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Preparation of Dried Acetone-Inactivated and
Heat-Phenol-Inactivated Typhoid Vaccines

DIVISION OF IMMUNOLOGY, WALTER REED ARMY INSTITUTE OF RESEARCH'

Controlled field trials of two dried inactivated typhoid vaccines have been carried out
in British Guiana and Yugoslavia under the sponsorship of the World Health Organization.
This paper gives details of the methods ofpreparation of these vaccines in such a manner
as to permit of replication by others.

Both vaccines were derivedfrom the Ty 2 strain of Salmonella typhosa. For production
of the acetone-inactivated vaccine, a portion of the surface agar growth of the Ty 2 strain
was treated with acetone by the Landy method modified so that inactivation and handling
were done in liquid suspensions rather than on a filter, and the vaccine was dried in the final
containers. For the heat-phenol product, another portion of the same growth was processed
by heating, the addition of 0.5 % phenol and holding at room temperature for 72 hours
followed by freeze-drying in the final containers. These vaccines are designedfor use within
a few hours of the addition of the reconstituting fluid.

Controlled field trials of vaccines seek to establish
incontrovertibly the protective efficacy or inefficacy
for man of the vaccine under test. For this to be
done, the material administered must be stable under
environmental conditions; otherwise failure in the
field may be the result of not an ineffective prepara-
tion, but an unstable one. The preparation must be
packaged in such a way as to ensure simplicity of
use in the field and essential identity in appearance
between test and control preparations.

Long-term stability is also necessary to achieve
the ideal; a vaccine proven effective in protecting
man against infection should constitute a reference
standard against which future vaccine lots can be
compared, assuming that a laboratory assay method
is known or can be developed that can measure the
attruibtes protective for man.

Until chemically identifiable antigens are available,
it is essential that the ingredients and the methods of
preparation of such effective vaccines must be

1 The participants in this work were: Col. A. S. Benenson,
M.C., Director of the Division of Immunology, Walter Reed
Army Institute of Research, Washington, D.C., USA;
Lt. Col. E. W. Grogan, V.C., Chief of the Department of
Biologics Research; Dr J. P. Lowenthal; Dr S. Berman and
Mr A. Abrams, Microbiologists; and Mrs. P. L. Althieri,
Biochemist. Mr A. Groffinger, Laboratory Technician, and
many others rendered most valuable assistance. Col.
J. H. Akeroyd, M.S.C., and Capt. W. S. Collins Jr, M.S.C.,
of the Department of Immunohematology, performed the
bacterial enumeration. Dr S. B. Formal, Department of
Applied Immunology, supervised the potency studies.

generally available. With bacterial vaccines, the
known variation in the antigenicity of different
strains of one species implies that the bacterial line
used in preparing the test vaccines should be pre-
served by a method which minimizes the likelihood
of the emergence of mutants, so that the seed culture
too can be generally available.

It was thought that these requirements for
stability would be best met by dried products if such
products could be prepared. The World Health
Organization decided to sponsor controlled field
trials and collaborative laboratory studies with such
dried products for immunization against typhoid
fever, their preparation being entrusted to the
Walter Reed Army Institute of Research.2 The first
controlled trials were carried out simultaneously
in British Guiana and Yugoslavia, beginning in
1960.
The field trials would compare the efficacy of a

typhoid vaccine prepared by the heat-phenol-
inactivation method, which has been in general use
for many years, with that of one prepared by the
acetone-inactivation and drying method, favoured by
some researchers because it ensures the maximal
preservation of the Vi antigen.

2 The report on the trial in the latter country, by the
Yugoslav Typhoid Commission, appears on page 623 of this
issue; that by the Typhoid Panel of the UK Department of
Technical Co-operation, on the British Guiana trials, appears
on page 631.
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PREPARATION OF THE SEED CULTURE

Bacterial strain

All studies were done with the Ty 2 strain of
Salmonella typhosa which had been received from
Dr Arthur Felix in August 1948 as an agar stab.
This strain had been passed on meat-extract agar
plates and freeze-dried in a menstruum of sterile skim
milk on 20 September 1948. The organism had been
repassed and redried on 16 March 1954 and again on
5 August 1959. Over the years, aliquots had been
rehydrated with no evidence of change in charac-
teristics of the emerging colonies, which were con-

sistently of the V type. Spontaneous mutants were

rarely observed.

Preliminary studies

Survival of bacteria through the freeze-drying
procedure and the subsequent stability of the freeze-
dried culture might be conditioned by the nutritional
status of the organism, based on the culture medium
in which the organisms are suspended. To determine
the best system for S. typhosa, the selected strain was
grown on the surface of three different agar media in
Kolle flasks. Each flask was inoculated with 2 ml
of a 4-hour veal-infusion broth culture. After
18 hours' incubation at 36°C, the residual seed
fluid was poured off and a variety of media which
had been recommended for various freeze-drying
procedures were used to suspend the surface growth.
The medium was added in a volume of 10 ml per

Kolle flask, and the harvest was emulsified using the
harvesting rake. The harvests of three Kolle flasks
were pooled for further studies. 1-ml volumes were

placed in 6-ml bottles; counts were taken before
freeze-drying in a chamber dryer, immediately after
drying, and at periods afterholding the bottles (rubber-
stopped and under vacuum) at elevated temperatures.
Data on growth media, suspending fluids, and via-
bility are presented in Table 1. The results indicated
that S. typhosa grown on veal-infusion agar could
be satisfactorily freeze-dried, and suggested greater
stability when the organisms were suspended in the
mixture (dextran, sucrose and glutamate) recom-

mended by Muggleton (1960). This combination was

selected for preparation of the seed culture.

Steps in preparing seed cultures (8-12 February 1960)
The procedures used in preparing the seed culture

for the study vaccines are presented in detail. A
stock of the dried seed culture has been made
available to WHO for appropriate distribution.

Step 1. An ampoule of the stock Ty 2 strain of
S. typhosa, freeze-dried on 5 August 1959, was
rehydrated with approximately 0.5 ml of veal-
infusion broth. One drop of this rehydrated material
was streaked over the surfaces ofeach of four double-
strength veal-infusion agar plates so as to yield
separate colonies. The plates were incubated at
36'C overnight.

Step 2. Six typical V colonies were selected and
were emulsified in a tube containing 5 ml of veal-
infusion broth. Four such tubes were prepared.
The contents of each tube were transferred by
pipette to a separate 1-litre flask containing 250 ml
of veal-infusion broth. The flasks were incubated
at 36°C for four hours with frequent shaking. This
procedure provided four starting cultures (A, B, C,
and D).

Step 3. 2 ml ofeach 4-hour culture were inoculated
into each of 45 Kolle flasks containing double-
strength veal-infusion agar, for a total of 180 flasks.
The seeded Kolle flasks were incubated in an
inverted position at 36°C overnight (18 hours).

Step 4. After incubation, the residual seed fluid
was poured off and approximately 10 ml of an
aqueous solution of 5% dextran,. 7.5% sucrose and
2% sodium glutamate were added to each flask.
The bacterial growth was suspended in the harvesting
fluid by means of a special harvesting rake. The
harvest of each 45-flask series was transferred by
negative pressure to a separate 2-litre bottle, resulting
in four separate harvests (A, B, C, and D) of
approximately 450 ml each.

Step 5. 1 ml of harvest was distributed into
350 6-ml bottles with a Brewer automatic pipetting
machine. Sterile split butyl stoppers were partially
inserted in each bottle, and the trays containing the
bottles were placed directly on dry-ice for freezing.

Step 6. The trays were loaded into a cabinet
freeze-dryer at -55°C and vacuum applied. The
product temperature stabilized at -44°C, then
gradually rose to + 25°C at the 15th hour. The load
was held at +25°C under pressure of less than
20 u Hg until the 43rd hour, when the trays were
transferred to a cabinet containing desiccants. A
tray at a time was placed in a stoppering machine,
evacuated to a vacuum of 29.5-30 inches of mercury
(750-762 mm Hg); the stoppers were seated with a
pressure plate and aluminium seals applied. All
bottles were checked for vacuum with the Tesla coil;
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TABLE 2
STABILITY OF FREEZE-DRIED S. TYPHOSA SEED CULTURES AT VARIOUS TEMPERATURES

Viable organisms per ml at indicated storage temperature:
Date Month a

4°C 22°C 37°C 45°C

7 Oct. 60 2 41.3 x 108 12.2 x 108 7.7 x 10' 43.3 x 10'

7 Dec. 60 4 23.4 x 108 5.8 x 108 39.0 x 105 0.1 x 108

15 Feb. 61 6 35.0 x 108 3.9 x 108 14.8 x 105 0.05 x 10'

11 May 61 9 2.1 x 108 1.8 x 108 0.02 x 105 < 1.00 x 10'

9 Aug. 61 12 18.9 x 108 1.1 x 108 > 3.0 x 105 < 1.00 x 10'

27 Dec. 61 16 10.1 x 108 0.3 x 108 0.7 x 105 < 1.00 x 10'

20 Apr. 62 20 13.8 x 108 4.9 x 108 0.1 x 105 < 1.00 x 10'

10 Sept. 62 25 11.5 x 108 0.4 x 108 0.2 x 105 < 1.00 x 10'

13 May 63 33 6.1 x 108 0.05 x 101 0.02 x 105

a Stability studies were started on 10 August 1960; bottles had been held at 4°C for the previous six months.

Lot A was discarded because a considerable number
of bottles showed inadequate vacuum.

Step 7. Each harvest was examined bacterio-
logically before and after filling. In addition, two
bottles of each lot were reconstituted after drying
and examined for purity by plating on trypticase-soy
agar and by inoculation into veal-infusion broth.
The broth cultures were periodically examined by
Gram stain and were streaked on solid media after
one week. Only organisms and colonies consistent
with V-form S. typhosa were seen. Organism counts
before drying ranged from 5 x 109 to 15 x 109 viable
organisms per ml. After storage in the dry state for
four months at 5°C, counts varied from 2.0 x 109 to
2.5x 109 per ml.

Step 8. The dried seed cultures were held at 4°C.
For stability studies, some bottles were placed at
room temperature (22°C), at 37°C, and at 45°C in
August 1960. Periodically samples were removed
and reconstituted; viable bacteria were enumerated
by plating serial dilutions in trypicase-soy agar
pour-plates. Over a 33-month period, no appreciable
shift had occurred in the count or character of the
cultured organisms held at 4°C (Table 2). At room
temperature, a modest drop in viability was ob-
served; instability at higher temperatures was evident.
The same mouse virulence (intraperitoneal LD50 dose
in saline) was observed after storage for 11 and
31 months at 4°C.

METHODS USED IN PRODUCTION OF TYPHOID VACCINES
FOR WHO STUDIES

To determine whether the method of preparing
typhoid vaccine would significantly affect its pro-
tective value, the two methods would have to be
applied to identical materials so that differences
could not result from variations in strain, growth
conditions, or bacterial numbers. Identical starting
material could be obtained by harvesting the surface
growth on agar and then dividing the harvest into
two equal portions. One-half would be acetone-
inactivated and -dried, using techniques previously
evaluated and found to result in a stable dried
product (Landy, 1953). The remaining portion of
the harvest would be processed by the heat-phenol-
inactivation technique (Holt & Hitchens, 1937) and
then freeze-dried if this proved to be feasible.

Feasibility offreeze-drying heat-phenol-inactivated
vaccine
A small lot of heat-phenol-inactivated vaccine was

prepared with S. typhosa Ty 2 organisms and diluted
with phenolized saline to contain 0.03 mg nitrogen
per ml, or approximately 1 x 109 organisms per ml.
Six hundred 10-ml bottles each containing 5 ml of
vaccine were shell-frozen and placed in the chamber
dryer. During the drying cycle it was observed that
small flakes of the product escaped from the bottles
and collected on the walls and inspection ports of
the dryer. Chemical assays on 25 bottles selected at
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random indicated that approximately one-third of
the total nitrogen content of the bottles had been
lost. On the other hand, when 100 ml of concentrated
harvest suspension equivalent to a 50-fold con-
centration, containing 0.5 % phenol, were placed in a
sterile pan, frozen at -70°C and dried in bulk, no
loss due to flaking occurred. Testing before and
after drying by the same mouse potency test indicated
no deterioration of potency as a result of the
freezing, drying and reconstituting steps. Ac-
cordingly, a plan for production was developed,
based on the following principles:

1. The bacterial suspension would be prepared
and vaccine produced in multiple separate units
representing the harvest of approximately 100 Kolle
flasks each.

2. Each harvest would be divided into two equal
portions, half processed by the acetone-inactivation
technique, the other half by the heat-phenol-
inactivation method. Each harvest would be held
separate through the inactivation period until
bacteriological testing showed that in both halves
no extraneous organisms existed and that kill of
S. typhosa was complete. These harvests would be
combined to constitute the vaccine pools which
would be adjusted in volume to a 25-fold con-
centrate and freeze-dried for the final package.
Final dilution and filling would be based on bacterial
counting performed on the uninactivated harvest and
on the heat-phenol fraction.

Preparation of harvests
The harvests were prepared in three runs, on 2, 8,

and 10 March 1960, each comprising five separate
groups of 100 Kolle flasks. A different seed lot was
used for each run.

Step 1. One bottle of dried seed culture was
rehydrated with 5 ml of veal-infusion broth. (Seed
lot D was used for the production of harvests 1-5;
lot C for harvests 6-10; and lot B for harvests
11-15).

Step 2. One drop of the rehydrated seed culture
was streaked on the surfaces of each of six double-
strength veal-infusion agar plates so as to yield
separate colonies. The streaked agar plates were
incubated overnight (approximately 17 hours) at
360C.

Step 3. Six typical V colonies were emulsified in
each of five 10-ml vaccine bottles containing 5 ml of
veal-infusion broth. The contents of each bottle

were transferred immediately to a separate flask
containing 300 ml of veal-infusion broth, and these
flasks incubated at 36°C for 4 hours, with frequent
shaking.

Step 4. Each flask constituted the seed culture for
a series of 100 Kolle flasks containing double-
strength veal-infusion agar. 2 ml of seed culture
were spread over the agar surface in each flask; the
inoculated flasks were then incubated in the inverted
position at 36°C.

Step 5. After 18-20 hours of incubation, the free
fluid was decanted into a beaker containing 5%
phenol, and the mouth of the flask was flamed.
Approximately 10 ml of 0.02 M phosphate-buffered
physiological saline (pH 7.2) were added to each
flask and the surface growth was harvested by
scraping with a harvesting rake. The harvest from
each seed culture flask (100 Kolle flasks) was
collected by suction into a single 2-litre thick-walled
Erlenmeyer flask which was calibrated at 250-ml
intervals. In this transfer, the harvest was passed
through a coarse cotton gauze filter to remove any
particles of agar.

Step 6. A sample was taken from each harvest for
testing, and the remainder was divided into two
equal portions by decanting, one-half to be pro-
cessed by the acetone-inactivation and -drying tech-
nique, and the remaining half being held for pro-
cessing by the heat-phenol-inactivation method.
The volume of each portion varied from 434 ml
to 500 ml.

Preparation of acetone-inactivated and -dried vaccine
Step 1. Within two hours of harvesting, the

portion of each individual harvest intended for
acetone processing was introduced through a
15-gauge (1.80 mm) needle into 1500 ml of Seitz-
filtered acetone in a 4-litre flask over a 12-minute
period (8-16 minutes) while the flask was swirled by
hand. During the ensuing hour, the flask was shaken
vigorously at intervals; then the organisms were
allowed to settle for a 3-4-hour period at room
temperature. The supernatant acetone was removed
by suction.

Step 2. The precipitate was washed by drawing
1500 ml of Seitz-filtered acetone into the flask.
After being shaken, this mixture was allowed to
stand at room temperature for about 15 hours.
The supernatant acetone was removed and replaced
again by 1500 ml of freshly filtered acetone. The
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flask was again shaken and allowed to stand at
room temperature for approximately 22 hours, then
this second wash was removed and replaced with
1500 ml of freshly filtered acetone.

Step 3. To ensure bacterial inactivation, the flask
was held in a water-bath at 37°C for 24 hours.
Samples were taken for sterility, and the flasks
stored at 5°C.

Step 4. To test for sterility four 3-ml samples
(each equivalent to 1 ml of the original harvest)
were cultured. The inhibitory effects of acetone
were eliminated by placing each sample into a
sterile, empty, cotton-plugged test-tube which was
placed under a vacuum of 30 inches of mercury
(762 mm Hg) at room temperature for 2-3 hours to
remove the acetone. Then 65 ml of sterile thio-
glycollate medium were poured into each tube; two
tubes were incubated at 37°C and two at room
temperature (approximately 22°C) for at least
16 days. There was no growth in any tube by either
direct inspection or subculture.

Step 5. After bacteriological clearance, the
supernatant acetone was siphoned off and the
15 bacterial sediments were pooled in a 9-litre bottle
which contained 5 mm of borosilicate glass beads
to a depth of 2 inches (5 cm). Transfer was per-
formed by negative pressure in a closed system with
appropriate precautions to avoid contacting the
glass surfaces above the original fluid level, pre-
venting possible recontamination. After the bottle
has stood at room temperature for 4 hours, the
remaining clear supernatant acetone was removed
and the bottle placed on a roller apparatus at about
a 15 angle. The bottle was rotated at 40 r.p.m. for
about 20 minutes, after which the material was
homogeneous with no visible granularity. Sterile
acetone was then siphoned into the bottle to bring
the volume to 2100 ml (from 1950 ml during the
rolling process). Approximately two drops of the
concentrate were added to each of four thioglycollate
tubes; two were held at 37°C and two at room
temperature, to test for bacterial sterility. The
vaccine was held at 5°C overnight.

Step 6. A volume of Seitz-filtered carbon tetra-
chloride (4725 ml) required to give a final ratio of
2.25 parts of carbon tetrachloride to 1 part of
acetone was added 1 to constitute a mixture in which
typhoid organisms remain in suspension. After

'Merck & Co., Inc., Rahway, N. J., Liquid filling of
therapeutic suibstances, US Patent No. 2, 727, 665.

thorough mixing, the bacterial suspension was
transferred by suction into a 20-litre carboy through
a 96-mesh nylon screen. A sufficient quantity of a
freshly Seitz-filtered mixture of acetone and carbon
tetrachloride (in a 1: 2.25 ratio) was siphoned into
the vaccine to give a final count of 25 x 109 orga-
nisms per ml, based on bacterial enumeration (see
below). After final mixing of the total volume of
15 litres of vaccine concentrate, samples were taken
for bacterial sterility.

Step 7. A 0.4-ml quantity of this 25 x concentra-
tion was filled into each of approximately 3000 4-ml
bottles (for reconstitution to 10 ml of final vaccine),
and 2 ml were dispensed into each of approximately
6500 5-ml bottles (for 50 ml of final vaccine) by a
Perfektum Ampfil Model F-400X filling machine.
During filling, the suspension remaining in the carboy
was constantly stirred by a Teflon-covered magnetic
stirring bar. All flexible tubing was made of nylon.
The sterile bottles were handled in groups of approxi-
mately 400 bottles in stainless steel trays. When
filled, thermocouples were taped to the outside of
two bottles and trays of bottles were covered with
sterile aluminium foil. The trays were placed in a
30-cubic-foot (about 850-litre) freeze-drying cabinet
which had been sterilized with ethylene oxide. The
refrigeration system was not operated. The pressure
in the cabinet was slowly reduced stepwise by a
Cenco Hypervac vacuum-pump. The line between
the cabinet and the pump passed serially through
two condensers immersed in dry-ice/alcohol baths.

(a) The 2-ml filled bottles were brought down to
a pressure less than 5 mm Hg over a 14-hour period.
At the 20th hour, when the product appeared to be
dry, the condensers were bypassed and the pressure
was reduced to less than 100 p Hg by a 3-horsepower
Stokes Microvac vacuum-pump, and a small amount
of heat was applied to the shelves electrically. By
the 28th hour, the temperature of the product
had reached 37.5°C; this temperature and vacuum
were maintained until the 38th hour when the pro-
duct trays were removed and immediately covered
with sterile aluminium sheets.

(b) The bottles with 0.4 ml were stored in their
trays at room temperature for 38 hours. The trays
were then loaded in the dryer, and the pressure
reduced to less than 5 mm Hg over a 4-hour period.
At the fifth hour, the condensers were disconnected,
the pressure reduced to less than 100 ,u Hg, and heat
added. By the 14th hour, the product temperature
had reached 37.5°C; these conditions were main-
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tained until the 24th hour, when the trays were
unloaded.

Step 8. The trays covered with sterile aluminium
foil were placed into a sterile stainless steel cabinet,
which contained silica gel and calcium chloride.
Two trays at a time were removed to a sterile hood,
sterile split butyl siliconized stoppers were partially
inserted, and the trays were placed in a stoppering
machine. A vacuum of 29.5-30 inches of mercury
(750-762 mm Hg) was established and held for
5-15 minutes, when the stoppers were seated by the
pressure plates. Aluminium seals were applied, and
the presence of a vacuum ensured by testing with a
Tesla coil.

Preparation of the heat-phenol-inactivated vaccine
Step 1. Immediately after half the harvest had

been removed for acetone processing, the flasks con-
taining the remaining portion of the harvest (see
Step 6 under " Preparation of harvests " above) were
capped by a gauze-wrapped cotton-wool plug and
covered with a hood of sterile aluminium foil. The
five 2-litre Erlenmeyer flasks from each run were
immersed beyond their fluid level in a 56°C water-
bath together with a similar flask containing a
thermocouple in the volume of water equivalent to
that of the harvests. All six flasks were stirred by
swirling them at 5-10-minute intervals throughout
the inactivation period. In the three runs, the control
flask reached 56°C after 50, 45 and 55 minutes,
respectively; the vaccine flasks were removed from
the water-bath exactly 60 minutes after the tem-
perature in the control flask had reached 56°C.

Step 2. Immediately after the inactivation was
completed, the flasks were thoroughly stirred, and
10-ml samples were removed aseptically with a
pipette for counting and bacteriological examination.
At this point, 4 of the 15 flasks were sterile, 6 con-
tained 10 or fewer viable S. typhosa per ml, 5 con-
tained more than 10 viable organisms per ml. To
each flask sufficient 90% phenol (USP phenol was
liquefied by adding 10% freshly distilled water by
weight and heating) was added to give a final phenol
concentration of 0.5 %. The cotton-wool closure was
replaced by a rubber stopper covered with an alu-
minium foil hood. The flasks were well stirred and
held at room temperature (22°C) for 3 days. They
were stirred four times daily by swirling.

Step 3. After 72 hours at room temperature, each
harvest was transferred by negative pressure in a
closed system to a new sterile 2-litre flask. A 10-ml
sample was taken after transfer; the flasks were

closed with aluminium-foil-hooded rubber stoppers
and held at 4°C for final pooling.

Step 4. Bacterial sterility was tested by adding
1-ml portions of each harvest into four tubes con-
taining 65 ml of freshly heated thioglycollate broth
(rapidly cooled in running water); two tubes were
incubated at 370C and two at room temperature.
Two trypicase-soy agar pour-plates containing 1 ml
each of the harvest were incubated at 37°C. The
pour-plates were held for one week; the fluid
cultures were transferred after 5-8 days to new thio-
glycollate tubes which were incubated for another
13-15 days. There was no evidence of viable orga-
nisms in any of the 15 harvests.

Step 5. On 20 March 1960 (after both halves of all
lots were evidently free of viable micro-organisms)
all 15 harvests were pooled by negative pressure
transfer into a 20-litre sterile carboy and thoroughly
mixed, and a 50-ml sample was removed for counting
and bacteriological sterility. (Thioglycollate tubes
were negative after 48 hours and after 22 days.)

Step 6. Sufficient sterile 0.02 M phosphate-
buffered (pH 7.2-7.3) physiological saline (con-
taining 0.5% phenol) was added to adjust the
bacterial count to 25 x 109; this addition resulted in
a final volume of 13.5 litres. After thorough mixing,
a 50-ml sample was removed for sterility testing and
recounting. (Thioglycollate tubes were negative at
37°C and at room temperature.)

Step 7. On 25 March 1960 this 25 x vaccine con-
centrate was dispensed by a Perfektum Ampfil
Model F 400X filling machine directly from the
carboy into final bottles. Homogeneity was main-
tained by a magnetic mixer with a 2-inch Teflon-
covered stirring bar. A 0.4-ml quantity was dis-
pensed into each of approximately 2500 4-ml sterile
bottles (for final dilution to 10 ml), and 2.0 ml were
dispensed into each of approximately 6000 5-ml
bottles (for reconstitution to 50 ml). The bottles
were kept in sterile stainless steel trays holding
approximately 400 bottles each; thermocouples were
taped to the outside of two filled bottles, and the
trays were covered with sterile aluminium foil.

(a) The trays of bottles filled with 2.0 ml were
placed directly on dry-ice for freezing and within
41/2 hours were loaded into a 30-cubic-foot (about
850-litre) freeze-drying cabinet sterilized with
ethylene oxide. The condenser coil temperature was
-83°C; and immediately after loading, the product
temperature was -450C. A rotary vacuum-pump
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(3-horsepower Stokes Microvac) achieved a cabinet
pressure of less than 20 ,u Hg, as measured by a
desiccant-trapped McLeod mercury gauge. The
product temperature stabilized at -42TC and
gradually rose to +30°C by the 48th hour. The
product was held at 30°C with a pressure of less than
20 , Hg for 11 additional hours.

(b) The covered trays of bottles filled with 0.4 ml
were placed into a CO2-free chamber of a dry-ice-
refrigerated cabinet. Approximately 64 hours later,
the product was loaded into the freeze-drying cabinet.
The coil temperature was - 83°C; immediately after
loading, the product temperature was -49°C.
Vacuum was applied to achieve a pressure of less
than 20 , Hg. The product temperature stabilized
at -420C, began to rise at the 6th hour and reached
+ 30°C in 16 hours. The product was left at this
temperature and a pressure of less than 20 H Hg for
12 additional hours.

Step 8. After drying, the trays were removed and
placed in a cabinet containing desiccants; individual
trays were removed to a sterile hood where sterile
siliconized split butyl stoppers were partially inserted.
The trays were placed in a stoppering machine,
evacuated to a vacuum of 29.5-30 inches of mercury
(750-762 mm Hg), the stoppers seated with a
pressure plate, and then aluminium seals applied.
All bottles were checked for vacuum by the Tesla
coil.

Bacterial enumeration
Bacterial enumeration was performed with a

Model A Coulter electronic counter which records
the number of particles by detecting the increased
electrical impedance as they pass through an orifice
with a diameter of 30 ,. Each count recorded the
number of particles in a fluid volume of 44.78 ,ul.
The vaccine was counted at a 1/50 000 or 1/100 000
dilution, using a single lot of commercial, sterile
physiological saline (Baxter Travenol, lot M07
HOC, manufactured in March 1959) which had an
average of 1000-1500 counts in the measured volume.
The vaccine was diluted in two steps. First, 1-ml
quantities were delivered by an Ostwald pipette into
25-ml or 50-ml volumetric flasks to give a primary
1/21 or 1/50 dilution in normal saline; secondly, this
was further diluted 2000-fold by adding 10 ,ul from
a standardized pipette into 20 ml of normal saline.
The desired final dilution was one which would give
a machine count of 20 000-30 000.
The instrument count was corrected for the back-

ground count of the diluting fluid by subtraction.

To correct for simultaneous passage of more than
one particle through the orifice, the instrument
counts and the theoretical counts were plotted over
a range of serial dilutions of S. typhosa Ty 2 bacterial
vaccine, and the resulting chart was used for cor-
recting the deviation.
Comparison of machine counts with a few micro-

scopic enumerations on appropriately diluted vac-
cine indicated comparability of results. Smears
showed that the bacteria were not aggregated;
therefore machine counts could be expected to
represent the total count.

Counts were performed on each live harvest and
again after phenol inactivation for 72 hours at room
temperature. The pool of individual harvests was
counted on 20 March 1960 to determine the dilution
necessary for a 25 x concentrate. The final bulk was
counted extensively on 22 March 1960. Another
aliquot of the sample was counted 30 March 1960.
The viable count at the time of harvest was

determined by immediate dilution of the individual
harvests and plating in trypicase-soy agar. After
centrifugations of the vaccine at 6500 g for 30 mi-
nutes the nitrogen in the sediment and supernatant
was determined by the micro-Kjehdahl method.
The International Opacity Units were determined

by diluting the vaccines in buffered physiological
saline in matched spectrophotometer tubes and
determining the optical density (OD) of each solution
at a wave-length of 440 m,t in a Coleman Junior
spectrophotometer. This was compared with that of
the International Opacity Reference Preparation in a
matching spectrophotometer tube which was flame-
sealed. The International Opacity Units (IU) were
calculated from the formula:

IU=OD typhoid vaccine x lOx dilution factor.
OD International Opacity
Reference Preparation

The observations made on the individual harvests
are shown in Table 3. No significant differences
were found in the bacterial counts before and after
inactivation. The accompanying figure presents the
threshold fall-off curves in the Coulter counter for
the same harvest before and after inactivation; the
difference between the curves is consistent with a
change in size distribution of the organisms. The
pool of the 15 individual heat-phenol harvests
resulted in a mean count of 54.56 x 109 with 95%
confidence limits of 54.27 x 109 and 54.85 x 109.
On 22 March, 50 counts were performed on the final
bulk vaccine, five counts being made on each of
10 different 1/50 000 dilutions. (Five 1/25 primary

642



PREPARATION OF DRIED INACTIVATED TYPHOID VACCINES

TABLE 3. COULTER COUNTS, NITROGEN DETERMINATIONS AND OPACITY UNITS OF INDIVIDUAL HARVESTS

Nitrogen (mg/ml) WHO OpacityCoulter count (x 10') Viable count Units (440 ml)
Harvest At time of harvest After

number ~At time After inac
%o Spe-tiva- At time After

of inactiva- (xNumber %of 0Sediment natantS Total (ttna of inactiva-
harvest tion (x1' oa aat(oa) harvest tion

1 67.9 61.4 43 63.3 1.54 0.59 2.22 2.12 454 439
2 62.9 66.0 58 92.2 1.53 0.55 2.18 2.14 450 448
3 55.4 57.2 14 25.3 1.35 0.56 1.99 1.92 393 424
4 42.9 44.8 6 14.0 0.99 0.56 1.56 1.63 275 318
5 42.5 45.8 14 32.9 0.99 0.66 1.72 1.56 318 298

6 59.4 59.4 10 16.8 1.10 0.45 1.90 1.85 405 449
7 57.9 53.9 17 29.4 1.03 0.45 1.61 1.54 361 366
8 68.6 61.4 15 21.9 1.33 0.51 1.83 1.90 414 427
9 71.1 67.0 26 36.6 1.30 0.62 2.07 2.25 466 467
10 74.0 66.9 18 24.3 1.32 0.72 2.35 2.22 499 471

11 63.0 63.6 13 20.6 1.25 0.63 1.92 1.63 430 437
12 70.4 66.9 19 27.0 1.36 0.66 2.36 1.86 458 488
13 65.6 64.7 22 33.5 1.23 0.66 1.95 1.71 413 436
14 58.1 56.8 13 22.4 1.12 0.56 1.79 1.63 386 429
15 59.4 58.3 10 16.8 1.06 0.46 1.77 1.53 366 409

Pooled harvest | 54.56 1.75 ] 408

a Percentage of Coulter count at time of harvest.

dilutions of the stock were prepared and two
1/2000 dilutions made of each of these five.) These
observations resulted in a mean bacterial count per
ml of 26.40 x 109 organisms with 95% confidence
limits of 26.17x 109 and 26.66x 109. On 30 March
two primary dilutions were made, and four secondary
dilutions of each primary. Five counts of each
dilution, for a total of 40 counts, gave a mean
bacterial count of 25.85 x 109 with confidence limits
of 25.71 x 0I and 25.99x I09. Combining the
counts from both days results in a mean count of
26.15 x 109 with 95% confidence limits of 26.00 x
109 and 26.31 x 109. Thus, after reconstitution and
dilution a I -ml dose of the final vaccine would
contain between 1.04 x 109 and 1.05 x I09 orga-
nisms.

Preparation of reconstitutingfluid
Buffered normal saline solution containing 0.5%

phenol was prepared as the reconstituting fluid for
both vaccines. This solution contained the following:

Sodium phosphate dibasic anhydrous
(chemically pure) . . . . . . . . . . . . 175.00 g

Sodium phosphate monobasic (NaH2PO4 H2O) 40.33 g
Sodium chloride (chemically pure) . . . . . 595.00 g
Distilled water, to make . . . . . . . . . . 70 litres.
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The phosphate salts and the sodium chloride were
weighed out on a trip balance and dissolved in
measured volumes of distilled water before placing
in a 76-litre glass-lined Pfaudler reactor. The
distilled water was added from an electrically heated
10-US-gallon-per-hour Barnstead still, fed on de-
mineralized water. The solution was sterilized by
placing the reactor into an autoclave and holding
the pressure for 90 minutes after a temperature of
121°C or over had been indicated by a thermocouple
submerged in the liquid. The reactor was held in the
autoclave until the temperature fell below 1040C.
The contents were then cooled by running hot and
then cold water through the reactor jacket. The
solution reached room temperature within approxi-
mately two hours. The amount of 90% phenol
necessary to give a final concentration of 0.5% was
mixed with 2 litres of sterile distilled water. This
mixture was added to the reactor which was shaken
vigorously for a 1/2 to 3/4 of an hour, when samples
were taken for phenol, sodium chloride, and pH
determinations, and for pyrogen testing in rabbits.
When these assays were satisfactory, the diluent
was dispensed into 10-ml and 50-ml vials by an
automatic pipetting machine; the bottles were then
capped and sealed. In four lots, the pH was 7.2;
in a fifth lot, 7.25. As determined by the Folin-
Ciocalteau method, phenol varied from 0.45% to
0.51 %. Sodium chloride varied from 0.83% to
0.90 %. All pyrogen and sterility tests were negative.

Identification andpackaging
Since the studies for which these vaccines were in-

tended were to be performed on a double-blind basis,
code letters which had not been previously used in
WHO typhoid studies were assigned to these vac-
cines and to the proposed placebo preparations.
Colour-coded labels were prepared for the vaccine
and the matching diluent bottles. Labels, glassware
and packages were provided for the laboratory
selected to prepare the placebo vaccines. The
placebo preparation for use in British Guiana was
tetanus toxoid prepared by Glaxo Research Ltd,
Greenford, Middlesex, England; this was shipped
back to the Walter Reed Army Institute of Research
for boxing and for reshipment, together with the
typhoid vaccines, to British Guiana. The placebo
for use in Yugoslavia was a tetanus toxoid prepared
by the Institute of Immunology, Zagreb, Yugoslavia.
The code letters were assigned as follows:

Vaccine G: Tetanus toxoid placebo (British Guiana)
Vaccine K: Acetone-inactived and -dried typhoid vaccine

Vaccine L: Heat-phenol-inactivated and dried typhoid
vaccine

Vaccine M: Tetanus toxoid placebo (Yugoslavia)

Only the manufacturing laboratories knew the
identity of the vaccines; the code was not broken
until the studies had been completed.
For shipment to the field, the vaccines were

packed in cardboard boxes for either the 10-ml or
the 50-ml size, each box holding 12 small bottles
containing the dried product and matching bottles
of reconstituting fluid.

RESULTS OF TESTING

The two typhoid preparations were subjected to
the testing required by the Division of Biologics
Standards, National Institutes of Health, for
approval of typhoid vaccines for use in the United
States of America. Both the acetone-inactivated and
the heat-phenol-inactivated preparations were of
adequate potency when reconstituted in the dilution
for use; sterility tests were negative; 0.5-ml volumes
were not toxic to mice on intraperitoneal injection;
and 5.0-ml volumes intraperitoneally were innocuous
to guinea-pigs.

After a few weeks' storage at elevated temperatures
a yellow to brown discoloration was noted in some
bottles of heat-phenol-inactivated vaccine, more
marked in the 10-ml bottles. Accordingly all vaccine
stocks were inspected and those bottles showing
discoloration were removed. All stocks were there-
after held under refrigeratiori. On study the disco-
loured bottles were found to contain 4.2%-9.0%
moisture, while those bottles which remained white
had moisture contents of 1.7%-3.4%.

In order to determine whether there might be a
significant loss of antigen on reconstitution of the
dried product and transfer to the container for final
dilution, various techniques for reconstitution were
evaluated. A single rinsing of the product bottle
with 5 ml of the reconstituting fluid resulted in a loss
of 3 %-4% of the total nitrogen; with two rinses,
using a 10-ml syringe, the nitrogen loss was con-
sistently less than 1 %. With a proposed 0.5-ml
dose, the maximal loss was considered tolerable, but
repeated rinsing was recommended.

DISCUSSION

The production plan outlined in the preceding
pages makes it possible to relate the method used for
preparing typhoid vaccine and its protective efficacy.
It is hoped that this may settle once and for all the
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dispute between the proponents of dried acetone-
inactivated vaccines and those of the traditional
heat-phenol-inactivated preparations.
The acetone-inactivated and -dried product has

been strongly recommended because it preserves
-the Vi antigen. This method was originally intro-
duced in 1921 by Douglas & Fleming (1921) because
of the remarkable stability of antigens in acetone-
dried organisms. Acetone-extracted typhoid vac-
cine was first evaluated in man by Giovanardi and
his group in Milan (Giovanardi & Monaci, 1943)
using the antibody response as evidence of efficacy.
One might question the inclusion of phenol in the
reconstituting fluid if the object was to use a vaccine
with maximal Vi content. Felix (1952) pointed out
that, in the presence of 0.5 % phenol, the Vi antigen
reversibly loses its agglutinogenic property after
48 hours at room temperature. Spaun (1954) con-
firmed these results and showed that a Ty 2 vaccine
containing 0.5 %Y phenol suffered a significant reduc-
tion in its ability to elicit Vi antibodies in rabbits
after 19 months at 4°C. However, it was felt that the
use of these vaccines on the day of reconstitution
would avoid significant deleterious effects and that
such risk of deterioration as there might be was of
less importance than the hazard of infection from a
vaccine with no residual antibacterial power.
The use of heat-phenol-inactivated organisms in a

typhoid vaccine dates to the original reports of

Wright (1896) and Pfeiffer & Kolle (1896). With
added tricresol or phenol as a preservative, this
product has been the standard preparation in use in
the USA until the present time. In the controlled
field trials conducted in Yugoslavia in 1954-60
(Yugoslav Typhoid Commission, 1962) this vac-
cine was compared with an alcohol-inactivated
preparation. The phenolized preparation was shown
to give relatively high protection, while the alcohol
vaccine was of little, if any, efficacy. The heat-
phenol-inactivated vaccine prepared for the present
trial differs from the preparation used in the earlier
trials in Yugoslavia in that the phenol was added to a
final concentration of 0.5% in the bacterial sus-
pension as harvested (42.5-74.0 x 109 organisms per
ml) rather than in the diluted vaccine, whereas the
earlier Yugoslav vaccine contained 3 x 109 bacteria
per ml; there was thus a significantly lower ratio of
phenol molecules per bacterial cell in the present
vaccine. The conditions under which the vaccine
was dried should have had little, if any, effect on
antigens; after reconstitution, the final phenol
content was that of the usual heat-phenol typhoid
vaccine. For these reasons, this vaccine is con-
sidered to have an antigenicity equal to or greater
than that of the normal phenolized vaccine, and
therefore fairly to represent the protective quality
of the usual heat-inactivated, phenol-preserved
typhoid vaccine.

RESUME

Pour que les vaccinations contre la fievre typhoide sur
le terrain soient efficaces et les resultats des diverses cam-
pagnes comparables, il faut que le materiel de base soit
strictement defini et stable 'a long terme. En attendant
que la fraction antigenique du bacille typhoidique soit
definie chimiquement, il importe que les methodes de
preparation et les composants du vaccin soient pr6cis et
reproductibles. I1 faut en particulier que la lign&e bacte-
rienne a partir de laquelle le vaccin est prepare soit traite.
de fa$on que les risques de mutations antig6niques soient
minimums. II a paru que la dessiccation etait le meilleur
moyen d'y parvenir.
Dans les essais pratiques sur le terrain, effectues sous

les auspices de 1'OMS, de 1960 a 1962, on a compare
1'efficacite de deux types de vaccins, provenant de la
souche-mere Salmonella typhosa Ty2 cultiv&e sur g6lose.
Dans le premier type, les bacilles sont soumis pendant
une heure ai 560 C, puis mis en presence de phenol

(concentration 5 %) pendant 72 heures. Dans le second
type, les bacilles sont inactives par l'acetone. Les deux
types de preparations sont desseches dans le vide puis
scelles en ampoules. On utilise du solute physiologique
ph6noI6 pour reconstituer le vaccin.

L'auteur expose les details de preparation des deux
types de vaccins et discute la question du codage et de
l'emballage, importante puisque les deux vaccins, ainsi
qu'un placebo, seront administres selon la methode
double aveugle. I1 indique les resultats des tests appliques
aux produits definitifs. Enfin, l'auteur exprime le voeu
que le plan de production minutieusement defini, grace
auquel un rapport peut etre etabli entre 1'efficacite du
vaccin et sa m6thode de preparation, permette de
resoudre objectivement la controverse entre les partisans
du vaccin inactive par la chaleur et le phenol et ceux du
vaccin inactive par l'acetone.
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