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A Controlled Field Trial of the Effectiveness
of Phenol and Alcohol Typhoid Vaccines*

Final Report

YUGOSLAV TYPHOID COMMISSION1

In order to determine the effectiveness of anti-typhoid vaccines in man a controlledfield
trial, the first of its kind, was organized in 1954-60 in the town and district of Osijek, Yugo-
slavia. Heat-killed, phenol-preserved and alcohol-killed, alcohol-preserved anti-typhoid
monovaccines were used, with phenolized dysentery vaccine as a control. Some 36000
volunteers were allocated at random into three comparable groups: a phenol-vaccine
group, an alcohol-vaccine group and a control group. Immunization consisted ofa primary
course of two injections. A reinforcing dose was given a year later. The effectiveness of the
vaccines was measured by comparing specific morbidity in the three groups, andfor greater
accuracy only bacteriologically proved typhoid cases were taken into consideration in the
statistical analysis. In addition, some 11 000 persons were vaccinated in 1955; these were
divided at random into two groups, which received phenolized and alcoholized vaccine
respectively; there was no controlgroup. It wasfound that phenolized vaccine gave relatively
high protection while alcoholized vaccine was of little, if any, efficacy. The efficacy of
phenolized vaccine was of rather long duration. These field results obtained on man are
not in agreement with the results of laboratory tests known at present. Neither laboratory
assays on mice nor serological tests on man could be correlated with the results of the field
trial. For this reason further studies are necessary in order to determine the value ofvarious
other types ofanti-typhoid vaccines and to develop reliable laboratory testsfor the measure-
ment of the potency of anti-typhoid vaccines.

Vaccination against typhoid fever has been prac-
tised for over fifty years (Pfeiffer & Kolle, 1896;
Wright & Semple, 1897; Wright, 1900). Although
it has been used extensively-especially in armies
(Vysokovich, 1900; Great Britain, Army Council,
1913)-no conclusive evidence as to the degree of

* The trial reported here was supported by grants from
the Yugoslav health authorities; the Public Health Service
of the US Department of Health, Education, and Welfare;
and the World Health Organization.

1 The members ofthe Commission were: Dr B. Cvjetanovid,
School of Public Health, University of Zagreb (present
address: Division of Communicable Diseases, World Health
Organization, Geneva, Switzerland); Dr H. Emili, Central
Institute of Hygiene, Zagreb; Dr D. Ikid, Institutes of
Immunology, Zagreb; Dr A. Merdio, Department of
Infectious Diseases, General Hospital, Osijek; Dr F. Mihal-
jevid, Department of Infectious Diseases, University of
Zagreb; Dr A. Nevidal, Institute of Hygiene, Osijek; Dr J.
Rucker, Institutes of Immunology, Zagreb; and Dr P.
Tomalid, Central Institute of Hygiene, Zagreb.

protection which vaccination affords was found
until recently.
Our preliminary report, published in 1957, on the

first controlled field trial of anti-typhoid vaccines
proved that heat-killed phenol-preserved vaccine
gave a considerable degree of protection at least
after one year of immunization (Yugoslav Typhoid
Commission, 1957). This is the final report on the
trial organized in 1954 and 1955 and on the follow-up
for the six subsequent years (1954-55 to 1960).
The early trial of Wright and collaborators on

typhoid vaccine gave results which were generally
accepted as proof of the protective value of the heat-
killed vaccine in spite of the unfavourable criticism
of some contemporary authors (Pearson, 1904;
Bruce, 1905). When the findings of the Anti-Typhoid
Committee of the Army Council of Great Britain
(1913) were re-examined in the light of modem

1107 -357-



YUGOSLAV TYPHOID COMMISSION

knowledge on properly controlled field trials, it was
found that they were not entirely acceptable by
present standards. These trials did not meet some
of the essential requirements; among others, the
vaccinated and control groups were not comparable
in many ways (Cockburn, 1955b).

Since the end of the field studies of the British
Anti-Typhoid Committee in 1912 more vaccines have
been tested in laboratory animals or by measuring
agglutinin response in man. Felix's classical studies
on the antigenic structure of Salmonella typhi
and his introduction of the alcoholized vaccine, in
which the Vi antigen was preserved (Felix, 1941),
increased the interest in the preparation of effective
vaccines. The Second World War provided opportu-
nities for large-scale observations on the value of
both the alcoholized and the older phenolized
vaccines. The numerous favourable and unfavour-
able reports during and since that war have not,
however, clarified the position (Siler et al., 1941;
Boyd, 1943; Jordan & Jones, 1945; Holt, 1948).
Some Soviet authors described a number of

field trials conducted mainly with trypsin-digested
purified and adsorbed vaccines incorporating anti-
gens of Salmonella typhi, Salmonella paratyphi A
and B, Shigella dysenteriae and some others (Slavin,
1956; Yablokov, 1956; Kheifets et al., 1958; Savina,
1959). These trials were not conducted according
to the principles of controlled field trials and there-
fore were subjected to criticism (Cvjetanovic, 1961).
Another trial, organized by Mello et al. (1931)

with oral vaccine, was conducted on too few people
and again not according to the standards of properly
controlled field trials.

In 1953, the Yugoslav Typhoid Commission
organized the first controlled field trial of typhoid
vaccines on the lines of large-scale trials, as outlined,
for instance, by Cockburn (1955a).
Dr B. Cvjetanovi6 was in charge of the field trials;

the vaccines were produced by Dr J. Rucker, the
clinical assessment of cases was made by Dr J.
Falisevac, Dr A. Merdzo and Dr F. Mihaljevic.
Serological studies were performed by Dr P. Tomasic,
and laboratory tests of potency of vaccines were
carried out by Dr D. Ikic.

FIELD TRIAL OF TYPHOID VACCINES

Trial area and population
A study of typhoid fever in Yugoslavia showed

that the town and district of Osijek had a persistently
high incidence (Komisija za Tifus, 1957). There were

also a good general hospital with a large infectious
diseases department, good laboratory facilities and
a well-organized Institute of Hygiene. The popula-
tion of this town in 1954 was 57 427 and that of the
surrounding villages 50 925, making a total of
108 352 inhabitants. The number of cases of typhoid
notified annually in a 10-year period before the trial
in the town of Osijek was about 150. Between 1946
and 1953, the morbidity rate in the area varied from
15.19 to 36.50 per 10 000 inhabitants, the average
being 30.48 per 10 000.
At Osijek the hospital records showed the cases

to be distributed fairly equally between the sexes.
Admission to the hospital because of typhoid was
highest in the 15-19-year age-group in the years
1926-36. Of all the admissions 70% were of persons
less than 25 years old in a five-year period prior to
the trial (1947-51).
The incidence of typhoid showed only slight

increases in summer and autumn.
Typhoid morbidity was higher in the town than

in the villages, probably owing to the town's un-
satisfactory water supply and sewage disposal
system. Many carriers live in and around the town,
and the sewage contaminated with Salmonella typhi
is discharged untreated into the river Drava. The
town of Osijek spreads in a narrow belt along one
bank of this river. At that time the water for the
town water supply system was drawn directly from
the river by two pumping stations, one in the upper
part of the town and one in the lower. The water
was chlorinated only as it entered the pumping
stations. Neither filtration nor sedimentation took
place and therefore the water contained a varying
amount of mud in suspension. The water from the
lower part of the town was drawn from the river
below the point of entry of some of the sewers from
the upper part of the town. Usually it was possible
to detect S. typhi in the river water when it entered
the pumping station and before it was chlorinated.
Often one or more colonies of S. typhi could be
isolated from 1 ml of river water. Owing to this,
typhoid fever has always been more prevalent in
the lower than in the upper part of the town. Water-
borne typhoid fever was frequent in the town but
food-borne infections also occurred from time to
time.

Serological investigation among 192 volunteers
(5-50 years of age) taken at random proved that they
had been heavily exposed to infection as 42% had
H antibodies (titres 1: 25 to 1: 500), 26.3 % had 0
antibodies (titres 1: 25 to 1: 250) and 12.5% had
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Vi antibodies (titres 1: 2 to 1: 8). Most of the posi-
tives had two or three antibodies present at the time
(Komisija za Tifus, 1957). The presence of antibodies
in a considerable proportion of the population prior
to vaccination indicated that they perhaps had
developed some kind of basic immunity to typhoid
fever.

Plan of the trial

The aim of the trial was to obtain answers to the
following three questions:

1. Are the two most widely used vaccines, the
alcohol-killed and preserved and the heat-killed
phenol-preserved, of any value in the prevention
of typhoid fever?

2. If they are of value, which one is the more
effective ?

3. How do the results of laboratory tests of
potency compare with the protection afforded to
the inoculated?

Only those who volunteered to take part (or, in
the case of children, whose parents agreed that they
should take part) were accepted for inoculation. Only
healthy persons between 5 and 50 years of age were
vaccinated and included in the trial. During a careful
follow-up of the vaccinated, it was discovered that
among children under 5 years of age typhoid was
much more prevalent than had earlier been thought
owing to the symptoms in children being usually
very mild. Because of this, in the following year
(1955) children down to 2 years old were
accepted for immunization. Volunteers were accept-
ed provided they had no previous history of typhoid
fever or of recent typhoid vaccination and provided
they had no infective or other serious illness.

In order to have guidance for the main trial a
pilot study was undertaken among the 1400 inhabi-
tants of an island in the Adriatic, using alcoholized
and phenolized paratyphoid B vaccines along with
the Shigella flexneri type II vaccine prepared as the
control vaccine for the main trial. Apart from the
use of paratyphoid vaccines in place of typhoid
vaccines, the pilot trial was carried out exactly
according to the plan for the main study. The
procedure in the main study wa later modified
where experience in the pilot trial s owed this to be
necessary, and thus many unforeseen difficulties
were avoided.
Random allocation of individuals was adopted

so that all volunteers were divided into three groups,

one of which received the alcoholized typhoid
vaccine, another the phenolized typhoid vaccine,
and the third a phenolized vaccine prepared from
Shigella flexneri type II as a control vaccine. By
using this control vaccine it was hoped to obtain
some information on the possible value of the
vaccination against dysentery.
The trial was organized according to the recog-

nized principles of controlled field trials (Cockburn,
1955a; Cvjetanovic, 1961). In order to avoid possible
bias in the allocation of volunteers to the groups,
the three vaccines, which were similar in appearance,
were indicated by code letters only.
To avoid bias in the diagnosis of typhoid fever

on clinical and serological grounds, only a diagnosis
based on positive blood culture was considered as
definite proof of typhoid.

Vaccines

The typhoid vaccines were prepared from a single
large pool of cultures of S. typhi strains Ty 2a and
Ty 2b, with high content of 0 and Vi antigens,
provided by the late Dr A. Felix. One half of the
batch was treated with alcohol according to the
method devised by Felix (1941) and the other half
was inactivated by heating at 56°C for one hour,
after which 0.5% phenol was added as a preservative.
Each typhoid vaccine contained about 3000 million
bacteria per ml as estimated by Wellcome opacity
tubes for the standardization of bacterial vaccines,
revised scale, 1952.
The dysentery control vaccine was made from two

freshly isolated strains of Sh. flexneri type II, and
contained 1500 million organisms per ml.
The following dosage scales were adopted for the

primary course of vaccination, the interval between
the two doses being three weeks:

Adult males 0.25 ml and 0.5 ml (2250 million bacteria)
Adult females 0.2 ml and 0.4 ml (1800 million bacteria)
Children, 2-12

years old 0.2 ml and 0.4 ml of a 1: 4 dilution of
vaccine (450 million bacteria)

A reinforcing dose, which was equal to the first
dose of the primary course, was given a year later.
The vaccines were packed in single-dose ampoules

in order to avoid any contamination and for greater
safety.
The vaccines used for reinforcing doses and for

the primary course in 1955 were freshly prepared by
the same methods as the vaccines prepared in 1954.
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TABLE 1
NUMBER OF PERSONS WHO RECEIVED FULL COURSE OF IMMUNIZATION IN THE TRIAL IN 1954 AND 1955 ACCORDING

TO PLACE OF RESIDENCE AND COHORTS

Number of
Total number of Number of persons in controlled field trial of 1954 persons in field Total number

Inhabitants trial of 1955 persons in
Place of 1954 1955 and later Total number of 1955 and later 1954 andresidence ~~~~~~~2doses in 2 doses in 1954 persons in con- of1955n1954 1955 2 doses in 1954 only and reinforcing trolled fleld trial 2 doses in Of 19551954 (A+B) (A) dose in 1955 (B)Iof 1954 (A+B) 1955 only (C) (A+B+C)

Osijek town 57427 64587 16932 4469 12463 16932 6451 23383

Osijek district 50 925 60 413 18 576 4 529 14 047 18 576 4 837 23 413

Osijek town
and district 108 352 125 000 35 508 8 998 26 510 35 508 11 288 46 796

Mass vaccination campaign
The vaccination campaign commenced, after

extensive health education of the public, in March
1954-a month when the incidence of typhoid is
usually low-and was completed in June of that year.
There were 20 vaccinating teams, each of two
doctors and two assistants. Before commencing
work in the field all members of the teams were

given a week's course of instruction on controlled
field trial practice and the principles with which their
work should comply. The vaccines were stored at
4°C in the refrigerator and in small ice-boxes during
transport to and use by the inoculating teams.
The vaccines were identified by code letters, two

for each vaccine, the key to which was not known
to the vaccinators. The vaccinators were given
sheets containing the code letters in random order,
and the volunteers were each allocated a vaccine

letter from the list in order as they came for the
injection.
A personal record card was filled in for each

volunteer and was later used for follow-up and
analysis.

Volunteers received a subcutaneous injection in
the upper arm. The injections were given at factories,
schools and other places as was most convenient
to the people. Those who failed to return for the
second injection were sent a postcard giving them
another appointment. If this appointment was not
kept the postcard was repeated, and if this failed,
the person was visited at home.

Reinforcing doses were given in the 1955 vaccina-
tion campaign, which also began in March and was
completed in June. The aim of this campaign was
primarily to give reinforcing doses to those who had
received two primary immunization doses in 1954.

TABLE 2
NUMBER OF PERSONS WHO RECEIVED FULL COURSE OF IMMUNIZATION IN THE TRIAL IN 1954 AND 1955 ACCORDING

TO THE TYPE OF TRIAL, TYPE OF VACCINE RECEIVED, TIMING AND DOSAGE

Vaccination course Vaccines Total number ofTriallYears (and cohorts) Phenolized|n Control persons in the trial

1954 (A+B) 2 doses in 1954 11503 12017 11988 35508

Controlled
field trial 1955 (A) 2 doses in 1954 only 2908 3104 2986 8998

and later (B) 2 doses In 1954 and
reinforcing dose in 8 595 8 913 9 002 26 510
1955

Field trial 1955
of 1955 and later (C) 2 doses in 1955 only 5 688 5 600 - 11 288

Total number of persons in the trial in 1955 and later 17191 f 17 617 ] 11 988 ] 46796
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Each person received the same type of vaccine as
his record card showed him to have received the
previous year. Some people did not return for the
reinforcing dose.
On the other hand, a number of people, children

in particular (including those 2-5 years of age), came
for the first immunization. As it was already known
from the results for the previous year that typhoid
vaccines are effective, it was decided for ethical
reasons that these persons should not be given
placebo-control vaccine. Some who had received
one injection only during the previous year and came
for revaccination in 1955, were given a full course
of the same typhoid vaccine as that which they
received in 1954.
Thus at the end of the spring of 1955, there were

two main cohorts in the controlled field trial (each
composed of the three vaccinated groups):

A. Those given two primary doses in 1954 and
no reinforcing dose.

B. Those given two primary doses in 1954 and
a reinforcing dose in 1955.

There was in addition a third cohort:
C. Those given two doses in 1955 only and no

reinforcing dose.
This cohort comprised only two vaccinated groups,
given alcohol and phenol vaccine respectively, and
no control group. As cohort C did not include a
control group, it is not considered properly a part
of the controlled field trial and will be treated
separately from cohorts A and B. The field trial
involving cohort C was intended only for the purpose
of evaluating the relative effectiveness of the alcohol
and phenol vaccines produced and applied in 1955.
The data concerning these trials will therefore be

presented for cohorts A and B as the results of the
" controlled field trial of 1954 " and separately for
cohort C as the results of the " field trial of 1955 ".

Indeed, they may be considered two separate
trials, although they were carried out in the same
place and overlapped in time.

Cohorts A and B are to a certain extent compar-
able with cohort C, but they differed in some ways
since cohort C comprised more of the urban popula-
tion and more children in view of the fact that it
included those under 5 years of age.

In 1954 only 6.6% of those who volunteered for
vaccination did not complete the course (see Table 3
below), and of those who came for vaccination in
1955 14.3% failed to come for the second injection
(see Table 8 below).

Number ofpersons inoculated

The numbers of persons given injections in the
trial are given in Table 1.

In 1954, 33% of the total population of the town
and district, or about 50%. of the 5-50-year age-
group, completed the immunization course. Taking
the number of vaccinated people in 1954 and 1955
together, 44% of the population, or about 60% of
those eligible, had completed the immunization
course. Relatively more persons were vaccinated in
the district than in the town.
The distribution of the vaccinated into three

vaccine groups was simple in 1954. In 1955, how-
ever, the campaign included both primary immuniza-
tions and reinforcing doses for those already
vaccinated in 1954, and the original three groups
were therefore made into eight groups. The numbers
of persons involved in the trial, in each of the
vaccine groups and in each of the cohorts A, B
and C, are presented in Table 2.

RESULTS OF CONTROLLED FIELD TRIAL OF 1954

Similarity of vaccinated and control groups
Altogether 35 508 people completed vaccination

in this controlled field trial. They were divided at
random into three groups which received phenol,
alcohol and control vaccine respectively. It will be
seen from Table 3 that these groups were similar
with regard to age, sex, length of stay in the trial
area, profession and history of previous illnesses.
The groups were compared in addition in respect

of various previous inoculations and were found
similar. This similarity of the groups was also
observed in smaller units, i.e., streets, factories,
schools, etc. (Komisija za Tifus, 1957). Slight
discrepancies were, however, noted between the
numbers of persons allocated to the three groups;
the number for the alcoholized vaccine was the
largest and that for the phenol group the smallest.
These differences are somewhat larger than what
may be expected with a random allocation; the
reason for the discrepancies is not known.

Reactions to inoculation
Reactions to inoculation in the primary course of

immunization were studied in 1954. Local and
general reactions were recorded in 640 persons
chosen at random (Table 4). Each person was
visited 24, 48 and 72 hours after each of the two
injections.
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TABLE 3
SIMILARITY OF VACCINATED GROUPS IN CONTROLLED FIELD TRIAL OF 1954

(Cohorts A and B)

IuPhenolized Alcoholized Control TotalGroups vaccine vaccine vaccine

Total number of vaccinated 12 412 12 955 12 637 38 004

Completed vaccination 11 503 12 017 11 988 35 508

Failed to complete vaccination 909 938 649 2 496

Living In upper town 4 457 4 665 4 568 13 690

Living in lower town 1 401 1 469 1 436 4 306

Living In country 6 554 6 821 6 633 20 008

Male: female ratio 6 204: 6 208 6 451: 6 504 6 274: 6 363 18 929:19 075
(1 000°: 001) 1 000°:1 008)(1 000 1 014) (1 000 1 008)

Under 15 years old 3 911 4 059 3 877 11 847

16-20 years old 2 529 2 529 2 463 7 512

21-30 years old 2 801 2 975 3 028 8 804

Over 30 years old 3180 3 392 3 269 9 841

Number of pre-school children 606 608 557 1 771

Number of schoolchildren 4190 4 317 4 190 12 697

Living less than 3 years in the area 1 318 1 307 1 383 4 008

Living more than 3 years in the area 11 094 11 648 11 254 33 996

Workers 3 552 3 762 3 743 11 057

Employees 946 1 018 1 017 2 981

Housewives 1 782 1 890 1 834 5 506

Previous history of paratyphoid 14 14 17 45

Previous history of diphtheria 251 ] 276 [ 297 ] 824

As can be seen from Table 4, reactions were not
severe. It was not possible to observe much dif-
ference in the reactions between the vaccines,
although the control vaccine might have some
advantage. The reactions to the second injection
were generally somewhat greater and more frequent
than those to the first one. Five persons developed
cysts, presumably sterile as no bacteria were found in
their contents, at the inoculation site. No other
untoward sequelae were noted.

It can be seen from Table 3 that those who
received the control vaccine showed less tendency
to avoid the second injection and this may also

suggest that reactions to the control vaccine were
less severe. The other two vaccines seem to be equal
in this respect.

Follow-up
Reliance on case-finding in the trial groups after

vaccination was placed in the main on general
practitioners and hospital physicians in the area,
who were encouraged to send all definite or suspected
cases of enteric fever to the fever hospital for inves-
tigation. In addition, the home of each vaccinated
person was visited for the first year by two nurses
at three-monthly intervals to record the sanitation
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TABLE 4
REACTIONS TO INOCULATION IN 1954

Redness and
Temerature Unable to work Severe local Severe head- swelling of

ovter31Cafter pains after aches after diameter over
Number Iouaftern inoculation Inoculation inoculation 10 cm after

Vcie Inocu- of iouaonInoculation
Vcie lation persons________

visited on day on day on day on day on day

_____ - __ - ____~~1J2]3s 3f2 312 3 1J2 3 I

Phenolized 1St 214 17 6 2 14 3 2 11 3 0 12 3 0 7 5 3

2nd 154 17 2 1 26 12 6 6 2 0 26 5 0 12 10 1

Alcoholized 1st 202 15 5 2 11 6 2 6 1 0 8 4 0 6 8 1

2nd 147 15 4 1 25 12 7 8 1 0 25 7 0 13 10 1

Control 1st 224 12 5 1 14 4 2 8 1 0 11 4 0 8 12 3

2nd 175 [9 3] 1J17[7 3 5J1 0 152 018 [ 411

and hygiene habits of the family as well as to ensure
that cases were not being missed. In fact, no further
suspicious cases were discovered as a result of these
visits.
The numbers of those who received the full

course of primary immunization, with or without
a reinforcing dose, and who were followed up have
been shown in Table 2.

Clinical assessment of typhoid cases

Owing to the presence of H, 0 and Vi antibodies
in the population of typhoid endemic areas such as
Osijek an increase of Widal titres may occur in
the course of some other febrile illness. In such
areas there are many typhoid carriers who may also
pass S. typhi in their faeces during another febrile
illness. In order to avoid any criticism of including
in the statistics any doubtful case of typhoid fever,
a very high standard of diagnosis of typhoid fever
was imposed.
Only those with positive blood cultures -were

considered as proved typhoid cases. A " probable
case"1 was defined as a patient who had a negative
blood culture but a positive stool and typical
clinical illness. The possibility that such persons
might have been carriers suffering from another
illness could not be excluded and therefore our
statistical presentations are not based on them.
Efforts were made to prove every case by blood
culture; probable cases therefore amounted to less

than 10% of proved cases and were proportionally
distributed in the three vaccine groups.

Incidence of typhoid in the vaccinated
The distribution of the proved cases among the

different vaccine groups is presented in Tables 5
and 6.
A study of the diagnosis of the 151 vaccinated

persons admitted to the hospital for any reason
during the epidemic period 1 June to 30 September
1954-when the majority of typhoid cases occurred-
revealed that the only striking difference between
the three vaccine groups was in the incidence of
typhoid fever (Table 7).
During the small typhoid outbreak in 1958, the

study of vaccinated persons admitted to the hospital
for any condition showed again that the three vac-
cinated groups were comparable as far as morbidity
of diseases other than typhoid was concerned. There
were seven proved typhoid cases in the alcohol
group, seven in the control group and none in the
phenol group, while there were three probable
cases in each group.

These two examples represent an additional
indication as to the relative effectiveness of the
vaccines and the comparability of the vaccinated
and control groups as far as morbidity of infective
diseases is concerned.

T'hese were the only two outbreaks of typhoid in
Osijek during the observation period 1954 through
1960. The typhoid morbidity was steadily decreasing
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TABLE 5
TYPHOID FEVER AMONG VACCINATED PERSONS IN CONTROLLED FIELD TRIAL OF 1954 a

(Cohort A: 2 primary doses in 1954)

1954-55 1955-60 1955-56 1956-57 1957-58 1958-59 1959-60 Total
Vaccine Average____ _______________________
group No. No. No. No. No. No. No. No. No. annual rateobserved cases observed cases cases cases cases cases cases per 10 000

Phenol 11 503 7 2 908 0 0 1 0 0 8 1.6

Alcohol 12 017 17 3104 0 0 0 1 0 18 2.9

Control 11 988 j 23 2 986 0 3 0 1 0 27 5.4

(Cohort B :2 primary doses in 1954 and reinforcing dose in 1955)

1955-60 1955-56 1956-57 1957-58 1958-59 1959-60 Total
Vaccine Average
group No. No. cases No. cases No. cases No. cases No. cases No. cases annual rate

I_observed I__ per 10000

Phenol 8 595 2 1 1 2 1 7 1.6

Alcohol 8 913 6 1 0 6 1 14 3.1

Control 9 002 8 4 6 9 1 28 6.2

a The years shown cover the period from 1 June of the first year to 31 May of the following year.

TABLE 6

INCIDENCE OF TYPHOID FEVER AMONG VACCINATED PERSONS IN CONTROLLED FIELD TRIAL OF 1954

Years after vaccination
-T ta

Vaccine of immunization 1 2 3 4 5
group Shm fimnzto

No. ob- No. No. ob- No. No. No. No. No. Average
served a cases served a cases cases cases cases cases apnenual roe

Primary course + reinforcing
dose 8 595 2 8 595 1 1 2 1 7 1.6

Phenol Primary course only 11 503 7 2 908 0 0 1 0 8 1.9

Total 20098 9 11503 1 1 3 1 15 1.9

Primary course + reinforcing
dose 8 913 6 8 913 1 0 6 1 14 3.1

Alcohol Primary course only 12 017 17 3 104 0 0 0 1 18 3.5

Total 20930 23 12017 1 0 6 2 32 3.7

Primary course + reinforcing
dose 9 002 8 9 002 4 6 9 1 28 6.2

Control Primary course only 11 988 23 2 986 0 3 0 1 27 6.5

Total 20990 31 11 988 4 9 [ 9 2 [ 55 ] 7.0

a The numbers observed do not represent actual numbers of persons vaccinated withaparticular vaccine in a particularcalendar
year but numbers of vaccinated persons who were observed in the appropriate vaccine group each year following the completionof vaccination. Thus those who received a primary course of immunization in 1954 and then a reinforcing dose in 1955 appeartwice: once as a group of primary vaccinated only for one year and then as a group which received a reinforcing dose in 1955 for
subsequent years.
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TABLE 7

-HOSPITAL DIAGNOSES IN VACCINATED PATIENTS
ADMITTED FROM 1 JUNE TO 30 SEPTEMBER 1954

TO OSIJEK HOSPITAL

Vaccine group
Hospital diagnosis Total

Phenol |Alcohol |Control ____________________

Typhoid fever proved 2 16 13 31

Suspected typhoid 2 2 3 7

Dysentery, bacillary 13 16 10 39

Dysentery, amoebic 0 1 1 2

Gastro-enterocolitis 2 4 4 10

Paratyphoid B 2 1 2 5

Leptospirosis 9 9 13 31

Hepatitis, infective 5 0 4 9

Other diagnoses a 6 5 6 17

All infections except typhoid 39 38 43 120

All diagnoses 41 54 [ 56 J151

a Other diagnoses include pneumonia, pleurisy, scarlet fever,
sore throat, infectious mononucleosis and tuberculosis.

through these years. The construction of a new
water supply system was initiated in 1955 and com-
pleted early in 1959. This has greatly added to the
control of typhoid in Osijek and to its ever-decreasing
morbidity. However, this fortunate development
has virtually put an end to the further study and
follow-up of the effectiveness of the typhoid vaccines.
Over the whole period of the trial, therefore, as

is shown in Tables 5 and 6, 102 cases were detected,
15 in the phenolized vaccine group, 32 in the
alcoholized vaccine group and 55 in the control
group.

Statistical tests confirm that there is a significant
difference between the phenol and control groups
(P<0.001). The difference in the protection con-
ferred by the phenolized as against the alcoholized
vaccine is also evident, but only during the first year
after vaccination (P<0.05).
The age distribution of the cases among the vaccin-

ated suggests a somewhat more pronounced difference
between the phenolized vaccine group and the other
two groups in young children than in persons over
14 years of age.

Incidence of dysentery and effectiveness of dysentery
vaccine
As Sh. flexneri type II vaccine was used as a

control, attention was paid to the incidence of
dysentery in order to see whether this type of
vaccine gave any protection against this disease.
Only cases of bacterial dysentery admitted to

hospital in 1954 and 1955 were included in the
analysis. There were altogether 39 cases, of which
33 were due to Sh. flexneri. In 1954 and 1955, 11 of
the 39 were in the Sh. flexneri type II vaccine group,
15 in the phenolized typhoid vaccine group and
13 in the alcoholized typhoid vaccine group. The
difference between the dysentery vaccine group and
the two typhoid vaccine groups was not significant.

Incidence of paratyphoid
Of 16 paratyphoid cases 3, 7 and 6 occurred

in the phenol, alcohol and control groups respec-
tively. These differences are not statistically signifi-
cant. The numbers of cases are too small to allow
of any conclusions, although they might suggest
that the phenol vaccine might have given some
protection against paratyphoid fever as well.

RESULTS OF FIELD TRIAL OF 1955

Altogether 11 288 volunteers completed vaccina-
tion in this trial in the spring of 1955. They were di-
vided at random into two groups, one group receiving
alcoholized vaccine and the other phenolized vaccine.

Similarity of vaccinated groups
As shown in Table 8, there was great similarity

between the alcohol and phenol groups in respect
of age, sex, occupation, place of residence and
history of previous illnesses.
The comfiposition of the vaccinated population in

the 1955 field trial did not differ much from that of
the population involved in the controlled field trial
of 1954 (see Table 3 above). However, as previously
stated, those taking part in the field trial of 1955
included more pre-school children than had been
covered by the controlled field trial of 1954; and
the 1955 field trial also included children under
5 years of age, who had been excluded from the
earlier trial.

Clinical assessment and follow-up of typhoid cases

Clinical assessment and follow-up were exactly as
described for the controlled field trial of 1954. The
reactions observed were of the same order as in 1954.
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TABLE 8
SIMILARITY OF VACCINATED GROUPS IN FIELD TRIAL

OF 1955
(Cohort C)

Groups Phenolized Alcoholized TotalGroups ~vaccine vaccine Toa

Total number of
vaccinated 6 629 6 580 13 209

Completed
vaccination 5 688 5 600 11 288

Failed to com-
plete vaccina-
tion 941 980 1 921

Living in upper town 2 765 2 737 5 502

Living in lower town 902 857 1 759

Living In country 2 962 2 986 5 948

3163:3466 3101 :3479 6264:6945
Male: female ratio

(1 000: 1 096) (1 000: 1 122) (1 000: 1 109)

Under 5 years old 1 120 1 107 2 227

6-15 years old 1 762 1 771 3 533

16-20 years 827 845 1 672

21-30 years old 1 610 1 531 3 141

Over 30 years old 1 310 1 326 2 636

Number of pre-
school children 1 737 1 740 3 477

Number of school-
children 1 230 1 204 2 434

Living less than 3
years in the area 1 416 1 374 2 790

Living more than 3
years in the area 5 213 5 206 10 419

Workers 1 724 1 713 3 437

Employees 491 469 960

Housewives 1 037 1 045 2 082

Previous history of
paratyphoid 9 12 21

Previous history of
diphtheria 111 123 234

Incidence of typhoid in the vaccinated

The incidence of typhoid among the vaccinated is
presented in Table 9. There were relatively few
typhoid cases during the five-year period of observa-

tion, except during 1958, when an epidemic occurred.
The incidence observed in the two vaccinated groups
proved that the phenol vaccine produced in 1955 was
superior to the alcohol vaccine (as was true in 1954),
and statistical tests confirm that there is a significant
difference between the two types ofvaccine (P<0.001).
In addition, phenol vaccine gave rise to long-lasting
immunity, as it proved effective as long as three
years after immunization (as compared with a sta-
tistically significant higher incidence in the alcohol
group in 1958-59).

Leaving aside the question of the superiority of
one type of vaccine over another, the effectiveness
of phenol vaccine in preventing typhoid fever is
obvious from these results, despite the fact that there
was no control group in cohort C. This again
supports the findings of the controlled field trial of
1954.
The age distribution of cases among the vaccin-

ated did not suggest any difference in protection
according to age-group.

COMPARISON OF FIELD AND LABORATORY TESTS

Serological response to immunization
Serological investigations were carried out in 1954

and 1955 at Osijek on 200 people each year. Three
similar groups were formed according to the vaccine
received, and their blood was collected before each
inoculation and six months after the full course of
immunization.
H- and 0-agglutination tests were performed as

well as opsonocytophagic tests and tests for Vi
antibodies. The titres of Vi antibodies in those
vaccinated by the alcoholized vaccine were sub-
stantially higher. The H and 0 titres were somewhat
higher in the phenol group. The dysentery vaccine
stimulated the production of antibodies against
typhoid fever, but to a minor degree. The results
were not conclusive, especially in view of the residual
antibody titres found in the population of this
endemic area. Therefore, the vaccination as ori-
ginally planned was repeated in Army volunteers in
1956; the results are presented in Table 10. In each
group there were 200 volunteers with no initial
antibodies.
The results show differences between the sero-

logical responses to the vaccines, in that the
alcoholized vaccine stimulated the production of a
significantly higher titre of Vi antibodies. This
finding cannot be related in any way with the results
of the field trial.
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TABLE 9
TYPHOID FEVER AMONG VACCINATED PERSONS IN FIELD TRIAL OF 1955 a

(Cohort C 2 primary doses in 1955)

1955-60 1955-56 1956-57 [ 1957-58 1958-59 1959-60 Total
Vaccine IAverage
group No. observed No. cases No. cases No. cases No. cases No. cases No. cases annual rate

per 1o0000

Phenol 5 688 0 0 1 0 0 1 0.4

Alcohol 5 600 0 3 2 11 0 16 5.7

a The years shown cover the period from 1 June of the first year (1955) to 31 May of the following year.

TABLE 10
SEROLOGICAL RESPONSE TO VACCINES IN 600 ARMY VOLUNTEERS

0 titre H titre Vi titre Opsonocyto-
Vaccine phagic index

Geometric Percentage Geometric Percentage Geometric Percentage (arithmetic
mean positive mean positive mean positive mean)

Phenolized 60.4 81.3 567.5 100.0 2.3 55.1 1.73

Alcoholized 50.3 87.3 500.3 95.9 4.6 67.3 3.05

Control 44.9 64.0 71.6 68.0 1.8 24.0 1.59

Laboratory tests on potency of vaccines
Passive mouse-protection tests, active mouse-pro-

tection tests (without mucin), and Vi, 0 and H
antibody formation tests were performed. Both
vaccines gave results comparable with other vaccines
of their type, and they may therefore reasonably
be regarded as representative of their type.
The alcoholized vaccine was superior in Vi anti-

body production but inferior in stimulating 0 and H
antibodies. Passive mouse-protection tests with
rabbit sera gave preference to the alcoholized vaccine
while active mouse-protection tests gave preference
to the phenolized vaccine. According to the methods
used, neither vaccine could be shown to give better
results than the other, as different laboratory
methods produced different results. In further
assays, only the active mouse-protection test, with
a better design and the application of strict ran-
domization of mice, doses and vaccines, was used.
The study included 49 assays. The results of the tests
are shown in Table 11, as well as the results of the
statistical analysis.
As can be seen from Table 11, in this series of

assays the phenolized vaccine was significantly better
than the alcoholized vaccine, and the assumption of

parallelism of the dose-response regression lines has
not been contradicted by the data.
From the foregoing, active mouse-protection

tests, as performed in our laboratories, appeared to
correspond more closely than other tests to the
results obtained in the field. However, the problem
of laboratory testing of typhoid vaccines requires
further study.

TABLE 11
RESULTS OF ACTIVE MOUSE-PROTECTION TESTS

Mice dead on 4th day
Vaccine dose
(No. bacteria) Phenolized Alcoholized

dead/total dead/total

250 000 000 123/461 196/461
(26.6 %) (42.5 %)

50 000 000 206/460 289/464
(44.7 %) (62.2 %)

10 000 000 318/455 359/462
(69.8 %) (77.7 %)

Differences between samples:
Linear regression:
Departure from parallelism:

P < 0.001
P < 0.001

0.4 < P < 0.5
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DISCUSSION

Although the field trial in Osijek of two types of
anti-typhoid vaccine (alcoholized and phenolized)
conforming to the requirements of a controlled
field trial has demonstrated the effectiveness of
phenolized vaccine, the results obtained do not
necessarily mean that the same degree of protec-
tion would be obtained with another batch of the
same type of phenolized vaccine in other circum-
stances. The value of the phenolized vaccine was
demonstrated in the circumstances given, showing
that the vaccine was effective in an endemic area,
among the population of Osijek, who have some
basic antibodies, and that it gave protection to about
three-quarters of the vaccinated people there. It
should also be pointed out that there is no reason
to believe that the same results would be obtained
everywhere else. The scheme of two injections three
weeks apart and the reinforcing dose a year later

may not give the best results possible; other schemes
might be better. In practice, the phenolized vaccine
is to be preferred not only because of its greater
effectiveness but also because it can be applied in
the field without refrigeration. However, it is obvious
that a great deal more work, including laboratory
studies and field trials, is necessary to determine
what is really the important protective fraction of
typhoid fever vaccine. The results obtained in
Osijek suggest that the Vi antibody may not be as
important in man as it is in the mouse. We still do
not know which are the most effective antigenic
preparations or what is the optimal method of their
application, as the protective value of typhoid
vaccine cannot be effectively measured by existing
laboratory tests.
The results of this trial and the associated labo-

ratory tests serve to emphasize the complexity of
the problem and the need for more work and inves-
tigation in this field.
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RIESUM1!

L'essai pratique de vaccination antityphoIdique, stric-
tement contr6l6, organise en 1954-55 en Yougoslavie, a
donne lieu a des 6tudes poursuivies jusqu'en 1960. Les
resultats les plus recents sont resum6s dans cet article.
Deux vaccins antitypholdiques monovalents (S. typh. 2)

ont et compares: l'un etait tue par la chaleur et conserve
dans le phenol, l'autre etait tue par l'alcool et conserve
dans l'alcool. L'essai porta sur quelque 56000 volon-
taires en bonne sante, de 5-50 ans, repartis en trois
groupes: l'un regut le premier vaccin, l'autre le second,
le troisieme un placebo (vaccin antidysenterique phenole).
La vaccination consistait en deux injections a trois
semaines d'intervalle (en 1954) suivies d'une injection de
rappel une annee plus tard. Ceux qui avaient requ les
trois injections (c'est-a-dire une immunisation complete)
furent suivis pendant 6 ans.

L'efficacite des vaccins a et6 etablie en fonction de la
morbidite par typholde dans les trois groupes a l'etude.
Seuls les cas de typhoIde confirmes par hemoculture ont
ete pris en consideration dans l'analyse statistique.

I1 y eut 102 cas de typholde confirmes bacteriologique-

ment: 15 dans le groupe ayant requ le vaccin ph6nole,
32 dans le groupe vaccine par le vaccin alcoolique et
55 cas dans le groupe temoin, soit un taux de morbidite
pour 10 000 de 1,9; 3,7; 7,0, respectivement. Le vaccin
phenole a donc exerce une protection indeniable.

L'evolution clinique de la maladie a ete la meme dans
les trois groupes. Quelques rares reactions secondaires se
sont produites, assez desagreables pour d6courager les
personnes en cause de se preter a une deuxieme injection.
De plus, en 1955, quelque 11 000 volontaires, de 2-50 ans,
repartis en deux groupes, ont ete vaccines. Un groupe
regut le vaccin antitypholdique phenol6, et I'autre le
vaccin alcoolique. Ils ont 6t6 suivis pendant 5 ans. I1 y a
eu 16 cas de typholde confirmes bacteriologiquement dans
le groupe ayant recu le vaccin alcoolique, et 1 seulement
dans le groupe ayant requ le vaccin phenole, soit un taux
de morbidit6 pour 10000 de 5,7 et 0,4 respectivement.
Ces chiffres apportent une nouvelle confirmation de la
superiorite du vaccin ph6nol6.
Des tests serologiques ont ete effectues sur 200 des

personnes immunisees en 1953 et sur 600 volontaires de
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I'armee, vaccines en 1956. Aucune relation n'a pu etre
etablie entre le pouvoir protecteur effectif du vaccin et
sa teneur en antigenes Vi, H et 0, pas plus qu'avec la
teneur du serum en opsonines, evaluee par le test d'opso-
nophagocytose. Les resultats des essais de laboratoire sur
la souris ne correspondaient pas a ceux que l'on observait
sur l'homme. Toutefois le test de protection active, sans

mucine, donnait des resultats plus proches des constata-
tions faites sur l'homme que ceux des autres tests.
Puisque l'on n'a pas trouve encore de test de laboratoire
permettant de predire l'activite d'un vaccin sur l'homme
et etant donne l'instabilite du vaccin liquide, il y a lieu de
poursuivre les recherches sur l'efficacite des divers types
de vaccins et les possibilites de les standardiser.
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