
Bull. :Org. mond. Sante 1955, 13, 381-394
Bull. Wid Hith Org. 195133834

THE USES AND RESULTS
OF ACTIVE TETANUS IMMUNIZATION

INGA SCHEIBEL, cand. pharm.

Head, Serum and Toxoid Department,
Statens Seruminstitut, Copenhagen, Denmark

SYNOPSIS

Both in animal experiments and in the course of two world
wars active immunization has proved a safe method of protection
against tetanus, and a method superior to passive serum pro-
phylaxis. The three types of vaccine-plain, combined, and pre-
cipitated or adsorbed-all have their advantages and disadvantages,
and the choice between them must be left to individual national
health authorities. They should, however, be administered in two
or three doses to confer basic immunity.

What amount of circulating antitoxin is necessary to give full
protection has not been accurately determined, but it is clear that
one recall dose should be givenabout a year after the first injec-
tions as part of the routine course of injections. This seems enough
to provide a long-lasting immunity, but a dose of vaccine should
also be given at the time of injury.

General immunization of the population is not practicable, but
children, who are among the groups most at risk, can be immunized
relatively simply by combined diphtheria and tetanus vaccine; in
many countries, indeed, this is being done on an ever-increasing scale.

Active immunization with tetanus toxoid has proved a very safe method
of protection against tetanus. The first proof outside the laboratory of its
superiority to passive serum prophylaxis was produced by Ramon and
collaborators 36' 43 in their experiment with horses. Not one case of tetanus
was seen in a ten-year period among 35 000 horses actively immunized by
three injections of tetanus toxoid, whereas the incidence in an unvaccinated
control griup was the usual-about 30 cases, with 23 deaths, per 10 000
horses, despite prophylactic serum treatment.

The Second World War brought about the second proof. Comparison
of the reports on tetanus from that war with those from the First World
War confirmed the experience gained in horses. The frequency of tetanus
in the British and United States troops in the two wars is shown in Table 1.7 31

Half of both the British and American cases occurred among persons
who had not been actively immunized. Although these cases are also
included in the calculations, the frequency of tetanus has decreased 25-30
times under the influence of active immunization. It is strange to note that
in both wars the frequency was higher in the British than in the American
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I. SCHEIBEL

TABLE I. TETANUS INCIDENCE IN BRITISH AND UNITED STATES ARMIES
DURING FIRST AND SECOND WORLD WARS

Cases per 10 000 wounded

First World War Second World War

British Army (Western Front) 14.7 0.6

United States Army (all fronts) 1.34 0.044

. . ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~ ~ ~~~ ~ ~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

troops. For the sake of comparability the British figures given here are
based on reports from the Western Front only; this may explain to some
extent the higher incidence, since it is well known that the soil of Normandy
is especially rich in tetanus spores. In the Second World War different
immunization procedures were employed in the two armies. The British
troops were given two injections of plain toxoid until 1941, when a third
dose was instituted. Recall doses were not given until the end of 1942.
Active immunization was not compulsory, but during the last years of the
war, almost 100% of the troops accepted it. On wounding, antitoxin was
administered. In the United States Army vaccination was compulsory, and
the dosage was three injections of plain toxoid followed by one or more
annual recall doses. A recall dose was again administered in case of wound-
ing. This more thorough immunization probably contributed to the lower
frequency in the United States Army in the last war.

In 1939-40, when about 10% of the British troops were still not vacci-
nated, seven cases of tetanus occurred in the small unvaccinated section,
while there were none among the 90% vaccinated. Among the unvaccinated
German land forces, 80 cases of tetanus occurred in the Normandy area
alone despite serum prophylaxis, whereas there were no cases in the vacci-
nated Luftwaffe.31

From this there appears to be no doubt that active immunization
confers better protection than passive immunization.

In addition, active immunization has other advantages. Tlfe risk of
untoward reactions after vaccination is very small and such reactions,
when they do occasionally occur, are insignificant. On the other hand,
prophylactic serum injections involve a risk of about 1:100 000 of fatal
immediate serum reactions and a 20 %-30% risk of delayed serum reactions,
though this risk is perhaps somewhat less when very refined sera are used.

The use of prophylactic tetanus antitoxin is increasing. In Denmark,
for instance, it has increased sixfold during the last 15 years, and so far as I
know the same has happened in other countries. This means that increas-
ingly more people run the risk of becoming sensitized to horse globulin,
which may prove fatal if such persons subsequently need a serum injection.
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Then-the most important thing-the protection conferred by active
immunization lasts for- years, whereas a prophylactic antitoxin in-jection
only protects for one or two weeks.

Thus there would seem to be every reason to go in for the active tetanus
immunization.

Vaccine and Course of Immunization

As is well known, active tetanus immunization is carried out by means
of a detoxified tetanus toxin, made atoxic by treatment with formalin at
320-370C.

As long ago as 1912 and 1915, von Eisler and ULwenstein 18, 19 showed
that bacterial toxins could be rendered atoxic by formalin. They were also
able to show a slight degree of antitoxin production in animals fo'lowing
repeated injections of tetanus toxin treated in this way, but attempts to
immunize humans were not successful. It was not until some ten years
later, after the introduction of the diphtheria toxoid, when Ramon and
collaborators, in particular Zoeller and Descombey, commenced work on
tetanus toxoid, that a safe and efficient method for tetanus immunization
became available.14' 45, 60, 61

The vaccine used by them was plain crude tetanus toxoid. Since then a
variety of different types of tetanus vaccines have appeared. These may be
classified into three groups:

1. Plain vaccines, consisting of fluid tetanus toxoid;
2. Combined vaccines, consisting of a mixture of plain tetanus and

diphtheria toxoids, with or without the addition of bacterial vaccines;
3. Precipitated or adsorbed vaccines, consisting of tetanus toxoid either

alone or combined with diphtheria toxoid or bacterial vaccines or both,
together with a mineral carrier.

The literature abounds with reports of experiments with all types of
tetanus vaccines carried out on animals and varying sizes of groups of
children and adults. The recent reviews by D'Antona 12 and Schmidt 52
contain full lists of these reports. From the results given in these reports
and from the war experience it must be concluded that no vaccine can be
said to be absolutely better and more reliable than another, provided it is
properly prepared and controlled, and provided a sufficient number of
injections is given.

In favour of the precipitated and adsorbed types of vaccine it should
be said that, as a result of their enhanced antigenicity caused by the pre-
cipitation by alum or the adsorption to Al(OH)3 or AlPO4, two injections
bring about an antitoxin production similar to that obtained by three
injections of plain toxoid.23 25,54 The adsorbed vaccines, which are pre-
pared by addition of known amounts of AI(OH)3 or AIP04 to known
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amounts of purified toxoids, also have the advantage that they are easily
reproducible, and thus variation in potency from batch to batch is negligible.
On the other hand, it must be admitted that these types are more complicated
and expensive to prepare. The choice of which vaccines should be preferred
must therefore be left to the health authorities in each country.

One reservation should be made: toxoids originating from broth con-
taining peptones should be avoided unless they have been thoroughly
purified, since vaccines containing peptones are known not infrequently
to cause anaphylactic reactions.'1' 31, 37, 55

The course of injections to be recommended, and the one which is now
most commonly used, consists of a basic immunization with two or three
injections of 0.5-2 ml, depending on the vaccine used, administered at
intervals of 2-6 weeks, and a recall injection of 0.5-2 ml about a year later.

This procedure is based upon the results of the early investigations of
Ramon and collaborators.48 These have been fully confirmed by numerous
investigators and have been shown to be true in principle for all the different
types of vaccine.23' 32, 40, 41, 50, 59

The antitoxin response and the average levels obtained after the basic
immunization are shown schematically in Fig. 1.

FIG. 1. SCHEMATIC CURVE OF ANTITOXIN RESPONSE TO BASIC COURSE
OF TETANUS IMMUNIZATION
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The arrows indicate the times of the second and third injections.

The first injection causes no or a barely detectable antitoxin production.
After the second injection, given about three weeks later, moderate anti-
toxin production commences. The third injection, administered again three
weeks later, causes plentiful antitoxin production, which may reach a
maximum level of between 0.1 and 1 unit per ml in about six weeks. When
precipitated or adsorbed vaccines are used the same results are obtained
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after two doses administered four weeks apart. In the course of the next
year, the antitoxin content may fall to between 0.01 and 0.1 unit per ml.

The antitoxin response to basic immunization has been shown to be
connected with the intervals between the injections, longer intervals leading
to higher final levels.6' 32, 44, 48, 5 On the other hand, longer intervals
prolong the period of inadequate protection obtained after only one injec-
tion. The prevailing circumstances should thus influence the choice of
which is to be preferred-the higher peak value or the shorter period of
incomplete protection.

FIG. 2. SCHEMATIC CURVE OF ANTITOXIN RESPONSE TO RECALL DOSE
OF TETANUS VACCINE GIVEN ONE YEAR AFTER BASIC COURSE
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Fig. 2 shows schematically the response to the recall dose given about a
year after the basic course. The titre rises to between 1 and 10 units in about
2-3 weeks, after which it falls to values around 0.1 to 1 unit in the course
of the next year. The further decrease in this level, which is about 10 times
higher than that obtained after the basic immunization, then seems to slow
down considerably as judged from certain long-term measurements which
will be considered later.

The injections may be given subcutaneously or intramuscularly. The
intramuscular injection is preferred in England, and to some extent in
America, this route in the opinion of some investigators being less likely
to give rise to local reactions, especially if combined or precipitated vaccines
are used. This does not fully agree with our experience in Denmark. During
more than ten years' systematic vaccination of children with adsorbed
diphtheria or diphtheria-tetanus vaccine and the subcutaneous route of
injection we have very rarely seen anything but insignificant local reactions,
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whereas some years ago a series of injections given intramuscularly by
mistake gave rise to very pronounced local reactions.

This, together with the possibility that intramuscular injections, if
carried out in areas where cases of poliomyelitis exist, might imply a greater
risk of inducing paralysis than subcutaneous injections, make us prefer the
subcutaneous route. The injections might conveniently be given in the
scapular or infraclavicular regions.

Protective Level and Importance of Recall Dose

The actual amount of active circulating antitoxin necessary to confer
full protection against tetanus infection is a matter of conjecture. Using
passive prophylaxis with the current dose of 1500 AU, a maximum concen-
tration in the blood of 0.1-0.5 AU/ml can be achieved. This value has
therefore been suggested as the protective level. However, this would seem
to be somewhat exaggerated, since according to experiments reported by
d'Antona & Valensin 13 and Bergey and collaborators 3 actively immunized
guinea-pigs are better protected than passively immunized animals having
the same amount of circulating antitoxin. The difference is very pronounced.
Actively immunized animals with about 0.01 AU/ml were able to stand
intramuscular injection of 200 times the minimum lethal dose of tetanus
toxin, whereas passiv.ely immunized animals with 20 times more antitoxin
either died or contracted severe tetanus when given the same amount of
toxin.

The experiment of Wolters & Dehmel 57 confirms that a level lower than
that obtained by passive prophylaxis is sufficient. These workers had the
courage to inject themselves intramuscularly with an amount of tetanus
toxin calculated to correspond to 2-3 human lethal doses two and a half
years after they had been immunized with three injections of tetanus vac-
cine. At the time of the toxin injection they had an antitoxin titre of about
0.005 AU/ml and both tolerated the injection without any inconvenience.

Direct injection of potent tetanus toxin must be considered a very
severe test of immunity as compared to the condition following natural
infection. Ramon & Descombey 45 and Wolters & Dehmel 57 found that
horses and guinea-pigs immunized several years previously could stand an
infection with tetanus spores which killed 100% of the controls, even though
the animals had no or barely detectable amounts of antitoxin in their serum at
the time of infection. It would therefore seem reasonable to consider, as do
several investigators, a level of about 0.01 AU/ml to confer safe protection.

As has already been said, a proper basic course of immunization generally
gives maximum levels averaging between 0.1 and 1 unit, and these may fall
within the course of about a year to between 0.01 and 0.1 unit. These are
mean figures and wide individual variations occur. Some persons may
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have less than 0.01 unit and thus not be safely protected before they have
received a recall dose. A survey of the cases of tetanus occurring in actively
immunized persons during the Second World War confirms this. As stated
previously, in the British Army two, and later, three doses of plain toxoid
were given for basic immunization, and recall doses were not used until the
end of 1942. Tetanus antitoxin was administered in the case of wounding.
A total of 22 cases of tetanus with 11 deaths occurred in actively immunized
persons. Sixteen of these cases and all the deaths occurred in persons who
had received a basic immunization with one, two, or three injections of
fluid toxoid but no recall doses. Only six cases and no deaths occurred in
persons who had received one or two recall injections in addition to the
basic course.7

In the United States Army three injections of fluid toxoid were given for
the basic course, followed by one or more annual recall doses. On wounding,
a recall dose of toxoid was given. Six cases of tetanus with three deaths
occurred in actively immunized persons. Two of these cases, both fatal,
had not received their recall injection, whereas only one death occurred in a
fully immunized person.3'

The routine in the United States Navy was two injections of alum-
precipitated toxoid for the basic course with one or more annual booster
doses, which were repeated on wounding. Two cases of tetanus, both of
which survived, occurred in immunized persons. One of them had received
the basic course but no recall dose, and the other had been through a full
course of immunization.25

Summing up, this gives 30 cases with 14 deaths in the whole war; 19 of
these, with 13 deaths, occurred in persons who were only partly immunized
and 11 cases, but only one death, in persons with a full record ofimmunization.

Two facts are evident from the results of this enormous field study, if
such it may be called-the overwhelming effectiveness ofthe active immuniza-
tion, and the importance of the recall dose as part of the routine course of
injections.

Reports on tetanus in actively immunized persons in peacetime are rare.
Hedrick 26 has seen two cases, both of which survived. One of the two had
not received any recall injection; the other person, who had massive infec-
tion at the site of a severe wound and fracture of the finger, had probably
been through a full course of immunization. Neither of them had received
any prophylactic treatment at the time of injury.

Boyer and collaborators,8 in a survey of 279 cases of tetanus occurring
in Paris from 1944 to 1952, state that 10 of these had received one or more
toxoid injections, 4-11 years previously. One person, who died, had a full,
but somewhat irregular, record of immunization, while the other nine,
with seven deaths, had only had the basic course with no recall injection.

This again emphasizes the importance of including the recall dose in
routine vaccination.
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Duration of Protection

Several works have been published showing that considerable amounts
of antitoxin may be found- in the blood 1-5 years after vaccination.6 22
31, 34, 39, 49, 50, 63, 57, 61 A few investigations which it has been possible to
extend over longer periods reveal that even 10 or more years after immuniza-
tion appreciable amounts of antitoxin can be found. Ramon & Lemetayer 47
measured the antitoxin content in horses 8-10 years after they had been
immunized with 3x10 ml of toxoid to which tapioca had been added;
89% of the 126 horses examined had more than 0.01 AU/ml and none
less than 0.001 AU/ml. Bigler5 found between 0.003 and 0.1 AU/ml in
11 children 8-10 years after immunization with two or three injections of
plain or precipitated vaccine.

Schlegel 51 measured a mean value of 0.15 AU/ml in 23 adults who had
been immunized 7-10 years previously with three injections of a combined
tetanus-typhoid-paratyphoid vaccine, the lowest titre measured being 0.02
unit per ml. Other persons who had been immunized with three injections
of plain tetanus toxoid up to six years previously had about the same mean
values of antitoxin. D'Antona 12 states that three persons immunized with
three injections of plain toxoid 11-13 years earlier had from 0.1 to 0.5
AU/ml.

On comparing these long-term values with the average level of 0.1-1
unit generally seen one year after a full course of injections, it would seem
that the ratio between destruction and production of antitoxic globulin
reaches an almost constant value in the course of some years, the antitoxin
levels thus being maintained unchanged or falling very slowly.

This long-lasting effect does
FIG. 3. SCHEMATIC CURVE OF not apply only to the circulating
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and sixth day a tremendous rise occurs, which culminates at about the
tenth to fourteenth day.

The acquisition and maintenance of potential immunity is a very im-
portant factor in active tetanus immunization, since it means that a recall
dose of toxoid given at the time of injury may release antitoxin production
within the period of incubation for a tetanus infection.

The average time of incubation in actively immunized people contracting
tetanus was found by Boyd7 to be 9.6 days. Although this is somewhat less
than the 12-15 days generally stated, 7, 15, 27, 35, 38 and indicates that tetanus
in immunized persons occurs chiefly after more massive infections, there will
be time enough in the large majority of cases for antitoxin production to set
in if a recall dose is given shortly after the injury.

There is full agreement as to the course of antitoxin production after a
recall dose given within the first four years after immunization.5 33, 50, 51, 56
After longer periods, the results are less concordant.

Miller and collaborators 35 thus observed a decrease in the speed of
response in children if more than four years had elapsed since the last
toxoid injection, and the response was to some extent dependent on the
type of vaccine used. They found the quickest response where the children
had been immunized originally with the precipitated or adsorbed types of
vaccines and were given plain toxoid or adsorbed toxoid for the recall dose,
whereas alum-precipitated vaccine led to a somewhat slower response. The
differences were not very pronounced, and all children showed antitoxin
production on the seventh day.

Bigler 5 and Schlegel 51 were not able to confirm these results in their
long-term investigations in children and adults respectively. They found no
decrease in the speed of response within a 10-year examination period and
their experience concerning the influence of the type of vaccine also differed
somewhat from Miller's. Schlegel found plain toxoid to be better than the
adsorbed toxoid used by him, and Bigler in three cases examined by him-
self found as prompt a response to his alum-precipitated vaccines as that
reported by others to plain toxoid.

These problems, which are of great importance for the number of
recall doses needed to ensure immunity and for the type of vaccine to be
recommended for the recall dose to be used at injury, apparently need
further investigation before being finally settled. It is to be hoped that
work on them will be continued, though it is realized that such long-term
studies are extremely difficult to carry through.

At the moment it seems that most evidence is in favour of the view that
-one recall dose is enough and that it need only be repeated in case of injury.

Treatment at Time of Injury
The question of the right treatment for actively immunized persons at

the time of injury is still open to discussion. Cases of tetanus in such
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persons have been too rare and the material has been too heterogeneous
to provide conclusive information. Experimental knowledge and field
experience permit certain inferences to be drawn. These may be summarized
as follows:

1. Persons with an incomplete record of immunization, that is, who
have not had two or three injections for the basic course and a recall dose
about a year later, or who are not absolutely certain as to the history of
their immunization, should in case of injury be treated as though they were
not actively immunized and be given prophylactic antitoxin.

2. Fully immunized persons with wounds likely to be followed by
tetanus should be given a recall dose of vaccine at the time of injury. The
very few cases of tetanus in the United States forces, where this procedure
was followed during the war, justify the omission of antitoxin injections
on wounding.3' Only where a recall dose has not been given within the
first day after the injury is antitoxin treatment indicated together with the
recall dose. According to Miller and collaborators,35 the stimulating effect
of the recall dose is not diminished by giving it at the same time as an
antitoxin injection, provided the injections of toxoid and antitoxin are
administered in different extremities.

It does not seem advisable to omit the booster dose in case of injury and
to rely on the antigenic effect from the toxin produced at the site of infection.
The amount of toxin necessary to establish intoxication is apparently too
small to stimulate antitoxin production in non-vaccinated persons, since
natural antitoxin is not known in human beings-not even in those who
have recovered from tetanus.4 20 46 57 Smaller amounts of toxin suffice to
revive the antitoxin production if the antitoxin-producing mechanism has
been sensitized through active immunization, and there is experimental
evidence that infections in actively immunized animals usually do cause
antitoxin production. The results, however, are not entirely consistent
and-what is important-the speed of response seems to be slower than after
vaccine injections.29 30, 56 62 The high case-fatality rate of 88 % in eleven of
the cases in actively immunized persons mentioned by Boyd,7 where no
treatment was given at the time of injury, supports this, although the reasons
may also be that some of these cases did not meet the requirements for full
immunization outlined above.

3. In persons with severe wounds or compound fractures, where par-
ticularly massive contamination is to be feared, the time of incubation may
be as low as 2-6 days. In such cases there may not be time enough to revive
the antitoxin production and the outcome will depend upon the antitoxin
available at the time of injury. Since this is not definitely known, pro-
phylactic antitoxin and a simultaneous recall dose of vaccine should
be administered. The same should be institxvted in cases of pronounced
haemorrhage.
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Immunization of Civilian Population

Until recently active immunization has been done systematically only
among armed forces, and it is now carried out either compulsorily or
voluntarily in these groups in most countries. However, the risk of tetanus
in any future war would most probably not be restricted to military personnel
and this alone would indicate the importance of widespread immunization
of civilians as well.

The ubiquity of the tetanus spores and bacilli makes the risk of tetanus
omnipresent even in peace-time. The morbidity can only be roughly
estimated because tetanus does not come under the heading of notifiable
diseases, but the mortality is known in a number of countries. In France,
Austria, Spain, and Yugoslavia, the annual death-rate per million in-
habitants is about 22, in Germany 8, and in Scandinavia and England and
Wales 2-4.1, 10, 38 These figures may not seem high in comparison with
those of many epidemic diseases but they seem high enough to warrant
extensive use of the extraordinarily reliable method available for their
reduction. It should be remembered that the case-fatality rate for tetanus
is extremely high (about 50 %), and that more than 50% of the cases result
from unnoticed or insignificant injuries not seen by the doctors.27 42

The only way of dealing with these latter cases, the majority of which
occur in children, is active immunization. It is realized that general im-
munization of a population is not practicable. However, statistical investiga-
tions have revealed that certain groups are more exposed to risk than others.
These are children, agricultural workers, horticulturists, road-workers, and
mechanics.'0, 27, 38

Among children, the highest incidence is found in new-born babies,
due to tetanus neonatorum. By immunization of the mothers during
pregnancy this could most likely be avoided.

There is, I think, general agreement that diphtheria immunization of
children should be carried out-and in many countries it is carried out-to
the widest possible extent. The fact that diphtheria and tetanus toxoids are
particularly well suited as combined vaccines and have the same optimum
course of immunization should make tetanus immunization of children a
relatively simple matter.

There is consistent evidence that babies respond excellently to both
diphtheria and tetanus toxoid. Only where larger amounts of transplacent-
ally acquired antitoxin are present at vaccination has decreased active
production been observed. However, by the age of 4-5 months congenital
antitoxin will generally have fallen to levels which are insignificant in this
respect.2' 9 15, 16, 24, 42 Diphtheria-tetanus vaccination may therefore be
started at as early an age as 4-5 months, except when the mothers have
been vaccinated during pregnancy, in which case it might be necessary to
postpone vaccination of the children until the age of 6-7 months or later.

3
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In France combined diphtheria-tetanus immunization had been compul-
sory for children from 1 to 14 years since 1940. In Denmark the use of
uncombined diphtheria vaccine was discontinued in 1950, and routine
vaccination-which, although voluntary, includes almost 1000% of the
children-has since then been carried out with a combined diphtheria-
tetanus vaccine. The vaccination is free, the expenses being met by the State.

In the USA and Canada vaccination of children with combined
diphtheria-tetanus vaccine with or without pertussis vaccine is already
very widespread and is increasing.

Vaccination of the other particularly exposed groups is still not under-
taken anywhere to any considerable extent.

In a recent article on the importance of active tetanus immunization
from a legal-insurance point of view, Hoppe points out that this vaccina-
tion has a public health aspect also.27 He concludes from his examinations
that it may pay the health insurance authorities to contribute towards the
expenses of routine vaccination. He likewise suggests that active tetanus
immunization ought to be included in the accident-insurance schemes
covering certain groups.

Several other articles advocating a more widespread use of tetanus
immunization have appeared during recent years." 10, 17, 28, 58 It is to be
hoped that these will result in a full peace-time utilization of this excellent
method, so that tetanus may one day become a disease of the past.

REISUMI2

L'immunisation active contre le tetanos au moyen de l'anatoxine tetanique assure
une protection superieure A celle que confere le serum antitetanique. Les resultats des
vaccinations effectu6es au cours de la deuxieme guerre mondiale le prouvent A l'evidence.
Au reste, l'usage de I'anatoxine tetanique a considerablement augmente dans le monde
au cours des quinze dernieres annees. Les risques de reactions post-vaccinales sont
insignifiants et la protection dure des annees, alors que le serum ne protege que durant
1-2 semaines.

La vaccination est effectuee au moyen de la toxine tetanique rendue non toxique par
le formol. Les vaccins antitetaniques sont soit des anatoxines simples soit des anatoxines
adsorbees ou precipitees par des sels d'aluminium. Si l'on compare entre eux des vaccins
bien prepares, dument contr6les et administres en nombre suffisant d'injections, aucun
de ces types de vaccins ne peut ere considere comme absolument superieur aux autres.

Deux injections d'anatoxine adsorbee ou precipitee suscitent le meme niveau d'anti-
corps que trois injections d'anatoxine simple. Tout en etant plus constantes dans leur
activite, d'un lot A I'autre, les anatoxines adsorbees ou precipitees sont plus difficiles A
preparer et plus couiteuses que les anatoxines simples. Le choix du type de vaccin doit
etre laisse aux autorites sanitaires de chaque pays. I1 faut noter cependant que les ana-
toxines provenant de cultures sur bouillon renfermant des peptones doivent etre evitees
- A moins qu'elles n'aient et fortement purifiees - car les vaccins contenant des pep-
tones provoquent assez souvent des reactions anaphylactiques.

Le schema de vaccination actuellement recommande comporte une immunisation de
base - 2-3 injections de 0,5-2 ml, suivant le vaccin utilise, administrees a intervalle de
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2-6 semaines - et une injection de rappel (0,5-2 ml) environ un an plus tard. La reponse a
l'immunisation de base depend de l'intervalle qui separe les injections. Les injections
espacees ont I'avantage de produire un niveau final d'anticorps plus eleve. Elles ont
l'inconvenient de maintenir une protection insuffisante durant les periodes intercalaires.
Le but cherche et les circonstances indiqueront le schema qui doit etre prefere.

D'apres son experience, l'auteur estime que l'injection sous-cutanee est preferable A
l'injection intramusculaire.

I1 semble qu'un titre de 0,01 unite antitoxique (UA) par ml assure une protection
efficace. Apres la troisieme injection d'anatoxine simple, ou la deuxieme d'anatoxine
adsorbee, le titre antitoxique atteint 0,1- 1 UA/ml. I1 tombe, au cours de l'annee qui suit,
A 0,01-0,1 UA. A la suite de l'injection de rappel, qui a dans le processus general d'immu-
nisation une importance considerable et doit etre effectuee au plus tard 4 ans apres
l'immunisation de base, le titre atteint 1-10 UA en 2-3 semaines, apres quoi il s'abaisse
A 0,1-1 UA au cours de F'annee suivante. La baisse subsequente est lente. Dans diverses
etudes, on a releve un taux de 0,003-0,1 UA 8-10 ans apres immunisation. I1 semble que,
au bout de quelques annees, un equilibre s'etablisse entre la production et la destruction
des globulines antitoxiques. Cet effet a long terme de la vaccination n'est pas limite aux
globulines antitoxiques circulantes. I1 s'etend aux cellules productrices d'antitoxines
elles-memes et se manifeste par le developpement rapide et intense d'antitoxines qui se
produit lorsqu'un organisme vaccine est expose A l'infection par l'antigene tetanique.
Apres blessure, une nouvelle dose de rappel assurera une production assez rapide d'anti-
toxines pour 6viter l'infection chez les individus vaccines. Toutefois, en cas de blessure
comportant des risques graves ou en cas de forte hemorragie - dasns les conditions ou la
periode d'incubation peut etre de 2-6 jours seulement - on administrera du serum anti-
tetanique avec la dose de rappel d'anatoxine.

Jusqu'A ces dernieres annees, l'immunisation antitetanique n'etait pratiquee que dans
les forces armees, A titre obligatoire ou non suivant les pays. L'immunisation des popu-
lations civiles pourrait, A l'avenir, avoir de l'importance. La presence ubiquitaire des
spores du bacille tetanique generalise les risques. S'il n'est guere possible d'envisagr la
vaccination de l'ensemble de la population civile, on peut profiter, pour immuniser les
enfants, qui sont l'un des groupes les plus exposes du fait que les anatoxines diphterique
et tetanique forment une combinaison tres satisfaisante A laquelle ils reagissent tres bien,
des l'Age de 4-5 mois. Cette vaccination associee tend A se generaliser dans de nombreux
pays. D'autre part, plusieurs auteurs ont recommande que les administrations dont
depend la securite sociale et les assurances-accidents prennent un interet actif A la vacci-
nation preventive des groupes particuli&eement exposes.
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