taken

as 100.

FIG. 1
HEAT INACTIVATION REACTIONS OF SMALLPOX

VACCINE AT 400C
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deterioration of many other biological products
follows the Arrhenius equation as well.c, d

Conclusion
Our data indicate that the accelerated degradation

test may be used for the estimation of potency of

c Jerne, N. K. & Perry, W. L. M. (1956) Bull. Wld
Hlth Org., 14, 167

d Fisek, N. H. Kinetics of deterioration of PTAP (in
preparation)

TABLE 2
HALF-LIFE TIME OF SMALLPOX VACCINE AT DIFFERENT

TEMPERATURES

Experiment Tempera- Half-life Log of |
N. ture time Ihalf-life I/T

(°C) (hours) time

30 3.9 0.59 0.0033
1 40 1.5 0.18 0.0032

50 0.12 1.08 0.0031

2 40 4.0 0.60 0.0032

3 6-8 1300 3.11 0.0036

FIG. 2
REGRESSION LINE OF HALF-LIFE OF SMALLPOX VACCINE
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smallpox vaccine kept at different temperatures. In
fact, the deterioration of vaccine kept in a refrigerator
was satisfactorily estimated by extrapolating the line
which was drawn using the data obtained in the first
experiment. The calculated half-life time for the
vaccine kept in a refrigerator was 700 hours and
that observed was 1300 hours.

If the relation between the potency and the
percentage of the " take " e was taken into con-
sideration, the percentage of " takes " among
vaccinated men could also be estimated.

e Cockburn, W. C. et al. (1957) Bull. Wid Hlth Org.,
16, 63
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Since for many producers it is not practical to
carry out such a long assay with every batch of
vaccine, the test may be simplified, and a recom-

mended requirement for glycerinated smallpox
vaccine may be formulated as follows:

If the potency of a batch of glycerinated smallpox

vaccine after heating at 50°C for two hours is not
more than 90% of its original potency, the expira-
tion date is four months after the date of last passing
a satisfactory potency test when the vaccine is kept
at (or under)+ 5°C all the time and one month when
it is kept at (or under)+ 10°C.
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