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STRAIN 19 BRUCELLA VACCINE-II. THE PREPARATION OF
FREEZE-DRIED LIVE VACCINE.

G. C. van DRIMMELEN, Onderstepoort Laboratory.

Iccation from the frozen state may be used to preserve the structure and
)gical activity of almost all micro-organisms (Elser, Thomas and Steffen,
losdorf and Mt |, 1938; Greaves and Adair, 1939; Stamp, 1947) and was
lied to Brucella vaccine by Verwey (1944).

the liquid state Strain 19 Brucella vaccine is an extremely labile product.
nl. dose required for subcutancous inoculation must contain a minimum
0 million viable organisms. No contamination is permissible as most free
wcteria are capable of multiplying in the vaccine at room temperature and
stroy the Brucella organisms in a short time. Light, heat and agitation
se rapid loss of viability. The use of the vaccine is therefore limited to
areas with good transport facilities not far removed from the site of preparation.
ance over any considerable distance necessitates such refrigerated packing
keep the suspension cool (4° C.) and yet prevent freezing which would kill
teria. Dead Brucella organisms have no immunogenic value so that after
arrangements for immediate inoculation of the vaccine are essential. In
n Africa where vaccination is employed on a large scale as the main anti-
)sis control measure, freeze-dried vaccine meets the requirements of vast
areas which could not be served with liquid vaccine.

ie technique chi 7 employed in the U.S.A. (lyophyle process) consists of

“she 7 freezing foliowed by vacuum drying and vacuum se ng. The

ryochem ” process, based on a method of “ shell” freezing is more suited to

small rnits and is used in many laboratories all over the world. In England

centi  gal freeze drying in vacuo has been developed and this has marked
advantages for small units.

The present report deals with the method of production investigated at
Onderstepoort. The demands are peculiar to the local circumstances in that
ourable climatic conditions and limited transport facilities co-exist with long
~stances and a high precentage of nondescript cattle in the more remote districts.
le relative amounts of liquid and freeze-dried Brucella vaccine issued from this
»oratory for the period January. 1954 to April, 1955, are shown in Gr. h (a).

Received for publication on 22nd June, 1955.—Editor.
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GRAPH (@).—Number of Doses Brucella Vaccine issued per month,
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STRAIN 19 BRUCELLA VACCINE II.

two freeze-drying units. The labour involved and the loss of viability wi 1
considerable although a final concentration of about 10** vi le organisms
was attained.

More economical centrifuging was performed with a Sharples’ abx y
Super Centrifuge capable of sedimenting 40 litres of culture r day. Cells 2
form of a thick paste were added to fresh culture and storr overnight for y
testing. Drying solution was added before freeze-drying.  re-drying connie of
15 x 10'* v.o.p. ml. were obtained. Again there was a heavy ballast i
Brucella organisms included in this material. One freeze-drying unit l,
nevertheless, deliver 2 x 10'* viable organisms per day in the form o e
dried vaccine.

(d) Sedimentation of viable cells and removing part of the culture medium.

This method was investigated with the purpose of reducing losses of viable
cells and thus lowering the ballast of dead cell material in the final product.

Promising results with serological agglutinants were discarded on account
the possible antigenic activity of serum and the risk of contaminating virus
infections.

Heat sterilizable agglutinants and adsorbents tested were:—
(1) Metallic ions.: e.g. calcium, aluminium, silicon.
(ii) Nitrogenous substances: e.g. casein, gelatin, protamine.

(iii) Gums, carbohydrates: e.g. gum arabic, soluble starch. dextrin, m=ath
cellulose, carboxy-methyl-cellulose, sodium-carboxy-me  1-celll se.

Titration of liquid Brucella culture with carboxy-methyl-cellulose shov
a sediment of suitable consistency would be obtained with 0-05 per cent
This colloidal solution was clear, uniform and constant unlike solutions of
gums. As a agglutinant it was superior to solutions of gelatin, agar-ag
arabic, gum tragacanth, pectin, starch glue and dextrin glue. C.M.C. was ftound
the most suitable adsorbent for sedimenting live Brucella organisms and  was
cheap, pure, easily sterilized, inert, harmless and effective in low concentration.
(See Table 1).

(2) Promoting survival of live Brucella abortus Strain 19 organisms during
centrifugal freeze drying and during storage thereafter.

(a) Addition of an equal quantity of skimmed milk. (Flosdorf and Mudd, 1938,
Verwey and Scheidy, 1946; Fry and Greaves, 1951).

Sterilization of milk by Tyndallizing was a time-consuming factor but the
principal objection was its diluting effect. Dried skimmed milk powder was used
for a time but this was even more difficult to sterilize on account of the heavy
contamination in the commercial product. A survival of 52 per cent was
obtained when used with shake flask culture.

(b) Addition of autoclaved drying solution.

Buffered saline with 25 per cent lactose plus 5 per cent tr ose (pH 6-3) was
autoclaved anA after cooling, added to 4 times its volume of viaule cell suspension.
The results  drying were irregular and poor.
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(c) Addition of autoclaved drying solution containing ascorbic acid to counteract
oxidation. (Stamp, 1947; Naylor and Smith, 1946.)

Buffered saline with lactose 25 per cent, tryptose 5 per cent, ascorbic acid
2-5 per cent and thiourea 1-6 per cent, was sterilized and when cool added tn
4 times its volume of resuspended packed cells in buffered saline 63
survival rate of only 15 per cent was obtained and the results were ciiadic.
a few experimental batches were made.

(d) Addition of Seitz sterilized drying solution to viable cells suspended in spent
liquid culture medium.

It was believed that since the culture was harvested in the maximum, st ¢
phase of growth the spent medium might provide the most effective and econonucal
enzyme inhibiter for protection during and after freeze-drying. Seitz filtering a
solution of lactose, ascorbic acid and thiourea was adopted to eliminate heat
damage to lactose, and ascorbic acid. The filtered sterile drying solution was
sealed in glass ampoules which prevented deterioration on storage so that irge
amounts cot  be prepared at one time. Spent medium with a final content of
lactose 5 per cent, ascorbic acid 0-5 per cent, thiourea 0-25 per cent, and the live
cells of the ¢ ture gave a survival rate of 48 per cent.

The same mixture augmented by adding packed cells showed a surviv rate
of 42 per cent for the centrifuge concentrated and resuspended cells.

(e) Addition of Seitz filtered drying solution ro Carboxy-methyl-cellulose treated
live cells in spent liquid culture medium.

Methyl-celluloses had shown a favourable effect on the keeping quality of
liquid vaccine (van Drimmelen, 1954). Carboxy-methyl-cellulose in low concen-
tration increased the sedimentation rate of cells in the suspension, but the
consistency of the sediment was altered from a powdery, dense cell pack to a loose.
fluffy deposit.

C.M.C,, added in sterile solution to the liquid culture, was thus incorpcrated
in the final « ing mixture, i.c. spent medium with a final content of:

Lactose ... ... ... ... ... . Spercent)
Ascorbic acid ... ... ... ... ... ... O 5percent! H 63
Thio-urea ... ... ... ... ... ... .. 0-25 per cent P
CMC. ... oo 0~05percent)

(the C.M.C. content of the mixture was increased further by adsorption to the
sedimented cells, the supernatant being discarded).

Results showed a survival rate of 50 per cent after freeze-drying an  there was
no significant drop in viable cells after one month storage. (See graph b.) 5
finding is the more advantageous as double the concentration of cells cou e
incorporated in the freeze-drying mixture. Some batches showed an 80 per cent
packed cell volume and in one case a final dried product containing one viable
Brucella org 1ism per cubic u was actually obtained.

The present results were obtained with high viscosity (No. “70”) C . a
partly purified product priced at less than 10s. per 1b. (See Table 2.)
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Graph (b»
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GRraPH (b).—Viability of Concentrated Freeze Dried Brucella Vaccine.

Bacteriologic:  tests for purity and viability and biological tests for saf
i immunizing qualities in guinea-pigs and cattle have given results similar to
those with fresh I' 1id vaccine of the conventional type.
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in containers suitable for storage and transporation. This amounted to a maximm
of 4,400 doses of Brucella vaccine per unit per day and enabled distribution of =
Strain 19 vaccine at a low cost to remote parts of Africa without loss of ¢ ctive-
ness and without expensive packing or great bulk.

SUMMARY.

A freeze-dried Brucella vaccine has been developed which can be issued wi
all the usual guarantees, e.g. 60 x 10 viable organisms per dose viable for an
extended period. This vaccine has been prepared in concentrated form which
makes it possible to reconstitute the contents of one ampoule into a number
doses. Such a vaccine is eminently suitable for use in Southern Africa especially
in the more remote areas.

Concentration by means of carboxy-methyl-cellulose of the organisms grown
in aerated liquid culture increased the dosage per ampoule and the survival rate
after freeze-dryir and during storage.
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