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A Controlled Field Trial of the Effectiveness
of Acetone-dried and Inactivated and Heat-Phenol-

Inactivated Typhoid Vaccines in Yugoslavia*
Report

YUGOSLAV TYPHOID COMMISSION'

In 1954-60 a Yugoslav Typhoid Commission showed in the first controlled field trial of
typhoid vaccines, carried out in Osijek, Yugoslavia, that heat-phenol-inactivated typhoid
vaccine gave a relatively high and long-lasting immunity. However, this liquid vaccine
preparation was unstable and laboratory potency tests were inconclusive, and it was therefore
decided that stable, dried, heat-killed, phenol-preserved vaccine be tested together with an
acetone-inactivated and -dried vaccine in controlled field trials, supported in part by the
World Health Organization, in Yugoslavia and British Guiana.

This is a report on the controlled trials organized in two Yugoslav towns, Bitola and
Pristina. Three comparable groups were formed by random allocation of vaccines among
45 497 volunteers in the two towns. In each town one group received heat-phenol vaccine,
the second group acetone-dried vaccine and the third (control) group tetanus toxoid. Two
doses were given four weeks apart in the spring of 1960 and the vaccinated persons were
followed up for 2 1/2 years. The effectiveness of the vaccines was measured by comparing
typhoid morbidity rates in the three groups. It was found during an outbreak of typhoid
fever in Pristina two years after primary vaccination that both the acetone-dried and the
heat-phenol vaccines were effective, the former being superior.

The first controlled field trial designed to test the
effectiveness of antityphoid vaccines was conducted
in the period 1954-60 by the Yugoslav Typhoid
Commission (1962) in the town and district of
Osijek, although various types of typhoid vaccine
had been in use for more than half a century. The
Osijek trial proved that heat-killed, phenol-preserved
antityphoid vaccine freshly prepared from a Ty 2
strain (Felix, 1941) protected about three-quarters of
those immunized primarily with two doses and with a

* The trial reported here was supported by grants from
the Yugoslav health authorities and the World Health
Organization.

I The members of this Commission were: Dr Z. Ben6id,
School of Public Health, University of Zagreb; Dr B. Cvje-
tanovid (Secretary), School of Public Health, University of
Zagreb (present address: Division ofCommunicable Diseases,
World Health Organization. Geneva, Switzerland); Dr N.
Cernozubov (Chairman), Federal Institute of Public Health,
Belgrade; the late Dr H. turin, Institute of Hygiene, Pristina;
Dr M. MilokevhS, Institute of Hygiene of Serbia, Belgrade;
Dr M. Simid, Institute of Hygiene, Pristina; Dr N. Terziev,
Central Institute of Hygiene, Skopje.

reinforcing dose a year later; a similar degree of
protection was observed among those who did not
receive a reinforcing dose. Alcohol-killed and
-preserved vaccine proved to be of low effectiveness.
The immunity conferred by heat-phenol vaccine
lasted for at least three years. Laboratory potency
tests carried out on these two vaccines were rather
inconclusive and it was difficult to correlate them
with the results of the field trial. Since the vaccines
used in the above trial were in a liquid state and
probably deteriorated in the course of time, they
could not be used for further studies as reference
preparations. It proved necessary, therefore, to
continue typhoid vaccine studies.

Freeze-dried typhoid vaccines were indicated for
further study because of their stability. The World
Health Organization therefore sponsored controlled
field trials and collaborative laboratory studies with
dried heat-phenol-inactivated (heat-killed, phenol-
preserved) vaccine and acetone-dried and -inacti-
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vated (acetone-dried) vaccine which proved effective
on chimpanzees and in some laboratory tests
(Edsall et al., 1960). The heat-phenol-inactivated
vaccine was similar to the liquid one which had
proved effective in the first controlled trial (1954-60).
Controlled field trials were organized simultaneously
in British Guiana and Yugoslavia. Closely related
field studies were later set up in Poland and the
USSR, the results of which are to be published in
due course.
The Yugoslav Typhoid Commission organized

a controlled trial with the above two vaccines in
1960-62 in two towns, Bitola and Pristina, in southern
Yugoslavia. This trial was planned and executed
on 45 497 volunteers following the principles of
strictly controlled field trials (Cockburn, 1955;
Cvjetanovic, 1961).
Dr B. Cvjetanovic was entrusted with the over-all

planning of the trial and its execution in the town
of Pristina. Dr Z. Bencic was in charge of the work
in Bitola and the follow-up of the trial, while Dr M.
Milosevi6 supervised the clinical assessment of cases.
The late Dr H. Curin and Dr M. Simic assisted with
epidemiological field work in Pristina and Dr N.
Terziev did the same in Bitola. Bacteriological
diagnostic work was performed by Dr B. Zivkovic,
Dr J. Pecic and Dr A. Curin in Pristina and Dr B.
Bakalinova in Bitola, while clinical cases were dealt
with by Dr V. Tudjarev and Dr B. Andonovski in
Bitola and Dr D. Bugarinovic in Pristina.

TRIAL AREA AND POPULATION

The area for the study was selected upon consider-
ing the incidence of typhoid fever in various parts of
Yugoslavia. Although this disease is in rapid decline
in the country, it still persists in some localities with
poor sanitation. Among these it appeared that the
towns Pristina, in southern Serbia, and Bitola, in
Macedonia, have the highest incidence. Both towns
are rather small and of ancient settlement with old
and defective water supply and sewage disposal.
Both towns have a health centre with out-patient
clinics, an Institute of Hygiene with bacteriological
laboratories, and a general hospital with a depart-
ment of infectious diseases.
The population of Bitola was 46 947 inhabitants

on 1 January 1960. According to the census, the
population of Pristina was 38 891 on 31 March
1961. The population in both towns is composed
mainly of workers and employees of local industries
and various enterprises and institutions, but there

are also individual artisans, and some farmers in the
suburbs. There was a relatively large population of
schoolchildren.
The incidence of typhoid fever in the past fifteen

years has been rather high in both towns. The
average annual typhoid morbidity rate has been
about 20 per 10 000 population in Bitola and more
than 30 per 10 000 in Pristina, with a rather large
variation but only a slight tendency towards decrease.
The incidence was highest in the age-group 5-25
years, and it was somewhat higher in males than in
females. Furthermore it was higher in the autumn
than in any other season. The epidemiological
investigations indicated that both contact and
water- and food-borne spread were probably taking
place. These towns represent the type of endemic
area liable to sporadic outbreaks of typhoid fever.

Serological investigations prior to immunization 1
revealed rather high titres of H, 0 and Vi antibodies
both in Bitola and Pristina. Among 238 persons
examined at random, about one-half had H and 0
titres higher than 1: 25. Fifteen had H titres of
1: 500 or higher, while 63 had 0 titres of 1: 100 or
higher. Some 17% showed presence of Vi antibodies.
This indicates that a part of the population of these
endemic areas had developed some antibodies
during life.

VACCINES

The typhoid vaccines were prepared by the
Division of Immunology, Walter Reed Army Insti-
tute of Research, Washington, D.C., USA. These
are described in detail elsewhere.2 Tetanus toxoid
was used as a control vaccine.
The dosage scale for primary immunization is

presented below:

Children 2 doses; 0.5 ml each, or total
(under 14 years of age) 1000 million bacteria.

Adults 2 doses; 1.0 ml each, or total
(over 14 years of age) 2000 million bacteria.

The interval between two doses was 4 weeks. No
reinforcing dose was given.
Code letters (K and L) were used to designate the

bottles with acetone-inactivated (K) and phenol-

1 See the article by A. S. Benenson on page 653 of this
issue.

2 See the article by the Division of Immunology, Walter
Reed Army Institute of Research, on page 635 of this issue.
The results of potency tests of these vaccines are reported in
a paper by J. Spaun & K. Uemura (to be published).
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TABLE 1
RESPONSE TO TYPHOID VACCINATION CAMPAIGN IN BITOLA AND PRIgTINA

inactivated (L) vaccines and the bottles with their
respective reconstituting fluids. The control vaccine,
which was packed in the same type of bottle as the
two typhoid vaccines, was labelled with the code
letter M. No other indications for the differentiation
of the vaccines were given.

MASS VACCINATION CAMPAIGN

The planning and preparation for a mass vaccina-
tion campaign in Bitola and Pristina was based on
experience gained in Osijek (Yugoslav Typhoid
Commission, 1962) and during other campaigns.
An extensive health education programme was
developed to gain the co-operation of the people.
Carefully selected members of the vaccination teams
were trained for their work in these communities.
The vaccination campaign was carried out on a

voluntary basis. Persons from 2 to 60 years of age
were accepted for vaccination when found healthy
and with no proved history of enteric fevers or
vaccination against typhoid in the preceding five-
year period. For small children the parents' consent
was sought. Mass vaccination started in the second
half of April and ended by mid-June 1960, and
was carried out by 15 vaccinating teams, each com-
posed of four members. A personal record card was
established for each volunteer found fit for immuni-
zation. Vaccination was carried out in the places
most accessible and suitable for the people, and
consequently the teams might have to move several
times a day. Each volunteer received a subcutaneous
injection in the upper arm. Vaccines were allocated
to volunteers at random, according to the code
letters indicated on the random allocation list. Care
was taken to ensure that each person who received
a first dose returned for the second. This required a

great deal of health education and active work by
the team.

The number of persons inoculated is presented
in Table 1. From the data presented there, it may
be seen that about 62% of the population volun-
teered and that 53% completed the immunization
course. Only 3082 persons (6%) of those who
received the first injection did not return for the
second dose.

SIMILARITY OF VACCINATED AND CONTROL GROUPS

The formation of similar groups was achieved in
Bitola and Pristina through strict random allocation
of volunteers. Incoming volunteers were injected
with the appropriate vaccine indicated on a random
list of vaccine code letters.
Data regarding the similarity of the groups, which

is one of the most important points in the design of a
controlled field trial, are presented in Table 2, from
which it is evident that the three groups did not
differ to any significant extent as far as total numbers,
sex, age, occupation, migration, previous history
of disease and vaccination experience are concerned.
They were similar in other respects as well, and it
could therefore be assumed that their exposure and
susceptibility to typhoid fever were similar, as is
evident from the presentation of results below
(see Table 5).

REACTIONS TO INOCULATION

Only 6% of those who received the first injection
did not have the second inoculation. In respect of a
certain proportion valid reasons prevented their
coming forward, and only a limited number did not
return because of the reactions experienced after
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TABLE 2
SIMILARITY OF VACCINATED GROUPS

Group
Population data Acetone-dried Heat-phenol Control Total

vaccine vaccine vaccine

Total number completing
vaccination 15 052 15 221 15 224 45 497

Living in Bitola 10024 10153 10185 30362

Living in Priftina 5028 5068 5039 15135

Male:female ratio 8074:6978 8193:7028 8081 :7143 24348:21 149
(1000: 864) (1 000:858) (1 000: 884) (1 000:869)

Under 15 years of age 6 341 6 571 6 469 19 381

16-20 years old 2 280 2 167 2 198 6 645

21-30 years old 2 675 2 574 2 622 7 871

Over 30 years old 3 756 3 909 3 935 11 600

Number of pre-school children 1 902 2 054 1 981 5 937

Number of schoolchildren 6098 6148 6130 18376

Workers 2 992 3 037 3 006 9 035

Employees 1 129 1 153 1 184 3 466

Housewives 2 230 2139 2 215 6 584

Living less than 3 years In the
area 1 221 1 109 1 109 3 439

Living more than 3 years in the
area 3 556 3 556 3 605 10 717

Born in the area 9 258 9 501 9 478 28 237

Previous residence unknown 1 017 1 055 1 032 3 104

Previous history of possible
enteric infections 730 724 735 2 189

Previous history of diphtheria 311 277 324 912

Previous history of vaccination
(in preceding 5-year period)

Diphtheria 612 619 623 1 854

BCG 3 675 3 729 3 759 11 163

Smallpox 8 827 8 853 8 855 26 535

the first injection. It seems therefore that such and fourth days at about 10, 24, 48 and 72 hours
reactions did not inhibit the people's co-operation. after inoculation.

Reactions to inoculation were studied in 1265 No substantial difference is to be seen between the
vaccinated persons in Bitola (see Table 3), the reactions to the acetone-dried and the heat-phenol
examinations being made on the first, second, third vaccines on the one hand and, on the other hand,
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the reactions to the liquid alcoholized and heat-
phenol vaccines used in the first trial in Osijek
(Yugoslav Typhoid Commission, 1960). In addition,
the reactions during the later trials to the acetone-
dried and to the heat-phenol vaccines were very
similar. While there were rather more reactions to
the first injection of heat-phenol vaccine than to the
first acetone-dried vaccine injection, it seems that the
second dose of acetone-dried vaccine gave rise to
more reactions than the second dose of heat-phenol
vaccine. Reactions to the second dose, however,
were significantly milder than to the first dose of
either of the vaccines. Reactions to tetanus toxoid
were much less common than to the typhoid vaccines.

FOLLOW-UP

The vaccinated population was followed up for
two-and-a-half years.

Clinical and laboratory examinations in Bitola
and Pristina were carried out thoroughly and each
patient with pyrexia ofunknown origin was examined
for typhoid fever. The Health Centre, out-patient
clinics, hospital and Institute of Hygiene co-operated
closely, with the result that cases were diagnosed
early and in only a few instances was Salmonella
typhosa not isolated from the patient's blood. All
typhoid cases given in the tables were bacteriologi-
cally proved by positive blood culture, so there is
no doubt about the accuracy of the diagnosis.
Owing to the improvement in sanitation and

standards of hygiene in both towns, the incidence of
typhoid was at its lowest point ever during the follow-
up period. In fact it seemed that typhoid had
nearly disappeared when a water-borne outbreak in
Pristina took place in the spring of 1962.
That outbreak started on 6 April 1962, two years

after the vaccination campaign with the trial vaccines.
The spread of infection was due to the pollution of
water, first in one and later in a second defective
water supply system, so that the majority of the
population (almost 20 000) was exposed to heavy
infection through polluted water supplies during a
period of about three weeks. S. typhosa was isolated
from the drinking-water. All cases in this outbreak
were due to S. typhosa, phage type E., which is often
found in Yugoslavia.

After an explosive outbreak in April and May
1962, the typhoid epidemic did not come to an end
until September 1962. There were altogether 1160
notified cases of typhoid fever in Pristina, of which
734 (63.3 %) were proved by positive blood culture
and 21 by isolation of S. typhosa from faeces.
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YUGOSLAV TYPHOID COMMISSION

Taking into account only the cases proved by
blood culture, the typhoid morbidity rate per 1000
among 23 756 unvaccinated persons was 26, while in
5039 persons in the control group receiving tetanus
toxoid, it was only 13 (or a ratio of 2:1). The
differences were even more pronounced (11:1) in
the population exposed to heavy infection (see
Table 5).
From the above data it follows that the incidence

of disease was twice as high among those who did
not co-operate as among those who volunteered for
immunization. This indicates that volunteers were,
for various reasons, less exposed or less susceptible to
typhoid fever than those who refused to be vac-
cinated.
During the above outbreak, the population of

Pristina, as could be judged from the course of the
epidemic and the high morbidity rates, was exten-
sively exposed to heavy infection. The effectiveness
of the typhoid vaccines was thus tested against
unusually heavy exposure.
There were only two cases of paratyphoid B fever

observed in Prigtina among vaccinated persons.
In Bitola only a very few cases of typhoid fever

occurred during the follow-up period, but 26 para-
typhoid B cases were diagnosed among the vac-
cinated.

RESULTS OF THE FIELD TRIALS

Information on the typhoid cases occurring in
Pristina among the vaccinated is presented in Table 4.

TABLE 4
TYPHOID FEVER AMONG THE VACCINATED POPULATION

IN PRIgTINA

Effectiveness c

Vaccine No. of No. of Rate 95 %
group vacci- typhoid per

con-nated a cases b 1 000 % fidence

limits

Acetone-dried 5 028 16 3.2 79 63-88

Heat-phenol 5 068 37 7.3 51 26-68

Control 5 039 75 14.9 0

Total 15135 128

a Only those who received the full course of immunization
are included.

b Proved by positive blood culture.
c Percentage reduction of incidence rate in immunized

groups as compared with control group.

All these cases occurred during the epidemic of
April-September 1962 and all were proved by
positive blood culture. In addition, there were two
patients with positive faecal cultures but from
whose blood S. typhosa could not be isolated; one
of these was in the acetone-dried vaccine group
and the other in the control group. Eleven more
patients (not shown in the tables) were considered
probable typhoid cases, the diagnosis being made
both on clinical symptoms and on serological find-
ings; three were in the acetone-dried vaccine group
and four in each of the heat-phenol vaccine and the
control groups.
When all these 141 cases are taken into account,

the following appears to be the distribution of
typhoid among the respective vaccinated groups:
acetone, 20; phenol, 41; control, 80. This distribu-
tion does not differ essentially from that of cases
proved by positive blood culture as presented in
Table 4.
The differences between the morbidity rates in the

three groups are statistically significant (P < 0.01).
Both the acetone-dried and the heat-phenol vaccines
gave protection, but the acetone-dried vaccine gave
significantly higher protection than heat-phenol
(P < 0.05). Both vaccines proved effective for at
least two years after immunization. Their effective-
ness during heavy exposure is clearly shown by
Table 5, in which are presented the data for the
population of Pristina that was drawing its water
from heavily polluted sources.
As stated above, 26 paratyphoid B cases were

observed in Bitola. These cases were proved by
positive blood culture or by isolation of S. para-
typhi B from the faeces of the patient. The data
are given in Table 6, from which it is apparent that
typhoid vaccines do not give any protection against
paratyphoid B fever.
The age distribution of typhoid cases in Pristina

is presented in Table 7. The effectiveness of ace-
tone-dried vaccines is of a similar order and is
statistically significant in both those under and those
over 15 years of age (P < 0.01), but that of heat-
phenol vaccine is statistically significant only in the
younger age-group (P < 0.01). It appears that the
heat-phenol vaccine was of very low, if any, effective-
ness in people over 15 years of age, and the difference
between the effectiveness of the two vaccine prepara-
tions is apparently due to the failure of heat-phenol
vaccine to protect the older age-group.
The duration of immunity could not be assessed

exactly since all cases occurred at one time. How-
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TABLE 5
TYPHOID FEVER AMONG THE VACCINATED AND UNVACCINATED POPULATION

IN PRIgTINA EXPOSED TO HEAVILY POLLUTED WATER SUPPLIES

Effectiveness b

Vaccine group of No. No. of typhoid Rate 95%ofpersons cases a per 1 000 conidnc
limits

Vaccinated population C

Acetone-dried 3 346 13 3.9 70 43-85

Heat-phenol 3 386 20 5.9 53 18-74

Control 3 340 43 12.9 0

Total vaccinated 10072 76 7.5

Unvaccinated population

No vaccine 9 500 777 81.8

a Proved by positive blood culture.
b Percentage reduction of incidence rate in immuniz3d groups as compared with control group.
c Only those who received the full course of immunization are included.

ever, it is evident that the immunity lasts longer than
two years.

Tetanus was not observed in the population of
either town during the follow-up period.

DISCUSSION

A comparison of the results of this controlled
field trial with the first typhoid vaccines trial in
Yugoslavia (Yugoslav Typhoid Commission, 1962)
shows that the findings are similar and consistent.
In both trials heat-phenol vaccines (either liquid or
in the dry state) proved effective. This also proves
that potent typhoid vaccines are reproducible.

TABLE 6
PARATYPHOID B FEVER AMONG THE VACCINATED

POPULATION IN BITOLA

Vaccine group No. vaccinated a No. of paratyphoid
cases

u

Acetone-dried 10 024 8

Heat-phenol 10153 10

Control 10 185 8

a Only those who received the full course of immunization
are included.

b Proved by positive blood culture or isolation of S. para-
typhi B from faeces.

TABLE 7

AGE DISTRIBUTION OF TYPHOID CASES
IN THE VACCINATED POPULATION IN PRIgTINA

Age-group

Vaccine group Under 15 years 15 years and over

vaccinated a Cases b
vaccinated a Cases b

Acetone-dried 2 423 11 2 605 5

Heat-phenol 2 467 17 2 601 20

Control 2 446 47 2 593 28

a Only those who received the full course of immunization
are included.

b Provad by positive blood culture.

Differences in the degree of protection conferred
by the same acetone-dried and heat-phenol vaccines
in the trials in British Guiana 1 and in those in
Yugoslavia might be due to a higher infective dose
and a longer lapse of time between immunization
and challenge in Yugoslavia than in British Guiana.
The higher degree of protection afforded by both
vaccines which was observed in the trial in British
Guiana might also be due to the difference in the

1 See the report by the Typhoid Panel, UK Department
of Technical Co-operation, on page 631 of this issue.
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age of the population, since in British Guiana only
schoolchildren were involved whereas in Yugoslavia
both young and old participated. Other, as yet
incompletely understood, factors may well also have
contributed to the difference in the degree of pro-
tection, since the local populations in British Guiana
and Yugoslavia and their living conditions differed
in many ways. This indicates that the actual effective-
ness in the field of any one typhoid vaccine depends
not only on its quality but also on the susceptibility
and resistance of the population as well as on envi-
ronmental and other factors. These should not be
overlooked when planning mass vaccination against
typhoid fever.

So far as public health practice is concerned, the
above findings indicate that two doses of acetone-
dried vaccine give a high degree of protection against
typhoid. The results of the first Yugoslav trial
(Yugoslav Typhoid Commission, 1962) suggest that
subsequent reinforcing doses may be needed at
3- or 4-year intervals only. Acetone-dried vaccine
has the further advantage that, being very stable,
it can withstand unfavourable conditions in the field.
The advantages of acetone-dried vaccine apply to

a lesser extent to heat-phenol-inactivated vaccine as
well. However, neither of these monovalent typhoid
vaccines confers protection against paratyphoid
fevers.
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RIESUMP§

Apres avoir montre, au cours d'etudes poursuivies de
1954 A 1960, que le vaccin antityphoidique inactive par la
chaleur et conserve dans le phenol confere une immunite
assez forte et durable, la Commission yougoslave de la
typhoide a decide de soumettre a des essais rigoureuse-
ment contr6les deux vaccins desseches, l'un inactive par
l'acetone, l'autre inactive par la chaleur et conserve dans
le phenol.

Ces essais ont ete organises dans deux villes, Bitola et
Pristina. Ils ont porte sur 45 497 volontaires repartis en
trois groupes (30 362 volontaires A Bitola et 15 135 a
Pristina); le choix a ete fait par echantillonnage aleatoire.
Les groupes etaient d'importance egale et semblables en
ce qui conceme la repartition selon I'age, le sexe, la pro-
fession et d'autres caracteres. Deux doses de vaccin ont
ete administrees, A quatre semaines d'intervalle. Le pre-
mier groupe est constitue par les sujets ayant reru du
vaccin inactive par la chaleur et conserve dans le phenol,

le second par les vaccines au vaccin inactive par l'acetone,
le troisieme (groupe temoin) par des sujets ayant requ
deux injections d'anatoxine tetanique. Ces vaccinations
ont eu lieu au printemps 1960 et les volontaires ont ete
suivis pendant 2 ans et demi.
Au mois d'avril 1962, une epidemie de fievre typhoide

eclata A Pristina. Pendant cette epidemie explosive d'ori-
gine hydrique, survenue deux ans apres la campagne de
vaccination, 128 cas de typhoide, prouves par des hemo-
cultures positives, ont ete observes parmi les volontaires.
A la meme epoque, il n'y eut que quelques cas A Bitola.
La proportion des cas de typhoide dans le groupe vaccine
par le vaccin inactive par l'acetone fut de 3,20/oo dans le
groupe vaccine par le vaccin phenole de 7,3Ioo, dans le
groupe temoin de 14,90/oo. L'analyse statistique montre
que l'efficacite des deux vaccins est significative deux ans
apres la vaccination et que le vaccin inactive par l'acetone
est superieur au vaccin phenol.
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