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SYNOPSIS

After a brief historical review of the events leading to the deve-
lopment of diphtheria prophylactics, the author discusses-the effect
of immunization on diphtheria epidemiology and the principles
governing the choice of prophylactics. For immunization campaigns
to be really effective a high proportion of the population must be
immunized, and the pre-school age-groups must be included.
Indeed, there is evidence that primary immunization should not
be delayed beyond the third or fourth month of life. The prophy-
lactic used should be antigenically highly potent and should confer
long-lasting immunity with three injections at the most.
The author then considers the use of combined immunization,

which is approached with caution in some countries but is generally
accepted in North America, and goes on to discuss the immunization
of adults. The fact that adults may have severe reactions to parente-
rally administered diphtheria toxoid has led to attempts to develop
reaction-free prophylactics. Toxoid administered orally appears
not to cause reactions but is not yet so effective as parenteral toxoid.

Present methods for controlling diphtheria depend on isolation, quaran-
tine, and prophylactic (active and passive) immunization, but it has been
clearly established that the only effective method is the use of satis-
factory active immunization. Isolation and quarantine have not had any
noticeable effect on the community at large and passive immunization,
because of its transitory nature, has a somewhat restricted application.

Without delving deeply into history, a few of the more significant
events leading to the discovery and development of diphtheria prophy-
lactics may be of interest. The existence and role of diphtheria toxin was
demonstrated by Roux & Yersin in 1888 34 when they found that bacterium-
free filtrates from diphtheria cultures, grown for several days in liquid
medium, were capable of producing in guinea-pigs the same lesions and
death which follow inoculation with living organisms. In 1890, Von
Behring 2 demonstrated the role of antitoxin, which led to the introduction
of serum therapy. The successful use of culture filtrates and almost
simultaneously of toxin-antitoxin mixtures in the immunization of experi-
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mental animals followed shortly thereafter. Attempts to immunize man
followed along similar lines.23 The use of toxin, because of its severe
reactions, was found unsuitable for humans. Bacterial vaccines were
also tried, and these too did not appear very promising. In 1913, von
Behring 3 reported the safe and effective use of toxin-antitoxin in children.
Active immunization against diphtheria developed very rapidly from then
on, particularly in the United States of America. The use of these mixtures,
however, was not without its attendant dangers and a step of great import-
ance was the discovery that the toxin which was dangerous could be
replaced by harmless toxoid.

The discovery that diphtheria toxin lost its toxicity when treated with
formol has been attributed 22, 23 to Salkowsky. This finding made in 1898
was repeatedly confirmed by later workers and, finally, it was shown
by Glenny 15,18 and Ramon 32,33 that the toxicity of toxin could be removed
but the immunizing efficiency retained. In France, it was used on a large
scale with children and soldiers. Its success was such that it rapidly spread
to other countries and gradually began to replace toxin-antitoxin mixtures.

The beneficial effects of the various diphtheria prophylactics, i.e.,
antitoxin, toxin-antitoxin mixtures, toxoid, etc., are now generally recognized.
It is of interest to note the effect their respective introduction had on the
morbidity and mortality incidence for this disease in Canada.

Effects of Immunization on Diphtheria Epidemiology

In general, the mortality rate from diphtheria in Canada has been
falling since the turn of the century, but the morbidity rates remained
stationary until 1930.8, 9 Antitoxin was not produced commercially in
Canada until 1914 but considerable quantities were imported before and
since that time. Deaths from diphtheria are rare in patients who receive
early and adequate treatment with antitoxin, and undoubtedly its intro-
duction had some influence on the mortality rates. But while the anti-
toxin saved lives, it is apparent that its use had practically no effect on
the disease incidence, even though it was used fairly widely.

The introduction of toxin-antitoxin mixtures had little effect on morbidity
and mortality in Canada since it was used only on a moderate scale and in
widely separated communities. Active immunization was started on a
large scale in 1925,8, 9 two years after the discovery of toxoid. The results
following its introduction were dramatic. In the cities and other commu-
nities where it was first used, diphtheria was practically eliminated in a
very short period. The effect of extending immunization was noticeable
at the national level by 1930, when a sharp drop in both morbidity and
mortality rates occurred. In general, these rates have continued to drop
since that time. Canadian vital statistics from 1924 demonstrate this
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FIG. 1. DIPHTHERIA MORBIDITY AND MORTALITY RATES
PER 100000 POPULATION IN CANADA, 1924-52
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clearly (see Fig. 1). The abruptness of the decline in diphtheria incidence
and deaths and the complete absence of any similar declines preceding
the period of its application leave no doubt as to the effectiveness of
diphtheria immunization.

Notwithstanding the proven valu,e of immunization, diphtheria is still
prevalent today-more so in some countries than in others. In order to
meet this problem consideration must be given to the establishment and
extension of more effective immunization programmes. It must be borne
in mind that for any immunization campaign to be effective, a high pro-
portion of the population must be immunized. In the United States of
America and Great Britain it would appear that the disease can be con-
trolled if at least 70%~of the population is immune.39 Failure to keep
a sufficiently high proportion of the population immunized may not only
render the campaign a failure but may bring discredit on the method of
immunization as well, because studies 13, 14, 24 have shown that in epidemics
diphtheria can occur in the immunized, even though the infection in these
is much less severe and death is rare. The main factors to be taken into
consideration are the selection of an effective prophylactic and the establish-
ment of sound practical procedures for its use. The chief considerations
for the latter are age at which immunization is begun, dosage, and interval
between doses.
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Choice of Prophylactics for the Control of Diphtheria

First in importance is the selection of the prophylactic to be used.
Antigenically, this must be highly potent, capable of producing a satis-
factory degree of long-lasting immunity following two or at the most
three injections. Of course, it must be safe to use and should not cause
untoward reactions, local or systemic, which would discourage the return
of the patient for further doses, or others from taking the injections. Much
progress has been made in the last decade towards the development of
diphtheria prophylactics which meet these criteria, and a wide variety
are available for world use today. A conference of experts 39 meeting
under the auspices of WHO at Dubrovnik, Yugoslavia, in 1952, listed nine
different preparations; five were considered as having been proved satis-
factory and the remaining four were listed as requiring further study.
Following the conference, a survey of toxoids from different countries
was undertaken by the Laboratory of Hygiene. Biological assays for
potency were carried out on products from eleven countries. The study,
now completed, has shown the following:18

1. FT (Formol-toxoid, crude and purified)
In general, it was found that such preparations, given individually,

are not as potent as those given in combination with bacterial vaccines, or
as the adsorbed preparations. Purification appears to reduce the potency
of fluid toxoid.

2. TAF (toxoid-antitoxin floccules)
Guinea-pig assays suggest that this preparation is not as effective as

the other types of diphtheria prophylactic. However, it has been pointed
out by Hartley 22 that antitoxin response to TAF in guinea-pigs is much
slower than formol-toxoid, so that the normal guinea-pig test is not a fair
measure of its value. It is reputed to cause very little local reaction, a point
in its favour when selecting a prophylactic for adults.

3. APT (alum-precipitated toxoid)
In animal studies, this has been found to be approximately ten times

as effective as ordinary formol toxoid.

4. PTAP (purified toxoid, aluminium-phosphate precipitated)
One of the newer products introduced within the last decade,25 and

one that has proved extremely effective. Assays in guinea-pigs indicate
it is 2.5 to 5.0 times as potent as ordinary alum toxoids.

5. PT (phosphate toxoid) 37

A modified form of PTAP, which, by these assays, has also been found
to be highly potent. The basic potency ranged from 0.5 to 1.1 Lf per SE,
and the average was 0.7.
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6. PTAH (purified toxoid, aluminium-hydroxide adsorbed) 35, 36

This preparation was also very effective. The basic potency varied
from 0.2 to 0.9 Lf, with an average of 1.0 Lf, per SE.

7. NAFT (natural adjuvant factor toxoid)
A product introduced in India by Lahiri 26 in 1951. It is prepared by

adding impurities recovered from the purification process of crude veal
proteose-peptone diphtheria toxoid to the purified toxoid. The addition
of this non-specific substance is supposed to act as an adjuvant, and, at the
same time, the resultant product is reputed to cause very few reactions in
adults. Tests in our laboratory have shown this product to have 2.0 to
3.0 times the potency of the fluid toxoid standard of the Laboratory of
Hygiene. It is not expected that this product will obtain world-wide usage.

8. Protamine toxoid
We have not tested this product by itself. Our tests have been of pro-

phylactics in which the protamine toxoid has been present along with
another type of toxoid (either in fluid or adsorbed). The presence of the
protamine toxoid did not appear to affect the potency of the final product,
neither enhancing nor depressing its activity.

9. Mason's DF (dissolved floccule solution), PDF (dissolvedfloccule solu-
tion precipitated with alum), and ADF (dissolved floccule solution adsorbed
onto aluminium phosphate).

These products are prepared by dissolving TAF in N/20 NaOH and
yield a highly purified toxoid, which, when precipitated by alum or adsorbed
to aluminium phosphate results in a very effective antigen. Our tests have
shown that DF has approximately three to four times the potency of
our fluid standard and that the ADF has a potency similar to PTAP.
Mason's reports 28. 29 indicate that these preparations are highly effective
in humans, and that they produce fewer reactions than either APT or FT.

Methods of Application

There should be little difficulty in selecting good prophylactics from
the above list, though the results of their use will be entirely dependent
upon the method of their application. Essentially, any satisfactory control
programme rests upon the simple principle of producing the most effective
degree of active immunity in the greatest number of persons as early in
life as possible, and maintaining that immunity indefinitely. Considera-
tion must be given not only to the primary immunization of the child
population, but also to the maintenance of a high level of immunity by
a proper schedule of reinforcing doses. Further, for maximum effect,
the immunization of the adult population must not be neglected.
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The size of dose, the number of doses, and the interval between doses
have been well established. Each dose should be contained in either 0.5
or 1.0 ml. Every effort should be made to give three, or at the very least
two, doses, and these should be spaced one month apart. Reinforcing
doses should be given within five years of primary immunization and,
where possible, a second dose should be given within the following ten
years.

Age for Immunization

Determination of the best time for the administration of toxoids involves
a number of considerations. Reviews ofimmunization campaigns in separate
communities in the United States of America indicate quite clearly that
those failing to include pre-school age-groups in their immunization pro-
grammes are very likely to end in failure.17 27 Administratively, con-
fining mass immunization to school age-groups has certain obvious attrac-
tions, but in practice it has only a reduced chance of achieving its purpose.
The most accurate guide for determining the most effective age at which
to immunize is the diphtheria mortality rate for the country or community
concerned. As an example, Table I shows the total mortalities due to
diphtheria, whooping cough, and tetanus in Canada, grouped cumulatively
by ages for the ten-year period 1943-52. During that period, a total of

TABLE I. DEATHS FROM DIPHTHERIA, WHOOPING COUGH, AND TETANUS
IN CANADA, 1943-52,* GROUPED CUMULATIVELY BY AGE AT DEATH

Diphtheria Whooping cough Tetanus
Age

(years) number % number % number %
of deaths of deaths of deaths

< 1 131 8.6 2042 75.5 5 3.5

< 2 247 16.3 2441 90.3 10 7.0

< 3 428 28.2 2559 94.6 11 7.7

< 4 617 40.6 2615 96.7 19 13.3

< 5 774 51.0 2644 97.8 25 17.5

<10 1245 82.0 2685 99.3 51 35.7

<15 1352 89.0 2698 99.8 70 49.0

<20 1393 91.7 2699 99.8 76 53.1

<25 1413 93.0 2699 99.8 82 57.3

<30 1438 94.7 2699 99.8 86 60.1

all ages 1519 100 2704 100 143 100

* Includes Newfoundland 1949-52.
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1519 deaths due to diphtheria occurred. Over 50% of the deaths occurred
in children under five years of age, or, in other words, before the child
reached school age. If these children are to be protected, they must get
their immunization long before they reach this age. Attempts to protect
them by reducing the disease in the community, with mass immunization
programmes including only the older age-groups, are likely to end in
failure. Every effort, therefore, should be made to immunize the child
as early in life as possible. From the table, it is apparent that it is not
justifiable to delay the start of immunization beyond the first year of life,
and consideration may be given to starting even earlier. In Table II, deaths
from the same three diseases are listed, but in this case the incidence is
listed by day and month. From this table, it well be seen that, to be most
effective, immunization should not be delayed beyond the third or fourth
month of life.

Until recently the belief prevailed that children under one year of
age did not respond well to active immunization and that infants immunized
prior to the sixth month of age required a booster dose one year after

TABLE II. DEATHS IN FIRST YEAR OF LIFE FROM DIPHTHERIA, WHOOPING
COUGH, AND TETANUS IN CANADA, 1943-52, * GROUPED CUMULATIVELY BY

AGE AT DEATH

Diphtheria Whooping cough Tetanus **
Age number % number % number

of deaths of deaths % of deaths __%

0 6 days 1 0.76 4 0.20 1

0-13 1 0.76 9 0.44 - _

0-20 4 3.05 40 1.96 _ _

0-27 ,, 10 7.63 89 4.36 - _

2 months 34 25.95 412 20.18 - -

3 .. 56 42.75 745 36.48 - -

4 67 51.15 997 48.82 - -

5 72 54.96 1204 58.96 - -

6 83 63.36 1383 67.73 - -

7 87 66.41 1525 74.78 - -

8 96 73.28 1680 82.27 - -

9 101 77.10 1791 87.71 - -

10 108 82.44 1887 92.41 - -

11 117 89.31 1975 96.72 - -

1 year 131 100 2042 100 5 100

* Includes Newfoundland 1949-52.
** Tetanus deaths are not available for the single ages of this analysis.
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their initial course. However, recent studies 1, 5-7, 10, 11, 19, 20, 38 suggest that
this is not the case. Infants immunized between the second and fourth
month of life with diphtheria toxoid alone, or with diphtheria toxoid
in combination with pertussis vaccine and tetanus toxoid, have shown
excellent antibody responses to all three antigens. There is some evidence
to suggest that the response is greater in older children, and also that
under certain circumstances the presence of inherited antibody in the younger
infants may depress the antibody response, but further evidence is required
to clarify these points. In our own studies 19, 20 with small groups of infants
where immunization was started between the second and the fourth month
of age, there was some evidence to suggest that the presence of inherited
antitoxin delayed the production of diphtheria antitoxin, but titrations of
antitoxin levels one year after immunization showed an equally good
response in those with and those without inherited antitoxin. This is
evident from the figures shown in Table III. Of added interest is the fact
that the final antitoxin titres for all the children in both groups were higher
than the Schick negative level of 0.004 unit of antitoxin per ml. This would
suggest that when immunization with an effective prophylactic is started
in infants between three and four months of age, a satisfactory antitoxin
titre is present at eighteen months of age, and therefore a booster dose
is not necessary at this time. We are at present following groups of children
similarly immunized to see whether the booster dose can be delayed
until the child enters school (in Canada at about the fifth or sixth year
of life).

Combined Immunization

While the present paper is concerned with immunization against
diphtheria, consideration must be given to the use of diphtheria toxoid
combined with other antigens because, in Canada and the USA, diphtheria
toxoid is now rarely used alone in mass immunization programmes. In
both these countries it is almost always used in combination with pertussis
vaccine or tetanus toxoid, or both. The figures in Tables I and II show
that for whooping cough more than 75% of the total mortality occurs
within the first year of life, and more than 50% before the sixth month.
To derive the greatest benefit from immunization against whooping cough,
it is obvious that injections should be started well before the sixth month
of age. The contention that immunization of a sufficient number of older
children might so reduce the disease that it would only rarely penetrate
into the family circle has not yet been proved, and in the light of experience
with diphtheria immunization (where failure to include pre-school age-
groups resulted in failure of the programme) this suggestion is one that
cannot be readily acc,pted.
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In North America, combined immunizations have been accepted
almost without reservation. Other countries, however, are approaching their
use with caution. In North America, the use of triple antigen, i.e., diphtheria
toxoid combined with pertussis vaccine and tetanus toxoid, for mass
immunization is increasing and it is expected that this trend will continue.
There is good reason for this. In the first place, there is considerable
evidence to show that in this combination the activity of the diphtheria
toxoid fraction is not depressed, and, in fact, in the fluid mixtures its action
may even be enhanced. Secondly, the action of the pertussis vaccine does
not appear to be either enhanced or depressed. Finally, while there is a
possibility, not yet proved, that the tetanus toxoid may not be as effective
in combinations as it is when given alone, the public are not prepared
to accept immunization against tetanus when it involves an individual
course of inoculations; essentially, therefore, it will have to be given in
this form or not at all. Objections have been raised to the use of combined
antigens but it is beyond the scope of this paper to discuss all the arguments
for and against.

Immunization of Adults

Finally, consideration should be given to the immunization of adults.
Few communities include adults in their general immunization programmes.
The reasons for this are not difficult to understand. While the incidence
of the disease in adults during the Second World War, and in Halifax
in 1945,'3 14 has clearly shown that it is by no means restricted to child
age-groups, diphtheria is still considered by the public to be a childhood
disease and few adults recognize or feel the need for immunization against
it. Many adults are sensitive to the diphtheria antigens, and reactions
following inoculation with diphtheria toxoid can be quite severe. This
factor not only discourages adults from seeking immunization, but also
causes public health authorities, with justification, to approach adult
immunization with extreme caution. Because of the risk of severe reactions,
it is generally recommended that inoculations for adults be given in smaller
doses and that the primary immunization be restricted to Schick positive
persons who do not show a reaction to the control Schick injection.39 It
is further recommended that prophylactics for adult use be restricted to
adsorbed or purified fluid preparations.

Attempts to develop reaction-free prophylactics have been in progress
for years in many countries. In Great Britain, TAF is highly recommended
for this purpose. In South Africa, Mason has found that DF and ADF
produced very few reactions following injections in adults and, further,
that the reactions that did occur were generally mild in nature. These latter
preparations merit further study. In Canada, a field study on the oral
use of diphtheria toxoid for this purpose has just been completed.21
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Bousfield 4 and others 30, 31 had previously found this route to be of no
value for the primary immunization of humans but to be very effective
when used for reinforcing or booster doses. In our work on 651 individuals,
we were able to confirm these previous workers' findings that this method
has little or no value for primary immunization, but our results were not
nearly as encouraging as theirs when this route was used for the booster
dose. Eight to fourteen months after immunization only 50%-60% of
those receiving oral toxoid had increased antitoxin titres as compared
to 90% in the parenteral control group. This is shown in Table IV, where
it may also be seen that the older age-groups derived greater benefit than
the younger ones. In our studies, in which over 2,000 individuals have
taken toxoid orally, there have been no reports of constitutional or intestinal
disturbances. For this reason alone consideration might well be given
to the use of this method in adult immunization, particularly if no other
method is available, for even though the benefit resulting from oral
immunization may not be striking, it may be all that is necessary to elevate
and maintain a high level of immunity in that segment of the population.

RItSUMIP

L'auteur rappelle les diverses etapes de la lutte contre la diphterie, qui ont conduit 'a
l'immunisation active de l'homme, seule methode efficace de protection de la collectivite.
Au Canada, le taux general de morbidite et de mortalite par diphterie a baisse depuis
le debut du siecle. Le serum antidiphterique n'a et prepare commercialement au Canada
que depuis 1914, mais de grandes quantites ont et import&es. Tout en sauvant des vies,
l'emploi du serum n'a pas diminue l'incidence de la maladie. L'immunisation active a
6te entreprise en 1925, deux ans apres la decouverte de l'anatoxine. L'effet fut immediat

*et frappant. La diphterie disparut en peu de temps des communautes vaccinees. Les
resultats de l'immunisation generalisee se refleterent des 1930 par une baisse impression-
nante de la morbidite et de la mortalite, sur le plan national. Malgre la valeur evidente
de l'immunisation active, la diphterie subsiste encore, plus ou moins repandue selon les
pays. Pour parvenir a la faire disparaltre comme probleme de sante publique, il faut
*envisager des programmes d'immunisation plus etendus et plus efficaces. Pour ce faire,
it faut qu'une proportion elevee de la population soit immunisee (70% au Canada et
aux Etats-Unis par exemple). Il importe en outre de choisir une substance prophylactique
appropriee et de determiner 'a quel age l'immunisation doit etre pratiquee, quelle est la
dose it appliquer et quand les injections de rappel doivent etre effectu&s.

La Conference des chefs de laboratoires pr6parant des vaccins antidiphteriques et
-anticoquelucheux a etabli, en 1952, une liste de neuf preparations prophylactiques- cinq
d'entre elles d'efficacit6 eprouvee et quatre a soumettre as des etudes complementaires. A
la suite de cette conference, le Laboratoire d'Hygiene du Department of National Health
and Welfare, Ottawa, Canada, a soumis a des essais biologiques des anatoxines provenant
de 11 pays. Aprbs avoir decrit les avantages et inconvenients de chacun des principaux
types d'anatoxines, l'auteur souligne que les resultats que donneront ces preparations
dependront entierement de la facon dont elles seront appliqu&es. Outre la primo-immuni-
sation des enfants, il faut prevoir le maintien d'un niveau elev6 d'immunite par l'injection
-de doses de rappel a des intervalles judicieusement choisis. I1 est etabli que les doses
-doivent etre injectees sous un volume de 0,5-1 ml, que trois doses, ou deux au moins,
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doivent etre administr6es, a un mois d'intervalle. Des injections de rappel seront effectuees,
l'une dans les cinq ans et l'autre dans les dix ans qui suivent.

L'examen des statistiques de morbidite et de mortalite par diphterie, par groupe
d'age, donne une indication precieuse sur les groupes de population qui sont le plus
vulnerables et qu'il s'agit de proteger. Au Canada, de 1943 a 1952, 50% des d&ecs par diph-
terie sont survenus chez des enfants de moins de 5 ans. Tous les efforts doivent tendre a
vacciner l'enfant tres tot, meme d&s le 3e ou le 4e mois. A cet age d6ja, les enfants donnent
une excellente reponse aux antigenes dipht6rique, tetanique et coquelucheux. On poursuit
des essais au Canada en vue d'etablir si l'administration de la dose de rappel peut etre
differee jusqu'a l'age de 5-6 ans. Dans les programmes d'immunisation systematique au
Canada et aux Etats-Unis, l'anatoxine est le plus souvent appliquee en combinaison
avec le vaccin anticoquelucheux et l'anatoxine tetanique. Le fait d'etre associee a d'autres
antigenes n'affecte pas l'activite de l'anatoxine diphterique; il est possible meme qu'elle
soit renforcee. Le vaccin coquelucheux n'en est pas affecte non plus. I1 se peut que I'ana-
toxine tetanique soit affaiblie par la presence d'autres antigenes, mais c'est la seule faron
de faire accepter par le public la vaccination antitetanique.

L'immunisation des adultes n'est prevue que dans quelques programmes. Les adultes
ne voient pas la necessite de se proteger contre une maladie qu'ils estiment, ah tort souvent,
etre exclusivement infantile; ils craignent aussi les reactions locales souvent serieuses que
la vaccination peut provoquer chez eux. En raison des risques de reactions facheuses,
il faut prevoir pour les adultes des doses moins fortes que pour les enfants. La primo-
vaccination devrait etre limitee aux sujets Schick positifs, qui supportent bien l'inocula-
tion d'epreuve. En Grande-Bretagne, les floculats du melange anatoxine-antitoxine (FAA)
ont et recommandes pour la vaccination des adultes. En Afrique du Sud, Mason a
obtenu de bons resultats avec les anatoxines FD et FDA (solution de floculats dissous
adsorbee par le phosphate d'aluminium). Au Canada, l'administration orale d'anatoxine
diphterique a ete appliquee a titre d'essai. Certains auteurs ont preconise cette voie
d'administration, sinon pour la primo-immunisation, du moins pour les vaccinations
de rappel. Les experiences portant sur 651 personnes ont montre que 8-14 mois apres
l'immunisation, 50 %-60% seulement des sujets ayant regu l'anatoxine par voie orale
presentaient une augmentation du titre antitoxique (contre 90% chez les vaccines par
voie parenterale). Malgre cet inconvenient, l'etude de cette methode d'immunisation,
qui a I'avantage de ne pas provoquer de troubles constitutionnels ou intestinaux, merite
d'etre poursuivie.
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