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This report deals with a series of comparative laboratory trials of the
keeping quality of dry and wet smallpox vaccines carried out under the auspices

"of the World Health Organization. A report on the bacterial purity of the

. vaccines tested will be found as Annex I.

v

Materials and Methods

Bach of the four producing laboratories {designated by the letters W, X,
Y, 7Z) was supplied with a sufficient quantity of a single batch of dried vaccine
and of é wet'preparation (glycerinated lymph) prepared from the same strain of
vaccinia. The vaccines were shipped by zir on dry ice to the three testing

laboratories (designated by the letters A, B, C), each vaccine being tested

in two laboratories.

A single batch of control {wet) vaccine was supplied to all testing
laboratories. This was held below ~-10% throughout, samples being withdrawn

at the appropriate time for use in each test.

The samples of the test vaccines, both wet and dry, were stored at OOC

(0°-4%), 22% (19°-23°C), 37°C, and 45°C. Potency tests were carried out at
the following intervals.

Material stored at Tested
0% On receipt and at 4, 12, 24 and 52 weeks
22% at 2 and 4 weeks, then at 4-week intervals
3708 at 2, 4, 6 and 8 weeks, then at 4-~week intervals
45°¢ at 1, 2, 4, 6 and 8 weeks, then at lU~week intervals.
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In the event that a test could not be carried out at the proper time, the
sample was removed from the incubator and stored at OOC or below until the test

could be performed.

Potency testing was carried out according to the following bechnique. The
dilutions used for both test and control vaccines were normally 1 in 100, 1 in 1000,
1 in 3000, 1 in 9000 and 1 in 27 000. When the 1 in 1000 dilution failed to give
rise to a confluent or coalescent lesion, the undiluted vaccine and a dilut;on of

1 in 10 was tested in subseguent tests as well as the 1 in 100 and 1 in 1000

dilutions.

The diluent was an isotonic buffered solution at or near neutrality. Two
rabbits were used for each titration, a quantity of 0.1 ml of the appropriate
o)
dilution being spread over a clipped area of skin of 5 cm~ {(alternatively, 0.2 ml

was spread over 10 cmg) and the skin then lightly scarified through the fluid.

The dilutions of all three vaccines (wet, dry, and control) were applied to
each rabbit. Thus differences in end--point between rabbits of the same pair could
be used for estimating experimental error when comparing vaccines tested in the

same laboratory after storage at the same temperature.
The results were recorded as follows:

C = Confluent, lesions covering the whole area
SC+ = Semi-confluent+, lesions covering T0-80% of the area
SC = Semi-~confluent, lesions coalescing but covering 50-70% of the area

SC~ = Semi--confluent-, lesions cozlescing but covering substantially less
than 50% of the area

Countable, the actual number of vesicles ig stated.

Tests were continued until a vaccine failed to produce consistent confluent
reactions at 1 in 100 dilution. Precise details of the duration of the tests are

given in Tables 2, 4 and 5.
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Statistical Analysis of Scarification Tests

In the tables and calculations which follow the negative logarithms to the

base 10 of the dilutions are used, viz.
1/100-2, 1/1000-3, 1/3000-3.477, 1/9000~3.954, 1/27 000-4.431
These are here called "titres™.
Two end-points were used for statistical analysis:

(1) A point midway between the tiisres corresponding to C and SC+. Mere
precisely this is the mean of the highest titre which gave C and the
lowest which gave SC+. If either of these latter flgures was not available,

an estimate was made by extrapolation.

{2) A point midway beiween SC- and "countable®. This was obtained similarly.

Average Rates of Decline in Potency

The numerical values representing the end-~points chosen are positive and
increase with the potency of the vaccine. For each vaccine at each storage
temperature the linear regressions coefficients of the end-points (means of itwo
rabbits) on time of testing were calculated over the whole period of testing.
These are in general negative, and give the average rates of decline per week
-over the whole period. The rate of decline was not of course constant over the
whole period, and the wet vaccines lost their potency much more quickly than the
dry. In order to make unbiased comparisons possible, the average rates of
decline for the dry vaccines were also calculated for the same period as for the

wet vaccines.,

The end-points as defined are the logarithms of dilutions which correspond
to a specific response. The quantities D ~ S, W ~ S, where D, W, S are the
respective values of the first end-point {(or of the second) for the dry, wet and
standard (control) vaccines, are measures of the potencies of D and W relative to
the standard. (In fact, they are the logarithms of estimates of the relative
potencies.) The rates of decline of D - 3 and W ~ S were calculated in the same

way as those of D and W,
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£11 these results with their standard errors are shown in Tables 4, 5, 6, 7.
Curves of Response, showing the variation of the end-points with time
{(Figs. l,‘é, 4), or of the potency ratios based on them (Fig. 3), are also given.
In Figures 1, 2, 4 showing end-points, the vertical distance between two curves
from the same laboratory has to be more than about 1.1 tec be statistically
significant at the 5% level. In Fig. 3, showing log=~potency~ratios the corresponding
difference is 1.5, For curves from different laboratories the corresponding

figures are 1.3, 1.8.

Behaviour of tas {ontrol Vaccine

The control vaccine showed no significant deterioration at any of the

1
temperatures tested.

It follows therefore that the rates of decline for the dry (D) and wet (W)

vaceines zive the sawme information as those for the relative potencies, D - S and

It iz also of some importance Lo examine whether or not the absolute level
of response to the control is effectively the same for all tests in one laboratory,
or in different laboratories. In the tests carried out at laboratory B the
responses to the control vaoccine at all times were reported as confluent. Hence
1o end-points could be walculated. Therefore, it is only for the tests carried
out at laborasories 4 z2nd C (Lister) that the controls can be compared in this way.

Table 1 shows the comparison for the vaccine prepared. in laboratory ¥. The

overzll mezn values {avercged over the entire test) for the end-points are tabulated

The standard errors tabulated in Tebles 4, 5, 6, 7, are those appropriate
for: comparisons between the three vaccines, they do not allow for variation between
rabbits. In spite of this, it is interesting to examine the rates of deterioration
for the control vaccine which are "significantly different" from zero. There are
4 such values for the first end-point and 9 for the second. Of the former, 3 are .
negative and 1 positive; of the latter, 8 are negative and 1 positive (the negative
sign signifies deterioratiorn). Such differences may safely be atiributed to
rabbit variation.
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together with their standard errors. Table 2 gives the other possible comparisons.
There are no significant differences in the average level of response to the
control vaccine in either testing laboratory but the values from laboratory A

are a little lower (about 0.5) than the values from laboratory C.

Comparative Effects of Temperature

None of the dry wvaccines showed appreciable deterioration at 0—400. The
three wet vaccines tested at laboratory B showed some deterioration at this
temperature, but this was confirmed by the other testing laboratory only forf
the vaccine from laboratory Z.
than the dry.

The wet vaccine deteriorated far more quickly

Table 3 shows the time in weeks from the beginning of the trial to the last

tests for which an end-point could be obtained.

TABLE 3

Time in weeks from the beginning to the last test for
which an end-point could be obtained

Vaccine Vaccine prepared at
tested at x
D W D W D W D W
0-1°¢ 52 52 52 52
A 22°%¢ 20 24 45 o8
37°C 4 0 y
45°¢ 4 0 6 i
0-4° 104 24 104 52 104 52
B 22°¢ 32 1ok i \
37°% 4 12 A
45°¢ 6 6 i i
0-4° 52 52 52 52 50 52
c 20°%¢ 68 12 68 20 68 16
37°C 87 _ > i .
45°C ol _ 12 .




WHO/Smallpox Int./1
page 6

Vaccine prepared at W

ggfg, The wet vaccine tested at A showed a slow but steady deterioration over 24
weeks, whereas the dry showed no éignificant deterioration at 20 weeks using C to
3C+ and relatively little using "SC- to Countable"; when the same vaccines were
tested at B, the wet vaccine showed marked deterioration after 4 weeks, and the

dry steady deterioration over 32 weeks.

At 370 and 450 the wet vacecine testzd in both places went off almost at once,

the dry showed complete deterioration at the end of 4 weeks.

Vaccine prepared at X

2200. The wet vaccine tested at C had deteriorated sufficiently for the test to
be terminated after 12 weeks. During this period the rate of deterioration was
steady. When the same vaccine was tested at B, the test came to an>effective end

after 4 weeks, over this period the rate of deterioration was similar in both

laboratories.

The dry vaccine tested at C showed no significant deterioration after 68 weeks,

the dry vaccine tested at B showed a slow deterioration over 104 weeks.

370 and 450. At 370 and 450 the wet vaccines in both laboratories went off almost

at once.

Vaccine prepared at ¥

ggfg, The wet vaccine tested at A showed a slow but steady deterioration over 28
weeks; the corresponding vaccine tested at C deteriorated at about the same weekly
rate over 20 weeks. The dry vaccine tested at A showed a little deterioration,
but considerably less than the wet even over the longer period of 45 weeks; the
corresponding vaccine tested at C showed similar deterioration. The rates of

deterioration were not significantly different in the two laboratories.

37° and 45°, In both laboratories the wet vaccine had gone off completely in 4 weeks
or less; while the dry vaccine also showed marked deterioration in the same period,
the latter vaccine deteriorated further in the course of another 16 weeks, but about

half the deterioration at 370 and more at 450 had taken place in the first month.



WHO/Smallpox Int./1
page T

Vaccine prepared at 2

gggg,' The wet vaccine tested at C had gone off by the end of 16 weeks; the test of
the corresponding vaccine at B came to an end after 4 weeks during which the rate
of deterioration had been relatively rapid. The dry vaccine tested at C did not
deteriorate greatly even over 68 weeks; the dry vaccine tested at B deteriorated

at a rather faster rate over 44 weeks.

370 and 450. No information on rate of deterioration is available at these
temperatures for the wet vaccine tested at C, nor for that tested at B at 450,
Curiously enough, on the basis of the second end-point (SC~ to Countable), the wet
vécciné tested at B at 370 showed no significant deterioration after one week
(after which no end-points could be calculated) while the dry vaccine, on the other
"hand, did show deterioration; even on the basis of the first end-point the wet
deteriorated as much as the dry. The dry vaceine showed further but not complete

deterioration after 8 weeks at §7OCD

The dry vaccine tested at C showed great deterioration after 16 weeks at 3700.

The deterioration after 6 weeks at 4500 was still greater.

Comparison of Laboratories

In Figs. 3{a), (b), (c), (d), the quantities D-S and W-S have been plotted
against time of testing for the vaccines prepared at Y and tested at A and C. The
results show no significant differences in the absolute levels or in the rates of
deterioration, relative to the standard of corresponding vaccines. (See also Table 1

for absolute levels.)

Figs. 1, 2, 4, refer to vaccines prepared at W, X and Z. Since no end-points
could be calculated from the observations at B on the control vaccine, the quantities
D, W have been plotted for both testing laboratories and S for the laboratory for
which it is available. These curves are valid for comparing rates of deterioration

in the two laboratories.

We can perhaps assume that the absolute level of response to the control vaccine

at B did not differ more from the absolute levels of response to the standard in the
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other two testing laboratories than they differed among themselves. If so, it
can be inferred that the levels of potency of corresponding vaccines tested at B
and A, or at B and C are not significantly different. This is certainly true of

corresponding rates of deterioration.

Comparison between Vaccines

The comparison between vaccines prepared in different centres should be made
principally on the dry preparations; the wet preparations certainly deteriorated
at a much faster rate than the dry and have therefore less practical importance.

A summarized comparison of the dry vaccines follows:

Temperature 2200

Vaccine W

The dry vaccine tested at A showed no significant deterioration at 20 weeks
using "C to SC+" as an end-point and relatively little using "SC~ to Countable",

the dry vaccine tested at B showed steady deterioration over 32 weeks,

Vaccine X

The dry vaccine tested at C showed no significant deterioration after 68 weeks;

that tested at B showed a slow deteriofation over 104 weeks,

Vaccine Y

The dry vaccine tested at A showed a little deterioration over 45 weeks; that

tested at C shoWed similar deterioration.

Vaccine 2

The dry vaccine tested at C did not deteriorate greatly even over 68 weeks.

The dry vaccine tested at B deteriorated at a rather faster rate over 44 weeks.

Temperature 370 and 45°C

Vaccine W

The dry vaccine showed complete deterioration at the end of 4 weeks.
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Vaccine X

The dry vaccine tested at C did not deteriorate completely until after 87 weeks
at 3700 and after 24 weeké at 4500. At B the tests on the dry vaccine were dis-
continued after 12 weeks at 3700 and after 6 weeks at 4500; by this time they had
apparently reached Just as low levels as at the termination of the tests at C.

Vaccine ¥

The dry vaccine showed marked deterioration over 4 weeks, and deteriorated
further in the course of another 16 weeks; half the deterioration at 370 and more
at 45° nad taken place in the first month.

Vaccine Z

The dry vaccine tested at C showed great deterioration after 16 weeks at 37 C.
The deterioration after 6 weeks at 45 C was still greater.

The dry vaccine tested at B deteriorated at about the same rate as the former

vaccine.

) There is no doubt that the vaccine prepared at X was the most stable and that
prepared at W the least stable. The vaccines prepared at ¥ and Z are intermediate
in this respect. Between these two preparations there is not a great deal of

difference; the results at 20°¢ suggest a little advantage to the vaccine Y.

The results for the wet vaccines, besides being less important, are also less

consistent than those for the dry.
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TABIE 1
Standard used in testing §accinés4prepared at Y
Overall mean end-points, with standard errors
C to Se+ Sc¢c~- to Countable
Testing laboratory A c ‘ A c
0 -4, 2.86 f0.22 342  %0.09 3.7 0.14 kL 32 $0.17.
6)* (52, 5) (52, 6) (52, 5)
22 C. $0.13 3.28 *0.11 3,59 *0.24 Y4  fo.12
12) (68, 15) {45, 12) (68, 15)
37 C. t0.14 3.50 0.22 3.98 *0.12 k.65 Yo.19
8) (16, T (20, 8) (16, 7
45 C. 10.31 3. 60 to.e2 4,63  ro.lh7 k.62 *0.18
5) (12, 7 (6, 5) (12, 7

The first number in brackets gives the duration of the test in weeks, the

second the number of separate occasions of testing on which the mean is based,
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REFORT ON THE BACTERIAL PURIXNY OF TIE VACCINES TE3T
by

Douglas McClean

The consultative group that designed the form of this trial of dried arnd
glycerinated smallpox vaccines agrced that, to be accepiable for use, a vaccine
should be free from anaerobic and aerobic pathogens and shouvld not contain more
than a total of 1000 bacteria per ml. It was also agreed rot to lay down any
standardized bacteriological technigue buhb that each testing laboratory should
employ methods that it used rormally in the examination of smallpox vaccines. In
addition to the total bacterial content of the vaccines, tke tests should be designed

to detact the presencs of Cl, teterni, Bac; anthracis, B-haemolytic sitreptococcl and

Staphyloccccus aureus. Any strain of Staph. aureus isolated vhat produced coagulese

would be regarded ag potentially pathognnic,

The absence of a standard techniguz makes it difficult to present the results
obtained in a compact form, but the veriety of methods used Pprobably renders the
general agreement obtained between laboratories the more convincing, The results

obtained are set out in the Table (sez p. 3).

Both the dried and glycerinated vaccines from X and Z waerce of entirely satis-
factory purity; the total bacterial count was well below the permitted level and
no potential pathogens were detectezqd. The glycerinated vaccine from Y was also
entirely satisfactory. Wo potential vathogens werc detected in the dried vaccine
from ¥ but the total count made in laboratory A was above the permitted level; the
total count made at laboratory C (shown in the table) and confirmed by repetition
gave an anomalous result which may be explained by the presence of un-neutralized
antibiotics in the vaccine which masked the prssence of viable bacteria, The
glycerinated lymph from W gave a total count below the permitted level, but potential
pathogens, both aerobic and anaerobic veras detectad in both laboratories A and B.
Tre dried vaccine W was grossily contaminated with a total count of about 50 000

organisms per mi and these inciuvded many poesScutia. pathogens.



Vaccines received from

i s Y

Jed Vaccine
50 000 org. /ml.
fter 6 manths! storage at 220 600 org./ml.

aem. Strep. Group C present,
nterococci present.

o pathogenic anaerobes or Staph. pyogenes
seen.

lycerinated lymph
BOO org. ful.
fter 6 monthst storage at 22° 100 org. /ml.

aem. strep. Group C present.
ntercsooci present.

Zo v “areyic anaerobes or Staph. pyogenes seen.

H (RS

Dried ‘Vaccine

5 000 - 6 000 org. /ml.
After 6 months! storage at 227 600 org./ml.

No pathogens seen.

Glycerinated lymph

100 org. Aul.
After 6 months! storage at 220 100 org. Ak,

NG pathogens seen,

|

Dried Vaccine
<100 org./ml.

No E. coli, Haem. strep., Cl. tetani or

B. anthracis seen.

One Staph. c- isolated in 0.0l ml. on blood

agar.

Glycerinated lymph

<100 org./ml.
No E. coli, Haem. strep. staph.,
B. anthracis seen.

muuwma Vaccine

'>10 000 org./ml.

\Predominance of staph. aureus and albus.
|Many c+ strains.

Gas-producing and gelatine-liquefying
anaerobes present.

Dried Vaccine

<100 org./mL.
No living organisms seen.

Cl. tetani

or

Vaceine
1 corong® in 0.001 ml.
12 colonies in 0.0001 ml.
.11 of these were c-two staph. and 1L a motile
anthracoid: not B. anthracis.
No E. coli, strep. or Cl. tetani secn.
Soge colonies morphologically ruscmbling
actinomycetes presemt.

*

mH%omwwsm&mm 1ymph

<100 org. /ml.

No E. coli, Haem. strep., staph., Cl. tetani
B. anthracis seen.

e¢: The increase in number of colonies with progressive dilution of the dried
or antiseptic carried over with the vaccine.
have been obtained if both these antibiotics could have been neutralized.
reviations: org./m.. = total organisms per ml. vaccine
Haem. = haemolytic
Strep. = streptocoeci
Staph. = staphylococci

vaccine from Y suggests that bacterial growth in the lower dilut
The vaccinial material had apparently been treated with an unspecified amount of penicillin and streptomycin;

ot =
C— =
< =
> =
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Dried Vaccine

'<100 org. /nl.

|No E. colf, strep., Cl. totani or B. anthracis
faaen,

3 col.c+ staph. isolated in 0.0l ml. on blood
agar.

Olycerinated lymph

<100 org, fl.
Mo F. coli, Haem. strep., staph., Cl. tetani o
B. anthracis sesn.

or

wﬂwmn <mnownm,

<100 org. /ml.
A few colonies morphologically resembling
actinomycetes seen.

inhibted by traces. ef antibi
a higher bacterial count mig!

ions may have been

coagulase positive
coagulase negative
less than
more than



