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The effect of residual moisture in lyophilized
smallpox vaccine on its stability
at different temperatures*
J. D. SPARKES 1 & P. FENJE 2

In a study of the influence of residual moisture on the potency offreeze-dried smallpox
vaccine, vaccine lots with moisture contents between 0.36% and 6.7% were used. These
lots were stored at 4°C, 24°C, and 37Cfor up to 6 months, or were exposed to 1000Cfor
up to 3 hours, and were sampled at regular time intervals for assay. No loss in potency
occurred at 4°C where the moisture content was 4.8 % or less. At 24°C the critical moisture
level was 2.S %, and at 37°C it was 0.36 %. At 100°C the potency loss was more rapid
and there were significant losses after 1 hour at a moisture level of2.4 % or more. A residual
moisture content of less than I % seems to be essential for satisfactory storage offreeze-
dried smallpox vaccine.

The use of freeze-dried vaccines in smallpox era-
dication campaigns has necessitated the development
of a dried vaccine of standardized potency and
stability that is free from bacterial contaminants, as
pointed out by Fenje (1964).
The effect of the residual moisture (RM) content

on the storage of nonliving biological materials and
on the stability of some live biological substances
has been the subject of many studies and the results
have been summarized by Greiff (1970), but the
effects of RM on the storage of vaccines has not
been sufficiently studied. Greiff states that in order
to achieve the highest grade of stability for lyophiliz-
ed biological products, an optimum RM content is
required, which is not necessarily the lowest one that
can be reached under given physical and chemical
conditions of the drying process. The optimum RM
content depends on the nature of the biological
material to be dried and on the various physical and
chemical factors involved in its preparation and
dehydration. It cannot be predicted, but has to be
determined by experimentation within each system,
as emphasized by Rowe (1970).

In a study carried out a few years ago, and reported
by Nomura et al. (1965), the losses in potency of
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dried smallpox vaccine lots with RM contents ran-
ging from 1 % to 4.3% did not differ significantly
after exposure to temperatures of 45C and 100°C.

This paper reports the results of an experiment to
investigate the relation between stability and a
wider range of RM contents at different temperatures.

MATERIALS AND METHODS

The liquid bulk material for the smallpox vaccine
was prepared using the vaccinia virus strain originat-
ing from the New York State Department of Health,
according to the Connaught laboratories produc-
tion methods, and vials were filled with 0.5-ml
quantities. The final bulk consisted of a bacterio-
logically sterile, purified vaccinia virus suspension in
5% peptone-buffer, containing 0.1 % phenol as pre-
servative. The potency of the bulk was adjusted to
approximately 108O° pock-forming units/ml after the
drying had been completed. Freeze-drying was car-
ried out in a lyophilizing machine, equipped with
an internal stoppering mechanism. In addition,
a mechanical device was built into the machine
that made it possible to stopper any number of vials
at any time during the drying process, without inter-
fering with the lyophilization of the rest of the vials.
Using this device in the second half of the 24-hour
drying process, about 100 vials were stoppered at
hourly intervals. The drying was stopped and the
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Fig. 1. Stability at 40C of dried smallpox vaccine lots with different moisture contents.

last batch of vials stoppered when the RM content
had been reduced to below 1 %. Thus, we ended
up with 10 batches, all stoppered in vacuum, -with
different RM contents as a result of drying for dif-
ferent lengths of time.

After sealing and checking for vacuum, all the
vials were stored at 4°C until the RM content was

determined in random samples of vials from all
batches.
The determination of the RM content was car-

ried out by the " weight equilibrium " method, which
consists of drying the samples to constant weight in
the presence of phosphorus (V) oxide under vacuum
and at room temperature.
Of the 10 batches with RM contents between

0.36% and 10.8%, 5 batches with RM contents of
0.36%, 2.5%, 3.6%, 4.8%, and 6.7% were selected
for the experiment. These values are quite com-

monly found in routinely prepared smallpox vaccine

lots from different production laboratories, although
the 6.7% level is rather extreme.
A sufficient number of vials from the selected

batches were stored at 4°C, 24°C, and 37°C and
tested for potency on the chorioallantoic membrane
of embryonated chicken eggs every second or every
fourth week up to 6 months. Vials from each of
the five selected batches were also tested in a rapid
stability test by exposing them for 3 hours to the
temperature of 100°C in a water bath. Samples were
removed and titrated after each hour of the expo-
sure period. As controls, NIH No. 2 and Connaught
No. 744 reference vaccines were used in all titrations.

RESULTS

For each temperature the vaccine potencies in
mean log pock counts per millilitre are plotted in
Fig. 1-4 for each level of RM, and a best-fit line
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Fig. 2. Stability at 24°C of dried smallpox vaccine lots with different moisture contents.

has been calculated by the method of least squares
and drawn through the points. The relationship be-
tween potency and time is partly obscured by the
fact that the potency estimates at each time interval
were made in a separate assay and on a separate
batch of eggs. Consequently, a regression analysis
of the data provided a within-assay mean square
(error) that was too small to compare usefully with
the mean square for deviations from linearity, that
is, to make an F-test of deviations. A mean square
(error) for between replicate assays would have been
larger and more appropriate. However, it was felt
that a linear trend would more clearly demonstrate
the effect of moisture content on vaccine potency.
Such lines were used to estimate the average time
taken for 50% and 90% losses in potency, where
losses were detectable. These times are given in
Table 1.

After exposure to 40C, only one batch, the one

with the highest RM content, showed a significant
loss ofpotency, particularly after storage for 2 months
(Fig. 1).

After storage at 240C, only the two batches with
the lowest RM content, 0.36% and 2.5%, showed
no significant decline in potency during the 6-month
observation period, while in the others a loss of

Table 1. Number of weeks storage at different
temperatures before 50% and 90% losses of potency
in batches of smallpox vaccine with different residual

moisture contents a

Residual Storage temperature (°C)
moisture
content
(%) 4 24 37 100

50 % of loss of potency

0.36 - - - 50

2.5 - - 6 50

3.6 - 7 3 30

4.8 - 9 3 30

6.7 12 5 2 30

90 % loss of potency

0.36 _ - - 160

2.5 - - 21 150

3.6 - 22 11 110

4.8 - 30 11 90

6.7 39 15 7 110

a A dash indicates that there was no detectable loss of potency
over 26 weeks.
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Fig. 3. Stability at 37°C of dried smallpox vaccine I ots with different moisture contents.

potency of approximately 1 log was demonstrable
after 4 months of storage (Fig. 2).
The difference in stability was most obvious at

370C, the driest batch, containing 0.36% of RM,
showing hardly any loss of potency at this tempera-
ture even after 6 months of exposure. All the other
batches at this temperature lost their activity quite
rapidly, at a rate that was proportional to their
moisture content (Fig. 3).
The tests at 100'C gave similar results although it

was apparent that the rapid stability test was not a

suitable substitute for the 1-month stability test,
particularly for vaccine lots that might be exposed
for prolonged periods to unfavourable storage con-
ditions (Fig. 4).

However, it is possible that the validity of the
rapid stability test could be improved by using it to

determine the half-life of the vaccine instead of the
1-log loss.
The results presented in the four graphs are partly

summarized in Table 1 by showing the number of
weeks before 50% and 90% losses of potency occur
in the vaccine batches.

DISCUSSION

In a number of well-documented studies it has
been demonstrated that for some viruses, such as
influenza virus, poliovirus, and measles virus, the
stability after freeze-drying depends among other
things on the optimum amount of RM. The opti-
mum RM content is not necessarily the lowest level
attainable (Greiff & Rightsel, 1965, 1969).
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Fig. 4. Stability at 1 00°C of dried smallpox vaccine lots with different moisture contents.

From our studies it appears that highly purified
vaccinia virus dried after being suspended in a pep-
tone menstruum, and sealed in vacuum, shows
evidence of a superior stability if it has an RM con-

tent below 1 %. Under our conditions overdrying
did not occur when the RM content was 0.36%, but
overdrying could occur at this moisture level with
different drying conditions.
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RESUME
INFLUENCE DE L'HUMIDITt RESIDUELLE SUR LA STABILITE DU VACCIN ANTIVARIOLIQUE

LYOPHILISt, A DIFFERENTES TEMPERATURES

On a etudie les variations de l'activite du vaccin
antivariolique lyophilise en fonction du degr6 d'humidite
residuelle et a differentes temperatures.

Cinq lots d'un meme vaccin antivariolique dont
l'humidite residuelle, determinee par gravimetrie, s'eta-
geait de 0,36 a 6,7%, ont et6 repartis en ampoules et
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conserves a 40C, 24oC ou 370C pendant 6 mois, ou
exposes pendant 3 heures a une temperature de IOOOC.
Des echantillons de chacune des preparations ont fait
l'objet, a intervalles reguliers, d'epreuves d'activite sur
membrane chorio-allantolde d'embryon de poulet.
On n'a pas constat6 de perte d'activite lors de la conser-

vation a 40C des vaccins contenant 4,8% ou moins
d'humidite residuelle. A 240C, le niveau critique d'humi-
dite residuelle etait de 2,5 % et A 370C, de 0,36 %. A 100°C,

la perte d'activite a ete plus rapide et a atteint des valeurs
importantes apres une heure lorsque le niveau d'humidite
residuelle etait de 2,5 % ou davantage.
Bien que d'autres facteurs soient en cause, il est

certain que l'humidite residuelle a une forte influence sur
la stabilite du vaccin antivariolique lyophilise. I1 ressort
des presentes observations qu'un taux inferieur 'a 1% est
indispensable si l'on veut obtenir une conservation
prolongee de ce genre de preparation.
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