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A LIMITED OUTBREAK OF DIPHTHERIA EXHIBITING BOTH 
CUTANEOUS AND FAUCIAL LESIONS. 

By MAJOR H. J. BENSTED, M.O., 

Roynl Army Medical Corps. 

Introduction. 

CUTANEOUS diphtheria is a condition that has been known to exist for 
many years. In 1906 Hammerschmidt described skin lesions from which 
virulent diphtheria bacilli had been isolated and since that date there 'have 
been numerous references in the literature to theseextrafaucial localiza
tions of CorynebacteriUln diphtheria3. In some cases, however, there is no 
record of the virulence of the organism isolated and, as avirulent diphtherIa
like bacilli are not uncommonly found on healthy skin, the significance of 
some of these reports must remain in doubt. Nevertheless the virulence 
test was carried out by some of the early workers and the isolation of 
virulent C. diphtheria3 from cutaneous lesions was reported by Gunther 
(1907), Dawson (1910), and many others. 

The majority of these descriptions refer to isolated cases, but during 
the Great War the diphtheritic infection of wounds was not uncommon 
and more than one series was published. In a military hospital in Toronto 
Fitzgerald and Robertson (1917) investigated an outbreak where some forty 
patients were found to have wounds infected with C. diphtheria3, the 
organisms proving to be virulent when inoculated into guinea-pigs. The 
origin of this outbreak was by no means clear; one of the nurses dressing the 
cases had a small diphtheritic lesion on one of her fingers and was thought 
to be responsible to a certain extent. Douglas, Fleming and Colebrook 
(1920) also reported a series of cases. " Wound diphtheria," described in 
Germany just after the Great War by Weinert (1919), Nieter (1919) and 
others, was a very common condition, but owing to the fact that virulence 
tests were carried out on only a small proportion of the organisms isolated 
it is not possible to say whether the infection was always a true 
diphtheritie one. _ 

Manson-Bahr (19~9) mentions the work of Craig in Palestine, who 
isolated diphtheria bacilli from many cases of desert sore and frequently 
observed typical post-diphtheritic paralyses as complications of the condi
tion. Manson-Bahr also describes his own experiences there and pertinently 
notes that these diphtheritic sores were associated with a widespread 
epidemic of faucial diphtheria. Rolleston (1936) in discussing cutaneous 
diphtheria mentions paralyses as not unCOlllIllon complications and further, 
with regard to the importance of the early recognition of such lesions, 
says: " Subjects of clandestine diphtheria like clandestine prostitutes are' 
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296 Diphtheria with both Outaneous and Faucial Lesions 

of considerable epidemiological importance, as both, owing to their 
innocent appearance may widely spread disease before their true nature is 
recognized ." 

History of the Outbreak. 

The present communication is concerned with a limited outbreak of 
diphtheria, both faucial and cutaneous, that occurred during the N orth
West Frontier Operations in the autumn of 1935. The ground in this area 
is extremely rocky and there were very few of the troops employed who 
did not sustain some sort of abrasion in climbing up or scrambling down 
the steep rock-strewn khud-side. Although these wounds, for the most 
part, appeared to be trivial it was noted in one battalion that not only was 
healing not induced in some individuals by the usual treatment but that 
the lesions became progressively more extensive. That this non-healing 
did not attract attention earlier may be explained by the fact that a condi
tion, very similar in appearance, is comm·on in this area. It develops from 
a simple abrasion and is often very slow to heal. The ffitiological agent in 
the majority of cases appears to be a staphylococcus, but it is probable 
that several factors are responsible for the slow healing. The lesion is 
often referred to colloquially as " Frontier Sore," but is not to be confused 
with the Leishmania infection that on occasions has been known by that 
name. 

The first case seen by the writer in this outbreak was one of extensive 
.ulceration of the calf of the leg from which an almost pure culture of 
C. diphtherice was obtained. It was not possible, however, to say when 
the diphtheritic infection was superimposed as forty days had elapsed sInce 
the original abrasion had been sustained. It was known that there had 
been several cases of sore throat amongst the troops, and two cases of 
faucial diphtheria had been evacuated from a neighbouring battalion, but 
at this distance of time it was not feasible to trace accurately the individual 
movements of troops. 

By the beginning of November the force that had been engaged in the 
operations was moving back, and two cases of faucial diphtheria were 
discovered in the battalion under review whilst on the line of march. 
Then, as a result of the bacteriological examination of the skin lesions of 
all the patients in hospital eight further cases of cutaneous diphtheria were 
diagnosed in the same battalion. These patients had all sustained 
abrasions in the same area of field operations, but it was by no means 
clear that all the wounds were infected with O. diphtherice when the 
patients were admitted to hospital. Indeed, it has been proved that one 
case was due to a cross infection in the ward. 

It may be noted here that repeated throat swabs were taken from all 
these cases with cutaneous lesions, but the cultures failed to show any 
.diphtheria bacilli. 

Although the cases so far noted had belonged to a single battalion it 
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H; J. Bensted 297 

was decided to carry out a very careful examination of all the troops who 
had been engaged in the same area, paying special attention to the battalion 
already attacked. The general examination consisted in a careful skin 
inspection of all troops and followers. Every cutaneous lesion was 
examined bacteriologically, and if the wound was at all indolent the 
examination was repeated until signs of healing were obvious. Several of 
these re-examinations revealed the presence of diphtheria bacilli. when the 
original culture was negative. 

In addition, the battalion already attacked was subjected to a complete 
double throat swabbing; nasal swabbing was less complete. Owing to the 
exigencies of the Service the investigations had to be spread over a rather 
wider space of time than was ideal and involved the examination of over 
two thousand throat swabs and about four hundred wound ~wabs. 

Table I shows the results obtained from the examination of the swabs 
frolD the wounds. 

X Battalion 

Other Troops 

TABLE 1. 

Number of swabs 
examined 

246 

152 

Number of cases harbouring 
C. di phthtri(Jj 

31 

Nil 

It will be seen from the above table that whilst many other individuals 
were suffering from slowly healing abrasions, only those from the X 
battalion were found to be harbouring C. diphtherice. It is true that one 
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case of cutaneous diphtheria was discovered in a soldier belonging to 
another battalion, but that case occurred in hospital and was' proved 
conclusively to be due to a cross infection in the ward. 

Chart I shows the distribution of all the cases, both faucial and cutaneous, 
and also the carriers of virulent diphtheria bacilli .as they were spread over 
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298 Diphtheria 'With both Outaneous and Faucial Lesions 

the period under review. As will be observed, cases of cutaneous diphtheria 
and virulent throat carriers continued to be discovered over a prolonged 
period. But what is more important, typical. faucial diphtheria began to 
occur in December and continued throughout January. 

Although the carriers were isolated immediately they were discovered 
cases continued to occur and, as the second series of throat swabbings 
yielded six more carriers, it was probable that even after a third swabbing 
every carrier might not have been found. It was felt, therefore, that more 
active steps should be taken to attempt to limit the outbreak. Schick
testing material was obtained with the least possible delay and the immunity 
reactions of the whole of the affected battalion were investigated. The 
positive reactors were immunized with a suitable prophylactic as soon as 
they were observed. 

The occurrence of cases became less and less but did not cease completely 
until some degree of immnnity was established. The last case of cutaneous 
diphtheria was diagnosed on February 20 and since that date three months 
have elapsed and neither faucial nor cutaneous diphtheria has been seen in 
the battalion. 

Description of the Cutaneous Lesions. 

Althougb, as Rolleston (1936) says, these extrafauciallocalizations of 
diphtheria may imitate almost any type of skin lesion, there was one variety 
that was almost pathognomonic. This was the deep punched-out ulcer with 
a thick unhealthy edge alld with a floor covered with a dirty grey membrane 
that contained almost pure cultures of C. diphtherifB. The ulcer had a fretid 
odour and was seen in a considerable proportion of the established cases. 
These had been in existence for four or more weeks when seen and agreed 
with the chronic diphthel'itic nIcer described by Manson Bahr (1929). The 
first case in the present series was of this nature. Some forty days had 
elapsed since the original injury-three small abrasions on the back of the 
leg-had been sustained. Three abrasions had ulcerated alld the lesions had 
steadily increased in size until there was a single irregular ulcer five by three 
inches over the middle of the calf. The membrane contained almost pure 
cultures of diphtheria bacilli. 

The more recently infected abrasions simulated a variety of skin l~sions. 
One patient appeared to have an impetigo of the face, another an eczematous 
condition between the toes and yet another an oriental sore on the dorsum 
of the band, but all varieties yielded cultures of C. diphtherifB. These cases, 
without exception, responded to the specific treatment given whereas 
improvement had not followed any of the various local applications to the 
chronic ulcerations. 

As would be expected the majority of the sores were on the hands and 
knees, although any situation where an abrasion existed was liable to become 
infected. The distribution of the lesions was as follows :-
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H. J. Bensted 

Knee 12 cases 
Hands and arms 10 
Face 4 
Heel .• 2 
Toes .. 2 
Ankle 1 
Calf. ; 1 
Buttock 

--
Total .. 33'" cases 

'" Two of the 31 patients, suffering from cutaneous diphtheria, had multiple 
lesions-hence the extra two cases .. 

299 

Two of the patients with skin lesions were found to be suffering from 
mild faucial diphtheria also. They complained of a sore throat with some 
pyrexia and virulent diphtheria bacilli were recovered from the throat swab. 
There was no membrane over the fauces in either case and the signs and 
symptoms disappeared very quickly following the exhibition of specific 
treatment. In one of these cases the sore on the skin, an early lesion, and 
the throat condition were discovered within a day of each other, but in the 
other case the ulceration was well established before the faucial lesion was 
discovered. In view of the very transient throat condition it would appear 
that this individual had become partially immunized from the toxin absorbed 
from the ulcer. Both these cases occurred before the Schick-testing had 
been carried out and the first one was not sufficiently typical to show the 
progressive ulceration, but the second case showed this property very well 
so .that there could have been but little antitoxin present in the patient's 
blood prior to infection. 

Treatment of the Extrafaucial Lesions and Course of the Disease. 

Although there was some slight variation .in individual cases the same 
general plan of treatment was adhered to after the experience of the first 
few in the series. 

Immediately a case was diagnosed cutaneous diphtheria 8,000 to 16,000 
units of diphtheria antitoxin were administered by the intramuscular route 
and antitoxin was also applied locally as a dressing. The pure serum 
dressings were repeated daily for three days and the intramuscular anti
toxin repeated on the third day. The exhibition of further antitoxin 
depended on the extent of the lesions and their response to treatment. 
The average amount of antitoxin injected in each case was about 30,000 
units. After the third day the antitoxin used for the local treatment was 
diluted with equal parts of sterile normal saline. 

In most cases there was an almost dramatic response to the treatment. 
The ulcers were clean by the fourth day, diphtheria bacilli could no longer 
be cultivated from the grannlating surface and the edges showed signs of 
healing. The illustrations on page 300 show these ulcers in various 
stages of healing, 
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300 Diphtheria with both Cutaneous and Fat/ cial L esions 

As soon as cultural examinations demonstrated that the wonnd was 
bacteriologica lly clean an elastoplast dressing was applied. Rapid healing 

FIG. 2 . 

FIG. 4. 

or early scabbing was not encouraged as it was found that diphtheri a 
bacilli would sometimes flourish underneath a scab. 

There were occasions on which , in spite of the early appearance of a 
heal thy gr anulating surface, G. diphthe,.ire persisted in ·the wound for a 
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H. J. Bensfed 301 

considerable period. In these cases prolonged serum treatment, locally or by 
intramuscular injection, did not hasten the disappearance of the infecting 
organism. Various dressings were tried and the most successful appeared 
to be a preparation known as Mucidan (Paschlau 1935), which has been 
advocated recently for the treatment of diphtheria throat carrIers. The 
formula is as follows :-

Formaldehyde 
Potassium sulphocyanide 
Gelatine 
Spirits of wine 
Oil of peppermint 
Distilled water to 

11 parts 
2 

15 
" 15 
" 1 

100 .. 
Generally the ulceration was well established before any specific treat

ment was given and healing was naturally slow. In the earlier series 
the average time for complete healing was nearly eight weeks from the 
commencement of the specific treatment. Although the healing was a 
slow process the scars were firm and showed no tendency to break down. 
In the later series in which a recently sustained abrasion had become 
infected with diphtheria bacilli healing was much more rapid and averaged 
about three weeks. The last case that occurred was that of a man who 
received a knock over the ankle whilst playing hockey. He had shown 
himself to be non-immune when Schick-tested and had already received 
one dose of prophylactic before the injury had been sustained. The 
ulceration was discovered to be diphtheritic on the day that the last dose 
ofT .A.F. was being administered. 'I'he usual treatment was instituted 
and within forty-eight hours the wound was bacteriologically clean and 
closing in. By the eighth day healing was complete. 

Complications. 

In the series of cases under review complications of a serious nature 
were not seen. There were, however, five cases of post-diphtheritic paresis 
out of a total of forty-six. 

Private L. 

Private M. 

Private P. 

Private H. 

Private R. 

Faucial diphtheria 

Faucial diphtheria 

Cutaneous lesion 
. (LA.T. face) 

Cutaneous lesion 
(LA.T. buttock) 

Cutaneous lesion 
(LA. T. knee) 

Palata.l pa.ralysis 

Paresis of ext. rect'!-s; tingling of 
fingers 

Facial paralysis and tingling of 
fingers 

Paresis of both legs 

Tingling of fingers and paresis of 
legs 

Laboratory Investigations. 

This work involved the examination of a very large number of field 
cultures on Loeffier'fl medium and it may be mentioned at this stage that 
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302 Diphtheria with both Outaneous and Faucial Lesions 

McCartney's screw-capped bottles, which are used extensively in this 
laboratory, proved superior in many ways to the test tube and flask. 

All s\vabs, whether from skin lesions or from throats, were first planted 
on Loeffier's serum slopes and incubated for eighteen hours. A provisionltl 
diagnosis was made on finding diphtheria-like bacilli in field smears from 
these slopes stained with Loeffier's alkaline methylene blue. Every culture 
containing suspicious organisms was then subcultured on to "Tellurite" 
medium in order to obtain pure growths for the study of the colonial 
characters, the carbohydrate reactions and the virulence of the organism 
isolated. When these examinations had been completed a final report was 
rendereo. 

In all seventy-two strains of diphtheria-like bacilli were investigated, 
and, of these, sixty-five had all the characters of C. diphtherice mitis. 
There was in many cases a very slight reaction in starch which faded after 

. the first twenty-four hours' incubation, and when this was compared with 
the marked reaction with all the known starch fermenters, used as controls, 
it was regarded as negative. The remaining seven strains were saccharose 
fermenters. 

The intracutaneous virulenefl was employed as a routine, but the 
intraperitoneal test was used from time to time as a check. In the intra
cutaneous method six to eight strains, together with positive and negative 
controls, were tested on each pail' of guinea-pigs used. 

Of the sixty-five non-saccharose-fermenting strains, sixty-one proved to 
be virulent, and with these the degree of necrosis produced in the guinea
pig appeared to be the same with every strain. The seven saccharose 
fermenters all proved to be avirulent. 

Type of organism Faucial diphtheria Cutaneons diphtheria Healthy throats 

C. diphtherice mitis·-
Virulent .. 15 31 15 
Avirulent .. D D 4 

Saccharose fermenters-
Avirulent 0 2· 5 

.. Fonnd during the examination of all skin lesions in other units. 

Immunity Reactions. 

Although Schick-testing has been carried out in India on previous 
occasions, there has always been a certain amount of hesitation in accepting 
the results as sufficiently accurate owing to the necessity of subjecting an 
unstable preparation to such varying temperatures during its importation. 
'l'he weather over the whole of the air route in early January was 
moderately cool, and it was decided therefore to import Schick-testing 
material by air mail. The preparation was received in the laboratory on 
the ninth day following the order, and the testing of the whole battalion 
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commenced forthwith. For military reasons this had to be spaced out 
over a longer period than was ideal, and for the same reason the results could 
only be read on three occasions, viz. : after twenty-four hours, forty-eight 
hours, and five days. There was, however, little difficulty in recording the 
positive reactors. Out of a total of 197 non-immunes (27 per cent of the 
strength), the reactions of 119 were obvious on the first or second day, and 
78 were only discovered during the final reading. It may be of interest to 
note, in view of tbe high percentage of positive reactors, that 102 (over 
50 per cent) of these individuals came from small towns or villages in 
England. . 

Before immunity could be established four positive reactors developed 
cutaneous diphtheria, and two faucial diphtheria. Indeed, one of the 
faucial cases was a member oC a hatch of individuals who were swabbed 
and Schick-tested on the previous day. Twenty-four hours later the swab 
was positive, the skin reaction very marked, and the patient suffering from 
diphtheria. 

Immediately the Schick-testing was completed one of the unopened 
bottles of the toxin was returned to the Wellcome Physiological Research· 
Laboratories. Dr. O'Brien kindly tested this specimen after its journey of 
over 15,000 miles, and reported that the toxin was fully potent. 

It would appear, therefore, that the results, recorded above, of the 
immunity reactions of the individuals under review are reasonably accurate. 

lL 
HQ. Wi n.9. A.cOj. B.c,0-:1. C.CO'.1. D.co'l. 

Ptrc.e n to.~e 
of R~tOy~. ~6 ~I bl ~2. 2.2-
Num.ber of S- I 5 Ib I I 7 u.<;;,e~ . 
Nvrnbero 2. 2.. 5 I 5 c:,l\r""ipr~. 

llilllli ~ 
Reo.c.tOts. Cc).ses , 

OHART 2.-0hart showing the distribution of positive reactors, etc., in Oompanies. 

It will be noted from the figures recorded in Chart 2 that a much 
higher positive reactor-rate existed in two of the companies than is usually 
found in groups 'of young adults, and that the greatest number of cases 
occurred in these companies. The numbers, of course, are too small and 
even double swabbing of the throat too i.naccurate a method for the 
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304 Diphtheria with both Cutaneous and Faucial Lesions 

detection of all carriers, but the figures do suggest a relationship between 
the percentage of positive reactors and the carrier-rate in producing clinical 
diphtheria. 

Immunization. 

In vIew of the fact that all the non-immunes were adults it was 
decided to use Toxoid-Antitoxin-Floccules eT.A.F.} as the prophylactic. 
It was found, however, that insufficient stocks were available for 
immediate use and, consequently, Toxoid-Antitoxin-Mixture (T.A.M.) was 
substituted in a certain number of cases for the initial dose. Fresh stocks 
of T.A.F. arrived in time [or- the subsequent injections so that every 
positive reactor received at least two doses of this preparation. 

Out of 122' individuals who received T.A.M. (0'5 c.c.) as the initial 
dose of prophylactic fifteen complained of both local and general reactions, 
one of which was severe. This particular case had shown a violently 
positive Schick reaction in twenty· four hours, which is in accordance with 
the findings of most workers. Four others, however, showed similar skin 
reactions but did not appear to be ~ffected by the immunizing agent. 
Reactions were not noted after the primary or subsequent doses of T.A.F. 

Development of Immunity. 

As will be seen from Chart I, the last dose of T.A.F. was administered 
on February 20, 1936. On April 11, 1936, seven weeks later, the origin'al 
non-immunes who had received the immunizing agent were again, Schick
tested and of these individuals only 3 per cent still gave positive reactions. 
The test was carried out with the same batch of Schick toxin that had 
been originally supplied and which had been stored in' the electric 
refrigerator ever since. 

Diphtheria in Schick-negative Reactors. 

, On March 25, 1936, Pte. D. was admitted to hospital with a mild pyrexia, 
general malaise and a sore throat. The patient did not appear to be ill 
and the condition was thought to be one of follicular tonsillitis. Three 
series of throat swabs, taken at intervals of forty-eight hours, yielded 
cultures of an hremolytic streptococcus, but diphtheria bacilli were not 
seen. On the seventh day further swabbing resulted in the culture of 
small numbers of C. diphtherim which subsequently proved to be virulent. 
Clinically the case was not suggestive of diphtheria and as the individual 
had been a Schick-negative reactor a few weeks previously he was 
regarded as a carrier. Nevertheless he was given 12,000 units of diphtheria 
antitoxin and nursed with caution. It has just been reported that the 
patient developed paresis of the ocular muscles and later palatal paralysis. 

Originally the case was not thought to be a diphtheritic infection and 
was -not, in consequence, included in the account of the outbreak. In 
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view, however, of the nervous complications it must now be considered as 
a true case, although the characters of tbe organism isolated suggest tbat 
it was not the saIlle variety as the epidemic strain. 

Discussion. 

The exact origin of the outbreak described above remains obscure. It 
is known that faucial diphtheria occurred in the vicinity before any cases 
were notified in the particular battalion concerned, and it is also appre
ciated that there is a considerable amount of unrecognized diphtheria, 
both faucial and cutaneous, in this N orth-West Frontier area of India 
amongst the civil population. 

Three factors existed for the ideal spread of the disease, vIz. abraded 
skin surfaces, a high qarrier-rate and the presence of an abnormally large 
number of non-immune adults who were in constant contact with each 
other. Although the spread of the infection, to a certain extent, must 
have occurred during the normal daily contact, it appears likely that the 
infection of many of the woullds with C. diphtherire took place in the 
medical inspection room where large numbers of the men attended daily 
to receive dressings for their abrasions. The whole staff was very carefully 
examined but it was not possible· to obtain any direct positive evidence 
beyond the following: The small son of one of the N.C.O.s grazed his 
knee whilst playing in the compound and was sent to the medical inspection 
room to have it dressed. The graze did not heal and eight days later 
diphtheria bacilli were cultivated from the ulcer that was beginning to 
develop. The only contact that the child bad witb any dipbtheritic cases 
was with the men who were having their wounds dressed and who were 
subsequently found to be harbouring C. diphtherire. 

It is not possible, of course, to know the Schick reaction of the majority 
of the patients before they contracted skin lesions, but after the skin 
reactions had been recorded the cutaneous infections were only observed 
in the non-immunes. From the progressive nature of the early series of 
ulcers and their immediate response to specific treatment it is fairly certain 
that these too could not he regarded as carriers. 

The infection of a wound with C. diphtherir.e can produce a disease in 
which the essential pathological processes are the same as in the classical 
faucial type. The absorption of the toxin in the cutaneous cases may not 
be so great, but that is probably due to the nature of the tissue supporting 
the lesion. Nevertheless the fact that the nervous complications of the 
cases under review were nearly as frequent after it cutaneous infection as 
after a faucial is proof that the toxin is absorbed. 

Whilst certain cases of "Frontier Sore" may originate as a direct 
infection with diphtheria bacilli, it would appear unlikely that this is 
frequently the case. The w'riter has examined very large numbers of 
septic skin conditions (known variously as desert sore, frontier sore, etc.), 
both in Egypt and in India, without finding diphtheria bacilli. It is not 

22 
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sound, therefore, to assume that G. diphtherire is of great importance as a 
primary retiological agent in the causation of frontier sore, although as a 
secondary invader it must be treated with all seriousness. 

Either type of diphtheria can give rise to the other and the recent 
utterance of Rolleston, quoted above, with regard to the danger of the non
recognition of the cutaneous lesion is very pertinent to the occasion. The 
skin infection is simply· an extrafaucial manifestation of the disease and 
even fuller precautions should be taken with this type to prevent the 
spread of the infection than in faucial cases. 

It cannot be maintained that the outbreak was cut short entirely by 
the immunization of the non-immunes. In spite of the intensive search 
for carriers it was obvious that some were being missed, for cases continued 
to occur, even though at longer intervals, J1nd it was not until the positive 
reactors began to develop immunity that the infection appeared to be 
stamped out. 

The fact that within seven weeks of the administration of the last dose 
of prophylactic only 3 per cent of the original non-immunes remained 
positive reactors is additional evidence of the value of T.A.F. as a most 
suitable agent for the rapid production. of immunity in adults with the 
minimum of inconvenience from reactions. 

Summary. 

(1) A limited outbreak of diphtheria is described, in which the cutaneous 
form, a superadded infection in existing wounds, was twice as frequent as 
the faucial type. 

(2) An account is given of the skin lesions. 
(3) Seventy-three strains of diphtheria-like bacilli were isolated during 

the outbreak and investigated bacteriologically. Sixty-one strains proved 
to be virulent C. diphtherire mitis; they consisted of 31 cultures from 
skin lesions, 15 from faucial lesions, and 15 from healthy throats. 

(4) The Schick reactions of the affected battalion are recorded, both 
before and after the administration of an immunizing agent. There were 
originally 27 per cent Schick-positive reactors, and within seven weeks 
from the last injection of the prophylactic (T.A.F.) only 3 per cent of the 
original non-immunes still reacted to the toxin. 

(5) A case of diphtheria in a Schick-negative reactor is reported. 
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