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ACTIVE IMMUNIZATION AGAINST DIPHTHERIA. 

OBSERVATIONS upon the epidemiology and immunology of diphtheria 
. have been carried out by Surgeon-Captain S. F. Dudley and his colleagues 
at the Greenwich Hospital School for twelve years. In the first seven 
years, though the Schick test was permitted, active immunization was not 
practised at the School and the studies were therefore carried out under. 
natural conditions. In 1928 the School authorities accepted inoculation 
against diphtheria, and this afforded an opportunity for a close comparisoll 
of natural immunity, acquired by a community in which diphtheria waH 
endemic, with a condition of immunity artificially produced by inoculation 
in an institution which had been maintained over ninety per cent Schick 
immune for five years. The parallel series of observations was made on a 
community living under conditions otherwise identical. 

Surgeon-Captain Dudley and his colleagues state that the conclusionR 
arrived at from the records of this School are not necessarily valid for the 
community at large. The variables in this School are known, but are 
infinite in variety in the general community. Further, the conditions 
obtaining in one semi-isolated community may be different from those in 
another. Nevertheless. certain broad principles emerge which, with some 
reservations, may become generally applicable. 

With the artificial immunization of the School in 1928 clinically 
recognizable diphtheria practically disappeared, but in the winter of 1932 
an outbreak of modified diphtheria led to the investigation with which the 
report, just issued by the Medical Research Council, deals. 

New entrants to Greenwich Hospital School, aged 12 to 14 years, were 
segregated for a month in a separate building and grounds before joining 
up with the rest of the School. During this period they were swabbed 
and Schick-tested. On the seventh day the Schick immunity was recorded 
and those boys who were Schick-positive received their first prophylactic 
inoculation, followed by a s.econd dose fourteen days later; three weeks 
later a second Schick test was performed and, if positive, a further dose 
was given. The population of the School remained very' steady. The 
number of beds was 980 up to the end of the year 1930. In contrast to 
the steady population the number of new boys who joined in each term 
varied from 51 to 162. The new entrants in most terms joined in two 
batches, one at the commencement of the term, another one month 
later. The average term was three months, and new entrants were exposed 
to infection prevailing in the main school for half their first term. Practically 
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180 Active Immunization against Diphtheria 

all the residents stayed for seven terms; some for three years, and R. few 
for over four years. 

Prior to 1924 moat of the diphtheria was concentrated in two epidemics 
of 61 and 67 cases in the first term of 1919 and the third term of 1921. 
After 1924 the incidence became less periodic and more evenly distributed 
in time. 

An attempt was made to evaluate statistically the apparent decline in 
the susceptibility of groups who, having joined the School in the inter
epidemic periods, were subsequently exposed to the same risks of infection 
as groups who joined during the epidemic periods. The figures gave 
support to the general inference that many of the boys who entered the 
School during the inter-epidemic periods acquired immunity latently. 
so that they were able to pass through the subsequent epidemics with fewer 
diphtheria casualties than the boys who j0ined when the epidemic was in 
progress. Herd-susceptibility to clinical diphtheria may decline without 
symptoms of sore throat as an environmental and not as an age or growth 
phenomenon-demonstrating the principle of latent immunization without 
using the Schick test. The mechanism of latent immunization is still 
undetermined, but the evidence supports the view that antitoxin will appeal' 
as the result of stimulus from its homologous toxin, which is supplied by 
virulent Corynebacterium diphtlierifB carrier infection. 

The incidence of diphtheria in the artificially protected school is of 
great interest. After the School had been inoculated against diphtheria in 
March, 1928, nineteen cases of diphtheria were discovered up to December, 
1931. In March, 1933, an indefinite case was reported in a boy who had 
been immunized in 1929: his Schick immunity had relapsed and 
C. diphtherifB (var. mitis) was recovered from his throat. No further cases 
were reported until October, 1932, when eighteen cases occurred in that 
year and five more cases in the first term of 1933, the last prior to the 
removal of the School from London. The outbreak of eighteen cases in 
October and November, 1932, coincided with the introduction of the Leeds 
serological gravis type of toxigenic C. diphthe1"ifB and a carrier rate 
which was higher than any recorded prior to the artificial immunization of 
the School. Further, nine-tenths of the carrier rate was made up of Leeds 
gravis strains, which were responsible for sixteen out of the eighteen cases 
in 1932, and for all five cases in the following term in 1933. None of the 
cases were severe and eighteen out of the twenty-three cases would not have 
been recognized as " clinical" diphtheria. The temperature was high, the 
typical false membrane was not formed except in the cases naturally 
Schick susceptible. The majority of the cases had less than 0'05 unit of 
antitoxin per cubic centimetre of blood, whereas carriers showed the highest 
antitoxin content of the groups tested. 

At first the workers at the School thought these unrecognizable cases 
of diphtheria were not real cases of diphtheria, but further observations led 
to the view that they were not suffering from simple sore throats accom-
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Active Immunization against Diphtheria 181 

panied by an accidental carrier infection of C. diphtheria. The reasons for 
this view were: (1) That the outbreak coincided with the appearance of 
typical Leeds gravis strain in the School; (2) the majority of the cases 
had less than 0'05 unit of antitoxin per cubic centimetre of blood; (a) the 
highest incidence of diphtheria was in those groups which f:lhowed the 
leaf:lt antitoxin protection; (4) the clinical severity was inversely propor
tional to the antitoxin protection; (5) the antitoxin estimations showed 
that infection, clinical or sub-clinical, caused a rapid rise in the circulatory 
antitoxin, which was coincident with the onset of clinical symptoms, viz. 
the symptoms had not arisen in a subject who had been infected with 
C. diphtherice some days before going sick. 

Dudley states that the study of this series of diphtheria cases in relation 
to the antitoxin estimations of the blood shows that diphtheria in a subject 
who has once been Schick-negative, but who has lost his antitoxic 
immunity, acts as a secondary stimulus causing a rapid recovery of 
antit')xin and a trivial illness, whereas in the original susceptible who has 
never been immune diphtheria is followed by llO appreciable rise in 
antitoxin and a severe clinical syndrome. 

In the discussion on some general principles of active immunization 
against diphtheria rderence is made to Glenny and J ensen's experiments 
which seemed to show that antitoxin in the blood is not acquired gradually 
but remains low until one of the prophylactic inoculations acts as a 
secondary stimulus, causing a rapid rise in a few days, after which there 
is a fall and the antitoxin content settles down to a semi-permanent level. 
Contrary to the experimental evidence field workers found that when using 
the toxin-antitoxin mixture it might take six mouths for seventy per cent 
of those inoculated to develop Schick immunity. With the advent of good 
toxoids it is now known that ninety per cent of subjects develop Schick 
immunity within a month of their third inoculation. With weak courses 
in the past many subjects remained Schick susceptible until they met a 
secondary stimulus in the form of toxigenic C. diphtherice in their environ
ment and then became Schick immune. In this way the frequency of 
Schick immunes continued to increase for six months or more after the 
T.A.T. courses. 

The work at Greenwich showed that while anti-diphtheria inoculations 
are a sure protection against clinically recognizable diphtheria, they convey 
no immunity against latent or carrier infection with toxigenic C. diphtherice. 
This is a most important observation as it implies that while artificial 
immunization protects the individual it does not prevent· him from 
becoming a potential danger to the susceptible members of his herd. 

A fact of paramount importance in regard to diphtheria control for 
practical purposes, is that all carriers of virulent diphtheria bacilli give 
negative Schick reactions. Schick susceptibility in a carrier of virulent 
bacilli is of such a short duration that Schick-susceptible .virulent carriers 
may be ignored. The procedure of· isolation and virulence testing of a 
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182 Active Immunization against Diphtheria 

Schick-positive child, even though diphtheria bacilli have been discovered 
in his throat, is regarded as uneconomical as a public health measure. 

The Schick test depends on antitoxic immunity only: it is not surpris
ing therefore that the prophylactic, which is designed to stimulate anti
toxic immunity, should have no power to prevent infection with specific 
diphtheria bacilli. 

Very variable estimates have been made as to whether diphtheria carriers 
cause more fresh infections than do cases. It seems probable that in towns 
where diphtheria is endemic infection from carriers, rather than cases, 
is more frequent than in country epidemics, where case to case 
infection appears to occur more often. All field-workers, however, are 
agreed that carriers outnumber cases to such an extent that any diminu
tion of diphtheria patients which results from active immunization is 
unlikely, by itself, ,to reduce appreciably the reservoir of toxigenic diphtheria 
infection. 

The experience at Greenwich suggested that the rapid transference of 
Schick susceptibles into Schick immunes by artificial immuuization would 
augment the carrier rate for virulent diphtheria bacilli, and would increase 
the morbidity among the unprotected members of the herd. It is, therefore, 
probable that the incomplete artificial immunization of a group may have 
no effect on the total incidence of diphtheria and for a short period may 
increase the risk of attack in the unprotected section of the community. 

The experience in schools is instructive from this point of view. Ross 
McKinnon immunized a third of the school children in Toronto, but none 
of the pre-school age group: there was no decline in the diphtheria morbidity 
though the incidence in the inoculated fell eighty per cent. At Hamilton, 
Fitzgerald found that diphtheria disappeared when a large fraction of the 
pre-school and school children had been protected. Godfrey has shown that 
when a large proportion of the children under the age of 5 are maintained 
Schick immune, but not till then, the diphtheria incidence will fall rapidly 
and will practically disappear. 

Dudley considers that the production of virulent carriers by artificial 
immunization is ailOther example of how an undesired effect frequently 
results when man tries to improve his biological environment by upsetting 
the ecological balance between two species, in the present instance 
H. sapiens and C. diphtheria;. Nevertheless, he is confident that provided 
an anti-diphtheria campaign is conducted in a proper way, recognizable 
diphtheria can be generally eradicated from any community. He and his 
colleagues made the deduction that three doses of diphtheria toxoid can 
produce in three months as high an immunity as three years' residence in a 
community where diphtheria is endemic. 

It has often been assumed by the anti-diphtheria worker that the 
Schick reaction is practically permanent. But at the Greenwich School 
there were 55 immunity relapses; 45, including 6 cases of diphtheria, had 
been artificial immunes, and 10, including one case of diphtheria, had 
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been natural immunes. Further studies showed the ratio of artificial 
immunes to natural immune relapses was 12'6 to 3'5. There seems to be 
no doubt that the maintenance of a Schick-negative state in a certain section 
of the community depends on frequent reinforcement of their antitoxic 
immunity by environmental stimuli. Such a relapsing type of Schick 
negatives is more lil{ely to be found among artificial immunes than among 
natural immunes. 

The bulk of the relapses could not be attributed to the employment of 
prophylactics of· lower potency than usual. The one weak antigen 
employed demonstrated that although a weak antigen may produce nearly 
as much immediate Schick immunity as a strong one, yet in order to avoid 
relapses the antigen should be as strong as practicable. 

Relapses were more frequent after Schick immunity had been induced 
by one or two doses of prophylactic than after three or more. But at 
Greenwich the relapse rate depended far more on subsequent environmental 
stimuli, or the hereditary make-up of the individual, than on the number 
of prophylactic inoculations. 

Another factor which affects the subsequent Schick susceptibility is the 
time relation between the last dose .of the prophylactic course and the 
post-inoculation Schick test which is used to prove that immunity has been 
induced. Glennyand Sudmersen in experimental animals and Jensen in 
children have shown that the ·curve of the titre of diphtheria antitqxin 
in the blood rises very rapidly after one or other of the doses of prophy
lactic. After rapidly reaching a maximum in ten to thirty days 
it falls at first quickly, then more gradually and then approaches a 
permanent level of antitoxin concentration. If this permanent concentra
tion is above the Schick level the Schick test will remain negative 
indefinitely; if below, after a transitory period of Schick-negatives the test 
again becomes positive. But after secondary stimuli in places where there 
is a high but intermittent risk of infection with C. diphtherice the antitoxin 
titre may rise again and no association will be discovered between the 
relapse rate and the time of the post-inoculation test. 

The ideal of the public health administration would be immunization 
by means of one inoculation, and this Jensen has realized, but the extra 
time, material and expense involved in the manufacture of concentrated 
toxoids renders one-dose immunization hardly an economic proposition for 
mass immunization at the present time. Nevertheless, the experience with 
alum toxoids by Saunders in this country, and by Wells, Graham, and 
Havens in America, seems tu point to single inoculation being within sight 
for herd protection against diphtheria. 

As to the interval between prophylactic inoculations, the Ministry of 
Health recommended doses of one cubic centimetre on three occasions with 
fortnightly intervals. But Glenny's work seems to show that better 
immunization is obtained, especially as regards durability, if one of the 
inoculations acts as a "secondary stimulus." In subjects who have had 
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184 Active Immunization against Diphtheria 

no primary anti genic stimuli from environment the first injection is a 
"primary stimulus," and the subject does not obviously respond until after 
a latent period of five to ten weeks, and even then the response is often 
trivial. But tbe subject is now It sensitized" and will give a rapid and 
generous response to a second dose of toxoid which acts as a " secondary 
stimulus." On these principles it seems better to give the second and 
third inoculations of the prophylactic course five and ten weeks after the 
first inoculation instead of after the usual two and four weeks. The 
matter is, however, largely one of expediency because intervals longer than 
a fortnight are said to increase administrative difficulties. 

The Ministry of Health instructions state that the post-inoculation 
Schick test should not be made for at least two months after the last 
immunizing dose. Dudley thinks it would be better to postpone the test 
for at least three months, instead of making it after one month, as was 
done in the Greenwich School; the titre drops rapidly from its initial 
maximum value, which occurs within a month of the last injection, and 
there is therefore a distinct risk of finding l:;chick reactions negative after 
an interval of a mouth, which will become positive again in a few weeks. 

Dudley states that observations on diphtheria in inoculated subjects 
show that, provided it is known that the Schick test has once been negative, 
relapses of Schick or antitoxic immunity are really of little consequence. 
Although subjects may have lost their antitoxic immunity, they still possess 
a greatly augmented immunizability and rapidly regain Schick immunity 
on contact with a toxigenic O. diphtherice, generally latently and without 
symptoms. But in that minority who get diphtheria the sore throat and 
constitutional symptoms are usually so trivial that they would not be 
recognized as diphtheria without a complete bacteriological examination. 
Such cases would be almost invariably missed in general practice. 

In Graham Forbes' exbauRtive summaries of anti-diphtheria campaigns 
throughout the world there are frequent reports of high diphtheria IDorbid
ities among the unprotected, accompanied by practically no cases among 
the inoculated members of the community. 

Dudley concludes that while it is of supreme importance in preventive 
work to make certain that Scbick immunity has followed the prophylactic 
course, the maintenance of permanent Schick negativeness is of less 
importance than has been generally believed. He stresses the importance 
of protecting children in the pre-school age-groups 1 to 5, and recommends 
that in a household all children under 15 should be immunized together. 
In certain circumstances be also advocates the immunization of children 
under 12 months old, as he considers the convention that they should not 
be immunized does not stand on a firm scientific basis. In some epidemics 
it has seemed possible that the incidence and fatality in the 0 to 1 age
group has been increased as the direct result of the immunization of the 
older children. In such circumstances it appears hardly justifiable to 
withhold the toxoid from the newly born. The main objection to the 
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inoculation of the infant is that owing to skin insensitiveness it is relatively 
irresponsive to antigenic stimuli. It has been suggested that skin insensi
tiveness to toxin is an immunity index to clinical diphtheriH. irrespective of 
the presence of antitoxin in the blood. It used to be thought that the 
infant's immunity was due to antitoxin derived from the mother, via the 
placenta, but Okell has shown that Schick-immune infants may have less 
than 0'002 unit of antitoxin per cubic centimetre of blood, and that the 
infantile negative Schick test usually persists for six months or more after 
the maternal antitoxin has disappeared from the blood. The problem of 
protecting the 0-1 age-group bristles with difficulties, and requires more 
investigation before an opinion can be given on the subject. In the 
Ministry of Health pamphlet the immunization of this group is not 
recommended. 

• 
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