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SYNOPSIS

The first part of this article on the prophylaxis, pathogenesis
and therapy of diphtheria is devoted to an epidemiological survey
of the results achieved with active immunization against the disease.
From these results it can be concluded that active immunization
has been largely responsible for the decrease in the morbidity and
mortality rates which has taken place in the past half-century.

In the second part, the authors deal at length with problems
relating to the pathogenesis and therapy of the disease, discussing
such subjects as the different types of diphtheria bacteria, the
significance of non-virulent strains, the action of bacteriophages,
the plurality of diphtheria toxin, the use of antibacterial sera, and
the importance of the " avidity " of antitoxic sera.

Finally, taking into consideration the data presented in the
preceding parts, the authors put forward their views as to the cause
of diphtheria, the measures which should be taken to control it,
and the most satisfactory form of therapy.

Not long after the discovery of the diphtheria bacterium by Loeffiler 75
in 1884, the formation of diphtheria toxin by Corynebacterium diphtheriae
was described in a publication by Roux & Yersin.'25 Two years later,
in 1890, von Behring & Kitasato 6 reported that they had succeeded in
immunizing animals (including horses) and in demonstrating the presence
of diphtheria antitoxin in the blood serum of these animals. This anti-
toxin was capable of neutralizing the above-mentioned toxin specifically.
Thus a rational basis for combating diphtheria by active and passive
immunization was provided.

Epidemiological Study of Results obtained with Active
Immunization against Diphtheria

Artificial immunization
Von Behring,5 in Germany, was the first to attempt the artificial

immunization of children, whom he inoculated with the well-known
* Head, Laboratory for Serum and Vaccine Purification

** Head, Laboratory for Serum and Vaccine Control
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toxin-antitoxin (T-A) mixtures. It was not long before this method was
adopted in other countries; for example, Park & Zingher 105 introduced
it in the USA in 1915. Although the results of immunization were reason-
ably good, the use of these vaccines had several drawbacks: in particular,
the fact that the T-A complex is apt to dissociate under certain conditions
and become extremely toxic. Accidents were bound to happen. Suffice it
to cite the Austrian catastrophe in 1926, when several children died of
diphtheria poisoning as a result of inoculation.46 Hence, the discovery
of formol-toxoid (Glenny & Hopkins; 38 Glenny, Hopkins & Pope 39),
which was used for the large-scale immunization of children under the
name " anatoxine diphterique " by Ramon 115 in 1924, meant a great
advance. As early as 1926, a thesis on the subject of this vaccine was
published in the Netherlands by Brandwijk.'4

In order to obtain a satisfactory degree of immunity, this anatoxine
must be injected in three doses, separated by a lapse of time. In older
children and adults it often causes unpleasant reactions. To overcome
these two drawbacks, several precipitated or adsorbed vaccines were
developed. These consist of a purified toxoid, linked to a " carrier ",
which is usually an aluminium compound. The best-known of these
preparations are: APT (alum-precipitated toxoid 36, 42, 43, 74, 111, 136); PTAH
(purified toxoid, aluminium-hydroxide-adsorbed 8, 130, 135); PTAP (purified
toxoid, aluminium-phosphate-precipitated 10, 55, 56); and PT (phosphate
toxoid 118).

In the Netherlands, the last-mentioned vaccine has been the subject
of extensive investigations.45' 93, 139, 140

On the need for vigorous, large-scale diphtheria-immunization cam-
paigns, opinion is almost unanimous. In the Netherlands, Hoogendoorn,57-59
van Nieuwenhuize,89 Noordam,92 and Ruys,127 among others, have urged
the necessity for such measures.

Hoogendoorn, whose publications57'58 give a detailed account of the
serious diphtheria epidemic from which the Netherlands suffered in the
Second World War, expresses his opinion as follows:

" This investigation has shown that the results obtained with inoculations against
diphtheria have been good, a fact which, in my opinion, leads one to the conclusion
that the vast majority of the more than 13 000 deaths of diphtheria and the more than
220 000 cases of diphtheria reported in 1940-1946 would have been prevented if around
1940 a considerable proportion of the population could have been inoculated against
this disease." [Trans.]

Ruys 127 has compared the inoculation figures for Copenhagen with
those for Amsterdam; a conspectus of these figures is given here in
Tables I and II.

When considering the data presented in Table I, one must bear in
mind that in many places in the Netherlands the infant schools are attended
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TABLE I. IMMUNIZATION AGAINST DIPHTHERIA IN INFANT SCHOOLS
IN AMSTERDAM *

Date Year Number Number Percentage
of immunization of birth of schoolchildren immunized immunized

1948 1943 10 709 6 469 60.4

1949 1944 9 987 7 467 74.8

1950 1945 10 416 7 934 76.1

1951-52 1946 17 240 13 348 77.4

1952-53 1947 18 019 14 723 81.7

* Based on data of Ruys 127

by no more than 25 %-40 % of the infants of school age (3-5 years). Tasman
& Lebret,'3' 140 in two publications, have analysed the inoculation per-
centages for children from 0-13 years old in the municipality of Zeist
in the years 1951-52 and 1952-53. For the relevant figures, the reader
is referred to these publications.

TABLE II. IMMUNIZATION AGAINST DIPHTHERIA IN MUNICIPAL SCHOOLS
IN COPENHAGEN*

Percentage
immunized before
going to school

72.4

85.9

95.6

97.2

95.8

95.0

94.6

93.1

89.1

Percentage
immunized in the first

school year

69.9

23.5

12.4

3.7

2.3

3.6

4.3

3.1

3.8

3.0

Percentage
not inoculated

by the end of first
school year

4.1

1.7

0.7

0.5

0.6

0.7

2.3

3.1

8.0

* Based on data of Bojlen I

In the article mentioned above, Ruys also presents a survey of diph-
theria morbidity in the Netherlands and in a few other countries; the
results are summarized in Table III.

Year
of birth

1941-42

1942-43

1943-44

1944-45

1945-46

1946-47

1947-48

1948-49

1949-50

1950-51
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TABLE II. CASES OF DIPHTHERIA, PER 100000 INHABITANTS,
NOTIFIED IN VARIOUS COUNTRIES FROM 1941 TO 1952 *

Country 1941 1 1944 1946 1948 1951 1952

Netherlands 60.65 656.49 286.64 44.01 26.86 26.98

England and Wales 121.68 54.65 28.07 8.22 1.59 0.86

Belgium 52.34 78.22 43.97 15.51 5.90 6.16

Denmark 23.90 83.87 24.05 3.75 0.72 0.30

USA 13.50 10.25 11.58 6.55 2.68 1.95

* Based on data of Ruys 127

The difference in diphtheria morbidity between the Netherlands and
Denmark in the years 1940-52 is illustrated in Fig. 1.

FIG. 1. DIPHTHERIA MORBIDITY IN THE NETHERLANDS AND IN DENMARK, 1940-52
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In England, Thomson,145 Webster,149 and Logan,76 among others, have
drawn attention to the favourable results of artificial immunization against
diphtheria. In illustration, Fig. 2 shows the decrease in diphtheria morbi-
dity in England during the years 1948-55. That this decrease must largely
be ascribed to the effect of immunization is beyond doubt.

wmo 7170
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FIG 2. DIPHTHERIA MORBIDITY IN ENGLAND, 1948-55
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Of the advocates of diphtheria immunization in Germany, we will
mention Hanisch 52 and Paschlau.109 Fig. 3, based on Paschlau's data,

FIG. 3. DIPHTHERIA MORBIDITY AMONG INOCULATED
AND NON-INOCULATED CHILDREN*
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shows the difference in morbidity between inoculated and non-inoculated
children. From these and similar investigations, we may conclude that
the ratio is about 1: 10. The mortality ratio between inoculated and non-
inoculated patients is about 1 :4.

Greenberg47 has given a convincing description of the telling effect
of diphtheria immunization in Canada. To quote from his article:

" 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, two years after
the discovery of toxoid. The results following its introduction were dramatic. In the
cities and other communities 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 clearly . .. The abruptness of the decline in diphtheria inci-
dence 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."

Fig. 4 shows the diphtheria morbidity and mortality in Canada in the
years 1924-52.

FIG. 4. DIPHTHERIA MORBIDITY AND MORTALITY RATES
PER 100000 POPULATION IN CANADA, 1924-52*
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In the last 50 years there has been a marked decrease in diphtheria
morbidity and mortality all over the world. Detailed statistics were
published by the World Health Organization in 1955.151 Fig. 5, which is
taken from a summary that appeared in the Chronicle of the World Health
Organization in 1956, very clearly demonstrates the decline in the mortality
from diphtheria.

The data collected by WHO on the proportion of deaths from diphtheria
in relation to deaths from all causes (see Table IV) are of special interest
in view of the noticeable difference in the figures for the two age-groups
examined. These figures clearly show how important it is for children
to be immunized at the earliest possible age, a fact about which we shall
have more to say later.

TABLE IV. PROPORTION OF DEATHS FROM DIPHTHERIA
IN RELATION TO GENERAL MORTALITY, 1951-53

Deaths from diphtheria as a percentage
of deaths from all causes

Country
children children

under 10 years old 4 years old

Australia 0.6 3.4

Canada 0.1 0.8

Finland 0.2 1.7

France 0.2 1.2

Italy 1.2 7.5

Netherlands 1.7 9.7

New Zealand 0.1 1.8

Norway 0.1 1.0

United Kingdom 0.1 0.8

USA 0.1 0.9

In 1955, two small diphtheria epidemics occurred in England, at Hull
and at Chipping Ongar, involving 17 and 11 persons, respectively (Davies 20
and Franks 31). The editors of the Medical Officer, in which these epi-
demics were reported, made the following comment:

" A few years ago, two small outbreaks of diphtheria would not have been considered
worth recording, and the magnitude of our success in the eradication of this disease may
be measured by the fact that nowadays even one case of diphtheria is ' news' ! " a

Rendu 121, 122 completely rejects diphtheria immunization. He asserts
that in countries such as Western Germany and Japan, immunization

a Med. Offr, 1956, 95, 184
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against diphtheria has only been incidental, but the diphtheria morbidity
has nevertheless declined at almost the same rate in these countries as
in several other countries where immunization has been practised on a
large scale. This argument, however, has been very convincingly refuted
by Ramon,116 who has shown that in 1945-51 over 6700000 children
in Western Germany were immunized against diphtheria. In Scotland,
in the period 1941-42, 700000 children were inoculated, that is, about
70% of those under 15 years of age. In these two years there were
794 deaths from diphtheria among those not inoculated, as compared
with only 14 among the inoculated children (Russell 126).

Tasman & Lebret 139, 140 have also clearly shown up the fallacy of
Rendu's arguments. They postulated that, in considering the decline of
diphtheria morbidity in the various countries of the world, the main point
was not the decrease in diphtheria relative to the total number of cases
in previous years (irrespective of the structure of the population), but
the absolute decline in diphtheria incidence and deaths per 100 000 in-
habitants.

We might recapitulate this part of our study as follows: Since the
thirties there has been a general decline in the incidence of diphtheria.
No doubt this may largely be ascribed to the genus epidemicus. The
decrease in diphtheria morbidity and mortality has, however, been most
evident in those countries where large-scale immunization has been vigor-
ously practised for years (Canada, Denmark, England, etc.). In our
opinion, this mass immunization must have played a considerable part
in the virtual eradication of the disease from these countries.

Completeness of immunization

As early as 1935 Bousfield 9 allowed -for the possibility that diphtheria
inoculation might not effect the complete disappearance of the disease.
Being a propagandist, however, he expressed himself as follows: " Only
a few persons who have been thoroughly treated and proved to be
immune by a test ever contract the disease. Such attacks of diphtheria
after protective injections are nearly always slight."

Timmerman,,46 in 1942, arrived at a similar conclusion, expressing.
himself thus: " The proposition, that the disease could be completely
eradicated by vaccination, is incorrect."

That diphtheria also occurs among persons who have been inoculated
-although to a much lesser extent-is also evident from Paschlau's data 109
(see Fig. 3).

Edward & Allison 25 found that the intermedius type of C. diphtheriae
repeatedly succeeded in breaking through the immunity conferred by
vaccination. Webster 149 and Hanisch 52 have also drawn attention to
the occurrence of diphtheria among immunized persons. Tasman et al. 143' 144

947



A. TASMAN & H. P. LANSBERG

likewise found a number of immunized children among the diphtheria
patients they examined.

Not infrequently it turns out that diphtheria patients, at the outbreak
of the disease, have comparatively high antitoxin titres. Edward &
Allison 25 found that 5 out of 35 previously immunized diphtheria patients
had antitoxin titres greater than 0.03 AU/ml.

In samples of the umbilical blood of six infants who contracted
diphtheria very soon after birth Kirstein 67 found the following antitoxin
titres: 1.0, 1.0, 0.05, 1.0, 2.0 and 1.0 AU/ml.

The following data (see Table V) on five Schick-negative children
who caught the disease were published by Haidvogel 5 in 1926:

TABLE V. CONCENTRATION OF DIPHTHERIA ANTITOXINS IN BLOOD
OF FIVE SCHICK-NEGATIVE DIPHTHERIA PATIENTS *

Patient Years of age Day of illness Antitoxin titre Course
no. (AU/ml) of the disease

1 2 '/2 3rd 0.43 Moderate

2 1 5th 0.172 Moderate

3 1 2nd 0.05 Fatal

4 2 '/2 1st 0.086 Grave, paralysis

5 6 '/2 1 st 0.04 Moderate, paralysis

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

* After Haidvogel "1

Zironi 153 also refers to the occurrence of diphtheria among immunized
persons, and the comparatively high antitoxin titres not infrequently
found in these cases. Recently, among some diphtheria patients for whom
the clinical diagnosis was bacteriologically confirmed, Tasman, Minkenhof,
Brandwijk & Smith (data not yet published) have found two cases with titres
of 0.1 and 4.0 AU/ml, respectively.

There can be no doubt, therefore, that at least a number of children
may catch diphtheria in spite of having been properly immunized and
in spite of having comparatively high antitoxin titres in their blood, and
may even die of the disease. The same kind of paradox is found with regard
to the Schick reaction.' Its result may be negative with very low antitoxin
titres, or positive with high antitoxin values.

Observations on the Pathogenesis and Therapy of Diphtheria

In the first part of this article it has been convincingly shown that
large-scale immunization consistently carried out has greatly contributed

948
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to the virtual eradication of diphtheria in countries such as Canada,
Denmark, England and France.

It was, however, pointed out that under certain conditions cases of
diphtheria may also occur among immunized children and adults, though
only to a small extent. This means that a relatively high antitoxin titre
in the blood serum does not always give protection against diphtheria.
Therapeutically, too, diphtheria antitoxin has occasionally failed.

The problems raised by these phenomena concern the pathogenesis
and therapy of diphtheria and will now be discussed more extensively,
with special reference to observations on the various types of diphtheria
bacteria, the significance of non-virulent diphtheria bacteria, and the
effect of diphtheria bacteriophages on these bacteria. The plurality of
diphtheria toxin and the use of antibacterial sera will also be dealt with
at length, and finally the importance of " avid " antitoxic sera will be
considered.

Types of diphtheria: gravis, mitis and intermedius

In the early thirties Anderson et al.2 3 published two studies in con-
nexion with a serious diphtheria epidemic at Leeds, England. These
workers classified the strains that had been isolated from patients according
to the three well-known types, gravis, mitis, and intermedius, and found
that, of the 562 strains which they examined, 425 belonged to the gravis
type, 113 to the mitis type, and 24 to the intermedius type. The gravis
type was thought to be the most virulent and to cause complications and
death more often than the others. Moreover, patients infected with the
gravis type reacted less satisfactorily to treatment with diphtheria anti-
toxin than did the mitis and intermedius patients.

Christison 17 and Tannahill,'38 at Berlin and at Romford, Essex,
respectively, were able to confirm these investigations. In an epidemic
at Dundee, Scotland, Murray 88 found the intermedius type predominant,
whereas Merkel 83, 84 classified most strains in an epidemic in Jackson
County, Oreg., USA, as mitis. Das & Ghosal 19 also found the mitis type
predominant in 115 diphtheria cases at Calcutta. Wright & Rankin,'52
Parish, Whatley & O'Brien,'04 Menton et al.,82 and Timmerman, Brandwijk
& Pel 147 could not find any correlation between the gravity of a case and
the type of the corresponding strain. Tasman et al.'43' 144 found that
most of the diphtheria strains of their patients belonged to the gravis
type, but could not establish any relation between the type of strain and
the gravity of the case.

Edward & Allison 25 describe an epidemic at Cardiff, Wales, in the
course of which, after the initial predominance of the intermedius type,
the gravis type became predominant. Prittwitz, Gaffron & Preuner 113
also suggest the possibility of a change of type in the course of a diphtheria
epidemic. Finally, we refer to publications by Orr Ewing 97 and Morton 85
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for a very detailed description of the diagnosis of the different types of
diphtheria.

From the above investigations we may draw the following conclusions:
1. The diphtheria bacteria isolated from patients can be classified

simply into the types gravis, mitis and intermedius, according to the shape
of their colonies and their biochemical activities.

2. All three types regularly occurred in the various large and small
epidemics that have been described.

3. It is not possible to establish a clear connexion between the type
of bacteria and the gravity of a case.

4. Under certain conditions each of these three types can break through
an existing natural or artificially acquired immunity.

5. In serious cases of diphtheria, the so-called " hypertoxic diphtheria ",
antitoxic diphtheria serum is occasionally ineffective. More will be said
about this later.

Non-virulent variants of C. diphtheriae as disease-producing agents

More than a quarter of a century ago, in 1929, Feierabend & Schubert 30
isolated from patients a number of diphtheria strains that morphologically
and biochemically belonged to C. diphtheriae, but were not toxic in guinea-
pigs. " Normal " diphtheria strains, when injected intracutaneously, cause
necrosis and toxaemia, symptoms which can be prevented by the previous
administration of antitoxin. These " atoxic " strains did not bring about
the death of the test animals, but they did cause the above-mentioned
necrosis symptoms, which could not be prevented by diphtheria antitoxin.
Thus these strains appeared to produce little toxin, but to have a strong
necrotic action. According to Feierabend & Schubert, such strains could
find a good nutritive medium in the body of the patient and give rise to
serious diphtheritic symptoms, in spite of their comparatively weak toxi-
genic power.

Okell 95 points out that sometimes " virulent " and " avirulent"
diphtheria strains are found simultaneousty in the same patient. Ivanovi6,

63Dimitrijevic-Speth & Jovanovic, in 1931, confirmed the results of
Feierabend & Schubert with their finding that, upon intracutaneous
injection into guinea-pigs, strains producing little toxin generally had a
stronger necrotic effect than highly toxigenic strains.

During the diphtheria epidemic at Cardiff in 1943-44, Edward &
Allison 25 were able to isolate avirulent diphtheria bacteria from the
throats of about 24% of their patients. Table VI shows the results of their
investigations.

Although, generally speaking, the patients with avirulent diphtheria
bacilli had milder attacks of the disease than those in whom virulent
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TABLE VI. CLINICAL CASES OF DIPHTHERIA FROM WHOM
ONLY NON-TOXIGENIC ORGANISMS WERE ISOLATED *

Type of case Completely Incompletely Previous Non- noumerTypeofcse mmunized immunized history of immunized nme
I ~~~~~~diphtheria inof cases

With toxigenic
organisms 35 7 3 17 62

With non-toxigenic
organisms 9 3 4 2 19

Percentage of cases
with non-toxigenic 20.5 30 57.1 10.5 23.5
organisms

* After Edward & Allison"
* One patient had two separate attacks.

(toxigenic) bacteria were found, eight of the former group nevertheless
had moderately severe attacks of diphtheria. With one exception, all
the patients were given diphtheria antitoxin in doses of 1000-10 000 units.
The authors arrive at the following carefully worded conclusion.

" The evidence suggests that none of the eighteen patients was infected by toxigenic
diphtheria bacilli, and yet all had attacks of a disease regarded by an experienced clinician
as diphtheria. The infection was usually mild, although one case was regarded as severe
and eight as moderately severe. No conclusion can be drawn regarding the aetiology of
the disease."

However, as is evident from the above, avirulent diphtheria bacilli
have so often been the only disease agents isolated from the throats of
clinically manifest cases of diphtheria that it must be regarded as an esta-
blished fact that they can give rise to the disease. A possible explanation
of their power to cause disease will be put forward later.

Frobisher, Parsons & Updyke35 also frequently isolated avirulent
diphtheria bacteria from the throats of their patients. According to these
authors, the term " virulence " only refers to the power of producing
diphtheria exotoxin; avirulent strains, however, form an endotoxin, which
is lethal for mice when inoculated intracerebrally. This endotoxin is not
neutralized by diphtheria antitoXin. These avirulent strains are thought
to be capable of increasing the resistance of children and adults through
" natural infection ". In this case, the increased resistance is not due to the
presence of antitoxin, which might explain why many Schick-positive
children are found to be resistant to diphtheria.

For the sake of completeness we may mention a recent publication by
Rantasalo,119 who is of the opinion that these avirulent (non-toxigenic)
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diphtheria bacilli are of no epidemiological importance whatsoever and only
of very limited pathological significance.

Effect of bacteriophages on non-virulent diphtheria bacilli
In recent years a number of investigators have studied the effect of

bacteriophages on non-virulent diphtheria bacilli. Specimens of C. diphthe-
riae are considered to be " avirulent " when they have all the morphological,
cultural and biochemical characteristics of the species except the power to
produce toxin. The terms " virulence " and " toxigenicity " are used
interchangeably.

Freeman 32 introduced two bacteriophages obtained from virulent
diphtheria strains into five cultures of C. diphtheriae whose avirulence had
been carefully checked. Most of the bacteria were destroyed, but those that
remained were found to be phage-resisting, lysogenic and toxigenic.
Adequate control experiments precluded the possibility that the toxin
produced after the phage treatment was attributable to the bacteriophage
culture which had been used. The toxin produced by the bacteria that had
thus become virulent did not differ in any way from diphtheria toxin;
it gave rise to the same toxic symptoms in the animal test and these could
be prevented by treatment with diphtheria antitoxin. It was also possible
to identify this toxin as diphtheria toxin by the plate methods ofOuchterlony 99
and Elek.28 The virulent cultures thus obtained were stable.

Freeman & Morse 33 extended the scope of these experiments by using
single-cell cultures, and found that not only avirulent gravis cultures, but
also avirulent mitisand intermedius cultures could be made virulent by bacterio-
phage action. Serologically the virulent mutant could be distinguished
from the avirulent parent strain. These authors again raised the question
whether the toxin produced by the strains that became virulent could possibly
be traced to the bacteriophage that had originally been added, but they
rejected this supposition in view of the fact that the acquired toxigenicity
was a constant quality, which was not lost by sub-cultivation.

Hewitt 54 has shown that there is every reason to suppose that these
diphtheria bacteriophages frequently occur in nature. Five out of eight
diphtheria strains chosen at random readily yielded a phage. Two of these
phage-carrying strains were of the mitis type, one was a gravis culture and
the other two were intermedius cultures. Hewitt, who was also able fully
to confirm the above findings of Freeman and Morse, draws attention to the
possible epidemiological significance of this phage action.

Parsons & Frobisher 107 also observed such phenomena, though they did
not succeed in making one of the six gravis strains examined by them
virulent by means of bacteriophage action.

Groman 48 49 and Groman & Lockart 50 have made an exhaustive study
of these phenomena, using the modern phage technique. They found that
after 30 minutes' contact with a suitable phage, about 1.0-1.7% of the
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originally avirulent bacteria had become virulent. According to these
investigators, this fact virtually precludes the possibility that the change
might be due to a selection of toxigenic cells from a mixed population.
In their opinion, the most plausible explanation is that the change from
avirulent to virulent is induced; but, as Groman 48 says, " the exact origin
of the principle inducing toxigenicity still remains unsettled." In any case,
the bacteriophage that is used plays an important part. In this connexion
lysogenicity and toxigenicity are closely related concepts. However, the
question of how this change is brought about has not yet been answered.

In a recent publication, Parsons 106 describes an experiment in which
she succeeded in bringing about the same change from avirulent to virulent
(toxigeftic) in diphtheria bacteria by means of bacterophages obtained
from avirulent strains. If this finding is confirmed, it will mean that in
principle any diphtheria phage regardless of its origin can cause this change.

Apart from being very interesting from the theoretical point of view,
these phenomena no doubt also have an epidemiological significance,
as was pointed out by Hewitt.54 It is evident from the above findings that
these bacteriophages frequently occur in nature and are fairly easily isolated
both from virulent and from avirulent diphtheria strains.

In the light of the foregoing investigations, the following statement,
made by Okell 95 in 1929, loses its validity:

" Whatever explanation is accepted for these observations,[a] there seems no reason
to modify the prevailing view that the avirulent diphtheria bacillus is not even potentially
a cause of disease."

At present the diphtheria endemic in the various countries of Western
Europe (the Netherlands, Belgium and Western Germany) is comparatively
mild. However, a more or less sudden change for the worse is by no means
out of the question.

Plurality of diphtheria toxin
It is a generally accepted fact that the clinical picture of diphtheria, both

in mild and in serious (" toxic ") cases, is essentially caused by the classic
diphtheria toxin of Roux & Yersin 125 and that therapy should therefore
consist in injecting the diphtheria antitoxin discovered by von Behring &
Kitasato 6 as soon as possible. Ramon & Debre 117 conclude their observa-
tions on this subject as follows: " Rappelons-le, l'antitoxine, quel que soit
son mode d'obtention est ' une ', elle vaut contre toute infection provoquee
par n'importe quel germe diphterique."

This does not, however, alter the fact, already referred to, that in certain
cases-especially in those of hypertoxic diphtheria-this antitoxin is inef-
fective, even when administered early and in quantity. This fact has led
several investigators to question the tenability of the hypothesis, quoted

a Namely, the isolation of avirulent diphtheria bacteria from the throats of clinically manifest diphtheria
patients.
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above, that there is but " one " diphtheria toxin and consequently only
" one "corresponding antitoxin.

As long ago as 1898 Ehrlich 27 found that the crude culture filtiates of
C. diphtheriae-especially after ageing-contained, in addition to diphtheria
toxin proper, several other combinations, which he called " toxoids " and
"toxones ".

Duran-Reynals,22 in 1933, discovered several " invasive strains " of
staphylococci and streptococci. These bacteria produce a soluble factor
(hyaluronidase) which, by increasing the permeability of the tissues, also
increases the " spreading" of the infecting micro-organisms in question.
The " non-invasive " strains of staphylococci and streptococci produce
very little of this substance or none at all. This hyaluronidase passes into
the blood of the patient and may therefore also increase the chances of an
infection's occurring in other parts of the body.

McClean,78 continuing the work begun by Duran-Reynals, was able to
demonstrate the same soluble factor in practically all culture filtrates of the
gravis, mitis and intermedius strains of C. diphtheriae. However, diphtheria
bacteria were found to produce considerably less hyaluronidase than
staphylococci, streptococci, and the clostridia also studied by McClean
(Cl. welchii, Cl. perfringens, etc.). McClean was unable to establish a corre-
lation between the quantity of hyaluronidase that was produced and the
gravity of the diphtheria case.

In 1940 O'Meara 96 published a detailed study. He shared the view,
generally accepted at that time, that it was especially the gravis infections
which caused the toxic cases that diphtheria antitoxin failed to cure. It was
the gravis type, too, that was thought to be capable of breaking through
artificially acquired immunity. Instances of intermedius and mitis infec-
tions' causing the same symptoms were thought to be rare. O'Meara's
investigations led him to the following conclusions:

1. " Diphtheria toxin " consists of two components, toxin-A and
toxin-B, which together cause the diphtheritic symptoms. The well-known
PW-8 strain is generally looked upon as not very virulent. Most gravis
strains and a few mitis and intermedius strains, on the other hand, produce
much toxin-B and relatively little toxin-A.

2. The antitoxin built up after artificial immunization or after infection
with C. diphtheriae must also consist of two components, an anti-A-toxin
and an anti-B-toxin.

Relating all this to the studies on avidity (see page 958) published
in the early thirties, O'Meara defined an "avid" serum as one containing
a large quantity of the anti-B-component. So, according to him, immunity
does not depend so much on the quantity of " antitoxin" (specific against
toxin-A) as on the quality, i.e., the proportion of anti-B-component.
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O'Meara's investigations met with comparatively little response. Only
in connexion with the desirability of producing avid sera does one occa-
sionally find his publication mentioned. As to the problem of these avid
sera we will say more later.

It was not until 1955 that Niggemeyer 90, 91 pointed out the importance
of O'Meara's work again. Niggemeyer claims to have succeeded in isolating
four distinct toxic compounds from culture filtrates of C. diphtheriae
(laboratory- and patient-strains). These are:

1. The classic diphtheria toxin (O'Meara's toxin-A).
2. A primarily necrotic factor (the endotoxin of Frobisher, Parsons

& Updyke 35).
3. A hyaluronidase (the soluble factor of Duran-Reynals 22 and

McClean 78).
4. A haemolytic factor.

The last three factors together are thought to form O'Meara's toxin-B.
Great importance is attached by Niggemeyer to the soluble factor (hyalur-
onidase), which, he thinks, may among other things lead to bacteraemia.
However, his statement " das Vorkommen einer diphtherischen Bacteraemie
und die Absiedlung in innere Organe ist unbestritten" certainly needs
correction. C. diphtheriae has very rarely been found in the organs of a
patient (Leede; 72 Roedelius; 123 Reiche 120).

Niggemeyer also mentions the possibility that human saliva plays
a pathogenic part. In this connexion we may refer to the publications of
Tasman & Smith 141, 142 and Tasman et al.'43, 144

O'Meara's conclusions have been vigorously disputed by Scheibel,131
who immunized guinea-pigs by the following methods:

(a) with purified diphtheria toxoid;
(b) with a suspension of dead C. diphtheriae gravis;
(c) with a combination of purified toxoid and bacterial vaccine;
(d) with soluble aspecific proteins produced by the PW-8 strain in

a nutritive medium containing an excess of iron (the " P-factor " of
Pappenheimer 100 and Pappenheimer & Lawrence 102);

(e) with a combination of purified toxoid and aspecific proteins.
Thus immunized, the guinea-pigs were infected with a living culture

of the gravis strain mentioned, by the intracutaneous method of Orskov.98
The outcome of the experiments was that only the animals treated by the
methods (a), (c) and (e) survived. Consequently, Scheibel concluded
that the clinical picture of diphtheria is governed solely by the interaction
of diphtheria toxin (O'Meara's toxin-A) and the corresponding specific
diphtheria antitoxin.

Bowen, Wyman & McComb 13 were able to confirm Scheibel's
experiments. Though immunization with bacterial vaccines occasionally
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induced a slight immunity against subsequent infection with virulent
bacteria, this never amounted to much and was always greatly inferior
to the resistance to such infection acquired by immunization with diphtheria
toxoid. Similar results had been obtained earlier by Frobisher & Parsons.34

In a recent publication, Lautrop 71 has taken up this matter again.
He immunized guinea-pigs with a living avirulent diphtheria strain and
then infected them with a fully virulent culture, using the same technique
as that described by 0rskov 98 and Scheibel.131 Unlike the earlier workers,
Lautrop found the inoculated animals reasonably immune against infection
with the serologically homologous virulent strain. However, this living
bacterial vaccine did not avail against a lethal dose of diphtheria toxin.

The discrepancy between Lautrop's results and those of Scheibel is
hard to explain. Lautrop suggests that, owing to the greater virulence
of the strain used, his " infective dose " may have contained fewer living
organisms than the corresponding dose in Scheibel's experiments. Conse-
quently, in the experiments of the latter, who presumably used a strain
of less virulence, a relatively large number of bacteria may have escaped
phagocytosis and may thus have had a lethal effect. This would be in
accordance with the view expressed by Amies.' Lautrop winds up his
interesting observations by remarking:

" There is reason to believe that both toxin-producing capacity and degree of resistance
to phagocytosis on the part of the infecting organism, and the state of preparedness
against both toxin and bacterial cell on the part of the host, come together in an interplay,
the outcome of which determines the fate of the host (and of the bacteria). However, too
little is known about details in this interplay to assess the relative merits of antitoxic and
antibacterial immunity in natural infection. On the other hand, there can be no doubt
of the overwhelming importance of antitoxic immunity from a medical standpoint. There-
fore-in the author's opinion-the experimental demonstration of the existence of anti-
bacterial immunity does not involve that the established methods of prophylaxis and
treatment of diphtheria in man need to be changed."

Amies 1 arrives at the same conclusion, but in a different way. He
stresses the importance of the relation between host and parasite. According
to him, the toxin primarily causes necrosis of the pharyngeal mucous
membrane, thus impeding or preventing the phagocytosis of the diphtheria
bacteria present there. If this phagocytosis can develop sufficiently, there
ensues an acute inflammation (red, clearly inflamed throat). In this case
the patient stands a good chance of recovering. If, however, toxin is
produced so rapidly as to prevent or impede the development of this
phagocytosis, there is no visible inflammation (grey, yellow, or white
throat) and the prognosis is unfavourable.

According to Amies, therefore, the outcome depends mainly on the
speed of toxin production (i.e., the formation of the classic diphtheria
toxin or O'Meara's toxin-A) or on the quantity of antitoxin already
present or rapidly administered. In toxic diphtheria cases, therefore, the
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production of toxin would be very rapid and abundant. While Amies,
too, is disinclined to deny that antibacterial immunity may be of some
value, he feels that it is definitely of secondary importance.

Mueller 87 also occupied himself with the problem of toxic diphtheria.
Like the investigators already mentioned, he took the view that diphtheria
toxin proper is the causal agent and tried to answer the question: Why
do the " toxic " strains produce so much more toxin than the strains
isolated from " light " cases? In explanation of this phenomenon, he pointed
out the great differences in the iron tolerance of the various strains.

It is a well-known fact that C. diphtheriae is very sensitive to the
content of iron in the medium (Pappenheimer & Johnson; 101 Mueller 86)
and that for the maximal production of toxin the iron content must not
exceed certain very narrow limits, which differ for the various strains.
From the few experiments that Mueller was able to carry out, it appeared
that the iron tolerance of the toxic strains was considerably greater than
that of the strains isolated from the throats of " light " cases. It is therefore
conceivable that these " toxic" strains find conditions on and in the
mucous membrane of the pharynx (which is rich in iron through the presence
of haemoglobin from the blood) more favourable for the production of
toxin than would the benign, iron-intolerant strains.

That the clinical picture of diphtheria is determined by very small
quantities of diphtheria toxin will appear from the following observation.

At the beginning of this study we mentioned the catastrophe caused
in Austria by the injection of poisonous T-A mixtures (Grassberger 46).
From the quantities of poisonous vaccine known to have been injected
and the subsequent deaths, Grassberger calculated that +0.008 ml of the
contents of an ampoule was lethal for " 250 grams of man ". The lethal
dose for a guinea-pig weighing 250 grams was also determined and was
found to be 0.08 ml of the contents of an ampoule. So we get:

0.08 ml of contents of ampoule=l guinea-pig MLD (250 g)
0.008 ml ,, ,, ,, -1 " man " MLD (250 g)

Weight for weight, therefore, man is about ten times more sensitive than the
guinea-pig. If we put the weight of a child of five years at 20 kg, the lethal
dose for such a child will be:

20 000 1
250 x 1 = 8 guinea-pig MLD

In other words, about 8 minimal lethal doses for a guinea-pig weighing
250 grams would suffice to kill a child of five (20 kg).

Mueller 87 arrived at the same conclusion, while Schmidt,T34 a year
earlier, expressed his views as follows:

" Wenn dieses Gift sehr schnell gebildet wird, so konnte, da es im Grunde nur wenig
Gift bedarf (etwa 12 Meerschweinchendosen) um ein Kind todlich zu vergiften, das
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klinische Bild und die geringe Aussicht der Serumtherapie in solchen Fallen eine Erkla-
rung finden, ohne zu der Annahme zu greifen, dass in Fallen maligner Diphtherie das
gebildete Toxin eine besondere Affinitat zu gewissen Geweben des K6rpers hat, wofuir
kein Beweis erbracht werden konnte."

In this connexion it may be worth mentioning that Tasman et al.143' 144
were able to demonstrate the presence of diphtheria toxin in the saliva
collected from their patients before the administration of antitoxin. In
the case of one patient, a little girl of three, the quantity amounted to
about 0.1 guinea-pig MLD per ml. This little patient recovered.

Use of antibacterial sera

The view expressed by Lautrop,71 which we have quoted on page 956,
is in agreement with the results of a detailed investigation by Maitland
et al.79 These investigators tried to immunize horses antibacterially, first
with dead and later with living cultures of gravis, mitis and intermedius
strains. This was no simple matter. The two horses that were injected
with mitis and intermedius cultures both fell victims to this treatment.
A satisfactory antibacterial serum could only be obtained from the horse
that was treated with a gravis culture. This finally showed an agglutination
titre of 1:6400 with respect to the gravis strain used.

Several experiments were then carried out with this serum on guinea-
pigs. These proved that the serum, when applied beforehand, could prevent
the death of animals subsequently infected with living gravis cultures. This
serum was then administered to a number of " toxic" diphtheria patients,
simultaneously with the normal antitoxin treatment. A group of patients
who were given only antitoxin functioned as controls. Otherwise the
treatment of both groups was in every respect identical. The patients who
had received both sera (i.e., antitoxic and antibacterial) survived for longer,
but the mortality in both groups was the same, as can be seen from Table VII,
taken from the article in question.

Needless to say, all these patients, who were hypertoxic cases, were
in a bad condition when they were given the serum or the two sera-a fact
which might account for the difference from the guinea-pig experiment, in
which the anti-gravis serum was injected before the infection. All the same,
the results are not encouraging and certainly do not provide sufficient
grounds for further investigation of these antibacterial sera, the production
of which is very difficult.

Administration of " avid " sera

As long ago as 1898 Roux & Martin 124 found that the therapeutic effect
of antitoxic diphtheria sera did not correspond to the number of antitoxin
units calculated according to Ehrlich.26 This was confirmed in 1913 by

958



PROPHYLAXIS, PATHOGENESIS AND THERAPY OF DIPHTHERIA

TABLE VIl. EFFECT OF USE OF ANTIBACTERIAL SERUM
ON MORTALITY OF HYPERTOXIC DIPHTHERIA PATIENTS*

A. Control series B. Test series
Age- (antitoxic serum only) (antitoxic + antibacterial sera)
groupI
(years) number cured deaths number cured deaths

of patients of patients

0-3 4 2 2 2 1 1

4-5 14 8 6 13 9 4

6-7 11 8 3 6 4 2

8-9 5 5 - 5 5 -

10-11 3 3 -5 4 1

12-14 3 3 - 4 2 2

Total
number 40 29 11 35 25 10

(72.5 %) (27.5 %) (71.4 %) (28.6 %)

* After Maitland et al. 7

Kraus & Baecher 69 after extensive animal tests. Ten years before Kraus 68
had observed that sera containing the same number of antitoxin units
required different times to neutralize the corresponding quantity of toxin,
i.e., to render it innocuous by binding it. For these differences in affinity
with diphtheria toxin, he introduced the term "avidity ". This is still the
generally accepted term for the differences in the binding-power of an
antitoxic serum with respect to the corresponding toxin.

This avidity can be approximately expressed in figures by means of
laboratory tests. For, when the titre of a serum, expressed in AU/ml, is
determined by the in vivo method of Ehrlich 27 or of Glenny & Llewelyn-
Jones 41 and at the same time by the in vitro method of Ramon,154 the two
titre-values are often found to differ. For " avid " sera the vivo: vitro ratio is
thought to be greater than or equal to 1, whereas the " non-avid " sera are
supposed to show a vivo: vitro ratio smaller than 1. English investigators
have given this vivo: vitro ratio the name "serum ratio" (Glenny & Llewelyn-
Jones 40). Differences between various antitoxic sera can also be discovered
by carrying out the vivo titrations with weaker and stronger dilutions
of toxin and antitoxin (" dilution ratio " of Glenny & Barr 37). Jerne 64 has
tried to explain the phenomenon of avidity by means of the law of chemical
equilibrium and drew up the following equation:

nT + nA anTAa sp(TA)nd
T representing a toxin molecule and A a corresponding antitoxin molecule.
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In the case of avid sera the equilibrium is thought to be far to the right; in
the case of non-avid sera it is supposed to be more to the left. The equili-

(TA)brium constant (K) = (T) x-(A)' and is called the "avidity constant"

by Jerne.
McSweeney 80 tested such an avid serum clinically in Dublin in the years

1939-40, during a serious diphtheria epidemic of a preponderantly " hyper-
toxic " character. He arranged his patients in four " grades ", 1, 2, 3 and 4,
according to the gravity of the clinical picture; the case-fatality rates in
these grades were 0.53 %, 1.14 %, 16.0 %, and 46.5 %, respectively. Grades 3
and 4 together showed a case-fatality rate of 24.3 %. All the patients
received 120 000 AU of " commercial antitoxin ", 60 000 AU being injected
intravenously and 60 000 AU intramuscularly.

In the course of this epidemic, the Wellcome Research Laboratories,
Beckenham, Kent, put a small quantity of highly avid serum at McSweeney's
disposal, and 16 patients, 8 belonging to grade 3 and 8 to grade 4, were
injected with this. The quantity of serum available was not sufficient to
give each patient 120 000 AU. Most of the patients were injected intra-
venously and intramuscularly with not more than 15 000-40 000 AU;
only four of them received 120 000 AU.a

Some time later, McSweeney received more diphtheria serum from
the Wellcome Research Laboratories; this serum, although obtained from
the same horse, was no longer avid. Twenty patients were treated with it,
120 000 AU being given again this time, 60 000 AU intravenously and
60 000 AU intramuscularly. The results of this treatment are shown in
Table VIII.

The outcome of this investigation is indeed very remarkable in view of the
fact that the patients injected with the avid serum were specially selected
" grave " cases, only four of whom received the same dose of antitoxin as
the control cases.b The most striking results of the administration of this
avid serum were:

1. Absence of cardiovascular symptoms in every case but one.
2. Oedema present in the pharynx disappeared much sooner.
3. The membranes disappeared very rapidly.
4. Little if any albuminuria.

a Unfortunately, the quantitative " avidity " of this serum was not specified. McSweeney only states
that it was " notably more avid than commercial antitoxin ". According to Burroughs Wellcome, it was
found that the serum contained an abundance of anti-B-factor, which O'Meara believes to be essential in
the treatment of hypertoxic diphtheria, and that commercial antitoxin contains far less of this factor. Miss
Mollie Barr of the Wellcome Research Laboratories was also unable to comply with our request for further
details. The only information that could be given was that the crude serum had had a serum ratio of " pro-
bably about 1.5 ". From this serum the avid fraction was obtained by salting-out with ammnonium sulfate
at low concentration. This preparation was " of very good avidity as judged by laboratory tests ".

b Dr H. H. Cohen kindly tested the statistical value of the figures given here. It appears that the difference
in mortality between groups 1 and 2 must be regarded as non-significant, but that the difference between
groups 2 and 3 is indeed significant. However, the material, especially for groups 2 and 3, is much too limited
for any far-reaching conclusions to be drawn from it.
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TABLE VIII. TREATMENT OF HYPERTOXIC DIPHTHERIA PATIENTS
WITH AVID AND WITH NON-AVID SERUM *

Number Deaths Case-fatality
of cases Grd rd ets rate (%

Commercial antitoxin
(maximum dose 259* 188 71 63 24.3
in every case)

Avid serum
(maximum dose 16 t 8 8 1 6.2
in only 4 cases)

Non-avid serum
from the same horse
(maximum dose 20** 9 11 8 40.0
in every case)

RAfter McSweeney 8
* Taken at random
t Very serious cases

5. Only a few patients showed paralytic symptoms, and these patients
all recovered.

6. No abnormal heart symptoms, not even in the patients with para-
lytic symptoms.

7. "Bull-necks " mostly disappeared in 48 hours.
8. The lowering of the blood-pressure after the injection of serum was

much less marked and the blood-pressure soon became normal again.
McSweeney expressed his views on the results of this experiment in the

following words:

"I have never before seen effects like these in hypertoxic diphtheria, and, since the
only factor in treatment which was different in these 16 cases was the new serum, it is
difficult to ascribe any other cause as responsible for the low mortality [6.2%]. The
normal expectation of deaths in such a series was at least 6 [40%] and might have been
8 [50%].

" It is concluded that an essential part of the treatment of hypertoxic diphtheria is
the use of an avid serum rich in anti-B factor. The failure of commercial diphtheria
antitoxin in the treatment of hypertoxic diphtheria hitherto is attributed to its poverty
in anti-B factor.

" As yet avid serum rich in anti-B factor cannot be produced at will."

It is a curious fact, and one much to be regretted, that since the
investigations of McSweeney 80 in 1941, not a single article on the clinical
application of avid sera has been published.

In 1941, Keckwick & Record 65 proved that the gamma-globulin fraction
of antitoxic diphtheria serum was more avid than, for instance, the beta-
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globulin fraction of the same serum. This gamma-globulin can be furthei
subdivided into gamma-l-globulin and gamma-2-globulin. Experiments
by Lansberg & Koopmans, as yet unpublished, have shown that some
gamma-globulin fractions are more avid than the whole gamma-globulin
complex. It may, therefore, be possible to separate from the body of
globulins (alpha-, beta-, gamma-I-, and gamma-2-globulins) a certain
fraction that is considerably more avid than the original non-fractionized
serum. With an antitoxin prepared in this way, the experiments of
McSweeney should be repeated.

Discussion

When we survey the foregoing investigations as a whole, we are faced
with three questions that demand an answer.

1. What is the real cause of diphtheria?
2. What measures must we take to bring about the disappearance of

diphtheria as a disease?
3. What therapeutic measures are we to take with regard to the patient?
We will now try to answer these questions as clearly as possible.
1. In answering the question what component of the diphtheria meta-

bolism is to be regarded as the causal agent of diphtheria poisoning, we
can be brief. In our opinion it is diphtheria toxin sensu stricto, i.e., the
substance obtained in an almost pure form by Pillemer, Toll & Badger 1O
and Pope & Stevens."12 It is quite possible that other substances, such
as the necrotic, soluble, and haemolytic factors described by various
investigators, also play a part in the pathogenesis of diphtheria, but it
is certainly a secondary part.

2. With regard to the question what prophylactic measures should be
taken against this disease, we take the view that prophylaxis should consist
in inoculation with adsorbed vaccines (in the Netherlands, PT or combined
vaccines containing diphtheria antigen) with the object of effecting antitoxic
immunity. The value of antibacterial immunity or immunity against the
so-called " aspecific " secretion products in the metabolism of C. diphtheriae
has not, in our opinion, been convincingly demonstrated. If we were to
add other bacterial secretion products or suspensions of dead bacteria
to the carefully purified vaccines now in use, it would no doubt lead to
an increased number of unpleasant reactions after inoculation, and would
thus bring immunization as such into disrepute.

Immunization must, however, be carried out on the largest possible
scale. It is the generally accepted view that, for the protection of large
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population groups, at least 70% of the persons concerned must be inocu-
lated and that the immunity thus acquired must be maintained by regular
booster-injections.'50 The required percentage may be considerably higher,
so that we should aim at 80%-90% coverage of the age-groups involved,
in the first place the children up to ten years of age. The paramount
importance of paying special attention to the immunization of young
children is illustrated in Fig. 6, which shows the diphtheria morbidity
in the Netherlands in the years 1952, 1953, 1954 and 1955 among the
various age-groups. It is evident that, in spite of increased immunization,
the maximum morbidity is found among the 5-year-old children.

From Greenberg's publication 47 mentioned earlier, we have drawn
the diphtheria mortality figures in Canada for the years 1943-52. These
are given in Table IX.

TABLE IX. DIPHTHERIA MORTALITY IN CANADA, 1943-52
(INCLUDING NEWFOUNDLAND, 1949-52) *

Age (years) Number of deaths I Percentage of numberof deaths at all ages

under 1 131 8.6

1-2 116 7.7

2-3 181 11.9

3-4 189 12.4

4-5 157 10.4

5-10 471 31.0

10-15 107 7.0

15-20 41 2.7

20-25 20 1.3

25-30 25 1.7

over 30 81 5.3

All ages 1519 100

* Based on data of Greenberg "

In Canada more than 50% of the deaths from diphtheria in the period
stated occurred among children under the age of five, i.e., under school
age. But the older children and the adults should not be neglected. In
this connexion we may refer to the publications of Scheibel et al.,'53 Scheibel
& Tulinius,132 Edsall,23 Ipsen,6' Tudor Lewis,'48 Tasman & Lebret,139, 140
and Greenberg.47

It is not unlikely that mass immunization against diphtheria and
regular booster-injections will reduce the percentage of carriers. For
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Copenhagen, Bojlen 7 and Bojlen & Scheibel8 give the following per-
centages for carriers of the disease:

March-May 1944 . . . . . . 13%
January 1945 . . . . . . . . 2.4%
January 1950 . . . . . . . . 0.6%

Bojle-n is of the opinion that the percentage of carriers will continue to
fall. In the course of the recent small diphtheria epidemics at Hull and
Chipping Ongar referred to earlier (Davies 20 and Franks 31), only 4 positive
carriers were found among the 695 healthy contacts whose throats were
examined (0.6 %). They all harboured avirulent diphtheria bacilli. If
Bojlen's view should be correct, and if similar figures could be obtained
from other countries, this would go to show that large-scale inoculation
against diphtheria does not only lead to a solid antitoxic immunity, but
also considerably reduces the chances of an infection's spreading.

It has been clearly demonstrated above that in countries like Denmark
and Canada, where large-scale diphtheria immunization has been practised
for years, morbidity and mortality have been considerably reduced (see
Fig. 1 and 4). We will not enter into particulars of the inoculation pro-
gramme that should be adopted, but must state emphatically that the
first immunization should take place at the earliest possible age, in any
case before the end of the first year and, preferably, at the age of 4-6 months
(see, for example, Greenberg 47). The idea that it is hardly possible to
immunize children under one year of age has been refuted by the investiga-
tions of Barr, Glenny & Randall,4 Bousfield," and many others. In
support of the view that the passive immunity obtained from the mother
is relatively insignificant when compared with active immunization, we
quote the following data from Greenberg s study 47 (see Table X).

If, therefore, it is accepted that immunization against diphtheria should
be carried out at the age of 4-6 months, one should not forget also to
consider the smallpox vaccination. The latter can be performed either
before the diphtheria immunization, e.g., at the age of two months
(Doorschodt 21), or after it, but in any case it must be done before the
end of the first year.

It seems hardly necessary to advocate the use of combined vaccines.
Until about three or four years ago the administration of combined vaccines
(diphtheria, tetanus, and pertussis) was still regarded more or less sceptic-
ally, but their usefulness and effectiveness have now been proved beyond
doubt. In countries where diphtheria has been practically wiped out or
is disappearing rapidly, but where whooping cough is still a disease that
plays strongly on the imagination, these combined vaccines may prove
especially useful. In this connexion we may cite the publications of
Greenberg,47 Edsall, Altman & Gaspar,24 Spiller et al.,'37 Cockburn,'8

6
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PROPHYLAXIS, PATHOGENESIS AND THERAPY OF DIPHTHERIA

Ipsen,61, 62 Parish,103 Bousfield & Holt,12 Sauer & Tucker,128' 129 North,
Lehmann & Patterson,94 Keyzer,66 and Mather.81

Something should be said here about the immunization of children
and adults with a history of diphtheria. Tasman & Lebret 139, 140 found
that 26 out of 204 persons (12.7%) who stated that they had a previous
history of diphtheria were Schick-positive. If we can attach any value
to the result of the Schick reaction with respect to the immunity of the
persons tested, these 26 were insufficiently immune to diphtheria. Therefore
they were in urgent need of immunization. As it is of the utmost importance
that those who have already had diphtheria once-and who consequently
have usually received a serum injection-should not run the risk of a
second attack of the disease and a repeat serum injection, they ought
not to be excluded from immunization.

3. The third question-what therapeutic measures should be taken-
is not so easy to answer.

In the first place we wish to point out that the patient should be injected
with antitoxic diphtheria serum immediately at the first suspicion of a
diphtheria infection. Here the clinical diagnosis must be decisive. To
make the injection of serum conditional on the bacteriological diagnosis
must be regarded as wrong. The bacteriological diagnosis should serve
only to confirm the clinical diagnosis made by the doctor at the bedside
of the patient. In such cases one has knowingly to take the risk of inducing
sensitization to horse protein unnecessarily. This risk is slight, though
by no means negligible (Lansberg70), but it must be ignored in view of the
acute danger for the patient.

The paramount importance of the early injection of diphtheria antitoxin
is demonstrated in an article by Paschlau.108 In the years between the
two world wars a large orphanage in Berlin was used as a home for lost
children. More than 6000 children passed through this institution every
year. Paschlau examined the children every day, paying special attention
to the throat. He treated 197 cases of diphtheria with antitoxin within
48 hours of the first symptoms and found a case-fatality rate of only 1.96 %.
At the same time the case-fatality rate in the environs of this orphanage,
where antitoxin treatment was generally not given till the 4th or 5th day
of the disease, amounted to 8.9 %.

Some data, published by Herderschee, 53 on the relation between the
day on which the serum was injected and the course of the disease are
shown in Table XI.

Similar statistics were published by Faber 29 in 1904.
The manner in which the serum should be injected is another point

that must be carefully considered. The current opinion is that the best
method is to inject the serum intramuscularly, and that it should be partly
or entirely injected intravenously only " in serious cases " (Herderschee; 53
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TABLE Xi. RELATION BETWEEN CLINICAL COURSE OF DIPHTHERIA
AND DAY OF ADMINISTRATION OF ANTITOXIC SERUM *

Day of injection Number Clear throat Paralytic Case-fatalityof patients symptoms () rate (%

1st day of disease 183 3rd day of disease 0.5 0

2nd ,, 905 4th ,, 3.5 1.6

3rd ,, 632 5th , 5.9 4.4

4th , 436 6th ,, ,, 7.1 6.9

* Based on data of Herderschee 53

Gorter; 44 Cecil & Loeb; 15 Hyman; 60 Chatterjee 16). Lepintre 73 even goes
so far as to say that the serum must never be administered intravenously,
but should always be injected intramuscularly or subcutaneously.

We are of a different opinion. Investigations by Tasman, Minkenhof,
Brandwijk & Smith, which have not yet been published, have shown that
diphtheria serum, intravenously injected, " brings the patient up to the
titre" almost at once, i.e., the antitoxin titre of his blood-serum reaches
the maximal value almost immediately. (Of course the serum titre will
mainly depend on the quantity of serum injected.) Tasman and his
co-workers found that, generally speaking, intramuscularly injected diph-
theria antitoxin is slowly resorbed, and that 3-6 days usually pass before
resorption is complete and consequently before the maximal serum titre
is reached. They further found that intravenously injected serum is not
excreted more rapidly than serum which has been injected intramuscularly,
counting from the time when the latter has been completely resorbed.
Lastly, Tasman et al.'43' 144 found that diphtheria antitoxin can be demon-
strated in the saliva very soon after the serum has been injected intra-
venously (usually after 30 minutes). From that moment the saliva ceases
to be toxic. On the other hand, after intramuscular injection, it may be
several days before the antitoxin appears in the saliva, and during that
period the saliva contains diphtheria toxin.

Therefore, we believe that the intravenous injection of serum is always
to be preferred, provided there are no special indications to the contrary
(e.g., a positive hypersensitivity test), and that it should not be restricted
to the serious cases. For who can guarantee that what at first seems a
mild case of diphtheria will not after a few days assume a toxic character?

For the sake of completeness we may mention here a publication by
Lorenz,77 who suggests that in toxic cases the serum should be injected
intraspinally. However, his method of injection has not found many
followers.

968



PROPHYLAXIS, PATHOGENESIS AND THERAPY OF DIPHTHERIA

The question of the avidity of the diphtheria antitoxin which is used
deserves special attention. As was stated earlier, the very remarkable
results of McSweeney's work 80 have neither been confirmed nor refuted
up to now. The production of a good avid diphtheria serum is no simple
matter. This difficulty is being met with at the present time in several
countries (England, France and the Netherlands).

It does not seem impossible, however, that the careful selection of
the batches of crude diphtheria plasma used for preparing the serum
(serum purification), or the splitting up of the gamma-globulin fractions,
might result in preparations of considerably greater avidity than the serum
referred to by McSweeney as " commercial antitoxin ". We think it highly
desirable that McSweeney's clinical experiments should be repeated on a
sufficiently large scale with such an avid serum.

RItSUMIJ

L'incidence de la diphterie a diminue de fa$on generale A partir de 1930 environ.
Cette decroissance est imputable partiellement a la tendance spontanee vers le declin
que la maladie a manifeste durant cette periode. Cependant, elle est particulierement
accusee dans les pays tels que le Danemark, le Canada, l'Angleterre et la France, ou
de vastes campagnes de vaccination ont ete effectuees. Cette immunisation massive a
contribue pour une large part A l'eradication de la maladie, virtuellement realisee dans
ces pays. Certains enfants et adultes ont ete toutefois victimes de la maladie, bien que
vaccin6s, ce qui indique qu'un titre antitoxique eleve du serum ne protege pas de facon
absolue contre la dipht6rie. Le serum antidiphterique employe en therapeutique n'assure
pas toujours non plus la guerison. La cause de ces resultats negatifs peut etre cherch6e
dans diverses directions: la diversite des types de bacilles diphteriques, le r6le des bacilles
dits avirulents et leur retour A l'etat virulent sous 1'action de certains bacteriophages,
la pluralite des toxines diphteriques, les divers degres d'avidite des serums antidiphteriques.

Trois types de bacilles diphteriques (gravis, mitis, intermedius) qui se distinguent
par la forme de leurs colonies et leur activite biochimique se rencontrent dans les epi-
demies, benignes ou severes, qui ont e etudiees. I1 n'existe pas de rapport evident entre
le type de bacille et la gravite des cas. Tous trois, dans certaines conditions, peuvent
briser la barriere immunitaire.

On a isole, et souvent sur des malades presentant egalement des bacilles normaux,
des bacilles dits avirulents, ayant un effet toxique moins eleve que les bacilles dits viru-
lents, mais un pouvoir necrotique superieur, et qui peuvent provoquer une diphterie
clinique. Ils produisent une endotoxine mortelle pour la souris inoculee par voie intra-
cerebrale, qui n'est pas neutralisee par l'antitoxine diphterique. Certains bacteriophages
peuvent les rendre virulents, probablement par un phenomene d'induction, qui, outre
son interet scientifique, peut avoir une grande importance epidemiologique.

La question de l'unit6 ou de la pluralit6 des antitoxines dipht6riques est encore
controversee. Selon certains auteurs, la quantit6 de toxine et la vitesse de sa production
par les diverses souches bacteriennes sont parmi les facteurs d6terminant la gravite
de l'infection. On a voulu voir egalement dans la resistance au fer un critere distinctif
entre les toxines provoquant les cas cliniques graves et celles qui donnent lieu aux cas
benins. On peut concevoir que les premieres trouvent dans la muqueuse pharyngienne,
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riche en fer grace a l'hemoglobine, un terrain plus favorable a leur developpement que
les souches peu toxiques qui ne supportent pas une certaine concentration en fer.

I1 est connu depuis longtemps que les serums antitoxiques peuvent avoir des affinites
plus ou moins fortes pour la toxine diphterique. Cette difference d'avidite peut avoir
des repercussions considerables sur l'efficacite therapeutique des serums antidiphteriques.
On a montre recemment que les gamma-globulines seriques etaient plus avides que
d'autres fractions globuliniques. Les resultats d'essais pratiques avec les globulines
fractionnees n'ont pas encore ete publies.

En conclusion, les auteurs formulent certaines opinions et recommandations pratiques:
La toxine diphterique, sensu stricto, joue le principal role dans la pathogenese de

la diphterie. Les mesures prophylactiques devraient consister en une inoculation de vaccin
adsorb6 provoquant une immunite antitoxique. Pour assurer une protection massive
suffisante, cette immunisation doit s'appliquer a 70% au moins de la population et etre
entretenue par des injections de rappel. Elle doit porter surtout sur les jeunes enfants,
chez qui s'observent les taux de morbidite et de mortalite de beaucoup les plus eleves.
L'efficacite des vaccins mixtes (diphterie, tetanos, coqueluche) est maintenant amplement
demontree. Les auteurs preconisent l'injection intraveineuse de serum a tous les sujets
(sauf cas averes d'hypersensibilite) des que le diagnostic clinique est pose, et sans attendre
la confirmation bacteriologique. La preparation d'un serum efficace, d'avidite satis-
faisante, est un probleme en soi, qui est en cours d'etude dans divers pays.
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