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Haffkine plague vaccine, ever since originally prepared by Haffkine,2
has been a killed growth of virulent strains of Pasteurella pestis in a liquid
medium. The entire growth is used for inoculation; thus the liquid
medium in which the bacillus is grown is an important factor.

Acid hydrolysate of mutton, originally introduced by Warden and
modified by different workers, was used for the preparation of the vaccine
(Taylor "). Later, the methods of preparation of the medium were
standardized to yield a reasonably good product; but a constant product
still did not result. The medium produced good vaccine with a mouse protec-
tive dose varying from 0.006 ml to 0.002 ml (Sokhey 6, 7, 8). However, it gave
a precipitate with ammonium sulfate and a positive biuret reaction, indi-
cating that it contained large molecules of protein. The presence of foreign
proteins, in addition to being in itself undesirable, proved a serious handicap
when an attempt was made to isolate in pure form the immunogenic frac-
tions present in the vaccine. Work was therefore undertaken to determine
the suitability of Mueller & Johnson's 3 acid hydrolysate of casein as a
medium, since it was free of precipitable proteins and gave a negative
biuret reaction. As the nutritional requirements of the bacillus are simple,
it appeared that Mueller & Johnson's medium would prove adequate.
Rao 5 had found that only proline, phenylalanine, and cystine were indis-
pensable and that the accessory growth-factors had no essential role in
the nutrition of the bacillus. He had also found that acid hydrolysate of
gelatin was adequate.

Casein hydrolysate, made in laboratory glassware in 1- to 4-litre quan-
tities according to the technique of sulfuric and hydrochloric acid hydro-
lysis described by Mueller & Johnson,3 gave excellent results. Crop
yields after 48 hours of incubation at 280C, measured by counting the
number of viable plague organisms in broth cultures, as described by one
of us in a previous paper (Sokhey 9), amounted, on an average, to 400 mil-

* Now Assistant Director-General for Department of Central Technical Services, World Health
Organization, Geneva
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lion organisms per ml. It was further found that neither alterations in
the mineral content (Fe, Mg, Ca, P) of the medium nor the addition of
tryptophane or additional cystine improved the crop yield in any way.
But we did find that almost complete decolorization of the hydrolysate
to a pale lemon-yellow colour with Nuchar charcoal doubled the crop
yield. We shall refer to this later in this paper.

The preparation of the medium in large quantities for the manufacture
of vaccines, however, proved difficult and required considerable experi-
mental work. We have now been able to work out a method for obtaining
a reproducible medium of almost constant properties and have used the
method for over three years. We describe the method in detail below.

Method of Preparation

Into a 50-gallon, glass-lined, jacketed reaction-kettle a fitted with an
impeller-type agitator and glass reflux condenser are poured 130 litres
of tap water. Next, 5,280 ml of HCI (sp. gr. 1.16) and 7,200 ml of
H2SO4 (sp. gr. 1.84) are added. The agitator is switched on at a speed
of about 75 r.p.m. and 15 kg of casein b are slowly added. Steam at a
pressure of two pounds (0.14 kg/cm2) is turned on into the jacket of the
kettle. Temperature of the mixture reaches lOIOC in 30 minutes. At
this temperature the mixture is refluxed continuously for 48 hours.

The steam and agitator are turned off and the digest allowed to cool over-
night; it is then discharged into a glass-lined, 200-gallon tank fitted with
an anchor-type agitator. The stirrer is switched on at a speed of 50 r.p.m.,
and BaCO3 is added slowly. It requires approximately 25 kg of BaCO3
to neutralize the H2SO4. Near the end-point, a few millilitres are centri-
fuged and tested for sulfate and barium. Then either more BaCO3 or
H2SO4 is added, with further testing, until only a faint trace of sulfate
is shown. The BaSO4 is filtered off, using a suitable filter press.c From the
filter the clear liquid is run into a glass-lined storage tank. Approximately
110 litres of clear fluid are obtained. To meet our special needs, this liquid
is further treated in two batches, one in the morning and the other in the
-afternoon, as described below.

From the storage tank, 55 litres of the solution are pumped into a
50-gallon, glass-lined, jacketed reaction-kettle fitted with an impeller-
type agitator. Into this are poured 55 litres of distilled water, the agitator
is switched on, and 550 g of Nuchar charcoal are slowly added. Steam
is turned on into the jacket, and the mixture is boiled for 30 minutes and

a We use glass-lined equipment made by the Pfaudler Co. The reaction kettle used is their 50-gallon,
glass-lined, type " P ", Model 805, jacketed, clamped-top kettle.

b We use Sheffield Farms Co.'s New Process Casein.
c We use a Shriver, type 304, filter press, 18-inch square plates with frames 5/8-inch thick and twill

filter cloth.
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then filtered hot through a suitable filter.d The clear fluid is run into another
50-gallon, glass-lined reaction-kettle, the agitator is switched on, and
N/2 NaOH is added to neutralize the HCl; the pH is adjusted to 7.4.
It requires approximately 25 litres of N/2 NaOH. Next, 550 g. of Nuchar
charcoal are added, and steam is turned on into the jacket, the solution
being brought to the boil and filtered hot through a filter, as described
above. The clear filtrate is collected into a glass-lined storage tank.
Nitrogen content is estimated and adjusted to 270 mg per 100 ml. The
nitrogen content of the solution at this stage is about 400 mg per 100 ml
and requires about 70 litres of distilled water to be reduced to 270 mg
per 100 ml. Then, 0.1 ml of Tween 80 e per litre of the medium is added
and the medium thoroughly stirred. On an average, 440 litres of finished
medium result. pH is checked again and adjusted to 7.4. The medium
is quickly dispensed into suitable, sterile, culture flasks. For preparing
plague vaccine, we dispense the medium in quantities of 1 litre into 3-litre,
modified Haffkine flasks, which are described in another paper.10 We use
a semi-automatic dispenser to complete dispensing of the medium in as
short a time as possible and to get the flask into the sterilizer within an
hour of final pH adjustment and while the medium is still fairly hot.

The flasks are autoclaved at 1 15sC for 15 minutes, removed as quickly
as possible from the autoclave, and allowed to cool. Mueller & Miller4
stress that over-autoclaving must be carefully avoided. We have also
found that the temperature of autoclaving for this medium is critical.
We carry out autoclaving as follows:

Steam is slowly let into the jacket of the sterilizer f and in about 20
minutes the steam pressure is gradually brought up to 25 pounds (1.76 kg/
cm2). The chamber of the sterilizer is then loaded with flasks. For accurate
noting of the autoclave temperature of the medium, the stem of a recording
thermometer is introduced from the side of the sterilizer through a
specially provided opening, and the bulb of the thermometer is introduced
into a I ½2-litre glass bottle containing 1 litre of water which is placed
in the centre of the middle shelf of the carriage. The bulb is fully
immersed in the water. The steam is let into the chamber and chamber
pressure gradually brought up to 11.5 pounds (0.80 kg/cm2). In 20
minutes the temperature of the hydrolysate reaches IOOOC and, in another
20 minutes, 1150C. At this stage the steam pressure in the chamber is 11.5
pounds (0.80 kg/cm2). It is maintained at this level through suitable
steam-valves. During the 15-minute period of autoclaving, the temperature
of the medium as recorded on the recording thermometer, described above,

d We use the Sparkler Mfg. Co.'s filter Model 14-D-4 in type 316 stainless steel and filtering sheets
Grade M-5.

e Tween 80 is the commercial name of the polyoxyethylene derivative of sorbitan mono-oleate purified
to remove unesterified fatty acids.

f We use American Sterilizer Co.'s bulk sterilizer, 48 inches x 54 inches X 97 inches, fitted with a
special carriage for holding modified Haffkine culture flasks.
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rises to 1160C. g It is to be noted that the mercury thermometer fitted on
the steam exhaust pipe of the chamber which, the makers say, gives
the correct temperature inside the chamber, does not do so. We had
to overcome this difficulty by putting the bulb of the recording thermo-
meter in a water bottle in the chamber, as described above. At the
expiry of the 15-minute autoclaving period, the steam from the chamber
is let out, and after ten minutes the chamber door is opened and the
flasks are taken out and put away in a cool place.

It is important that the medium should not be allowed to stand after
the final dilution and pH adjustment ; it should be autoclaved while still
hot. We, with our autoclaving facilities, can deal with only 300, 3-litre
flasks at a time, so we carry out the final neutralizing and diluting process
and the autoclaving of the original digest in two batches. The first batch
is processed in the morning and the second in the afternoon.

Duration of digestion

Mueller & Johnson 3 call for a digestion time of 72 hours, but it
will be noted that under our conditions of working we have reduced
the period to 48 hours. We tried out periods longer and shorter than
72 hours and found a 48-hour period to be optimal. The digest at this
stage does not give a biuret reaction ; amino-acid nitrogen forms 67%
of the total nitrogen. We also checked the optimal duration of digestion
by measuring crop yields of the plague bacillus in batches of the medium
digested during different periods of time.

Neutralization of medium

We call for NaOH solution for neutralization not stronger than N/2.
It was found that stronger solutions gave a dark colour to the medium.

Decolorization

The medium as originally prepared was dark orange-brown in colour
and gave crop yields of 400 million organisms per ml of P. pestis after
48 hours' incubation at 280C, by our method of counting (Sokhey 9). The
Sheffield Farms Co. sent us some of their ready-made casein hydrolysate
(N-Z amine); we found that this medium was also very dark in colour
and gave no more than 400 million organisms per ml. As we intended to
use the medium for making a vaccine for which the whole growth is used
for inoculating, the dark colour of the medium was a great handicap. We
started decolorizing it with charcoal. We expected the treatment with
charcoal to reduce its growth-promoting factors, but, as we had a very
accurate method of measuring the growth of the plague bacillus, we cau-

g We have not checked the accuracy of the pressure gauges, but the recording thermometers are checked
against an accurate mercury thermometer once every month.
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tiously tried decolorization. To our surprise, as we went on decolorizing,
growth became better and better. When the colour of the medium
became pale lemon-yellow, the growth reached about 700-1,000 million
organisms per ml. So we adopted the practice of almost complete de-
colorization. It will be noticed that we treat the medium with Nuchar
charcoal at two stages-once when the medium is acid, and again when
it is neutral or slightly alkaline, each time with 0.5 % charcoal. This has
given the best results in our hands.

Addition of Tween 80
Dubos & Davis 1 found that water-soluble esters of long-chain fatty

acids (in particular of oleic acid) favoured submerged and diffuse growth
of mycobacteria throughout synthetic liquid media. They found Tween 80
particularly valuable. We experimented with this ester and found that a
concentration of 0.01% gave the best results. The concentration of 0.1
to 0.3 % which Dubos & Davis 1 found best for the growth of Mycobacte-
rium tuberculosis completely inhibited the growth of P. pestis.

Addition of 0.01% Tween 80 to our casein hydrolysate improves the
growth of P. pestis and, what is even more important, produces a uniform
suspension of the organism without the slightest trace of clumps. It
makes the vaccine easy to use and good to look at.

Finished Medium

The finished medium is pale lemon-yellow in colour and perfectly
limpid. Of the total nitrogen content of 2.70 mg per ml, 1.80 mg (67%)
is amino nitrogen ; calcium content is .008 mg per ml; iron is not present
in a quantity that can be titrated.

Our method of preparation gives a remarkably constant product. We
have made it a practice to measure the crop yield of each batch of the
medium before it is actually used for the preparation of vaccine. We
determine crop yields in 10-ml quantities of the medium, after 48 hours'
incubation at 280C, by our method for determining the number of viable
plague organisms in broth cultures (Sokhey 9). During the year 1949, we
made 60 batches of the medium. Of these, 4 batches gave a crop yield of
600-700 million organisms per ml; 28 batches, 700-800 million; 13 batches,
800-900 million; and 14 batches, 900-1,000 million. One batch gave a
poor crop yield of 140 million organisms per ml, and, on repeat test,
165 million ; it was discarded as unsuitable for vaccine production. During
the previous six months we had tested 43 batches; of these, 7 batches
gave a crop yield of 600-700 million organisms per ml; 10 batches, 700-800
million ; 9 batches, 800-900 million ; 10 batches, 900-1,000 million ; 6
batches, a little over 1,000 million ; and one batch, 380 million. This last
batch was discarded.
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Modification of Medium for Preparation of Cholera Vaccine

For the preparation of direct cholera vaccine, 10 we slightly modify,
as follows, the medium described above:

(1) No Tween 80 is added. This ester was found to reduce the growth
of the cholera vibrio, even in a strength of 0.01 ml per 100 ml. Further,
we found that a perfectly uniform suspension could be secured without
the addition of Tween 80.

(2) The finished medium, as described for the preparation of plague
vaccine but without Tween 80, is diluted with an equal amount of 0.5%
NaCl solution to bring down the total nitrogen content to 135 mg per
100 ml. We found that for a three-day growth of the cholera vibrio a
nitrogen content of 270 mg was not necessary and that a nitrogen content
of 135 mg was more than enough.

(3) 500 ml instead of 1,000 ml of the diluted medium are dispensed
in each 3-litre, modified Haffkine flask.

Conclusions

It was necessary to find for the preparation of Haffkine plague vaccine,
which is the entire liquid culture of P. pestis, a medium free of precipitable
protein fractions. Mueller & Johnson's acid hydrolysate of casein was
found satisfactory. This paper describes in detail the method of preparing
this medium in 500 litre quantities. It was found that almost complete
decolorization of the medium increases its growth-promoting qualities
and that addition ofTween 80 in a concentration of 0.01 % further improves
growth and gives a uniform suspension of the plague bacillus.
A slight modification of the medium for the preparation of cholera

vaccine is also described.

SUMMARY
The Haffkine plague vaccine has con-

sisted, since its original preparation, of a

culture in a liquid medium of plague
bacilli killed by heat. Since the whole
culture is used for inoculation, the choice
of medium is very important. The acid
hydrolysate of mutton which has been
used up to the present has, among other
disadvantages, that of containing poly-
peptides and proteins. To overcome this
difficulty, the authors experimented with
Mueller & Johnson's acid hydrolysate of
casein. In this article they give a detailed
description of the preparation of this
medium, of the necessary equipment, and
of the various processes, including deco-

R1tSUM1t
Le vaccin antipesteux de Haffkine a

consiste, des son origine, en une culture
sur un milieu liquide de bacilles pesteux
virulents, tuee par la chaleur. La culture
entiere etant utilisee pour l'inoculation,
le choix du milieu a une grande impor-
tance; l'hydrolysat acide de mouton
employ6 jusqu'ici avait, entre autres
d6savantages, celui de contenir des poly-
peptides et des proteines. Pour obvier a
cet inconvenient, les auteurs ont essaye
d'utiliser l'hydrolysat de caseine etabli
par Mueller & Johnson. lAs donnent dans
cet article une description detaillee de la
preparation de ce milieu, de 1'equipement
necessaire et de divers processus, tels que
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lorization and the addition of Tween 80,
which led to the production in bulk of a
suitable medium for the culture of plague
bacilli for use as vaccine.
For the preparation of anticholera

vaccine, the medium is slightly modified.
The Tween 80 is suppressed; the medium
is diluted with a solution of NaCl to
reduce the nitrogen content by half;
instead of using 1,000 ml, as in the culture
of plague bacillus, only 500 ml of the
diluted medium is used, pouring it into
Haffkine flasks modified for this purpose.

la decoloration et l'addition de Tween 80,
qui aboutissent A la production en quan-
tite d'un milieu approprie a la culture du
bacille pesteux destine a servir de vaccin.
Pour la preparation du vaccin anti-

cholerique, le milieu est legerement
modifie. Le Tween 80 est supprim6; le
milieu est dilue avec une solution de
NaCl afin que sa teneur en azote soit
reduite de moitie. Au lieu d'utiliser 1.000
ml, comme pour la culture du bacille
pesteux, on n'emploie que 500 ml du
milieu dilue, introduit dans des flacons de
Haffkine modifies A cet effet.
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