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The Level of Tetanus Immunity in the Population
of Villages in Bosnia and Herzegovina

B. BYCENKO,1 E. GRIN,2 K. I. MATVEEV,3 B. CVJETANOVIC,4 E. A. VORST,5
& M. STROGANOVA6

Determination of the level of tetanus immunity in different age groups of a population
is important in relation to the results of mass immunization of the population with vaccines
containing tetanus toxoid.

In this study, the level of tetanus antitoxin in sera from 1053 inhabitants of 6 villages
in Bosnia and Herzegovina was determined by means of the passive haemagglutination test.
The results show that children from 1 to 14 years of age regularly immtunized with DT
and DTP vaccines possessed a high level of immunity against tetanus (geometric mean
antitoxin titre .0.8 IU/ml) and were protected against tetanus in 80-95 O of cases.
The adult inhabitants (men and women over 29 years ofage) were not sufficiently protected
against tetanus, the concentrations of antitoxin in their sera being equal to or greater
than 0.01 IU/ml in less than 50 % of cases.

A study of the epidemiology and prophylaxis
of tetanus in different countries (Bycenko, 1967)
has led to the conclusion that the incidence of
tetanus in man is mainly dependent on the social
and economic status of the society and on environ-
mental conditions.
One of the most effective methods of mass pro-

phylaxis of tetanus is active immunization with
tetanus toxoid. The use of a high-quality toxoid
brings about a high level of immunity that protects
the majority of the vaccinated population for
5-10 years. The anamnestic response to the injec-
tion of tetanus toxoid lasts a lifetime and, if neces-
sary (in the case of injury, or if the antitoxin titre
in the peripheral blood has declined), protection
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may be quickly restored by giving a single dose of
tetanus toxoid.
As a result of active immunization campaigns

in several countries (e.g., the USSR, Bulgaria,
Hungary, Romania, and Poland) the mortality rate
from tetanus had decreased considerably over a
short period (5-10 years). Immunization was
especially effective in areas with high morbidity
rates. Selective immunization of the most exposed
groups of the population (children, farmers, manual
workers, etc.), in zones where tetanus was most
prevalent, was justified by the necessity of achieving
a rapid decrease in the total tetanus morbidity.
These tactics, however, failed to guarantee pro-
tection of individuals of all ages as the risk of
tetanus increased with the development of com-
munications and the increased migration of popu-
lations. Systematic active immunization of chiildren
with DTP and DT vaccines considerably decreased
the risk of their contracting tetanus. However,
the risk remained almost unchanged among the
adult population.
These campaigns showed that active immuni-

zation of the whole population is necessary to
combat tetanus successfully. This is the aim of
the programmes being carried on in several countries
(the USSR, Bulgaria, Hungary, Romania, Poland,
and Czechoslovakia).
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The present study was carried out on serum
samples sent to Moscow from Bosnia and Herze-
govina at the time of a sero-epidemiological survey
primarily concerned with endemic non-venereal
syphilis.' The samples came from villages that had
been involved in mass immunization campaigns
against tetanus.

THE EPIDEMIOLOGICAL SITUATION

During the period 1962-66 the number of persons
suffering from tetanus in Yugoslavia exceeded 500
per year (Table 1). Most of these patients were
newborn children (46.4%) and adults over 30 years
of age (41.3 %). The rates of morbidity due to
tetanus were highest (in order of prevalence) in
Serbia, Macedonia, Croatia, Bosnia, and Herze-
govina and the lowest rate was in Slovenia, where
during the last 5 years only 6 cases of tetanus have
been recorded. In Bosnia and Herzegovina, during
the period from 1965 to 1968, the morbidity due
to tetanus varied from 1.2 (1967) to 1.8 (1965)
per 100 000 inhabitants, with a tendency to decrease
among the adult population (Table 2).

Vaccination against tetanus with diphtheria-
tetanus toxoid was started in 1946 in children
between the ages of 4 months and 8 years: from
1960, vaccination with DTP was introduced.
The schedule of immunization against tetanus

was as follows:

Age of childre,z
Vaccine2

First vaccination Recall

DTP 4 months-S years After 1-3 years
DT 6-8 years 7-8 years
TA 6-8 years 14 years

This schedule was strictly followed only in large
towns where dispensaries for the protection of
mothers and children were in operation. By 1967,
from 67% to 90% of the children had been vacci-
nated against tetanus. According to the reports
of the epidemiological services of Sarajevo Health
Centre, 82-94% of the children over 14 years of
age received a booster dose of tetanus toxoid in
1967. It is necessary to emphasize that in many
remote villages the immunization of children with

I Grin, E. 1. et al. (1970) Survey design and working
protocol for a sero-epidemiological study of endemic non-
venereal syphilis of childhood and certain other iiifections...,
,Geneva (unpublished document INT/VDT/70.315).

2 DTP= diphtheria-tetanus-pertussis vaccine (adsorbed);
DT= diphtheria and tetanus toxoids (adsorbed); TA= tetanus
toxoid (adsorbed).

DTP vaccine was conducted during campaigns of
mass vaccination, usually between February and
June.

All men who served in the army were immunized
against tetanus, typhoid, and paratyphoid at the
age of 20 years.

MATERIALS AND METHODS

In the sero-epidemiological survey from which
these sera were obtained, samples were taken from
approximately 250 persons in each of 48 villages
in Bosnia and Herzegovina. For the present study
of tetanus antitoxin levels, aliquots of sera from
6 arbitrarily selected villages were packed with
liquid nitrogen and sent to the Gamaleya Institute,
Moscow, for investigation. There is no reason to
suspect that the population of these 6 villages was
not representative of the population of Bosnia and
Herzegovina. The houses in each village were
numbered and samples were taken from the inha-
bitants of 20-30 houses selected according to a
table of random numbers. The sampling procedure
has been described in detail by Grin et al.1

In a preliminary study of various methods of
titrating tetanus antitoxin the passive haemagglu-
tination test proved to be the method of choice.
This has been described by many investigators
(Boyden, 1951; Stavitsky, 1954; Neter, 1956; Troja-
niello, 1962; Soare et al., 1964; Buccelli, 1965;
Gibbs, 1965; Galazka, 1968). In the present study
modifications suggested by Basova et al. (1968)
and Fomenko (1969) were used.
Out of 20 lots of formalinized erythrocytes loaded

with tetanus toxoid (each lot containing 8-10 litres)
only 1 lot that gave a positive reaction with the
National Standard of Tetanus Antitoxin (prepared
at the L. A. Tarassevic Institute) at the dilution
of 0.001-0.0005 IU/ml was chosen.
The passive haemagglutination test was carried

out under constant conditions of temperature and
of the number of times the ingredients were mixed in
each well. It was noted that variations in these con-
ditions had a considerable effect on the reproduci-
bility of the results. The specificity of the passive
agglutination test was checked using the passive
haemagglutination-inhibition test (Fomenko, 1969).
Furthermore, in all the assays, independent parallel
titrations of every serum were performed in order to
minimize errors.

Since the results of the passive agglutination test
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Table 1. Occurrence of tetanus in Yugoslavia for the period 1 962-66, by age group

No.of
Year reported

cases

1962

1963

1964

1965

1966

517

540

542

495

547

Morbidity
rate per
100 000 Tetanus

inhabitants neonatorum

2.5 235 (45.5 %)

2.8 253 (46.9 %)

2.8 247 (45.6 %)

2.5 232 (46.9 %)

2.8 259 (47.3 %)

Age distribution of cases

Cases in persons
1-29 years of age

84 (16.2%)

78 (14.4%)
66 (12.2 %)

50 (10.1%)

46 ( 8.4 %)

Cases in persons
> 30 years of age

198 (38.3 %)

209 (38.7 %)

229 (42.3 %)

213 (43.0%)

242 (44.2 %)

total 2 641 1 226 (46.4 %) 324 (12.3 %) 1 091 (41.3 %)

Table 2. Occurrence of tetanus in Bosnia and Herzegovina in the period 1965-68,
by age group

Year inhabaNo.ofYer inhabitants
No. of

reported
cases "

Morbidity
rate per
100 000

inhabitants

Age distribution of cases

Tetanus
neo-

natorum a

Cases in
persons

1-29 years
of agea

Cases in
persons

> 30 years
of agea

1965 3 570 000 64 (16) 1.8 35 6 23
fl E (11) (1) (4)

1966 3 660 000 46 (18) 1.3 27 7 12
(12) (0) (6)

1967 3 740 000 44 (13) 1.2 30 7 7
(10) (1) (2)

1968 3 805 000 52 (19) 1.4 37 11 4
(16) (3) (1)

a Figures in parentheses show the number of deaths.

-agreed with those of the neutralization test in only
470% of the cases, it was important to study the
correlation between the results obtained with these
two methods. Usually such comparison (Bianchi &
Donnasibilla, 1959) was made by means of regres-
sion and correlation analysis (Table 3).
For this purpose, samples of sera from 646 persons

were investigated for the presence of tetanus anti-
toxin. The results of parallel studies of these sera
performed by the two above-mentioned methods
are shown in Table 4. There was a linear correlation
between the antitoxin titres found in both tests,
the titres measured in the passive haemagglutination
test being usually higher than those in the neutra-
lization test. This phenomenon was especially pro-
nounced with sera containing high levels of anti-

toxin (>1 IU/ml). The lack of correlation between
the results obtained at different levels of antitoxin
titres is shown in Table 5.
The regression analysis of the variations in the

geometric mean antitoxin titres determined by the
passive haemagglutination test (Y) on the basis of
variations in the antitoxin titres defined by the
neutralization test (X) was carried out by the usual
method (Urbach, 1964: Bianchi & Donnasibilla,
1959). The two regression lines (Y on X and X
on Y) were almost parallel but showed a tendency
to diverge at high levels of antitoxin (Fig. 1).
The results obtained with the two methods

showed a strong correlation (r = 0.93), and the
confidence limits of the general correlation coeffi-
cient (r) at 99% significance level were 0.91-0.94.
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Table 3. Correlation of results obtained in neutralization
and passive haemagglutination tests by different

investigators

No. of
Reference sera

studied

Tasman et al. (1960)

Levine & Wyman (1964)

llinskaja & Rodionovskaja
(1967)

Basova et al. (1968)

Medical Military Academy

Central Institute of
Epidemiology

Moldavian Institute of
Epidemiology and
Microbiology

Galazka (1 968)

28

206

82

52

49
48
60
45

32
36

120
77

26
40
25

159

Corlai
99% con-ICorrelation f°idencecoefficient limits

0.95

0.95

0.87

0.82

0.95
0.78
0.82
0.94

0.46
0.80
0.63
0.73

0.77
0.53
0.75

0.75-0.96

0.838-0.902

0.66-1.23

Fig. 1. Regression lines of the variation of the values
of x about the values of y and vice versa. Calculated
from measurements on 646 sera: regression coefficients
-bxy = 1.083034; byx - 0.7850647: standard error
of the regression coefficient-S byx = 0.03207.

Table 4. Regression analysis of the results of parallel titrations of 646 human sera
neutralization and passive haemagglutination tests
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Table 5. Differences between the titres of tetanus antitoxin in the passive
haemagglutination test and in the neutralization test

log antitoxin
titre

- 4

- 3

- 2

- 1

0

2

3

4

5

total

o
No.

of coincidences
of results

123

28

31

9

23

25

31

9

18

4

301

46.6

Haemagglu-
tination test
titre higher

39

9

16

14

45

28

67

37

16

0

271

Haemagglu-
tination test
titre lower

0
18

38

5

3

6

2

0

74

Total no.
of differences

_

39

27

54

1 5

50

29

70

43

18

0

345

Total no.
of sera

162

55

85

24

73

54

101

52

36

4

646

42.0 11.5 53.4 100.0

RESULTS

Each serum was given a special code number.
Information concerning the name, sex, age, natio-
nality, and place of residence of the donor of the
serum was recorded. Additional special information
referred to the state of health of the individual and
to the vaccinations he had received.
At the 5% probability level the geometric mean

antitoxin titre should differ considerably in any

two groups being compared, if the difference between
the mean log titres is at least twice as great as their
standard error:

(X1-X2) / S2+S22 >2.0,

where X1 and X2 are the logarithms of the geometric
mean antitoxin titres in two tested groups of persons,

and Sx1 and Sx2 are their standard errors.

In each group we also measured the percentage
of sera containing a protective titre of antitoxin,
which was arbitrarily taken as 0.01 IU/ml.
For the convenience of immunity evaluation the

geometric mean antitoxin titres were plotted together
with the confidence limits (at the 5%0 probability
level) and the values of the standard deviation.

The 1 053 collected sera were stored in containers
under liquid nitrogen and were transported to this
laboratory in December 1968; 584 were from women
and 469 were from men. The distribution of sera

by antitoxin titres and by age groups is shown in
Tables 6, 7, 8, and 9.
The graphic distribution of geometric mean anti-

toxin titres of each age group is presented in Fig. 2
and 3, for females and males respectively. Girls
in age groups from 1 to 19 years had high geo-
metric mean antitoxin titres (0.2-1.0 IU/ml) and
were protected against tetanus in 83-97% of cases.

Women in the age group from 20 to 24 years had
a geometric mean antitoxin titre equal to 0.01 IU/ml
and only 44% of them had protective antitoxin
titres in their sera (>0.01 IU/mI).

In the remaining age groups, geometric mean

antitoxin titres were below the protective level and
only 15-320% of women possessed immunity against
tetanus. The highest geometric mean antitoxin
titres were observed in girls in the age groups of
5-9 years (1.0 IU/ml) and 10-14 years (0.9 IU/ml).
The highest percentage of sera with an antitoxin
titre equal to or greater than 16 IU/ml was found

METHOD OF STATISTICAL ANALYSIS
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Table 6. Distribution of sera from females by age group and antitoxin titre: Bosnia and Herzegovina, 1 968

Antitoxin Age groups (years)
titre (lU/ml) 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 >60 Total

0.001 2 1 1 3 19 18 26 16 21 11 6 9 25 158

0.001-0.005 0 1 0 3 5 4 9 6 2 5 1 3 1 40

0.006-0.01 0 4 1 6 6 7 10 12 3 2 5 5 6 67

0.011-0.05 4 8 13 10 12 7 8 8 9 3 1 2 6 91

0.06-0.1 1 4 2 1 2 2 1 1 0 0 0 0 1 15

0.11-0.5 5 7 15 10 4 0 2 1 2 1 0 1 0 48

0.6-1.0 0 6 16 5 0 1 0 0 0 0 0 0 0 28

1.1-5.0 5 25 28 13 3 1 0 1 0 1 0 0 0 77

6.0-10.0 1 6 16 8 1 0 0 0 0 0 0 0 0 32

11.0-15.0 1 4 1 1 0 0 0 0 0 0 0 0 0 7

> 16.0 3 11 6 1 0 0 0 0 0 0 0 0 0 21

total 22 77 99 61 52 40 56 45 37 23 13 20 39 584
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Fig. 2. Distribution of geometric mean antitoxin titres in females by age group: mean percentage of individuals-
protected against tetanus, 57 %. A = percentage of individuals protected from tetanus, i.e., having an antitoxin
titre of 0.01 lU/mi; B = variance; C = 95 % confidence limits; D = geometric mean antitoxin titre; the vertical bar
representing log 0.6 = the scale for measuring significant differences between antitoxin titres.
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Table 8. Grouping of sera from males by age group and by antitoxin titre: Bosnia and Herzegovina, 1968

Antitoxin
t itre (lU/ml)

< 0.001

0.001-0.005

0.006-0.01

0.011-0.05

0.06-0.1

0.11-0.5

0.6-1.0

1.1-5.0

6.0-10.0

1 .0-15.0

> 16.0

Age group (years)

1-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 >60

5 4 3

1 4 1

3 6 1

4 6 10

2 4 7

7 17 15

6 7 11

5 19 24

4 17 18

0 0 1

4 8 6

8

2

3

5

5

9

4

12

5

0

3

3

0

0

2

2

1

0

2

0

2

2

2

3

4

0

3

0

2

0

0

10

4

0

4

0

2

3

1

0

0

1 2

0

3

10

0

2

0

1

0

0

0

13

2

2

0

0

0

0

0

0

0

8

2

3

0

0

0

0

0

0

0

0

5

2

3

0

0

0

0

0

0

0

0

10

0

3

2

0

0

0

0

0

32

5

2

0

0

0

0

0

0

Total

115

25

31

50

19

56

33

66

50

23

total 41 92 97 56 13 17 25 28 19 13 10 17 41 469
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Fig. 3. Distribution of geometric mean antitoxin titres in males by age group: mean percentage of individuals
protected against tetanus, 65.2 % (see legend to Fig. 2).
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in girls in the 1-9-year age group (14 %). This was
most probably the result of recent immunization
and revaccination and the relatively high percentage
of girls with increased sensitivity to tetanus toxoid.
Increased sensitivity was not observed among women
over 20 years of age. The lowest geometric mean
antitoxin titres (0.001 IU/ml) were found in women
in the 30-34-year age group and in women over
60 years of age (0.002 IU/ml). The difference
between the lowest and the highest geometric mean
titres was about log 3.0.

It was found that a difference of log 0.6 between
antitoxin titres represented a statistically significant
difference at the 5% probability level. This finding
(Levine & Wyman, 1964, 1965) allowed us to use
the graphs to evaluate the level of immunity in
different age groups. The highest level of immunity
and the greatest percentage of women protected
against tetanus were observed in girls between 5 and
14 years of age. If this level of immunity is taken
as reference (the geometric mean antitoxin titre is
equal to 1.0 IU/mI), then in females over 15 years
of age the state of immunity was not satisfactory,
and the differences were statistically significant.
Women over 20 years of age in the villages of

Bosnia and Herzegovina were in special need of
protection against this disease. The geometric mean
antitoxin titre for the whole female population
was 0.04 IU/ml.
The male population in the age groups from I

to 29 years had a geometric mean titre greater than
0.01 IU/ml and was protected against tetanus in
64-95 % of cases. Males over 29 and under 40 years
of age had a geometric mean titre less than 0.01 IU/ml
and in only 45-50 Y. of them did the concentration
of antitoxin in the sera exceed the " protective
titre" (>0.01 IU/ml). Very low titres of antitoxin
(<0.005 IU/ml) were detected in men over 40 years
of age; less than 20% of them were protected against
tetanus. The highest geometric mean antitoxin titre
was observed in boys aged 10-14 years (0.8 IU/ml)
and 5-9 years (0.55 IU/inl). The highest percentage
of sera with an antitoxin titre of 16 IU/ml or greater
was found in young men aged 20-24 years (15.4%)
and in boys aged 1-4 years (9.75 %), 5-9 years
(8.69 %), and 10-14 years (6.2 %). The lowest geo-
metric mean antitoxin titre was found in men over
60 years of age (0.0015 IU/ml).
The ratio between the lowest and the highest

antitoxin titres in men was about 1: 5.3 x 102 IU/ml.
If we take as a reference point the geometric mean
antitoxin titre of 0.8 IU/ml, then the geometric mean

titres in all the groups were significantly different,
except the group of children aged 5-9 years. The
antitoxin titres of all the groups over 30 years of
age were particularly low: this was evidence of the
poor immunity in this part of the male population.
The geometric mean antitoxin titre of males

(0.08 IU/ml) was twice that of females (0.04 IU/ml).
This difference proved to be statistically significant.
The analysis of the state of immunity against

tetanus in individuals of different ages showed that
several groups of the population (children from 1
to 14 years of age) had high geometric mean anti-
toxin titres (0.8-1.0 IU/ml) because of active
immunization and were protected against tetanus
in 80-95 % of cases. These two indices (mean
antitoxin titre and percentage of protected indi-
viduals) provided a good indication of the level
of immunity in any population group. It is evident
that a decrease of both these indices points to a
deterioration in the level of immunity.
Using the results obtained in these tests it was

possible to calculate a suitable sample size for
future surveys. Such calculation was made possible
by two conditions: (1) the distribution of antitoxin
titres was nearly normal (Fig. 4); (2) the main unit
used for sampling was the individual.

In immunized grotups of the population (children
between 1 and 14 years of age) the probability of
detecting individuals protected against tetanus was
equal to 0.8-0.95 (on the average about 0.87).
Urbach (1964) believes that the inaccuracy of

the result is best characterized by the absolute
error, which is calculated according to the formula:

8 = Up V,`P(100-P) In,
where 8 is the absolute error (8 = UP-SX)

Up is the scatter of the normal distribution at
the 5 % probability level;
Sx is the evaluation of the standard error of the
sampling index; and
P is the percentage of positive sera, i.e., the pro-
portion of sera with an antitoxin titre >0.01 IU.
In this survey, P was equal to 57 % for females
(all age groups) and to 65.20% for males (all age
groups).
Our data show that the absolute error in detecting

persons protected against tetanus was

8 = 1.96 \/57(100 - 57)/584 = 4.00%
for females and

8 = 1.96 y65.2(100 - 65.2)/469 = 4.3 %
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Fig. 4. Frequency distribution of antitoxin titres among
the population of the six villages.

for males. Therefore, in studies of this kind it is
desirable that the 95% confidence interval for P
should be about 4-5 %.

Since n = (UP2/2) P(100-P) and P in groups of
individuals immunized with tetanus toxoid was at
least 0.8,

n = (1.962/52) 80(100- 80) = 240 individuals.

Thus, in order to make the sampling represen-
tative of each large group of individuals under test
(comprising 10-20 thousand persons), it is neces-
sary to study the sera obtained from at least 240
persons.
The level of immunity in the female and the male

population was compared, using the geometric mean
antitoxin titres and the percentage of persons pro-
tected against tetanus.

Fig. 5 shows the geometric mean antitoxin titres
in the female population of the 6 villages. The
highest geometric mean antitoxin titre (0.08 IU/ml)
was found in the female population of the village
of Lijesanj. Almost 55% of the women living there
possessed a protective antitoxin titre; 96.1 % of girls
between the ages of 1 and 19 years (51 girls) were
protected against tetanus, while in the female popu-

Fig. 5. Distribution of geometric mean antitoxin titres
in females by village (see legend to Fig. 2).

lation over 20 years of age only 14% (50 persons)
had protective antitoxin titres.
The lowest geometric mean antitoxin titre was

found in the female population of the village of
Sandzak (0.017 IU/ml). However, almost 62% of
the female population of this village possessed
protective titres of antitoxin; in the age groups
under 20 years, such titres were found in 94.4% of
the population (36 persons), while in the age groups
over 20 years protective titres were found in only
40.7% of the population (54 persons). A low geo-
metric mean antitoxin titre was also found in the
female population of the village of Krtova (0.025
lU/ml). About 51 % of the women had protective
antitoxin titres - 96.3% of those under 20 years
of age (27 persons) and 29.8% of those over 20 years
of age (57 persons).

Both indices (the geometric mean titre and the
percentage of protected individuals) show that the
degree of immunity against tetanus in the popu-
lation of the village of Krtova was lower than in
the other villages studied. These differences were,
however, not significant at the 5% probability
level (Fig. 6).

Fig. 6 shows geometric mean antitoxin titres in
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Fig. 6. Distribution of geometric mean antitoxin titres
in males by village (see legend to Fig. 2).

the male population of the 6 Yugoslav villages.
With the exception of the villages of Lijesanj and
Sandzak, the geometric mean antitoxin titres in
the male populations were at about the same level
(0.12-0.17 IU/ml). In Sandzak the mean titre was
0.022 IU/ml, and in Lijesanj it was 0.05 IU/mI. These
differences were statistically significant at the 5%
probability level. The highest percentage of persons
protected against tetanus was observed in the village
of Paunci (75 %) and the lowest percentage in the
villages of Lijesanj (57%) and Sandzak (60%).

Protective antitoxin titres were found mainly in
sera of people under 30 years of age (Table 10).
The highest level of immunity in the male popu-

lation, as judged by two indices (the mean antitoxin
titre and the percentage of persons protected

Table 10. Protective antitoxin titres in the male
population of Bosnia and Herzegovina, 1968

Percentage of individuals possessing
Village protective antitoxin titres

< 30 years of age 1 > 30 years of age

Gornja Vukovija

Krt6va

Lilesanj

Paunci

S nd±ak

Srbljani

89.1

95.1

96.4

91.2

73.4

74.4

26.1

15.0

8.7

40.9

29.6

30.8

against tetanus) was found in the village of Paunci,
followed by the villages of Gornja Vukovija, Krtova,
and Srbljani. Men over 30 years of age were poorly
protected against tetanus, especially in the villages
of Lijesanj (8.7%) and Krtova (15.0%).
On the whole the highest level of immunity against

tetanus was found in the inhabitants of Sandzak.
These results must be due to the extent of preventive
measures taken by local health authorities in the
villages under study.

This study has enabled us to obtain for the first
time objective data concerning the immunity against
tetanus in different age-groups of the female and
male population of remote areas of Bosnia and
Herzegovina. It was found that children from
1-14 years of age possessed a high level of immunity,
while the adult population, especially women, were
poorly protected against this disease: this difference
with age was due to the immunization performed
in 1968. In order to lower tetanus morbidity rates
in the villages of Bosnia and Herzegovina it will
be necessary to vaccinate all the adult population
of the Republic with tetanus toxoid. Only then
shall we be able to look forward to the complete
disappearance of the tetanus that is still encountered
among the newborn and in individuals over 15 years
of age.

SUME
NIVEAU DE L'IMMUNITE ANTITETANIQUE DANS LA POPULATION DE VILLAGES

DE BOSNIE ET D'HERZEGOVINE

On a recherche le degre de protection contre le tetanos
d'un groupe d'habitants de Bosnie et d'Herzegovine,
regions oui la vaccination antitetanique des enfants est
pratiquee depuis de nombreuses annees.

Des serums ont et preleves chez 1053 sujets (584 de
sexe feminin et 469 de sexe masculin) et examines par
l'epreuve d'hemagglutination passive. Deux indices ont
servi a evaluer le degre d'immunite de groupes de popu-
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lation differant par le sexe, l'age et le lieu de residence:
la moyenne geometrique des titres d'antitoxine et le
pourcentage de sujets presentant un titre d'antitoxine
egal ou superieur a 0,01 UI/mI.
Chez les enfants ages de 1 at 14 ans, la moyenne geo-

m6trique des titres s'6tablissait a >0,8 UI/ml; 80 a
95 % d'entre eux etaient premunis contre l'infection teta-
nique. Par contre, chez les adultes de plus de 29 ans, un
titre protecteur d'antitoxine (>0,01 UI/ml) n'etait
observe que dans moins de 50% des cas. Les auteurs

concluent que toute nouvelle diminution de la morbidite
tetanique en Bosnie et en Herzegovine est fonction de
1'extension du programme de vaccination aux sujets ages
de plus de 14 ans.
Une etude comparative de la fiabilite des epreuves

d'hemagglutination passive et de neutralisation, portant
sur 646 serums, a fait ressortir une corrdlation tres
satisfaisante (r=0,93) des resultats fournis par les deux
methodes.
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