
Editorial 

DO FLlES T RANSMIT LEPROSY? 

Exactly 3 years ago an editorial in Leprosy Re view ( 1 9 72, 43, 1 65)  posed the 
question "can arthropods transmit leprosy?", in reviewing the compelling 
experimental evidence from studies on arthropods (mosquito, bed bug and scabies 
mite) presented by Narayanan and h is colleagues (Leprosy Re view, 1972, 43, 1 88 
and 194). They showed that these blood sucking insects fed on act ive 
lepromatous patients con tained in their stomachs acid-fast bacilli (AFB)  which 
failed to grow on conventional bacteriological media but multiplied when injected 
into mice, and their growth characteristics resembled those of Mycobacterium 
leprae. Therefore these arthropods potentially could be an intermediate host for 
the transmission of Myco. leprae. In the Review, however, i t  was poi nted out that 
the number of Myco. leprae carried by an arthropod in a blood meal from a 
lepromatous patien t would be very small compared to the vast numbers of bacilli 
shed in nasal secretions from the same patient. Therefore, potentially indirect 
transmission f TOm an environment contaminated by such secretions would be a 
more likely and hazardous source. In the meantime, the studies by Davey and 
Rees (Leprosy Review, 1974, 4S. 12 l )  fully substantiate the potential hazard 
from these nasal secretions and that Myco. leprae in shed secretions in a 
dessicated state for 2-7 days, are still infectious i n  mice. 

Now, in this number of Leprosy Review, J. G. Geater, working in Bhutan 
presents on the basis of simple but well conceived studies, the potential role of 
several common genera of flies in the transmission 'of leprosy. In this rapidly 
expanding field of studies on the modes of spread of Myco. leprae from infectious 
lepromatous patients ,  Geater's findings are of particular importance because 
they strongly implicate the fly as an intermediate insect carrier of Myco. leprae 
from shed and heavily infected nasal secretions direct to human contacts or by 
indirectly contarninating man's enviTOnment. With the limited facilities available 
to Geater in Bhutan his studies were based on three universally common genera of 
flies-Musca (housefly) ,  Calliphora (blue-bottle) and Stomoxys (bitirig stable fly). 
He first showed that none of these representative genera caught in the wild 
state well away from the Leprosarium contai ned AFB in whole fly homo­
genates. However, when flies from these three genera were caged with a fresh 
specimen of heavily Myco. leprae infected nasal secretion from an untreated 
lepromatous patient, they were attracted to it and fed gluttonously upon it. 
Immediately folIowing feeding the flies were separated and killed I h, I, 2 and 3 
days later. Each fly was dissected and pools of legs, mouth-piece, abdominal wall 
and stomach contents of each were homogenized, smears f TOm homogenates 
prepared and stained with carbol fuchsin for AFB, after exposing to both acid and 
alcohol. The results showed that the flies in feeding on nasal secretions became 
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heavily infected with AFB on their legs, mouth-pieces and abdominal walls as wel l 
as containing large numbers of AFB within their stomachs. The morphology of 
the AFB resembled Myco. leprae anel in particul ar, at ali these si tes, globus 
formation was common. This was the more or less universal finding 1 h after 
feeding, but a smaU proportion of the f1ies retaineel e1iminishing numbers of AFB 
at these various sites up to 3 days later; in particular, persisting AFB on their 
abdominal walls anel witrun their stomach conten ts. Sti l l  more impor tantly, 
Geater showed that when the flies were cageel with infected nasal secretion at one 
end of the cage and at the other end g1ass sl ides coated with albumin anel with 
drops of sugar, while they preferred to feed on the nasal secretions they wandered 
from time to time and fed on both sites. After 2 h of such exposure the slides 
were removed and stained for AFB. Of 10 such slieles examined only one was 
negative, the remaining 9 contruned many AFB and in 6 slides g10bi were presen t. 
In a subsidiary experimen t it was shown that f1ies allowed to feed upon ulcerated 
skin lesions of a highly positive un treated lepromatous patient also became 
similarly contaminated with AFB in alI sites examined. Thus Geater h as 
estàblished that fues have, as is wel l k nown, a predilection for feeding upon 
human 'secretions and that, as in other situations, by so feeding the outer surfaces 
of the flies become contaminated with the material anel ipso facto with any 
contarrunating micro-organ isms. Likewise their stomachs are simjJarly con­
tarrunated and can be a source of spreading the contarrunating rrucroorganisms to 
wherever they next feed, by direct contact or by regurgitation from the digestive 
tract whkh occurs at the time of each feed. Wi th the limitations available  to 
Geater he was unable to use mouse inoculation to establish the AFB from the flies 
as My co. leprae or their viability and it is of paramount importance that such 
studies now be undertaken. However, the studies of Davey and Rees would 
strongly suggest that Myco. leprae is robust enough to survive on flies for at least 
2 days. 

Thus, common species of flies must now be seriously considered as vehicles by 
which Myco. leprae could be readily carried from infected nasal or dermal 
secretions, either directly to another person, or indirectly to the environrnent at 
large. These studies on f1ies, as do those on nasal secretions increase significantly 
the ways by which leprosy could be spread. However, the eventual importance of 
alI these studies will depend upon the actual mode of transrnission of leprosy to 
man, which has st ill not been defined, although i t  is increasingly unlikely to be 
solely by e10se and prolonged skin-to-skjn contact. Transmission of leprosy to 
man via the respiratory and gastrointestinal tracts must be reconsidered as they 
could be continuously exposed to Myco. leprae infeoted dust, water, food or 
feeding utensils. These possible routes of transmission do not lessen or exclude 
the importance of skin as a site of invasion by Myco. leprae. Moreover, since the 
mode of transmission of leprosy has still not been defmed, it is important that alI 
possible routes should be considered by those concerned with control and 
prevention of leprosy in the field and leprosy research. Until the mode of 
transmission of leprosy is defined, every effort should be made to minimize the 
risk of spread of Myco. leprae and Geater's findings indicate the importance of 
controlling fly populations in and around leprosy units. 

R. J. W. Rees 
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In 1972/73 a se ries of patients with early untreated lepromatous leprosy in South 
I ndia we re studied and the clinicai, bacteriological and histopathological findings in 
the nose have been reported. The involvement of nasal tissues and the enormous 
numbers of viable b acilli escaping from the nose into t he environ ment were of such 
clinicai and epidemiological imp ort ance that it was clearly essential to repeat the 
stud ies afte r a period of standard out-patient chemotherapy with dapsone. This 
paper describes the clinicai and bacterio logical findings in 16 patients out of the 
original group of 34, who could be contacted after one yeaT. Attention is d rawn to 
t he fact t hat although almost alI patients showed marked improvement on clinicai 
and n asal examination,  in a significant percentage solid-staining Mycobacterium 
leprae could be d e monstrated p articu larly in scrapings and biopsies of the nasal 
mucosa, and a lso in mucus of nose-blow specimens. It is considered that the 
find ings in p atients who failed to attend would almost certainly be worse and t he 
problem of ensuring a high follow-up rate is discusse d .  Four patients in this series 
who had bacteriological evidence of persisting infectivity after  a year of dapsone 
showed no definite abnormality on simple clinicai exarnÍnation of the nose, and 
while this is an extremely important part of the initial assessment and diagnosis in 
suspected l epromatous leprosy, its value is less in  the follow-up of patients on 
treatment as it is often uninformative and may even be mislead ing. Careful 
bacteriological examination of the nasal mucus and nasal smears is of as .great 
importance as the information obtained from routine slit -ilkin smears. 

In trod uctio n 

During a 3 month period in the winter of 1972/73 a series of patients with early 
lepromatous leprosy was studied intensively at Victoria Hospital, Dichpal1i in 
South India. The initial results of these studies were presented at the Tenth 
International Leprosy Congress at Bergen (Barton et ai., 1973) and subsequently, 
detailed accounts of the clinicaI findings (Barton, 1974), bacteriology (Davey and 
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Barton, 1973; Davey and Rees, 1974) and histology (McDougall et aI. , 1 975) have 
been publ ished. From these studies' the nose has been confirmed both as a site of 
predilection for Mycobacterium leprae and also as the most potent source of exit 
of viable bacilli from the body, emphasizing the importance of patients with 
untreated lepromatous leprosy in the transmission of this disease within the 
communi ty. Early cases are particularly dangerous in this respect as the nose may 
be heavily involved before the general clinicaI signs become obvious. 

I t  was therefore considered essential to obtain follow-up data in order to assess 
the detailed response of individual patien ts to treatment and addit ionally to 
evaluate the continuing risk, if any, posed by these patien ts to the community. 
Therefore, although this paper is concemed primarily wi th the results of 
chemotherapy in lepromatous leprosy, the problem of persuading patients to 
accept adequate treatmen t will also be discussed. 

Materia l 

I n  the original series 34 patients with early lepromatous leprosy had the 
following investigations: clinicai and nasal examination, lepromin test, routine 
muItiple slit-skin smears, multiple nasal smears, bacteriological examination of the 
nasal discharge and biopsy of the nasal mucosa at several sites and of the skin. 
Intranasal and clinical photographs were taken in most cases although in some 
patients i t  was not possible to carry out every investigation. When the work-up on 
each patient was completed treatmen t was commenced with dapsone, rising by 
monthly increments from an initial dosage of 1 5  mg a week in divided doses to 
reach 300 mg in the fifth and subsequent months. Patients were normally 
admitted at the start of treatment and the mean length of inpatient stay was 3.3 
months, ranging from ni! to 1 2  months, as some patients refused admission while 
others were reluctant to leave the hospital. 

One patien t had died and one was a schoolboy who had stayed in the hospital's 
school hoste!. The remaining 32 were therefore out-patients at the time of this 
follow-up study which took place over a period of 4 weeks in ear1y 1 974. These 
patients were sen t letters in their own languages asking them to attend the 
hospital between certain dates, but when it became clear that the initial response 
was poor, members of staff were sen t to the last known address of the 
non-attenders to attempt to trace them and to invite further attendance. 

Sixteen patien ts attended for follow-up and a further 3 were known to be 
taking dapsone regularly but had adequate and acceptable reasons for not 
attending specifically for this study. Thus only 56% of the original group 
appeared to be in contact with the hospital between 1 2  and 1 5  months after their 
initial attendance. 

The majority of those who attended for follow-up were prepared to stay for 
only 24-48 h and thus investigations had to be somewhat limited compared with 
those at the initial attendance. In particular, it was thought important to obtain 
biopsies of the nasal mucosa in preference to nasal smears. However, nasal and 
skin biopsies were obtained from 14 patients, nasal smears from 6, the nasal 
discharge was analysed in 15 ,  and a11 16 patients had routine slit-skin smears with 
full clinicaI and nasal exarnination. 
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Results 

REG ULARITY OF TREATMENT 

Thirteen of the 1 6  patien ts (8 1 %) appeared to have taken dapsone regularly in 
the prescribed dosage over the course of the year. Since discharge the other 3 had 
probably taken 6 months supply of dapsone in 9, 10 and 1 2  months respectively. 
Thus no patients who attended for follow-up had received less than a total of 6 
mon ths treatment subsequen t to their first attendance. 

S YMPTOMS 

AlI the patients noted improvement in both general health and in nasal 
symptoms. General symptoms amounted to no more than occasional tingling 
sensations in the extremities together with some dryness of the hands and feet. 

Eleven patients (69%) still had some symptoms from the nose, the most 
common of which was crust formation. As this study was conducted in the "dry" 
season this finding was not altogether surprising. However, in ali patients who 
reported persistent nasal symptoms, they were slight compareli with the situation 
that existed prior to treatment, when in alI 16 patients they had been severe and 
often distressing. 

Table 1 summarizes the incidence of nasal symptoms. 

TABLE I 
Su m mary o f  the nasa l  sy mptoms in 16 pa tients w ith lepro matous leprosy, 

in itia lly and a fter one yea r of dapsone  trea tment  

Crust 
Bleeding formation Obst ruction No symptoms 

Before treatmen t  II lO lO O 
After one year 9 5 of dapsone 3 5 

CLINICAL AND NASAL EXAMIN A  TION 

As might have been predicted, the patients who did retum for follow-up 
purposes were those who had taken dapsone on a regular, or reasonably effective, 
basis and were likely to be doing well. This was indeed so, and ali 16 patients were 
generally fit and healthy. Fourteen out of the 15 adults were at work and there 
was no medicaI reason preventing the one unemployed man from pursuing his 
trade. The 1 6th patient was a bright and active member of his school. 

General examination showed a regression of physical signs, and no new 
problems were noted although one patient suffered transient ENL. Typica1 
clinicaI improvement is shown in Fi� 1 and 2. As the patients were ali selected as 
having early lepromatous leprosy, the improvement in systemic signs, which were 
often only slight originally, was overshadowed by an impressive improvement in 
the nasal state. Originally the nose was involved, o ften heavily, in alI 1 6  of these 
patients: a typical finding is illustrated in Fig. 3. After a period of 1 2-15 months 
treatment the nasal state had improved in ali patients and indeed in. 12 (75%) the 
nose was passed as normal on clinicaI examination. The criteria to be fulfulled 
before a nose could be accepted as normal, in this instance, were that there should 
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Fig. I. Typical clinicai finding prior to trea tment. 

2 

Fig. 2. Typical clinicaI finding after one year of dapsone. 
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3 
Fig. 3. Typical intranasal finding prior t o  t reatment .  

Fig. 4. Typical intranasal fi nding a fter one year  of  dapsone . 
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be no mucosal lesion detectable on anterior or posterior rhinoscopy, that the 
airways should be paten t and that there should be no destruction of bone or 
cartilage. Slight reduction in the size of the anterior part of the inferior turbinate, 
provided that the mucosa was otherwise normal, was allowed, despite the fact 
that this physical sign is typical, though not pathognomonic, of lepromatous 
infIltration which has undergone resolution. 

. 

Figure 4 iIlustrates the effect on the nasal mucosa of one year of chemotherapy 
in a typical case. Four of the 1 6  patients, althougl1 improved, could not be passed 
as having a normal nose, although in only one was there thought to be defmite 
activity clinically. These patien ts were: 

Case B4. Possible remaining infiltration of the anterior end of the left inferior 
turbinate. MuItiple nasal smears gave an average Bacteriological lndex (BI) of 1. 2 
with a Morphological Index (MI) of zero. The nasal biopsies showed no evidence 
of solid-staining organisms. 

Case B7. There appeared to be definite evidence of remaining lepromatous 
infiltration, and biopsies confirmed the presence of solid staining organisms in the 
nasal mucosa, although the nasal discharge had a zero MI ( B I  2). 

Case B9. An old, and previously noted, septal perforation was present, thus 
precJuding a "normal" c1assification. However, the nasal mucosa was otherwise 
healthy and there was no bacteriological or histological evidence of active 
infection. 

Case B21. A moderate degree of atrophic rhinitis, not otherwise encountered in 
this follow-up series, was presen t. Biopsies showed no solid-staining organisms. 

BACTE RIOLOGY 

(a) The nasal discharge. The mucus and secretions of the nose were collected as 
an early moming "nose-blow" specimen and examined for acid-fast bacilli in the 
routine manner. One patient, who could spend only 8 h at the hospital, produced 
no specimen. Of the remaining 15 ,  1 0  had negative specimens. Three patients each 
had a BI of 2 and an MI of zero, while in 2 (patients B 13 and B22)  the MI was 
positive and the bacteriology of these patients is shown in detail in Table 2. Nasal 
biopsies confirmed the presence of solid-staining organisms in patient Bl3 but not 
in patient B22. 

(b) Multiple nasal smears. The technique for this investigation is described in 
detail elsewhere ( Davey and Barton, 1973 ). Briefly, the nasal mucosa is gentIy 

TABLE 2 

The bacterialagy af patients B 13 a nd B22 

Before treatm e nt 
A fter one year 

Pa tien t Specimen of dapsone 
BI MI BI MI 

B I 3  S ki n  4.8 2 . 8  4 . 5  0.6 
Nasal discharge 5 4 2 0-2 
Nasal smear 4 . 1  6.5 2 0 .3  

B22  S kin 5.3 2.8 4 . 1  0 .8 
Nasal discharge * 3 . 3  0 . 2  
Nasal smear 4 .8 8 1 .2 0 . 1  

* N o  proper specime n  ob tained .  
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scraped with the sharpened, flattened end of a bi'cycle wheel spoke (Browne, 
1 965 ) and thus the specimen produced includes the superficial cel ls of the surface 
epithelium. Several sites in the nose should be examined and it is the anterior end 
of the inferior turbina te, and not the septum, which is most l ikely to yield a 
positive result. I n  addition to the 2 patients with potential ly viable bacil l i  in the 
nasal discharge a further 2 (B.I and B34), showed a positive MI on nasal smears. 
Their figures were BI 0. 8/MI  0. 1 and 1 . 510. 1 respectively. Unfortunately these 
were the only patients in the follow-up series who did not have nasal biopsies 
taken, and thus their histological status is unknown. However, it is interesting to 
note that the nasal discharge in both these patients had a zero M I .  The 
significance of this observation wil l be discussed below. Prior to treatment the 
nasal smears for the group had an average BI of 4 .5  and MI of 5 . 9 .  

(c) Skin smears. The average figure for the group prior to treatment was 
BI 4.4, M I 2.4 and on follow-up these figures had fallen to 3 .8 and 0. 4. I n  5 
patients, after treatment, the MI was zero and in the remaining Ii it was I or less. 

Discussion 

Only 1 9  ( 5 6%) of the original 34 patients were known to be in contact with the 
hospital and receiving dapsone regularly between 1 2  and 1 5  months after their 
initial attendance. One patient had died, thus giving a total default rate of 1 4  out 
of 34 (4 1 %).  This is in line with those from several series reviewed recently by 
Davey ( 1 974). A high default rate is not, incidentally, a problem peculiar to 
leprosy, for Booth ( 1 9 72 )  noted default  rates of 5 0% and 5 5% in 2 fol low-up 
surveys of patients in London who had undergone elective ear surgery. However, 
it is a matter of great concern that so many patients with highly infectious 
lepromatous leprosy who h ave attended a hospital, well known for its 
sympathetic care and consideration, should fail to return for continuing 
treatment. Although the problem of travelling considerable distances in rural 
India is involved, the implication is that these patients, after initial improvement 
as evidenced by those who did return for follow-up, lack the understanding and 
motivation to return for further supplies of dapsone. Inevitably after cessation of 
a 3 -6 month course of treatment, relapse and the capacity to infect others will 
recur. Further efforts to ensure the highest possible follow-up rate are thus 
obviously called for. * 

We have reported elsewhere (Barton e t  ai. , 1973)  that intranasal pathology 
early in the disease is frequently quite out of proportion to what might be 
expected from a general examination of the patient. It  is gratifying now to be able 
to report the considerable clinical regression of the nasal component of the 
infection after this period of treatment and also improvement in the general state 
of the patients. Although the nose appeared nOrlnal in 12 out of 16  patients 
(7 5%), Ii (69%) still had some symptoms, albeit mild, from the nose and the fact 
that 5 (3 1 %) still had occasional bleeding suggests a potential, though possibly 
transient, breach in the integrity of the nasal mucosa. Under these circumstances 
and in the presence of persistent viable bacilli in the sub mucosa it is possible that 
a patient may retain the ability to infect others despite an apparently normal nose 
with satisfactory skin smears and even an MI of zero for the "nose blow", as in 
patients BI and B34. Davey and Rees (1974) have demonstrated "the 
extraordinary sensitivity of Myco. leprae in the nose to even small doses of 
dapsone . . . .  within a few weeks". However, 4 patients (25%) in this series still 
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had sol id stain ing baciUi in e i ther the nasal mucus or in the su perfic ial layers of 
the nasal mucosa after a minimum óf 1 2  mon ths regular dapsone. I t  would c1early 
be wrong to label these patients "non-infect ious" desp i te the enormous cl ini cai 
improvement .  It is i mportan t  to note that in none of these 4 patients was t he 
cl in icaI ap pearance o f  the nose pathognomonic of leprosy, nor even suggest ive of 
persisten t activi ty fol lowing earl ier lepromatous infec tion.  It i s  of in terest that the 
one pat ient (B7 ) in  th is series in  whom the nasal mucosa did show defin i te 
remaining infil tration c1 inical ly and who h ad sol id-s ta ining organisms i n  the nasal 
biopsies, had no solid-staining baci l l i  in the nasal mucus at  the t ime of 
ex amination. 

Three patients who had received regular dapsone for periods o f  2, 5 and 8 yea rs 
were investigated similarly to t he main fol low-up group and, though the numbers 
are too smal l to be stat ist ical ly  signi fican t, i t  is in teresting to note that no c l in icaI , 
bacteriological or h istological act ivity was detec ted in the noses of these patien ts. 

From these observations i t  would appear that the majority of patien ts with 
early lepromatous leprosy wi l l  be c1 inically welJ, with marked regression of nasal 
and skin infil trat ion, when treated with adeq uate amounts of  dapsone for 1 2-15 
months.  Al though it has general ly been though t  that the majority of such cases 
will be no lo nger capable of transmitt ing the disease provided that treatme n t  i s  
cont inued, the  present  s tudy i ndicates tha t  a percentage of such  pat ients may 
remain  potent ially infectious; this amoun ted to 25% in  those patients who 
actually  attended for fol low-up and would surely have been greater amongst the 
non-attenders. Therefore, the bacte riology of the nasal smears and d i scharge i s  
c1early a s  i mportant  a s  the rout ine skin bacteriology and should beco m e  a 
standard diagnostic and fol low-up invest igation in lepromatous leprosy. Further­
more, t hese tes ts should ideally  be repea ted each t ime that t he pat ien t is seen, as 
it i s  quite probab le that the nasal disch arge of a pat ient  such as B7, men tioned 
above, may have been positive on another occasion. The case for routine n asal 
examination as a diagnostic procedure has been argued e lsewhere (Barton, 1974), 
b u t  as a follow-up i nvest igation i t  assumes less importance, for i t  may wel l  be 
uninformative and even be misleading; the 4 patients i n  t his series who h ad 
bacteriological evidence o f  persis ting infectivity showed no definite i n tranasal 
abnormality on simple cli nicaI examinat ion. 

* The one year follow-u p rate for patients outside . this special resear ch group at Vi ctoria 
H ospital has been ar oun d 70% . O ne of us ( L M H )  feels that a possible reason for the low 
follow-up rate in the group reported here is fear of un dergoing again the original extensive 
investigati ons. 
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Foliowing one year of supervised dapsone treatment, the histopathology of 32 
biopsies of nasal septum and turbinate from 14 lepromatous patients is described. 
In one patient who may originally have had a borderJine element, bacilli had 
completely disappeared, but they were present in a11 others, together with cellular 
changes typical of resolving lepromatous leprosy. In virtually every case, the 
integrity of overlying respiratory and vestibular epithelium had been restored, thus 
containing the inftltrate in the submucosa. Although 99% of ali bacilli were 
fragmented or granular, occasional solid-staining forms were found in macrophages 
in 4 patients and in 2 of these, solid-staining bacilli were also seen in the cytoplasm 
of endothelial lining cells of capillaries. A year of dapsone produced marked general 
improvement in the histopathological appearances, but the finding of solid-staining 
(and therefore presumably viable) bacilli in several biopsies is clearly disconcerting. 
Furthermore, some patients were found by a completely independent assessor to 
have positive noseblows or smears, sometimes associated with epistaxis. 

i'hese nasal tissues were compared with skin in each patient, and the study 

serves as a reminder that the nasal mucous membrane is vascular, delicate, of 
considerable surface area and "open" to the exterior. Further studies are indicated 
on the nose in lepromatous leprosy as an important area for bacillary lod&ement, 
multiplication and dissemination and as one in which M yco. leprae might persist 
despite conventional drug treatment. 

Introduction 

Following detailed, almost prophetic observations over 75 years ago (Sticker, 
1897; Schãffer, 1898), on the importance of the nose in leprosy, this organ did 
not attract systematic investigation until the publication of Shepard (1960, 1962, 

°Requests for reprints should be addressed to R. J. W. Rees. 
Received for publication 22 May, 1975. 
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1 96 5 )  and more recently those of Job et aI. ( 1 968) and Pedley ( 1 970, 1 973)  who 
re-e mphasized the highly bacil l iferous nature of the nasal mucosa and nasal 
mucus. These l ed to the first comprehensive c1in ico-histopathological study of the 
nose, involvi ng 34 patients in I ndia with early untreated lepromatous leprosy, 
from whom an average of 4 biopsies were taken from particular sites of the 
septum and turbi nates under local anaesthesia ; the clinicai, bacteriological and 
histopathological findi ngs in  these patients have alá:ady been published (Barton, 
1 9 74; Davey and Rees, 1 974 ;  Davey and Barton, 1 97 3 ;  McDougall et ai. , 1975) .  
On examination of  over 120 biopsies by light microscopy, the histopathology was 
highly revealing for the tissue local ization of Mycobacterium leprae , the high 
density and morphological index (M!) of bacill i  in many situations, and the varied 
methods of "escape" of bacilli from the tissues into the nasal discharges, and thus 
to the ex terior. 

I mmediately after examination, these patients were started on dapsone 
treatment. In view of the extremely high density and MI of baci l l i  in most of the 
pre-treatment tissues, and because of the obvious public health importance of the 
nasal mucus i n  lepromatous leprosy, it was considered essential to repeat the nasal 
biopsies after a period of supervised drug therapy. From the original series, 14 
patients satisfying the necessary criteria were available for biopsy on the ENT 
surgeon's second visit to India, and the present paper describes the histopathology 
in 32 biopsies taken from their septum and turbinates after one year of dapsone 
treatment. 

Patients and Methods 

From an original group of 34 patients with early, untreated active lepromatous 
leprosy, 14 who had attended regularly for one year were available for nasal 
biopsies. These were taken under direct vision, using local anaesthesia, and either 
dissected out with a small-bladed scalpel or punched. Fixation was in buffered 
formaldehyde; tissues were embedded in paraffin wax, cut at 4-5 J.l.m, and stained 
with "TRIFF" ( Wheeler et ai. , 1965)  and the Fite Faraco modification of 
Ziehl-Neelsen. From each patient, an average of 2 .3 biopsies were taken, 32 in all, 
made up of 20 turbina te and 12 septal biopsies. The procedure was entirely 
painless throughout, and there were no complications. From an area of likely 
activity, a skin biopsy was taken at the same tüne and processed in exactly the 
same way. 

Dapsone ( DDS) was given by mouth, beginning in most cases with small doses, 
but rising to a standard 300 mg weekly. There was no evidence of toxicity or 
i ntolerance and ENL occurred transiently in only one patient during the period of 
study. 

Results 

INTEGRITY OF THE EPITHELIUM 

In every instance, whether from vestibular (squamous epithelium) or 
respiratory area (pseudo-stratified epithelium) the covering was intact and 
apparently healthy. AIl biopsies thus looked "c1eaner", more compact and 
orderly, in marked contrast to many in the original untreated series, where both 
types of epithelium were often secondarily infected, necrotic, denuded or 
weakened by direct invasion of inflammatory capillaries accompanied by a highly 
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bacillated infiltrate (Fig. I). In this follow-up seJjes bacilli were not found in 
prickle cells of squamous epithelium or in the substance of columnar epithelium, 
nor were they seen escaping in polymorphs or macrophages across the epithelial 
layer. Even when bacillated and infiltrated-as was frequently the case-the 
infected submucosa was thus never in open contact with the interior of the nose. 
The mucous blanket was clean and did not contain bacilli. 

(b) 

Fig. I .  Pre-t reatment biopsies. (a )  Squamous epithelium from the vestibular area; a densely 
bacillated infiltrate rises into the basal layers and solid-staining bacilli (B) and globi (G) are seen 
escaping from the necrotic epithelial surface into the nasal cavity .  (b) Pseudo-stratified 
columnar epithelium from the respiratory area; solid staining bacilli and globi  are seen in 
macrophages and polymorphs in the substance of t he mu cous membrane (TRIFF x 1 250) .  
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Fig. 2. Pre-treatment biopsy; anterior part of nasal septum. The main constituent of the 
infil t rate is globi,  which rise into direct contact  with basal layers of squamous epithelium 
( Fite-Faraco x 3 12). 

SUBEPITHELI A L  CLEAR ZONE 

Whereas the untreated tissues had frequently shown an intensely bacillated 
inftltrate rising in to dire'ct contact with the basal layers of epithelium (Fig. 2), this 
was not found after one year of dapsone, and in several patients a clear zone was 
clearly visible in vestibular and respiratory areas (Fig. 3). 

NUM B ERS A N D  M ORPHOLOGY OF BACILLI  

From the 14 patients biopsied, one had no bacilli in any tissue examined, and it  
is  thought this may have been the result of effective therapy i n  a patient with an 
original borderline element. I n  a11 others, bacilli were present i n  at least one, and 
usually in  two or three of the tissues submitted; from the total of 32, on1y 5 
(16%) were nega tive on prolonged searching. Using the Bacteriological Index (BI) 
of Ridley (1964) for the assessment of bacillary density in  sections, the B I  was 
zero in 5 (16%), approximately 1-3 in 7 (2 1.5%) and 4-5 in the remaining 20 
(62.5%). These figures were significantly reduced compared with the original 
untreated series, but a much greater contrast was obvious in the matter of 
morphology. Bacilli were universally either fragmented or granular in 26 biopsies 
(8 1 %). However, solid-staining bacilli with both Triff and Fite-Faraco techniques, 
were present in 4 biopsies. These lay mainly in macrophages of the submucosa of 
septum, inferior or middle turbinates (Fig. 4) but were a1so seen in 2 cases i n  the 
cytoplasm of endothelial lining cells of capillaries (Fig. 6).  No bacilli, either solid 
or non-solid staining were found free in blood of lymph. 

�OST CELLS FOR BACI LLI 

In two cases, fragmented or granular bacilJi were found i n  mucous secreting 
glands and in tiny filaments of the trigeminal nerves in the submucosa. 
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Fig. 3. After a year of dapsone; epithelial integrity h as been markedly restored in squamous 
epithelium of vest ibule at ( a) and pseudo-stratified colu mnar at (b )  and in both a clear zone is 
apparent  bet ween residu al infilt rate and basal epithelium. (a)  TRI FF x 500.  ( b )  T R I F F  x 3 12. 

Fig. 4. A fter a year of d apsone; solid-staining bacilli ( B) are seen in the cytoplasm of 
macrophages in the submucosa of anterior sept u m  ( a) and left middle t urbinate ( b )  
(TRIFF x 1 2 50). 
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Fig. 5. After a year of dapsone. (a) Left septum, anterior; (b) left middle turbinate. 
Non-solid staining bacilli are present ( B )  in the cytoplasm of endotheliaJ lining cells of 
capillaries in the submucosa (TRIFF x 1250). 
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Fig. 6 .  Afte r a year of d apsone. Solid-staining bacilli (arrowed) are seen in the cytoplasm of 
capillary endothelial cells; left septum anterior; (a)-above-subjacent to columnar epithelium 
(E) and (b)-below- adjacent to a mucous secre ting gland (G) ( Fite-Faraco x 1250). 
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Polymorphs were not freq uen t, and in contrast to those of the pre-treatment  
series, never contained bacilli. Whilst  over 90% of ali bacil l i  were located i n  the 
cytoplasm of macrophages, they were not infrequen tly seen, in  fragme nted or 
granular form, in some of the endothel ial l in ing cells of capillaries (Fig. 5 ), 
arterioles, venu les and venous s inuses. 

THE C E L LULAR I NFIL TRA TE 

Well over three-quarters of ali t issues showed a def inHe, and often qu i te 
widespread infil trate in the submucosa, immediately apparent  at low magnifica­
tions. Although this  was mainly h ist iocytic, many fields showed considerable 
numbers of plasma cell s, m ast cel l s, Iymphocy tes and eosinophils. As noted above, 
polymorphs were infrequent, compared to the orig inal series, and areas of frank 
suppurat ion or  necrosis were not  fou nd. 

HISTOPATHO LOGY OF S KIN BIOPSIES TA KEN AT THE SAM E  TIM E 

AlI b iopsies revealed an infil trate and bacillary distrib ut ion typical of 
lepromatous leprosy after one year of effect ive treatment. Foamy vacuolation was 
frequen t in macrophages; bacilli here anel el sewhere were ali frag!!lented or 
granular. Nerves , when shown, were bacil lated and often colIagenized in both 
endo- and perineurial areas, w i th  th ickening of the l atter. Granular bacilli were 
fou nel in arrector piE muscles in several instances. Particular attention was paid to 
blood vessel endothelium , and granular bacilli were indeed found in one patient, 
though in small numbers. The numerous factors which limit any sensible 
comparison between skin and n asal tissues in lepromatous leprosy will be 
discusseel below, but at this point i t  may be relevant to add that after one year of 
treatment, there is a tenden cy for the nasal pathology, especially u nder squ amous 
epithel ium, to resemble that found in the dermis even to the establishment of a 
c1ear sub-epithelial zone. 

Discussion 

One year after supervised dapsone treatment, the main points of interest in the 
histopathology are as follows: (1) a marked reduction in the percentage of 
solid-staining organisms, (2) the presence of a fairly dense and extensive infiltrate 
in the submucosa, sometimes pleomorphic but mainly histiocytic and broadly 
resembling that seen in the dermis of skin, (3) the restoration of intact, "c1ean" 
epithelium in both vestibular and respiratory areas, (4) the presence of 
solid-staining bacilli in endothelial lining cells in 2 patien ts anel of non-solid 
staining bacilli in the same situation in several others, and (5) of solid-staining 
bacilli in macrophages in 4 patients. 

The importance of the nose in leprosy and of the nasal discharge as a source of 
infection was emphasized by a group of writers at the end of the last century 
(Jeanselme and Laurens, 1897; Sticker, 1897; Schãffer, 1898; Goldschmidt, 
1891) and later by Muir (1921, 1929) and Rogers and Muir (1946). Important 
clinicaI observations were recorded on lesions of the upper respiratory tract and 
nasal perforation by Pinkerton (1938), Wise (1954) and later by J ob, Karat and 
Karat (1966, 1968) and Goodwin (1967). Reports on the value of nasal smears 
hilVe almost certainly been confused by the different techniques employed in 
obtaining them, but in an important series on nasal smears taken in Africa, 
Browne (1959, 1966a, b) has drawn atten tion to the fact that they tend to show a 
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high B I  and M I, with many globi, and that they may persist in the nose after 
disap pearance from other "routine" site.s. I n  a detailed histopathological study of 
1 20 biopsies from early untreated lepromatous patients ( McDougall et ai . ,  1 9 7 5 ), 
the tissue origin of the enormous numbers of bacill i excreted from the nose was 
c1ear ly revealed . I n  the present biopsies after one year of treatment there is a very 
striking reduction in the numbers of bacill i and in their M I, together with a 
marked improvement in the overlying epithelium. In the pre-treatment tissues, 
vast accumulations of sol id-staining bacilli lay loosely underneath an epithelial 
area which was necrotic, purulent, denuded ( Fig. I ), and thus indeed to be 
described as an open uIcer ( Shepard, 1 9 62).  Reports on the rapid disappearance 
of bacilli from the nose under chemotherapy have been summarized (Goodwin, 
1 967)  and these are in accord with the c1inical appearances and most of the 
nose-blows and smears in this series, and with the recorded reduction of counts of 
baciJ l i  in nasal washings after treatment ( Shepard, 1 962).  However, the fact that 4 
patients still had some solid-staining and thus presumably viab le bacill i  in sections, 
and that several in the series had positive nose-blows or smears, or epistaxis, 
underlines the potential hazard of a cavity which is at least 200 cm2 in surface 
area (Davis and Hertzman, 1 95 7), h ighly vascular, and probably of special 
importance for the lodgement and multiplication of Myco. leprae. 

Following restoration of epithelial integrity, our material shows that the 
situation comes to resemble that seen in skin, where the epidermis-despite a 
relatively rapid turnover time (Carneron and Thrasher, 197 1 )-normally forms a 
barrier to the outward movement and escape of bacilli. Apart from radiation 
injury, the sloughing of a large number of celIs from an epithelial surface will 
usually stimulate the renewal of those which lie below (Evans, 1973,  personal 
communication), but in the case of untreated lepromatous leprosy such large 
amounts of nasal epithelium and basement membrane may be lost that this 
mechanism cannot operate. Indeed, the simple structural and histological 
differences between nasal epithelium and epidermis, particularly as regards 
strength and blood supply, lirnit the value of any comparison. It is for instance 
not generally appreciated that bacilli in skin are to a large extent physically 

. confined, where their morphology represents a rnixture of viable and non-viable 
forms, the latter analogous to the "acid-fast skeletons" which have been described 
for tuberculosis (MedIar, Bernstein and Steward, 1952) .  By contrast many tissues 
from the untreated lepromatous nose have revealed large areas where the MI was 
very high, but where the bacilli are not physically confined, giving the 
opportunity for organ isms to be continuously discharged from the open, 
uIcerated mucous surface. This mechanical factor may be of prime importance in 
accounting for the higher MI found in the nose as

' 
compared to skin, although 

factors such as rnicrovessel architecture (Kanan and Ryan, 1 9 7 5 ), temperature, 
pH, oxygen and carbon dioxide tension may alI contribute to the nasal tissues as 
being particularly favourable for the multiplication of Myco. leprae. Following 
treatment, the mucosa improves very considerably, but as the histopathology and 
the accompanying clinicaI results show, bacilli may still emerge after a year of 
treatment, no doubt from mucous glands or capillaries and as a result of 
incidental surface damage from n ose-picking or intercurrent infection . 

Although the present nasal tissues were much less vascular than those taken 
before treatment, the comparatively small numbers of bacilli in endothelial lining 
celIs contrast with their profusion, often in solid-staining form, in pre-treatment 
biopsies. Furthermore, in the latter we have observed bacilli in both solid- and 
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non-sol id-s taining fO nTI free in the blood of sma!1 nasal vessels, whereas they were 
not found in this tissue in the present study. Our data do not shed l ight on the 
possible method of disposal of such J)aciJli fram nasal vessels, but i t  would appear 
l ikely that a year of dapsone has greatIy reduced any con tribution which the nose 
might make to the con tinuous bacteraemia of lepromatous leprosy (Drutz, Chen 
and Lu, 1 972 ; Shankara M anja et ai. , 1 972) .  

1 t  i s  important to  note that our observations are based on biopsies from on ly 
1 4  patients (4 1 %) out of an original series of 34.  Whilst 5 more were known to be 
tak ing treatment  regularly, this sti l l  leaves 15 (44%) lepromatous patients, who 
despite ali efforts by the hospital staff, were out of con trol at the time of th is 
follow-up study and not biopsied. I t  is of course likely that their disease is once 
again progressive . The fact that bacteriological findings in the present  group who 
did in fact attend for a year of dapsone were not en tirely reassuring, emphasizes 
the need for further study of the nose in lepromatous leprosy as a site of 
lodgement, multiplication and dissemination of Myco. leprae. 
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The Fly as Potential Vector in 
the Transmission of Leprosy 

J OHN G. GEATER* 

In  controUed e x periments specimens of 3 genera of ni c s  Musea, Ca l/iphora and 
Sto moxys p roved capable of taking up re latively large nu mbers of solid staining 
A F B  and globi fro m infected n asal mucus from untreated lepromatous patients 
and ais o fro m the su rface of ulcerating highly infi l t ra ted sk in and nod ules. Both 
Mus ea and Ca lliphora are capable of de positing these on distant surfaces. BaciUi 
can con taminate the mouthparts  o f  Sto moxys after feed i ng on nasal mucus and 
ulcers, and this provides a possible means for direct inoculation of My co. leprae. 
Flies may thus have an i m p ortant  role in the transmission of l eprosy , the 
"infe ctious" patients from this angle being the one with positive n asal mucus or 
highly in fi lt rated and ulcerat ing skin. Every effort should be made to  control 
flies in and around leprosy units. 

1 11 trod uctio 11  

In considering the possible role of arthropods in the transmissiol1 of leprosy, 
attentiol1 has focussed on various types of biting arthropods (Dungal , 1960 ;  
Narayan a et aI. , 1972) .  Before Mycobacterium leprae can be injected into  a 
recipient  they must first be ingested by the insect , and the source of such 
bacil l i  has been assumed to be either the few organisms which might adhere to 
the mouthparts d uring puncturing of the skin,  or else bacill i  circulating in the 
peripheral blood of lepromatous patients  as demonstrated by Shankara Manja et 
aI. (1972) and taken up with the blood feed.  It would seem probable,  h owever, 
that large numbers of bacil l i  would need to be taken up by any potential 
vector in order  that it migh t by natural means transmit an infecting dose. 

There is one group of  insects, well known as potent spreaders of many 
infections, which is invariably and alI too ab undantly present wherever there is  
leprosy .  This group comprises the several genera of flies, amongst which are the 
housefly (Musca ) ,  the bluebottle (Calliphora) and the b iting s table fly 
(Stomoxys) ,  alI of which are known to spread a variety of infections owing to 
their habit of feeding on human and other excretia and mechanically trans­
porting bacteria to food or onto wounds (even very minor breaks in the skin 
surface) .  Infe ction is transmitted mechanical ly by flies on their feet or by the 
excretion of ingested  organisms in their faeces or in  the drop of liquid that is 
regurgitated to moisten their food while feeding ( Davey and Wilson, 1965 ) .  In  
addition , the  biting Stomoxys could int roduce bacteria into the skin whilst 
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feeding, and it has been observed at this centre that infected fly-bi tes form a 
major cause of skin sepsis presenting in out-patien ts during that time of year 
when these fl ies abound. 

Ped ley ( 1 970,  1 97 3 ,  a, b) showed that very considerable numbers of  Myco. 
leprae were discharged from the noses of untreated lepromatous patients, and 
Davey and Rees ( 1 974) sh owed these to be viable outside the body for 1 . 7 5  
days,  and even i n  one case for 7 days. Such nasal secre tions could readily be 
ingested by flies or adhere to their feet ,  and would form a far more 
concentrated reservoir than bacteraemic blood or the relatively few bacil l i  
which would be encountered during skin puncture .  I f  i t  could be shown that 
Myco. leprae in sufficient  numbers are carried by flies having fed on such 
sources , then the possib il ity must exist of organisms being implanted into 
broken skin surface by the insects or even injected into the skin if they are 
present on the mouthparts of Stomoxys. 

Another major source of bacil l i  is the exudate from ulcerating nodules of 
some h ighJy positive lepromatous patien ts. 

The purpose of this work was to examine the possib le uptake of Myco. 
leprae from these two sources by 3 representa tive flies-Musca , Sto moxys, and 
Calliphora -and also to exanúne w hether Sto moxys can pick up bacil l i  when 
biting on intact skin. The question of  whether flies actually transport bacilli 
from these sites to others was also examined. 

Method 

Flies of genera Musca, Sto moxys and Ca/liphora were captured away from 
the hospital .  Numbers of each species were killed and the whole insect crushed 
and homogenized. The homogenate was stained for mycobacte ria (decolourizing 
with acid alone) and a careful microscopical search carried out. This involved in 
each case a search of approximately 2 000 fields before assessing them as 
.negative. 

Nasal mucus was obtained from u ntreated lepromatous patients. Specimens 
were copious, purulent and fluid, and exhibited l arge numbers of Myco. leprae. 
Within a month of starting tre atment the n as al discharge became significantly 
less copious, had a lower bacterial load and was less readily ingested by flies. 

Living flies were placed in separate large containers toge ther with heavily 
bacillated nasal mucus smeared on a square of gauze. Granules of sugar were 
also p laced in the container as an altemative food source for the flies. The flies 
were observed to feed voraciously upon the nasal mucus, generally prefering it 
to the c1eaner food source . Often they placed their feet  on the mucus whilst 
feeding. 

After feeding on the mucus the flies were transferred to other containers. 
Some were killed and examined immediately. Others were kept alive for 
variable periods, being fed on syrup, before being kil led and examined. The 
mouthparts and the legs were dissected from the flies and crushed into a small 
drop of saline to free any adherent  b acilli. The gut contents were extruded and 
a smear made. Mouthparts, legs and gut contents were examined separately 
after staining for acid-fast b acil l i  (AFB) .  Although no AFB were found in any 
of the control flies, it is possible that a few saprophytic mycobacteria could be 
present on o ccasional flies, and to exc1ude this possibility decolourization was 
carried out subsequently with acid-alcohol . 
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Fig. l .  Fly feeding on lepromatous ulcero This f1y was killed after 1 0  min and found to 
·have solid staining AFB on legs, in the mouthparts and in the gut , 15 globi being counted in 
the gut and 3 in the mouthparts along with 20 individual bacilli . 

In order to investigate the uptake of bacilli from u lcers and skin , flies were 
placed in containers over areas of skin of Iepromatous patients including 
ulcerating nodules , and in the case of Stomoxys over are as of intact skin .  They 
were Ieft in position until the flies had been observed feeding, which in general 
they did readily. To reduce the artificial element in this work ,  certain of the 
flies which spontaneously alighted and fed on the ulcers were killed and 
examinp.n . 

Results 

No AFB were found in any of the controI flies of the three representative 
genera chosen-Musca, Stomoxys or Calliphora. 

(a) UPT A KE FROM MUCUS FEEDING 

Results are tabulated in Table 1. All flies of the three genera examined 
within one hour of feeding were found to have taken up bacil l i  from the nasal 
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TAB L E  I 

Uptake of acidfalcohol-fast mycobacteria by [lies fed on nasal m ucus from un treated lepromatous pa tients 

Fly 
Time of 

Total number examination Legs 
Genera after feed of f1ies + S S+ 

Musca 1 h 1 3  1 0  6 4 
Musca I day 8 I I 
Musca 2 days 2 O 
Musca 3 days 3 O 

Stomoxys I h 6 3 3 
Sto moxys I day 2 O 

Calliphora I h 3 2 2 
Ca llip h ora 1 day 2 O 
Calliphora 3 days 2 O 

Total no .  of 
4 1  flies e xamined 

+ No. of flies with AFB present . 
S No.  of flies with less than 20 solid staining bacilli present . 
S+ No . of flies with more than 20 solid staining bacilli present .  
Globi Total  no.  of  globi counted in positive groups. 

Number of positive f1ies: presence of globi 

Mouth 
Globí + S S+ Globi + 

5 0  9 8 1 2  
3 3 8 
I I I 
O 3 

4 3 5 
O 2 

7 2 7 2 
O I 
O 2 

Abdomen 
S S+ Globi 

6 6 2 7  
3 5 62 
I 
2 8 

3 2 3 
I I 2 

2 2 5  
I 
2 2 (small) 

IV 
00 
IV 

O 
:I: 
z 
Cl 
Cl m 

. ;> 
...; m 
::o 



THE FL Y AS POT E NT IA L  VECfOR IN TRANSMISSION 283 

mu clls onto some part of  their bodies. The majority of bacilli were to be 
found in the contents of the gut,  sometimes in very large numbers.  For 
instance, in one Musca acid/alcohol-fast bacilli were present in almost ali the 
5 00 microscope fields examined of smears of i ntestinal contents, as well as 3 1  
globi .  

Musca. Twelve of the 1 3 Musca killed wi thin one h om of feeding had solid 
staining b acilli in their intesti n al contents, 6 of them having glob i present.  
Bacilli were also found on the mouthparts of  9 of the 1 3  flies and on the legs 
of 1 0, 4 of these having globi present and one having as many as 4 1  globi, 
although some of these were smal!. 

Solid s taining bacil l i  persisted in the gut for 3 days. At 24 hours they were 
present,  often in large numbers ,  in the guts of all 8 flies examined . Thereafter 
there was a rapid diminution in. nu mbers, one of the two fl ies killed arter 48 h 
had a few bacilli ,  and whil st ali 3 flies examined at 7 2  h did have bacil li in the 
gut,  only 3 solid staining bacilli were detected in one and 6 in the other. The 
third , however, still contained 8 globi. 

Bacilli were still present on the legs of one and in the mouthparts of  3 of 
the 8 flies examined at 24 h.  They were also present in the mouthparts of one 
fly after 4 8  h. 

Stomoxys. Being a smaIl fly, as might be expected , fewer bacilli were to be 
found afte r feeding. Even so, ali but one of  the 8 exarnined were found to have 
taken up bacil l i  from the nasal mucus, and 3 of them contained globi, one after 
24 h.  If these flies are potelltially to inject Myco. leprae into the skin, the 
numbers of bacilli  found in mouthparts are important. Sol id staining bacil li 
were found in the mouthparts of 4 out of 6 Stomoxys flies tested immediately 
arter a meal of nasal mucus. One globus was found .  

Calliphora. Results obtained with bluebottles cIosely approximated t o  those 
obtained with the large numbers of Musca. Two of the 3 examined shortly 
arter feed ing co,ntained very l arge numbers of bacilli ,  especially in their 
intestinal contents. Two had bacil l i  on their  mouthparts one with 7 globi. 
Globi were also found on the fee t  of 2 of the 3. More globi and solid bacilli 
were found on the feet and mouthparts of these 2 bluebottles than on the 
equivalent  sites of Musca or Stomoxys. Excre tion of bacilli from the gut 
appeared to proceed rapidly, although small globi were stiU detectable in the 
guts of the two Calliphora examined after 3 days. 

(b)  UPTAKE FROM THE SKIN 

No bacil l i  were found in any Stomoxys feeding on the intact skin of rnild 
lepromatous volunteers (BI between 2 and 3) .  I n  the case of 6 Stomoxys 
placed on the earlobes of a high1y lepromatous patient ( B I  5 . 2) ,  solid staining 

bacilli were found in the intestines of 4 flies after biting. Numbers of solid 
staining bacilli were low, a total of 20 in the 4 positive flies, with a maximum of 9 
in any one fly .  No bacilli were found in the mouthparts of the flies tested.  

The uptake of bacilli by Stomoxys feeding on u1cerated skin was greater, and 
solid staining bacilli were detected on the mouthparts of 3 out of 5 flies. There 
were 2 5  solid staining mycob acteria present on the mouthparts of one fly. AlI 
5 of each Musca and Calliphora which were killed after feeding on ulcerating 
skin of the highJy bacilliferous volunteer were found to contain bacilli,  and 
these were present on alI 3 parts examined -Iegs, mouthparts and abdomen. The 
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number of globi taken up seemed to be lower than the uptake from nasal 
mucus, but one Musca was found wi th 15 globi in i ts in testinal contents and 3 
on its mouthparts. This f1y happened to be one which had spontaneously 
alighted to feed on the ulcer and was killed at the conc1usion of the meaJ .  

D o  Flies Transmit Mycobacterium leprae? 
Having shown that flies of the 3 genera studied can take up AFB, the 

question remains that if they are to be considered vectors they must be shown 
to carry the bacteria from the source to a receptor surface, and there deposit 
the bacteria. In  order to demonstrate this ,  microscope slides coated with 
aJbumin were placed at one end of a large container and a small quan tity of 
nasal mucus was placed at the other end. A few grains of sugar were placed on 
the slides, and pai rs of Musca or Calliphora admitted to the containers. 

The flies fed readily on the nasaJ mucus and frequently aJso on  the sugar 
grains, altemating between the two over the course of 1 or 2 h, at the end of 
which time the slides were removed and stained .  Of the 1 0  slides examined, 
only one showed no AFB . Globi were presen t on 6 of the 1 0  slides, and 2 of 
the slides, both of  which were in a container with 2 Calliphora for a 2 h period 
had solid staining bacil l i ,  and often globi, in virtually every part of the slide 
examined. 

Discussion 

The acid-fast bacill i in the nas aJ mucus of untreated lepromatous patients 
have been shown to be Myco. leprae capable of inducing infection in the mouse 
foot-pad (Davey and Rees, 1 974) . Whilst some 300 different species of acid-fast 
bacil l i  are known,  the number which retain stain when decolourized with 
acid-a1cohol is smaJI and inc1udes Myco. leprae. This fact, the absence of any 
mycobacteria in the controls , and the demonstration of globi in a large number 
of the flies exarnined after feeding on nasaJ mucus or u1cer exudate from 
lepromatous patients suggests that at least a large number of the bacilli 
demonstrated were Myco. leprae. Of these a great number were solid staining, 
suggesting viabili ty ,  but confirmation of this must await the results of  mouse 
foot-pad inoculations. 

In  view of  the known methods of spread of bacteria by flies-on the feet,  in 
the faeces and in the "vomit d rop " secre ted during the course of feeding, and 
in the case of Stomoxys by contarnination of the mouthparts-the finding of 
solid staining Myco. leprae in relatively large numbers on feet,  mouthparts and 
in the gut of flies would suggest that all these mechanisms could play a role in 
the transfer of viable organisms from nasaJ mucus or the ulcerating skin of a 
high1y lepromatous patient to a suitable receptor area. 

It is one thing to  demonstrate that an arthropod fortuitously takes bacilli 
into its b ody when feeding and something quite different to c1aim it as a 
vector. A vector must aJso be shown to release the bacilli in a viable form to 
receptor tissues. Whilst we have not thus far fully complied with this condition, 
the finding of solid staining bacilli and globi on the aJbumin coated slides on 
which Musca and Calliphora had been feeding, shows that mechanical transfer 
can occur, and it is possible that the same mechanism could operate when a fly 
feeds on a defect in the skin of a hitherto uninfected person. Nor would this 
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be  a purely passive or  random chance as  the f1 ies are positively attracted to any 
defect of skin surface, which wou ld thus seem to provide a potential site for 
the lodgemen t and p ossible late r mult iplication of bacilli. 

Whilst  the in tact epidermis would not seem to provide a portal of entry for 
Myco. leprae, implantation of bacil l i  in to breaks of the skin surface could allow 
en try of them in to the dermis or even provide for haematogenous spread . The 
demonstration of contamination of the mouthparts ' of Stomoxys after feeding 
on 'nasal mucus or ulcer suggests that direct inoculation by this means is 
possible. 

Up take of bacilli  was undoubted ly greatest in ali 3 species tested after 
feed ing on infected nasal mucus. Feeding on ulcerating highly infiltrated or 
nodular skin also provided many bacilli. I t  is  l ikely that other genera of f1ies of 
similar feeding habits (e.g.  Fannia, L ucilia) would give similar results. Of less 
importance would seem to be the uptake of  bacilli in the blood meal of 
Stomoxys biting intact skin of  even highly positive patients with bacteraemia, 
because of the small number of Myco, leprae in blood compared with the large 
number on nasal mucus or ulcer exudate. The patient with a lower  BI would 
not seem to pose a significant risk. 

ConcIusions 

Whilst full confirmation of these findings awaits the results of mouse 
foot-pad experiments, i t  has been shown that : 

I .  Flies of several genera are capab le of taking up relatively large numbers of 
solid staining Myco . leprae from infected nasal mucus and the surface of 
ulcerating highly infiltrated skin or nodules. 

2. Both Musca and to a greater extent Calliphora are capable of  depositing 
these on distant surfaces. 

3 .  Bacil l i  can contaminate the mouthparts o f  Sto moxys after feeding on 
mucus  or ulcers, and this provides a possible means for direct inoculation of 
Myco. leprae. 

4. In view of the above, the "infectious patien t" with regard to possible 
transmission by f1ies, is the one with p ositive nasal mucus or highly infiltrated 
and ulcerating skin. 

5. Every effort should be made to control flies in and around leprosy units 
in order to reduce the possible risk of transportation of leprosy bac illi to the 
surrounding population, as welI as for obvious reasons of general hygiene. 
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and 
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Basle, Switzerland 

A multicen tric, controlled double-blind t rial was undertaken to compare the 
efficacy of low-dosage therapy with d apsone and c10fazimine in lepromatous 
leprosy . The results, which we re evaluated centrally allow the conclusion that 
lowering of the dosage , either of dapsone or of clofazj.mine, is not followed by a 
proportional loss of antibacterial activity _ The incidence of lepra reactions , 
especially ENL,  in the clo fazimine group was significant1y lowe r  and skin 
discolouration no worse than in the dapsone group. The use of clofazimine in 
low doses would appear to serve a useful purpose and is recornrnended for 
periods of up to one year. 

In troduction 

The therapeutic activi ty of  clofazimine in human 1epromatous 1eprosy ,  which 
was first  reported by Browne and Hogerzeil in 1 962 ,  has been assessed in a 
1arge number o f  clinical investigations. By the end of 1 974, about 2 5 0  papers 
on this subject,  dealing a1together with more than 2000 patients,  had been 
published . 

• Requests for rep rints should be addresse d  to D r  Ahrens.  
Received for publication 2 6  May, 1975. 
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The administration of clofazimine in d aily doses of 300 mg was found to 
produce d iscolourat ion of the skiri . This proved less troublesome at a dose of 
1 00 mg twice week ly, and the results ob tained in a few patien ts were otherwise 
comparable to those achieved in the initial phases of treatment with other 
anti-Ieprosy drugs (Wate rs ,  1 968) .  It remained to be seen whether this low 
dosage levei would s til l exert an anti-in flammatory action,  as had been 
suggested by Browne ( 1 965)  and others (Karat et aI. , 1 97 0 ;  Tolentino et aI. , 
1 97 1 ) . 

With dapsone, attempts to lower the dosage were originally prompted by the 
hope that this would decrease the incidence of erythema nod osum leprosum 
(E .N .L. ) .  Short-term observatiQns indicated that a dosage of 50 mg of dapsone 
twice weekly e li cited a satisfactory antibacterial effect (Pettit and Rees, 1 96 7 ;  
Pearson and Pett it ,  1 969) .  

Accord ingly , it was decided to comp are the results of low-d ose therapy wi th 
d apsone and clofazimine as regards both antibacterial activity and the incidence 
of reactions. In  view of  the well-known difficult ies in finding a sufficient number 
of su itable patients in any single insti tution, a double-blind trial was planned on a 
mult icen tric basis. The protocol for this  t rial was ready in 1 96 8 ,  but the 
drawbacks inherent in  the multicentre method delayed its completion until the 
end of  1 97 3 .  

Methods 

The following investigators co-operated in  the mul ticentric double-bl ind clinical 
trial :  

Dr P .  N .  Behl and D r  Bhatia, Delhi ( India) 
Dr D. S.  Chaudhury,  Elmina (Ghana) and Liteta (Zambia) 
Dr T. F. Davey and Dr A. Butt ,  Dichpalli ( l ndia) 
Dr Z. A.  Fazelbhoy and Dr Daud , Karachi (Pakistan) 
Dr M.  Flowers and D r  B. L. Whitty, Chandraghona (Bangladesh) 
Dr  M.  Harahap, Medan ( lndonesia) 
Dr M. Hermes, Mwena-Ndanda (Tanzania) 
Dr B .  Pérez P . ,  Trillo (Spain) 
Dr Rajagopalan, J ohore Bahru (Malaysia) 
Dr  C.  Reyes C., Mérida (Mexico) 
Dr  K. Robson, Mount Hagen (Papua, New Guinea) 
Dr E.  Rodríguez C., Asunción (Paraguay) 
Dr R. B. W. Smith, Honiara ( Solomon Islands) 
Dr T. Smith, Chiang Mai (Thailand) 
Dr R .  ThakoIkaran, Kozhukully ( lndia) 
Dr. A .  G. Warren, Hay Ling Chau (Hong K ong) 

AIMS OF THE STUDY 

The main purpose was to compare the antibacterial effe cts of low dosages of 
d apsone ( 5 0  mg) and clofazimine ( 1 00 mg) , b oth administered twice weekly, for a 
period of 48 weeks. The incidence and severity of any lepra reactions or skin 
pigmentation occurring in either of the two treatment groups were to be noted. 
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C R I T E R I A  F O R  AOMISSION ANO E V  ALUATION 

The conditions of acceptance were that the patients should be male, over 1 2  
years of age and suffe ring from active,  purely lepromatous leprosy . They were 
also to be un treated cases or at leas t they were not su pposed to have received any 
antileprosy treatment for the last 5 years . Patien ts suffe ring from other severe 
d iseases in add itio n to leprosy in particular from tuberculosis or diseases requiring 
corticosteroid therapy, were exc1uded . 

From the histological point of v iew, cases c1assified accord ing to Ridley and 
lopling ( 1 962,  1 970) as LL, including the sub-group LI ( Ridley and Waters, 
1 969) ,  were considered acceptable. AlI other c1assifications were exc1uded. 

The histopathological index ( H I ) ,  formerly known as LIB ( Ridley, 1 96 7 ;  
Ridley and H ilson, 1 967)  was çlete rmined, using the granuloma index ( G l )  a s  a 
factor, i . e .  the fraction of the dermis accupied by granuloma in tenths. No cases 
showing a GI of less than 0 . 1 5  we re considered for evaluation . 

The bacteriological d iagnosis was made on the basis of the bacterial index ( B I )  
according t o  Ridley ( 1 968) ,  using a logarithmic scale from O t o  6 ,  and the 
morphological index (MI ) ,  indicating the percentage of evenly and deeply staining 
Myco. leprae in sk in scrapings (Waters and Rees, 1 962) .  No cases with a MI of  less 
than 5, or a BI of l ess than 1 . 5 were inc1uded in the evaluation. 

PROCE OURES 

The 1 6  investigators l isted above selected the patients accord ing to a 
pre-established protocol. I t  was left to the investigator's d iscretion to withdraw a 
particular patient from the trial, i f  need be.  

Clinicai and bacteriological assessments were repeated at 6-week1y intervals 
throughout the period of treatment ,  and biopsies at 6-monthly intervals.  The 
material for biopsies and smears was always taken from the same lesions. Biopsies 
were sent to London (D .S .R . ) ,  skin smears to Kuala Lumpur ( I . H .S .P. )  and 
clinicai reports to Basle (T. F .A . ) .  The appropriate exarninations and evaluations 
of results were made at these centres. 

The trial substances were supplied to the investigators in numbered bott les 
containing capsules of either 50 mg dapsone or 1 0  mg c1ofazimine, which were 
identical in appearance. Other material , inc1uding the fixative for the biopsies , was 
completely uniform. The allocation to treatment was randomized .  Neither the 
investigators nor the present authors had knowledge about the key during the 
trial. There was, however, the possibility to have the code broken by an 
independent person in case of unwanted side effects. One of us (T .F .A.)  took the 
responsibility for notifying the investigators of any unfavourable bacteriological 
or histological evolution that might m ake it necessary to s top the trial in the best 
interest of a particular patient. 

Description of the Treatment Groups 

Altogether 1 38 patients were sel ected in the 1 7  above-mentioned institutions 
for inclusion in the study. Of these, 44 proved primarily unsuitable, so that the 
population studied comprised in alI 94 patients. Twenty-six of these were African, 
5 1  Asian, 6 Melanesian, 4 Latin American and 7 European. The mean body 
weights ranged from 47.8 kg in Thai patients to 64. 7  kg in Europeans. There was 
no significant difference between the two groups in respect of age . 
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Histologica! ly,  the dapsone-treated patients . 48 in  total ,  were classified as LL in  
1 5 , L I  in  2 1  and B L  in 1 2  cases. The d istribut ion of the  c1ofazimine-treated group 
(n = 46)  was 1 2  fo r LL, 23  for LI and 1 1  for B L .  

The n ature a n d  d istribut ion of lesions were recorded in detail but ,  for l ack of 
space, are n ot presen ted here .  It  may be stated tha t both groups were fu lly 
comparable as to their clin icai features , with the one exception that d iffuse 
infiltrations were mo re frequent among the LL/LI patients wi thin the c10 fazimine 
group than among the corresponding cases of th e dapsone-group. This difference 
w as statisti cally significant. 

As could  be foreseen,  the n u mber of patien ts in  both treatmen t groups 
d iminished con tinuously during the tria! .  The rate of this process was about equa! 
in both groups : the dapsone group initially compri sed 48 patien ts ; after 24 weeks 
there were 3 5 ,  and by the end of the tria! ,  after 48 week s, 2 7 .  The respective 
numbers for the c1ofazimine-treated group we re 46,  34 and 22 patien ts. 
Prolongation of the tria! beyond the first year took place only in  4 patien ts , thus 
not allowing statist ical analysis .  

Results 

I n  the following description of the bacterial and histopathological resul ts, only 
the LL and LI  patients are considered .  BL patien ts, however, were taken into 
consideration together with the former for the evaluation of side effects and lepra 
reactions. 

BACTERIAL FINDING S  

The bacteriological find ings made  at start of tria! and  d uring therapy with the 
two tria! d rugs are shown in Table 1 .  In both treatment groups, there was a 
significant decrease in the M I ,  which was practically zero by the 1 8 th week. The 
d ecrease in the B I -as was to be expected -was slower. 

TABLE I 

Ba cteriological findings in eva luab le LL/LI patien ts a t  the beginn ing of and during treatment 

Dapsone Clofazimine 

Week BI MI B I  MI  
n lê n lê n lê n lê 

O 25  3 .648 1 6  1 5 .2 2 5  ' 2 2 3 .7 1 4  1 4  1 7 .493 
6 2 1  3 .300 1 4  6 .450 1 8  3 . 5 67 1 1  3 .609 

1 2  2 2  3 .427  1 4  1 .720  22 3 .4 5 0  1 2  3 .800 
1 8  1 9  3 .447 1 2  0 .208 1 9  3 .363  8 0 . 3 3 8  
2 4  2 1  3 . 2 5 7  1 3  0 .085 2 0  3 . 1 40 I I 0 . 1 3 6 
30 5 2 .900 4 0 . 1 00 8 3 .7 7 5  6 0.200 
3 6  1 7  3 .4 1 2  1 0  0.0 1 5  1 6  3 . 244 8 0 .063 
42 3 4 . 1 67 2 0 . 1 00 3 3 .7 3 3  4 0 .075  
48  1 4  3 .079 8 0 .025 1 6  2 . 7 2 5  8 0 .038  

Initial ranges 1 . 7-4 . 7  5 . 5 -28 .0  1 . 5 -4 . 8  .5 .3-49 .0 

Regression coefficient 
for week 0- 1 8 ,  bc = - 0.063 - 0 .05 5 

Regression coefficient 
for week 0-48 ,  b c= - 0.0 1 0  - 0.02 
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The d ecrease in the b ac te riological i nd ices was expressed by means of the l inear 
regression coefti cien ts, which we re compared statist ically for the two treatment 
groups. A method prop osed by B l iss ( 1 967)  was u sed to combine the ind ividual 
regression  l ines .  In the regression analysis of  the M I ,  onl y  the obviously l i near part 
of the semilogarith mic curve was taken i n to consideration ,  i . e .  the sect ion rel ating 
to the first 1 8  weeks of  t reatment .  The analysis o f  both the MI and the BI does 
not show a stat ist icaUy signi ficant  d i fference between·  the two treatment  groups.  

HISTOPATHOLOG ICAL F I N DI NG S  

Only those patients were assessed histologically whose lesions showed suffi cient  
act iv i ty at the beginning. Subsequen tly , the activity of the les ions was c1assified as 
"regressing",  "quiescen t" or "healed " .  No statist icaJ  anaJysis was made of the 
distrib ut ion of cases arnong these purely q u ali tative categories,  but steadily 
progressive healing took place i n  response to both treatmen ts. It is  part icul arly 
noteworthy that none of the lesions revealed any signs of  activ i ty after  24 weeks'  
t reatment ,  ei ther with dapsone or with c1ofazimine .  

T A B L E  2 

Histopatho logical findings in e valua b le L L /L I  pa tients at the begin n ing of and during trea tmen t 

Week Dapsone Clofazimin e 

GI  HI  G I  H I  
n x n x n x n x 

O 1 8  0 .46 1 8  5 .2 20 0 . 5 3  20 5 .3 
24 1 7  0 .24 1 8  4 . 5  20 0 .33  20  4 .8  
48  1 3  0 . 1 6  1 3  3 . 6  1 2  0 .27  1 2 4 .3 

I nitia l ra nges 0 .2-0 . 7  4 . 6-5 .9 0 . 1 5 -0.9  4 . 7 5 -5 . 9 

Regression coefficient , 
b = c - 0.0 1 2 - 0.034 - 0 .008 - 0 .020 

Quantitative data on the improvement observed are Ested in Table 2 ,  which 
shows the mean values of the Granuloma lndex (GI) and the Histopathological 
lndex (HI ) ,  the latter being the product of the individual GI and the BI at  a given 
time. In both treatment groups, the extension of the granuloma within the dermis 
diminished linearly. Analysis of variance proved that the reduction was 
statistically significant. The sarne was the case with the H I .  

A s  i s  eviden t from the gradien t of the regression tines,  determined b y  the three 
points of measuremen t ,  the thickness of granuloma diminished slightly more 
rapidly in response to dapsone than in response to c1ofazimine.  This difference is 
statistically n ot significan t. 

CLINICAL FINDINGS 

In 69 patien ts, the investigators carne to a general conclusion about the clinicaI 
progresso On dapsone 27 patients improved , 6 were unchanged and 3 becarne 
worse ( i .e .  new lesions appeared during therapy). On c1ofazimine, 3 1  improved 
and 2 remained unchanged.  As the improvement could not be quantified it was 
not arnenable to statistical analysis. 

A comparison of the body-weight before and during treatment of the LL/LI 
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patients in both treatmen t groups revealed an average increase of 2 .0  kg ( from 
5 0.4 to 5 2 .4  kg) afte r 24 weeks in the dapsone group and 4 .0  kg (47 .4 to 5 1 . 4 kg) 
after 1 8  weeks in the c10fazi mine group. Although the average body-weight of the 
patients in the c10fazimine group was sl igh t ly lower than that of the dapsone­
treated patien ts, it was never signi ficantIy different .  

S I D E  EFFECTS 

Discolouration of the skin is regarded as a common side effect of c1ofazirnine . 
Hype rmel anosis of lesions has been observed as well as an extensive red 
d iscolouration. Al though dapsone can a lso give rise to cutaneous pigmentation, 
especially of the lesions, there was nevertheless occasion to fear that i t  might 
occur more freq uently in  the patien ts treated with c10fazimine and thus 
jeopardize the double-blind design of the trial .  

TABLE 3 

Frequency and localiza tio n of skin discolouration 

Localization Dapsone Clofazimine Total 
abs.  % abs .  % abs .  % 

Lesions only 2 ( 4 . 2 )  3 ( 6 . 5 )  5 ( 5 .3 ) 
Generalized 8 ( 1 6 . 6 )  7 ( 1 5 . 2 )  1 5 ( 1 6 .0 )  
Lesions and  generalized 3 ( 6 . 3 )  2 ( 4 . 3 )  5 ( 5 .3 ) 

Total 1 3  (27 . 1  ) 1 2  (26 .0)  2 5  ( 2 6 . 6 )  
Size of treated group 48 ( 1 00 .0 )  4 6  ( 1 00.0) 94 ( I OO .O)  

In  the total of 94 patients, altogether 25  instances of discolouration were 
recorded , the distribution of which is shown in Table 3. The times when this 
phenomenon was first reported we re almost evenly spread over the entire 
duration of the trial in b oth treatmen t groups. Patients of darker hue (African) 
and of Iighter hue (Chinese, European) were also equally represented in both 
treatmen t groups. 

One may concIude that at least at this dose leveI , there is no significant 
difference between the two d rugs in this respect. Since there was no c1ear-cut 
pred ominance of generalized discolouration in the group treated with c10fazirnine 
it  may be inferred that this side effect was less pronounced than would have been 
ex pected at a daily dosage of, say, 1 00 mg. 

Other side effects were observed in 1 0  of the 48 patients on dapsone and in 1 2  
of the 46 on c1ofazimine. The nature and the distribution o f  these are shown in 
Table 4. The side effects were usually mild and not always c1earJy related to the 
drug administered . Treatmen t had to be withd rawn on account of side effects in 
two cases receiving d apsone ( 1  rash, I anaemia) and two receiving c10fazimine ( I  
rash, I gastric complaints) .  

LEPRA REACTIONS 

During the 48-week trial ,  47 of the 94 patients ,  i.e. exact1y half of the whole 
series, suffered at least one reactional episode. There were about twice as many 
dapsone- as c1ofazimine-treated patients amongst those showing reaction. Table 5 
illustrates these relations. The difference between the two treatment groups is 
statistically significant at

. 
the 95% probability leveI (X2 6. 252 ,  d . f. 2) .  The 
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TA B L E  4 

Kind and frequency of o ther supposed side effects 

Na ture of side  effect 

General ( wea kness ,  di zziness,  headache)  
Gastro-intest inal (abdominal pain ,  na usea ) 
Anaemia 
Vascular (Oedema , Epista xis ,  Phlebitis) 
Pain (bone and joint pain , myalgia) 
Epidermal (rash , pruritus )  

Tota l  of occurrences 
Patients concerned 

Dapsone 

4 
3 
I 
4 
2 
2 

1 6  
l O  

TA B L E  5 

Clofazimine 

3 
2 
I 
3 
2 
6 

1 7  
1 2  

Pa tient  population according to presence or absen ce of lepra rea ction 

Pa tients showing Da psone Clofazimine 

ENL 1 4  7 
Other reactions only 1 6  l O  
No reaction 1 8  29  

Total 48 46  

Total 

7 
5 
2 
7 
4 
8 

3 3  
22  

Total 

2 1  
26  
4 7  

9 4  

293  

frequency and severi ty of ENL and ali types of reaction inc1ud ing iri tis, orchitis, 
stasis syndrome, panniculitis, acute exacerbation of lesions, or neural reactions, 
were higher in the dapsone-treated group than in the c1ofazimine-treated group. 
The frequency of reactive phases can vary enormously from one patient to the 
other and combinations are manifold .  Because of this great complexity it is  
d ifficult to describe the even ts adequately. For example, the cumulative 
frequency of bouts of EN L while on dapsone (24 times in 1 4  patients) and on 
. c1o fazimine (8 times in 7 patien ts) is depicted in  Fig. 1 .  

The nature of the curve in this cumulative presentation, whether rising or 
horizontal,  may be regarded as an indication .of the stress imposed upon the 
treating and nursing personnel .  

Seven patients (4 o n  dapsone, 3 on c1ofazimine) were withdrawn from the t rial 
on account of lepra reactions. As a rule, however, the concomi tant treatment 
given for the reactions (antimonials ,  chloroquine and in some cases steroids) 
sufficed to suppress the inflammatory processes. 

Discussion and ConcJusions 

THE RES ULTS OF THE TRIAL 

The results presen ted here were obtained on a multicentric basis. A1though the 
patien ts treated originated from very d ifferen t countries and circumstances , they 
were nevertheless homogeneous in  respect of their histological c1assification. 
Evaluation of the b acteriological and histopathological progress was strictly 
limited to LL/LI patien ts, whereas the assessment of side effects and lepra 
reactions inc1uded also the BL patients. 
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Fig. I .  Cumulative frequency of bouts of ENL while  on dapsone ( e-e) ( 14/48 patients) or 
clofazimine ("'-"') ( 7 /46 patie nts). 

Comparison of  the results obtained in this study demonstrates, in a statisti cally 
sound manner, that lo w-d ose therapy with both these agents elicited an almost 
iden tical short-term antibacterial effect.  This was manifested by a decline in the 
M I , which approached zero after about 1 8  weeks' treatment. As was to be 
expected , there was little change in the BI up to the first year of treatment ,  and 
during this time flu ctuations were noted in both groups. This factor was less 
pronounced in the GI  and the H I :  here the decline was almost linear, and there 
was n o  significant difference between the two treatmen ts. From the clinicai point 
of view also, the two groups appear to have made equa) progresso 

It should be bome in mind that the reason for ad ministering low d oses of 
dapsone was the hope of d iminishing the incidence of lepra reactions. However, 
though Karat et aI. ( ) 969), found that the severity of ENL was diminished when 
dapsone was given in d oses of on1y 35 or 1 0  mg weekly, neither they , nor Leiker 
and Carling ( 1 969) who administe red 20 mg weekly noted any differen ce in the 
incidence of reactions. In the presen t trial the in cidence, severity and d uration of 
lepra reactions were not noticeably less than would have been expected on high 
doses of dapsone. This applies especially to ENL. Compared with the clofazimine­
treated patients, about twice as many patien ts on dapsone displayed ENL and, 
individ ual1y, their bouts of  reaction were ab out twice as frequent. Reversal 
reactions, resulting histologically in a shift towards the other pole were too rare ( 3  
on dapsone, 2 on clo fazimine) t o  allow statistical analysis. 

In the case of c10fazimine the object of trying low-d osage treatment was to 
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avoid , at least partly , the  inconven ience of red d i scolouration .  (The hyper­
melanosis which some times occu rs with both sulphone and clofazimine therapy 
see ms u navoidable . )  The results clearly show that this  complication, if  present ,  
was not  a problem here ,  thus su pporting the  v iew that  it is a dose-dependen t 
phenomenon.  

The conclusion therefore appears to be that c lofazimine i s  superior to d apsone 
at  the low dosage leveI , and for a l imi ted period of time. It  should be 
recommended in cases where t reatmen t phases of this kind are indicated . No 
conclusions can be reached con cernin g  the relative value of  the two treatmen ts 
over a period of m o re than one year. Al though at the time when the prese n t  t ri al 
was ini tiated there we re a n umber of reports favouring the use of low dose 
therapy the curre n t  view of many workers is that monotherapy at low d ose over a 
long period invi tes the risk of bacterial res istance (J acobson, 1 97 3 ;  M eade et aI. . 
1 973 ; Gelber et aI . .  1 974).  Although these reports al1  refer to sulphones,  and 
alt hough the minimal e ffective dose of clo fazimine may be as low as about 7 mg a 
day ( S hepard , 1 969) this objection p robably h as general appl i cation.  

The origi n al in ten tion was that any B L  patien ts would be used only for a study  
of the  e ffect  o f  clofazimine on reversal reactions. I n  the eve n t  t here we re scarcely 
any B L  patien ts except those of  the "histiocy tic" type ( Ridley and J opling, 1 966) 
with few lymphocytes.  It has since been observed that the response of  these 
patien ts is si milar to those of  the L I  group ,  and i t  has been proposed that with 
certain provisos they should n ow be graded as LI  ( Ridley,  1 97 5 ) .  Consequen t1y,  
there were few reversal reactions and the B L  group could be d isregarded for the 
bacte rio logical and h istological evaluation.  I t  i s  not  recommended that true B L  
pati e n ts shoúld b e  in cluded i n  this sort o f  tria\. The dearth of  such patients i n  this 
series is to the cred it  of the c1inicians in selecting lepromatous patients. 

TH E PROBLEMS OF THE MULT I-CENTRE METHO D 

Difficulties are always l ikely to arise i n  clinicaI t rials conducted on a 
multice n tric basis, u nJess virtual1y u nJimi ted funds and resources are available to 
ensure that al1 o rganizational requirements are met. This double-blind study 
proved no  exception. Loss of info rmation and the long duration posed maj or 
problems of the sort familiar enough in therapeut ic  trials in any chronic d isease . 

There was no independ en t clinicaI observer, whose task i t  would have been to 
assess the c1 inical  progress in a consisten t mann er. In. a tri al covering such a vast 
are a  as this one d id ,  i t  is ,  however, d ifficuIt to achieve this ideal , as Waters et ai . 
( 1 967)  have alre ady poin ted out.  In the presen t study,  each investigator was 
impart ial in so far as he had no k nowledge of the treatmen ts adm in istered ,  and his 
s tatemen ts were based mai nJy o n  the presence or absen ce of any marked or 
persis te n t  dete rioration in a patien t's condition. Regular contact with an 
independen t observer interested in the trial would certainly have afforded more 
encouragement and incen tive to the investigators. Better communi cations would 
probably have helped to increase the volume of evaluable data and reduce the 
number of d rop-outs. Under the circumstances, histology is the only approach 
that afford s  opportunity for uniform evaluation and assessment .  As to the value 
of  the methods used in  this tr ial,  there appears to be no  doubt that this  type of 
investigation can supply answers to preformulated q uestions, as  long as they relate 
to measu rable  parameters or to  the presence or absence of particular phenomena. 
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Case R eport- Calcification of the 
U lnar Nerve in Leprosy 

B .  P. B .  E L L I S  

L eprosy Officer, Min istry o f  Heaith, Rhodesia 

Introd llction 

Calcification of  the peripheral nerves in leprosy is rare (Nalasco,  1 93 6 ;  Trapnel l ,  
1 965 ; Pant and  Seghal, 1 967 ; J opli ng, 1 9 7 1 )  and  may be  associated with a 
previolls history of nerve abscess , i tself an uncommon complication ( Browne,  
1 9 5 7 ;  Seghal e t  aI. , 1 96 7 ;  Enna and Bran d ,  1 9 70) .  

In  view of the  rarity of this condit ion the  following case is reported . 

Case Report 

An alert African female juvenile presented at the Harare Central Hospital 
Neurological cli n i c  with right u lnar and median nerve paralysis of two months 
duration . She was referred to the leprosy cl in ic  for investigation .  

History 

She r;eported that in August 1 9 72 a coppery coloured lesion appeared on the 
exte nsor surface of her right upper arm an d elbow . Shortly afterwards she 
experienced pain and paraesthesia along the tlexor aspect of  the arm from the 
elbow distally to her ring and l itt le fingers. She then noted progressive clawing of  
a l l  her  digits, i mpaired opposition of the  thumb and weakness of dorsi-tlexion of  
her  wrist .  F inally the  right arm became anaesthetic from the  elbow downwards, 
and the skin lesion on her upper arm disappeared .  

She  had had no  previous il lness or injury ,  nor  did her  family su ffer any chronic 
disease. 

On Examina tion 

No skin lesions were detected after repeated natural light examinations .  
The right great auricular, radial, u lnar  and median nerves were alI enlarged ; the 

radial was tender, as was the ulnar which had an easily palpable fusiform swelling 
above the mediai epicondyle .  Anaesthesia extended from the elbow downwards 
to include the hand . 

The right hand had fixed clawing of the middle fi nger; wasting of the thenar 
and hypothenar eminences ;  weakness of the lumbricals and interoseii ; impaired 

• Received for publication, 7th August 1 97 5  
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Fig. I .  Calcification of the mediai and lower aspects of the ulnar nerve at the levei of the 
right lower humerus. 

opposition of the thumb and an unstable pinch. There was partial wrist drop , with 
hyper-extension of the metacarpophalangeal joints on attempting to straighten 
the fingers. 

The Lepromin test was positive (++) and the Heaf test nega tive. Except that she 
had both Schistoma mansoni  and haematobium, all other investigations were 
either normal or within normal limits.  

A skin biopsy from the area  where the patient alleged the coppery lesion had 
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appeared 2 months  previously showed n o  his�ologica l  abnormal i ty .  U n for­
tunate ly parenta l  permission for a nerve .b iopsy was not obta ined . 

Radi o logy 
Radiology showeel "ca lc ification of the meel i a l anel lower aspect of the u lnar 

nerve at  the levei  of the righ t lower h umeru s" (Fig. I ) . 

Fo Uow-U p 
I n  January 1 97 5  the pati ent  presen teei aga in  for reassessment ,  having hael ,  since 

el ischarge , con t in uous el apsone therapy as an out-patie n t  at her local c1in ic .  
She  sti l l  hael no skin l es ions  anel her  peripheral nerves, wi th  the exce ption of  

the right  u lnar, were of  normal s i ze  on palpat ion . The righ t u lnar hael a large 
fusi form swel l ing  above the meel i a l  epicon elyle easily vis ible as such on extenel ing 
the arm o On palpat ion the swel l ing  was fi rm anel tense,  b u t  not aelherent ,  anel 
could be trackeel above anel below unti l  the nerve became apparen t1y of  normal 
s ize .  The area of anaesthesia was n ow l imi teel to the u lnar elistribu t ion of the 
hanel ,  anel the i n trinsic motor deficit con fined to the ulnar and median nerves .  

Radiology showed that "the calcification of  the u lnar nerve is markeelly 
ex tended in  comparison with the previous fi lm ( 1 97 2 )" (F ig .  2 ) .  

D iscussion 

The diagnosis of leprosy in this case is based upon the cli n icai signs of 
peripheral nerve involvement and the history of a spon taneously heal ing ski n 
lesion.  

Cochrane ( 1 964) stressed that  a diagnosis of leprosy is  selelom j u stifieel un less 
one of two carelinal signs is  present ,  namely , clin icai signs of nerve involvement 
and the demonstration of  Myco. leprae in the skin .  

Peripheral nerve thickening in the tropics and  subtropics should always suggest 
leprosy accoreling to J opling and Morgan-Hughes ( 1 96 5 )  anel they give as 

. 
el ifferential  diagnosis two rare neurological diseases-famil ial  progressive hyper­
trophic in terstitial neuritis ( Déje rine-Sottas) and primary amyloiel osis affecting 
peripheral nerves. 

The radiological appearance of calcification of nerves has been elescribeel by 
some workers (Campos , 1 94 2 ;  Campos, 1 946 ; Floch and Des�ombes, 1 9 5 1 ;  
Saikawa, 1 9 5 1 ) as blobs consistent with calcification of old nerve abscesses ; whi lst 
others (TrapneU, 1 96 5 ;  Ramanujam and Ramu,  1 966) as widespread flakes 
without evidence of abscess formation. Con treras et aI. ( 1 96 1 )  described their 
case as giving the "impression of  a bony tissue and shedding off of particles which 
seem to be veritable sequestrae" .  

The I iterature contains a number of  reports of  nerve abscess in  leprosy, albeit 
most  authors agree that it is an uncommon complication with a predilection for 
the high resistant form of leprosy in the male .  

An analysis of 1 500 leprosy patients undergoing treatment at the Harare 
Central Hospital revealed two abscess cases, both tuberculoid,  one an adult male 
and the other a female child .  

Lowe ( 1 934)  observed that  frequently a single nerve abscess i s  the  only  sign of 
active leprosy and that in many

· 
such cases the disease undergoes spontaneous 
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Fig. 2 .  Follow-up radiograph showing calcification has extended.  
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arrest .  H e  considered that abscess formation was associated with a substantial 
immunity,  a finding supported by Campos ( 1 936) .  

Browne ( 1 96 5 )  commen ted on  the  infrequency of  caseation in peripheral 
nerves and describes the lesions as small areas of caseating autolysis, local and 
circumscribed accumulation of fluid being rarely sufticient1y large to just ify the 
term abscesso 

In two cases at  Harare Central  H ospi tal , both m ales with tuberculoid leprosy , 
where the ulnar nerves were ex plored surgi cally , one had mult iple areas of  
caseation both wi th in  and surrounding the  nerve from the wrist to the  axil la ; the  
other  had several fusiform swellings above and below the mediai epicondyle 
withollt caseous mate rial . 

Enna and Brand ( 1 970)  describ ing the surgical appearance of affected nerves in 
leprosy report "the presence of an area of cellular necrosis within which there is a 
con ti nuity of collagen framework without caseation . This process may be focal or 
contin uous, and may be located between fasciculi which are fundamental  and 
intact.  I t  may progress to the destruction of ali tissue elements that the material 
becomes caseolls.  Following caseation a true abscess may form o 

"When an abscess forms within the nerve trunk ,  it may either burst throllgh the 
epinurium to prodll ce a localized fllsiform swelling, or i t  may migrate,  ex tending a 
narrow tract that leads to a sacclllar swel ling witrun adjacent soft tissu e . "  

T h e  basis of  calcification of t h e  peripheral nerves i n  leprosy m a y  be therefore 
caseation , abscess formation and ,  lIncommonly,  deposition of ca1cium within or 
adjacent  to the affected nerves. This process may be halted dependent upon host 
resistance ,  and the caseous material retained witrun the epineurium to become 
calcified, as in the case reported here. 
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News and Notes 

WHO AND LEPROSY CONTROL 

Leprosy control figured on the Agenda of the 28th World Health Assembly at its 
recent  meeting in Geneva. 

The wording of the resolution passed on that occasion was as fol Iows:  
RecaIling resolutions WHA 5 . 2 8  and WHA 27 . 5 8 ,  anel 
Noting that leprosy control measures can reduce substantial Iy the prevalence of 

leprosy whe n undertaken with sustained effort for a sufficien tly long period , 
I .  RECOMM ENDS that : 
(a)  in tensive case detection be carried out to ensure early diagnosis particularly 
in children ; 
(b)  infectious cases be identified ,  and when possible be submitted initiaIly to 
cJosely supervised treatment  to minimize infectiousness and thus the spread of 
d isease ; 
2. EMPHASIZES the need for health services to integrate leprosy con trol as a 

regular con ti nuing activity ; an d 
3 .  REQUESTS the Director-General to lay greater stress on the training of 

multidisciplinary staff to improve leveis of  competence in leprosy control . 
It is to be hoped that Member States will wholeheartedly implement  this 

resolution, and thus take a major step forward in leprosy con trol .  

ELEP BECOMES I LEP 

As announced briefly in the last Number of L eprosy Review, the Federation of 
European Leprosy Associations, known hitherto as ELEP, has become intercon­
tinental and has consequen tly changed its name to I LEP. 

For some years,  the Canadian organization,  the Secours aux L épreux, which is 
associated with the in ternational body known as the Fondation Follereau,  has 
been a member of ELEP. The American Leprosy M issions,  Inc . ,  an d the 
Sasakaway Memorial Health Foundation (of Japan) have now been admitted as 
full members of E LEP. Hence the reason for the change of name : E LEP has 
beco me I LEP. 

The recently-published statistical summary makes interesting reading. No fewer 
than 605 centres are being assisted financially with annual grants now totiilling 
about 0 , 7 50,000. The number of leprosy patients being treated is I ,  I 06,5 60-an 
impressive proportion of the total number being treated by ali agencies, 
government and voluntary ,  throughout the world .  By far the highest expenditure 
is devoted to leprosy control schemes,  mobile services and outpatient cJinics , 
some of which form part of .ational leprosy programmes. 

This year, about 005 ,000 will be devoted to leprosy research . At a meeting of 
I LEP held in Paris ( 5-8 J une,  1 97 5 ) , the IMMLEP Project  was again warmly 
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commended to the M ember-Organ izat ions ; i t is hoped t l 1 a t  about  f.40,000 w i J l  be 
granted a n n ua l ly  for the next five years i n  su pport of this amb i t ious co-opera t ive 
effort i n  le prosy research . 

THE V I CTOR H EISER AWARDS FO R R ESEARCH 

I N  LEPROSY 

These awards are funded by a bequest from Dr Victor H e iser, a weJ l-known 
doctor with a world-wid e e x perience i n  pub l i c  hcalth meel ic ine  anel a l i fe- Iong 
i n terest i n  leprosy and l eprosy researc h .  The pri m ary pu rpose of  the awarels i s  to 
foster bas ic  b iomeel ical  re search i n  fi e l el s  re late el to le prosy anel to encourage 
nationa l  anel i n te rn at iona l  coopera t ion anel research exchange in the stue ly  of t h i s  
el i sease . 

Two categories of award s are avai l ab le : 

I .  Postdoctoral  R esearch Fello wsh ips 

Candidates  shou lel have the  Ph . D . or M . D . elegree anel be at the begi nn ing or 
early stage of postdoctoral train ing  in a fie ld of basic b iomed ica l  sc i ence d i rect ly  
re lated to leprosy. Applications wi l l  be accepted e i ther  from i n d iv iduais d i rect ly ,  
or from heads  of  lab oratories act ive  in  leprosy research ,  for authorizat ion to 
appoin t  a fel low.  Vp to two years of support will  be provided at s t ipend leveis 
between $ 1 0,000 and $ 1 4,000 per an num . 

2 .  Visiting R esearch A wards 
Applicants shou ld be established investigators i n  l eprosy who wish to  carry out  

a specific  project at  a distan t insti tu tion . Per diem and travei support wi l l  be 
provided for up to six months of collaborative research .  Preference wi l l  be given 
pro posais that plan fie ldjcl inical experience with leprosy . 

The deadline for receip t of ali applications is February l ,  1 9 76 
Further information and instructions for making appl icat ion may be requested 

from Ms.  Caroline  R.  Stanwood , Director, He iser Fe l lowship Program for 
Research in Leprosy,  1 23 0  York Avenue , New York ,  New York 1 00 2 1 .  

I NTERNATIONAL SOCI ETY OF PEDIATRIC DERMATO LOGY 

The International Society of Pediatric  Dermatology -has been formed recent ly  by 
a group of  Dermatologists and Paediatricians. 

Those interested to become members of  the Society can be either 
Paediatricians or Dermatologists, or both.  

Officers of the Society are : Dr Ramón Ruiz-Maldonado, President ; Dr 
Lawrence Solomon, Secretary ; and Dr Coleman J acobson, Treasurer.  

For further information write to : L .  Solomon,  M . D . ,  P .O. Box 699 8 ,  Chicago , 
m. 60680 V .S .A. 

INTERNATION A L  LEAGUE OF D ERMATO LOGICAL SOCIETIES 

Following the meeting of the International Committee of  Dermatology , more 
information is now available regarding the XV International Congress of  
Dermatology which wi l l  take place in 1 9 7 7  in  M exico Ci ty .  Seven Sub-
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Co mmittees have been appointed to  prepare the sGient i fic  programmes.  Pat ient  
presentations,  instru ctional  courses, sym posia deal ing with recent developments in  
dermatology , guest lectures ,  topics  of  current  in terest ,. workshops,  informal 
discussion groups, free com munications and audiovisual programmes are al i  
envisaged during the Congresso Abstracts of  papers to be given d uring the Congress 
must be furn ished by I Jan uary ,  1 9 7 7 ,  must not exceed 200 word s in length and 
m ust be in Engl ish .  The Address of the Secretary General,  Dr Felix Sagher, i s ,  
Department  of  Dermatology , Hadassah University Hospita l ,  P .O.  Box 499,  9 1 000 
Jerusalem , I srael .  

HONO U RS FOR LEPROSY WORKER 

On the recommendat ion of i ts  Board of Science, the British MedicaI Associat ion 
has awarded the Stewart Prize to Dr Stanley G .  Browne .  The award is made at  
ab out two-yearly in te rvals in recogn it ion of  important  work on the spread of 
epidemic disease . ] n  add it ion to bis "outstanding work "  on le prosy . Dr Browne 
has made important contr ibuti ons  on onchocerciasis , yaws and other tropical 
condit ions.  

In recognit ion of bis "continuous services toward su fferers from leprosy in 
Korea",  Dr Browne has been made an H onorary Member of t he Korean Society of 
Leprologists . During bis  last v is i t  to Korea, he was guest speaker at the Annual  
Meeting of  the Society in  Seoul .  

At a recent  meeting of the Dermatologi cal Society of  South Africa held in 
Durban,  Dr Browne was ad mitted to the Honorary M e mbership of the Society in  
recognit ion of bis con tribut ion to the  Third South  African ] n ternational 
Dermatological Congresso He gave papers on " Recent I mmunological Concepts 
and Leprosy " ,  "Skin Manifestations of  Onchocerciasis" and "Treponemal 
Depigmentat ion" .  Professor J .  Gay-Prieto was also admit ted to the Honorary 
Membersbip of the Socie ty .  

AWA RD S  TO LEPRO SY WORKER 

Miss Grace V. Bennett , a qualified nurse who has been in  charge of The Leprosy 
Mission's programme in Korea sin ce the departure of the doctor,  has recently 
been appointed O . B . E .  by Her Majesty the Queen .  She has also been awarded the 
Dongbaeg Medal by the Korean Govemment for her valuable services to le prosy 
sufferers. The Mission 's base at Taegu , attached to the Skin Department of the 
University, serves as a centre from wbich mobile teams fan out into the 
surrounding countryside for diagnosis and treatment of lep rosy and education of 
patients and their farniJies.  
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Le p rosy and the Community 

LEPRA ANNUAL REPORT 1 97 5  

The 5 1  st Annual Report of LEP.RA condenses in to  re latively few pages packed 
with information a notable contribution to the cause of leprosy control during 
1974, and reveals the concem of very many people al i  over Britain . Income during 
1974 rose to a record fA47,884, and made it possible to increase the amoun t 
spent on grants and services to leprosy work by i78,000 above the record figure 
achieved in 1973 .  

For over 50 years the  declared objective of LEPRA has been the eradication of  
leprosy . At present i t s  main guidelines towards th is  object ive are :  leprosy research 
and the dissem in ation of in formation ; prevention and cure of leprosy in childre n ;  
the training provision and support o f  indigenous medicaI staff workers ; assistance 
to govemments and other organizations in support of effective leprosy work ; an d 
integrated control schemes provid ing domicil iary treatment .  Ali this is offered on 
a totally non-sectarian basis. 

During 1974 the in creasing concem of LEPRA with research made possible the 
importation of 20 armadillos into Britain and their continuing study as well as the 
support of  a series of other research projects .  Assistance in the care and treatment 
of childre n  was given to 97 centres mostly in Africa and Asia . The comprehensive 
leprosy control project in Malawi now enters its tenth and final  year, with Dr 
Molesworth,  O . B . E . ,  now Adviser to the Malawian Government for Leprosy 
Contro1. The original project has led to nation-wide developments and 
demonstrates successfully how leprosy can be  tackled when government and 
voluntary agencies are able to co-opera te fully . The involvement of LEPRA in 
control schemes in Sierra Leone ,  Uganda,  Zambia, Ethiopia, Guyana and India 
continues. In India and Indonesia support is give n  to multipurpose rural health 
projects . The training of indigenous medicaI and other staff has been encouraged .  

Last, but not  least, this Joumal has been  sustained and its expansion in both 
size and subsidized distribu tion made possib le . We join with numerous supporters 
and well-wishers in congratulating LEPRA on a year of outstanding progresso 
Long may its beneficen t  work continue . 
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LEPROSY M ISSION CENTE N A RY ANN U A L  REPO RT 

"A YEAR OF G RACE" ,  t he Annual  Report of The Leprosy Mission for 1 97 4 ,  i ts  
Cen tenary Year,  reveals both the aston ishing bread th of the Mission 's activ it ies 
and the depth of concern for leprosy suffere rs and the con trol  of  leprosy fe l t  by 
Christ ian communities in man y coun tries. The M ission,  now very much an 
in ternational  organ izat ion,  enjoyed a record income of 1. 1 ,486 ,  I I I  i n  1 9 74,  an 
i ncreas\! of  040,000 over  1 97 3 ,  and this ,  in  sp i te  of in flation , enabled the 
exte nsive work of  the M ission in  Asia and Africa to be sustained and develope d .  

Ind ia w a s  the scene  of t h e  pioneer early work of  t h e  M issio n ,  a n d  i s  st i l l  the 
country where its most extens ive and concentrated work is undertaken .  The 
wel lknown research and tra in ing cen tre a t  Karigiri cont inues to develop.  I t  was 
the historie work of Paul B'rand on the cure and prevent ion of deformities in 
leprosy which gave this ce ntre its internationa l  re putat ion,  and with the 
appointment  of  Dr Fritschi as Superi n tendent ,  this  aspect wil l  certainly be carried 
forward . The large-scale le prosy con trol project  in  Gud iyatham Taluk among a 
population of 400,000 is now coming to its years of fru i tfu l  assessment ,  and 
le prosy workers eve rywhere in Asia await  the findi ngs with interest .  At man y  
centres  elsewhere in  Ind ia the con cem o f  the M ission for the individ ual  patien t  is 
an object  lesson to alI . Community concem and eloser co-ord ination with 
Govern ment are s igns of health and progresso  

I n  East and South East Asia , the phasing out of Hay Ling Chau , the " I sle of  
Happy Healin g" ,  with leprosy sufferers integrated into general medicaI work 
marks a new stage in leprosy control in Hong Kong, and has enabled Dr Grace 
Warren to undertake a wider role as Adviser in reconstructive surgery throughout 
Asia .  I n  Korea,  Thailand , Indonesia and New Guinea there are important  
déve lopments in  i ntegrated co-operation with  Gove m me n t  Hea l th  Service . 

I n  many countries in Africa the M ission has a long trad ition of co-operation 
with a wide variety of national Churches and M issions,  and thanks to its support, 
leprosy con trol has advanced and large numbers of  patien ts have b een  e ncouraged .  
Further developments are n ow p lanned i n  Zaire . 

With its  enlightened policies,  its international outlook and the breadth of i ts  
interest,  the M ission never forgets "the one,  and the one,  and the one ,"  a principIe 
w hi ch comes out so elearly i n  the Report . We offer al i  concerned our good wishes 
for 1 97 5 .  
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Letter to the Edi�or 

Fixation of Skin Biopsies 

While  we should like to d raw atten tion to the helpfu lness of Dr D. J. Harman 's 
usefu l  arti c le  on biopsies in leprosy (L epr. R e v. 46 , 1 2 5 ) , we should l ike also to 
comment  on his fi xat ion proced ure ,  whi ch is the one described by Wheeler ( 1 964) 
and which is the source of some con fusion . Al though it is often re fered to as 
Lowy's or Ridley's  fi xa tive this meth<;>d d oes  in fact d i ffer from the one in use in  
our  laboratory in three importan t respects : ( I )  in mixing so lut ions  A and B at the 
t ime of  the biopsy, (2 ) in the use of add i t ional acetic acicl ( the quant i ty  was 
inadvertent ly omitted in the arti c le  but Wheeler re commends 5 %) ,  and ( 3 )  in the 
much longer period of fi x at ion . The first and last of these modifications were 
introduced to make the fixation proced ure more convenient  or re l iable for use in 
the fie ld ,  whi le  the second is probably an attempt to compe nsate for the third .  I f  
these changes are help fu l  for field work ,  which i s  n o t  necessarily always the case, 
it  is proper that the proceclu re should be recom mended for this purpose. But 
wherever practicable we would recommend the following s imple method , which is 
a slight m odification of  t he one by Lowy ( 1 9 5 6 ) . 

Fixat ive : Formaldehyde (40%) 
Mercuric chloride 
Acet ic  acid , glacial 
Distil led water to 

1 0  ml 
2 g  
3 ml 

1 00 ml 

This solu tion becomes mature after about 24 h when a small amount of whi te 
precipita te sett les  to the bottom. I t  keeps for a mon th ,  perhaps longer. Procedure : 
Fix a skin biopsy specimen for I Y2 to 2 h .  The t ime may vary somewhat according 
to the size of the specimen but  i t  should never be more than 3 h .  Transfer  to 70% 
alcohol without washing .  The specimen can be le ft thus for as long as convenient  
and despatched to the laboratory . 

It is well recognized that  the pre fe rences of laboratory workers sometimes 
differ. Nevert heless,  Wheeler's procedure departs from standard histologi cal 
practice in two respects .  Fixatives containing formalin and acetic acid are 
prepared in one solution ; Zenker's and Helly's fluids are pre pared in two parts 
because they contain potassium dichromate in add i tion to either acetic acid or 
formalin , and fixation in fluids containing mercuric chloride never exceeds 3 h. 
We think that the method here recommended gives appre ciably better resuIts ,  
though we d o  not wish to imply that Wheeler's method gives bad results ,  or that i t  
may not be advan tageous on occasion for use in  the field . The main object  of this 
letter is to  c1ear u p  a source of confusion .  

The Hospital for Tropical Diseases 
St. Pancras Way. 
Londo n  NW 1 OPE 

D .  S.  R IDLEY 
M. J .  RI DLEY 
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COM M EN T  BY DR HARM AN 

Dr and Mrs Rid ley are quite correct in drawing attention to the differences we 
have in troduced in the fixation method as recom mended by them,  and I do 
apologize for not making this c lear in my article . May I j ust state that our aim at  
this  Centre is to provide a s imple biopsy method which wil l  give a good 
histopathological  picture not only suitable to the pathologist for diagnosis, 
classification , assessment and prognosis ,  but also usefu l  to the worker in the field 
for study and teaching purposes. The sl igh t changes in the Ridley fixative method 
were introduced· with this end in vie w ,  and we have found from experience that 
they have not affe cted the final result  to any appre ciable extent .  This is extremely 
fortunate as we depend upon the formaldehyde -mercuric chloride-acetic acid 
combination to give suitably fixed tissues for leprosy purposes and aIs o to give us 
satisfactory results with  our staining techn iqu e .  

D . J .  HARMAN 
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Abstracts 

1 .  GODAL, T. ,  MYRVANG, B . ,  STANFORD, J. -L. & SAMUEL, DOROTHY R .  Recent 
Advances in the Immunology of Leprosy with Special Reference to New Approaches in 
Immunoprophylaxis. Buli. Inst. Pasteur, 1 974, 273 

This long paper makes exciting reading. The earlier sections describe c1ea rly , concisely and 
comprehensively the recent work which has placed our understanding of the immunology of 
leprosy on firm foundations, given meaning to the clinicai and pathological spectrum of the 
disease and its compli cations, and provided a fresh approach to its epidemiology . For this alone 
the pape r is very valuable ,  but in substantial conc1uding sections on lmmunotherapy and 
lmmunoprophylaxis important new work is described .  

This concentrates particularly on the search for a cross-reactive mycobacterium inducing 
protection against Myco. leprae. Screening of 20 different mycobacterial strains indicated that 
while BCG had some action , the vale bacillus (Myco. microti) is antigenical.1y more c10sely 
related to Myco. leprae than is BCG , its cross reactivity to Myco. leprae being both at a higher 
levei and more persistent. Furthermore, in rabbits this reactivity could be increased three to 
four fold if Myco. duvalii was mixed with BCG ar the vale bacillus. A sphere of study of 
immediate importance in the development of a vaccine for prophylactic use in leprosy is thus 
opened up. Reference is also made to evidence which suggests that the addition of Myco. leprae 
to BCG in rabbits can provoke an Myco. leprae specific LTT response which is not achieved 
with BCG ar Myco. leprae alone .  Clearly we are on the threshold of an important advance in 
the immunoprophylaxis of leprosy . 

T. F. Davey 

2. B ROWNE, S. G. Some Aspects of the History of Leprosy : The Leprosie of Yesterday. Proc. 
R. Soe. Med. , 1 97 5 ,  V. 68, 485 .  

This masterly paper ,  read by invitation before the Royal Society of Medicine , first gives a 
concise account of early records of leprosy in Asia and Africa, proceeds to trace the spread of 
the disease by soldiers, sailors and merchants through the Mediterranean Collateral and into 
Europe , and then concentrates on the history of the disease in EngIand and Sco tland _ An 
impressive array of records is sifted with great refinement ,  and a picture of leprosy emerges 
which demolishes several myths and is authenticated by the sound scholarship and great 
experience of the author .  The text is enlivened by some interesting quotations. l t  is impossible 
briefly to summarize the content of this paper ,  which itself should be read and treasured by 
leprologists everywhere . 

T. F. Davey 

The following Abstracts are reprinted ,  with permission , from Tropical Diseases Bulletin, 1 97 5 , 
May to July . 

3. HASSELBLAD, O. W. Psycho-social aspects of leprosy. Buli. Pan. Am Hlth Org. , 1 974, V. 8, 
No . 4,  283-8 . 

.. . . . While there are no certain solutions for the psycho-social problems of leprosy ,  a number 
of positive steps have proven productive _ These inc1ude a variety of measures to assist the 
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patient's development of a sound mental attitude during diagnosis ; a public health approach to  
leprosy management that permits the pe rson being trea ted to  remain a t  h ome ; treatmen t of  
leprosy cases at  general medical facilit ies rather than special facilitie s ;  accurate and  carefully 
thought-out programs of public health education ; and health education of the patient and his 
family aimed at preven

"
tion an d t reatment  of lhe adve rse psychological effects of  his 

condition . "  

4 .  NEBOUT, M.  Observation d'un cas de  Upre tuberculoiôe nodulaire consécutive à des 
scarificat ions rit uel1es. [Report of a case of nodular tuberculoid le prosy following ritual 
scarificatio n . ]  Méd. Afr. Noire, 1 974, v. 2 1 ,  No. 1 1 , 867-70. English summary . 

In 1 945 ,  three years after ri tual scarifications were made with an unsterile metal instrument  on 
a male aged 1 5  years of the Central African Republic,  large nodules began to appear in the 
resulting cheloid scars on the face. Nearly 25 years later ,  similar nodules developed in a 
symmetrical pattem on the thoracic wall and afte rwards on the Iimbs .  Some loss of sensa tion 
was demonstrable in the skin over the lesions .  No other signs were present (the state of the 
pe riphe ral nerves is not recorded) and the chest X-ray was normal . Although no Mycobacterium 
leprae were seen, the histological diagnosis of "typical tuberculoid léprosy" was made .  After a 
year's standard treatment ,  the nodular lesions had completely disappeared .  The author suggests 
that leprosy bacilli must have been introduced at lhe time of the ritual scar ifications through a 
breach in the skin .  

He summarizes usefully lhe 9 recorded cases in which percutaneous introduction of leprosy 
bacilli is presumed,  largely on anecdotal history . 

[The present report leaves many crucial questions unanswered (and unasked). A very rare 
form of  nodular tuberculoid leprosy , which disappeared spectacularly afte r a year's t reatment ,  
requires better  substantiation than the author provides before i t  can be admitted as another 
instance of an inoculated leprosy infection . ]  

S. G.  Browne 

5. MYRVANG, B. , NEGASS I ,  K . ,  LpFGREN, M .  & GODAL, T. I mmune responsiveness to 
Mycobacterium /eprae of healthy humans. Acta Path. Microbio/. Scand. Sect. C, 1 975 , v .  83 ,  
No . 1 , 43-5 I .  

"Immune responsiveness to Mycobacterium leprae was studied in various groups of healthy 
humans. Contacts of leprosy patients responded significantly more than non-contacts by the 
methods of leucocyte migration inhibition ,  Iymphocyte transformation and early and late 
lepromin testing. By classifying responses of st rengths found in non-contacts as negat ive , 7 1 .2% 
of medicaI attendants, the main category of contacts, were responders by the leucocyte 
migration inhibition test, 44.2% by the Iymphocyte ti-ansformation assay and 50.0% by the 
early lepromin reaction.  On the other hand , no degree of the late lepromin reaction was found 
solely in Myco. leprae�xposed people . While the assays of leucocyte migration inhibition , 
Iymphocyte transformation and early lepromin testing thus may be considered use fuI for 
detection of healthy individuaIs expose to Myco. /eprae, the late lepromin reaction appears 
unsuitable as a measure of exposure. Besides the association of nega tive responses by leucocyte 
migration inhibition , Iymphocyte transformation and early lepromin tests , there was in the 
group of non-contacts a significant quantitative correlation between early and late lepromin 
reactions.  In  the group of medicaI aUendants significant correlations were observed between the 
results of al1 tests employed ."  

6. DASGUPTA, A. ,  MEHRA, N .  K. , GHEI , S .  K. & VAIDYA, M .  C .  Histocompatibility 
antigens (HL-A) in leprosy . Tissue A ntigens, 1 975 , v. 5, No. 2, 85 -7 .  

"HL-A antigens of 70 leprosy patients and 40 normal healthy individuaIs were determined by 
the standard microlymphocytotoxicity test. Both lepromatous and non-Iepromatous leprosy 
patients were tested for the presence of I I  HL-A antigens, and the frequency of each specificity 
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was compared with that in a normal population of the same ethnic group . Although the 
statistical significance of H L-A8 specificity was found to be marginal in lepromatous leprosy 
patients, when using ordinary 2 x 2 statistics, there did seem to be a decreased frequency of 
H L-A9 among the non-Iepromatous type . Other ant igens tested did not reveal any significan t  
diffe rences between the two groups o f  subjects ." 

7 SHARMA, C. S .  G .  Effect of broxyquinoline and broxaldine in le prosy . Lancet, 1 97 5 , 1 5  
Feb . , 405 .  

A patient with lepromatous leprosy i n  a reaction stage was found t o  have intestinal amoebiasis 
and was advised to take a combination of broxyquinoline 500 mg and broxaldine 1 00 mg 3 
times a day for I week ,  after which treatment  for leprosy was to have been started . However ,  
the patient d id  not  re turn and was not  seen aga in for 6 months, during which period he had 
con tinued to take broxyquinoline anti broxaldine in the dosage suggested. He had not taken 
any specific treatment for leprosy , nor had he visited a leprosy centre . The lepromatous Iesions 
showed "remarkable clinicaI improvement" ,  and it  was decided to try this treatment in further 
cases of lepromatous leprosy . So far 12 patients have been trea ted ,  6 for 9 mon ths and 6 for 6 
months. Appreciable chemical and bacte riological improvement was noticed within 34 months ,  
the nodules sh rivelled and flattened ,  and there was a fall in both the morphological and 
bacteriological index [no details ] .  No serious adverse reaction was seen .  The author, from 
Madras, suggests that the possibility that a combination of broxyquinoline and broxaldine 
might have some specific effect in leprosy should be investigated. 

F. 1. C. Apted 
I 

8. BERGEL, M. Actividad cancerigena de la diaminodifenilsulfona ( D . D .S . ) .  [Carcinogenic 
activity of diamino-diphenylsulphone (DOS). ] Publções Cento Estud. L epro I. , 1 973 ,  V .  1 3 , 
Nos 1 /2 ,  30-40. English summary p. 4 1 .  

2 5  young rats were placed on a diet in which the content of diaminodiphenylsúlphone was 
gradually raised to 0.3%. They were kept on this die t  for 25 months, some being killed for 
examination at suitable intervals . In I i  rats examined within 1 5  months of the star t ,  none 
showed tumours. Among 5 rats examined between 16 and 22 months ,  one rat showed highly 
malignant fibrosarcomas in the peritoneum and mesentery . 

Eight rats were examined after 24 or 25 months and 7 of them showed tumours­
re ticularosarcomas, adenocarcinomas etc. , of the intestine, liver , spleen and thyroid. In 1 5  
control rats on a normal diet, killed after 2 5  months, there were no significant tumours. The 
author refers to two reports that cancers are unduly common among leprosy patients treated 
with dapsone.  

F. Hawking 

9. BECHELLI, L. M .  et alo RCG vaccinatioll of children against leprosy : nine-year findi ngs of 
the controDed WHO trial in Burma. Buli. Wld Hlth Org. , 1 974, V. 5 1 ,  No. 1 , 93-9 .  

This further report o n  the fmdings o f  the WHO Burma triaI will be read with grea t  interest by 
aD concerned with the control of leprosy. It should be studied in conjunction with the 
previously published reports of the trial and with the reports of the U!1flnda and Karimui trials 
[Trop. Dis. Buli. , 1 97 1 ,  V. 68, abstr. 83 ;  1 974, V.  7 1 ,  abstrs 739 and 740 . ]  

A consistent protection rate of  about 20% was observed during the second ,  third and fourth 
foDow-up examinations. Previous infection with tuberculosis as indicated by tuberculin 
reactions of 10 mm or greater would not seem (on these results) to confer any substantial 
protection a!1flinst subsequent challenge by leprosy. 

The highest protection rate, that is 38%, was seen in children 0-4 years at intake .  
No  correlation could be  found between the size of  the tuberculin reaction and the form of 

leprosy developing in children,  in either the group receiving BCG vaccination or in the control 
group. Most of these cases were of indeterminate or tuberculoid leprosy, and no case of 
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leprof!1atous leprosy appeared  in  either group during the study; the  explanation advanced for 
this latter observation is that al1 detected persons with leprosy were treated .  

The incidence of le prosy among household contacts was found to  be 3 . 2  times lhat among 
others, irrespective of BCG vaccination. 

The authors conclude that the protective effect of BCG vaccina tion found in the conditions 
of the Burma trial is not sufficiently substantial to warrant the widespread use of BCG with the 
aim of preventing leprosy or of affecting its trend in other areas in the world with similar 
epidemiological features. 

. 

The tables and the comment merit de tailed and informed study. 

S. G. Browne 

1 0. lVANOV A, N. N .  [The res�lts of parallel investigation of the content of xanthurene and 
5-oxiindolylace tic acids in the urine of patients with leprosy. ]  Vesf. Derm. Vener. , 1 97 5 ,  
No. 2 ,  1 6- 1 9 .  [ In Russian . ]  

The English summary appended to the paper is as follows : 
"Parai lei studies were carried out to determine the content of xanthurene acid (XA) 

according to the method of G. Ya . ViJenkina ( 1 965) and of 5-0x.iindolylacetic acid (OlA) by 
the method of Udenfriend et ai. ( 1 955 )  in the daily u rine of 1 7  apparently normal subjects of 
the control group and of 57  patients with leprosy (42 [4 1 ? ] with lepromatous, 1 2  
undiffe rentiated ,  3 with tuberculoid and I with dimorphic borderline forms). In 28 out of 42 
patients with lepromatous leprosy the con tent of XA in the urine was found to be increased 
considerably (76.95 ± 7 .68 mg/day , P <  0.00 1 ), as compared to that in the subjects of the 
control group (2 1 . 1 5  ± 1 .96 mg/day) .  As the disease regressed the XA content showed a trend 
to normalization (46. 1 6  ± 1 1 ) . The XA content was increased ais o in 5 out of 1 2  patients with 
undifferentiated leprosy, in some patients with tuberculoid and borderline leprosy. Increased 
excretion of 5-OlA in the urine was observed in 2 1  out of 42 patients with lepromatous leprosy 
(4 .27 ± 0.3 mg/day , P <  0 .00 1 against 2 .38  ± 0. 1 89 mg/day in the cont rols) , in 6 out of 1 2  
patients with undiffe rentiated leprosy (5 . 1 3  ± 0 .948 mg/day , P <  0.0 1 1 )  and in one patient 
with dimorphic leprosy (5 .8  mg/day) .  

"The increase in the content of XA and 5-0LA acid in the urine of patients with leprosy 
attests to disorders of kinurenine and serotonine ways of triptophane metabolism. "  

1 1 . QUISMORlO,  F .  P . ,  REA, T .  H . ,  LEVAN , N .  E .  & FRIOU, G .  J . lmmunoglobulin deposits 
i n  lepromatous leprosy skin . Presence of deposits in apparently uninvolved skin and 
occurrence of serum antiepithelial antibodies. Arch. Derm. , 1 97 5 ,  v .  1 1 1 , No. 3, 33 1 -4 .  

"Immunoglobulin deposits were detected in  10  of  1 3  biopsy specimens from apparently 
uninvolved skin of patients with lepromatous leprosy . There were deposits of IgM at the 
dermoepidermal junction in the sk.in of 5 patients, and deposits of IgM along the dermal 
collagen and elastic fibers in the skin of the other 5 .  The deposits were eluted with acid buffers 
and high molarity salt solution . Circulating IgC antibodies to intercellular substance of 
epithelial cells ,  similar to those present in pemphigus vulgaris, were found in 25% of patients 
with lepromatous leprosy who were studied .  These antibodies appeared to be different from the 
skin-bound immunoglobulin deposits ." 

1 2 . DELVILLE, J .  Microbiologie de la lepre . Comportement et affinités t inctoriales due bacille 
de Hansen dans les lésions lépreuses. [Microbiology of leprosy . 8ehaviour and staining 
p ro perties of Hansen's bacillus in leprosy lesions . ]  Ann. Soco Belg. Méd_ Trop_, 1 974,  v .  54,  
No . 6, 457-62. English summary (6 Iines). 

This unorthodox and unconventional report wiI1 achieve the author's purpose if i t  causes 
microbiologists to question accepted standards for the identification, by its staining properties, 
of the causative organism of leprosy. After a brief summary of selected previous work, that has 
indicated that Mycobacterium leprae may possibly be present in all varieties of leprosy in forms 
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that are not revealed by standard staining procedures for acid- and alcohol -fast organisms, the 
author reports that the employment of variations of such techniques as those of Ziehl -Neelsen ,  
Gram and Schiff, may reveal numerous bacil l i that are no t  opt icaUy present when the ordinary 
Ziehl-Neelsen technique is used .  Moreover ,  he has found many such baciJ l i  in histological 
sections from lesions in which they are usuaUy regarded as extremely scan ty . 

By Schi ff stain ing, he concludes that these bacilli con tain polysaccharides and ,  by an 
immunofluorescent techn ique using sera prepared from diphtherbidlike organisms , isolated by 
him from leprosy lesions, he deduces affinity, if not iden t i ty .  

[These provocative suggestions need to be confirmed by other workers and the identi ty of 
the organisms established by avail able p rocedures (such as ,  for example , mouse footpad 
inoculation ,  the demonstration of specific phenoloxidases ,  and typical surface structure 
revealed by scanning  electron microscopy) before their bona [ides can be admit ted . ]  

S. G. Browne 

-.j 1 3 . REES, R. J. W.,  McDOUGALL, A. C .  & WEDDELL, A. G. M .  The testis in mice infected 
with Mycobacterium leprae. J. Path. , 1 975 ,  v. 1 1 5 ,  No . 2, 73-9 . 

"Fol1owing inoculation either locally or intravenously wi th Myco. leprae of human origin ,  the 
histopatho10gy and bacte riology of the testis in experimental mice is described .  Normal mice , 
and mice rendered immunologically deficient by thymectomy and whole-body irradiation , were 
studied .  

"Attention is d rawn to a heavy bacillation of the testis in mice from both groups _ Bacilli 
were found in and beneath albuginea, but mainly in interstitial cells and in macrophages 
surrounding the tubules. The percentage of solidly staining bacilli was high , and globi were 
frequen t. 

"The study showed that the testis in mice is particularly favourable for the lodgment and 
multiplication of Myco. leprae foUowing either local or intravenous inoculation . 

"The significance of this in re lation to the metabolism of the leprosy bacillus and to the 
frequent occurrence of testicular damage in the lepromatous male patient is discussed .".." 

1 4. MILLAN, J. & LE CORROLLER, Y. Le dépistage systématique dans la lutte contre la 
maladie de Hansen :  résultats obtenus en Guadeloupe dans le secteur de Grande-Ter re . 
[Systematic case-finding in the leprosy campaign . Results obtained in Guadeloupe, in the 
Grande-Terre sector. ] Méd. Afr. Noire, 1 974, v. 2 1 ,  No. 1 0, 695 -703 . 

The authors summarize the results obtained through an intensive case-finding programme in a 
sector containing about half of the total leprosy patients in a country of a third of a million 
inhabitants and a leprosy prevalence rate of 5 .7 pe r 1 000. 

As regular whole-population surveys are impracticable ,  the programme depends upon the 
application of widely-accepted principIes to ensure that leprosy is diagnosed as early as possible . 
General practitioners discover, in their ordinary clinics, about half the total number of leprosy 
patients diagnosed annually . Co-operation with other doctors who regularly examine selec te d  
populations (for example , work-people) i s  another fruitful  source o f  new cases .  The 
examination of contacts should , i t  is admitted,  be more extensive and better organized than it 
is . The most hopeful feature of the programme was the introduction of a mobile team , which 
concentrated on the examination of schoo1childre n ;  52% of new cases were discovered through 
this activity, and these included 46% of the new cases of lepromatous leprosy . With the 
lowering of the average age at diagnosis, the numbers of schoo1children suffering from 
self-healing forms of leprosy have increased,  but the authors consider that the efforts are 
justified if some patients with early lepromatous or near-Iepromatous leprosy are thereby 
brought to light. 

S. G. Browne 
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1 5 . KRONVALL, G . ,  HUSBY, G . ,  SAMUEL, D . ,  BJUNE ,  G .  & WHEATE, H .  Amyloid-related 
serum component ( protein ASC) in leprosy patients. Infection & Immunity, 1 97 5 ,  v .  1 1 , 
No . 5, 969-972 .  

"The presence of amyloid-related serum component ,  protein ASC , in serum samples from 63 
leprosy patients was investigated . Protein ASC was detected in 38% of the pat ients. A 
correlation to the disease spectrum of leprosy was appaient :  polar lepromatous cases,  64% 
posit ive ; borderline lepromatous, 50%; borderline tuberculoid ,  36%; subpolar tuberculoid ,  1 7%; 
and polar tuberculoid , negative . Antibody act ivity against the a antigen of Mycobacterium 
leprae was also determined,  showing a similar correlation to the disease spectrum. Serum 
samples from 23 apparently healthy Ethiopians serving as cont rols showed a protein ASC 
incidence of 22%. This figure is significan tly higher than the frequency found by others among 
healthy Norwegian blood donors. lmmunoglobulin M leveis among patients were elevated in the 
borderline lepromatous and polar le promatous groups. The three tuberculoid groups did not 
diffe r in this respect from the control group but were ali elevated as compared to a normal 
Caucasian serum poo!. Although raised immunoglobulin M leveis seemed to paralle l increased 
frequencies of protein ASC in the pat ient  groups as well as in cont rols ,  this correlation migh t be 
only secondary to a primary derangement  in T-cell function ." 

1 6. LIM, S.  D. ,  TOURAINE, J .  L., STORKAN, M. A. ,  CHOl , Y .  S .  & GOOD , R .  A.  Leprosy 
XI . Evaluation of thymus-derived Iymphocytes by an antihuman T-lymphocyte antiserum . 
lnt. J. Lepr. , 1 974, v. 42,  No . 3 , 260-265 .  

" T  Iymphocytes were evaluated in the peripheral blood o f  patients with various forms of 
leprosy , using a heterologous antiserum specific for human T cells .  A significant decrease in T 
Iymphocyte numbers was observed in cases of active lepromatous leprosy but not in the active 
lepromatous, borderline or indeterminate forms of the disease . 

"Pa tients with lepromatous leprosy resistant to chemotherapy showed a lower levei of T 
Iymphocytes than did drug sensitive patients,  while patients wi th lepromatous leprosy 
complicated by erythema nodosum leprosum showed higher leveIs than did those with 
uncomplicated lepromatous leprosy . Evaluation of T Iymphocytes by microcytotoxicity test 
with the anti T-cell serum used in this study proved to be as accurate as the nonimmune or 
spontaneous formation of rosettes with the sheep red blood cells after incubation at 37° C ." 

1 7 . KAUR, S . ,  CHAKRAVARTI,  R .  N .  & WAHI ,  P. L. Liver pathology in leprosy . Lepr. lndia, 
1 974, v. 46, No . 4, 222-225 .  

"Twenty six patients suffering from leprosy , c\assified clinically, bacteriologically and 
histopathologically as lepromatous- 1 4, tuberculoid-9 and dimorphous-3 , have been studied for 
tiver involvement .  

"Thirteen out  of fourteen lepromatous patients showed specific granulomata in the liver.  
Acid fast bacilli we re found in 1 2 . A direct relationship between the intensity of skin lesions 
and hepatic involvement was found. Five out of the nine tuberculoid cases showed epithelioid 
granulomata . Acid fast bacil1i were not found in any of these . Two of the dimorphous cases 
showed granulomata and one was positive for acid fast bacill i .  Amyloid deposit was not found 
in any of the live r  biopsies ." 

1 8 . GUPTA, J . C. ,  GUPTA, D. K. & GUPTA, A. K. Hepatic lesions in leprosy . Lepr. lndia, 
1 974, v. 46, No. 4, 226-233 .  

"Liver biopsies from 5 0  cases o f  leprosy , 4 3  cases o f  lepromatous leprosy and 7 cases o f  
nonlepromatous leprosy , admitted into the skin, V.D. and Leprosy department o f  the MedicaI 
College Hospital , Jabalpur, during the period from April 1 9 7 1  to October 1 972 have been 
studied histopathologically in detail employing H & E stain as well as special staining techniques 
for reticulin , amyloid and A.F.B.  

"Granulo ma constituted the commonest specific lesion in liver in both the major types of 
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leprosy in lepromatous and nonlepromatous .  Other changes noted included, Kupffer's ceU 
hype rplasia , re ticulin condensation in and around granuloma, increased connective tissue and 
cloudy swelling. No amyloid deposit could be detected. A .F .B .  could be demonstrated in 
granulol1las in al i the cases of lepromatous leprosy . 

"The changes noted have been discussed and compared with those of the previous workers . 
" l t  is postu laled Ihat gran uloma constitules lhe cOl1lmonest and specific type of lesion in 

live r in cases of leprosy of the two major  types. Other changes noted could be at t ribu ted to 
long duration of illn ess or simultaneous l1lalnutrition or associated other infections or effects of 
prolonged administration of drugs . "  

19 .  KELKAR, S .  S . ,  NIPHADKAR, K .  B . ,  KHARE, P .  M .  & GHARPURAY,  M .  B .  
Environment a n d  carriage o f  hepati tis B antigen in leprosy . Indian J. Med. Res. , 1 974, v .  
62 ,  No. 1 2 , 1 794- 1 799 .  

" Hepalil is B ant igen carriage was  studied in 1 52 patients wi th  leprosy altending the 
ou t-door of  the Sassoon General HospitaIs , Poona.  This group consisted of 37 cases of 
lepromatous leprosy and 1 1 5  of tuberculoid leprosy . Sera from the patients were studied for 
presence of hepati l is  B an tigen  by bolh immunoelect roosl1lophoresis and agar-gel diffusion .  
Agar-gel diffusion was  l1luch less sensitive than immunoelect roosmophoresis . The carriage rates 
fo r hepatitis B antigen were 1 3 .5% in the lepromatous leprosy patients (5 positive in 37) and 
4.3% in the tuberculoid leprosy patients (5  posit ive in 1 1 5 ) .  The accoml1lodation , sani tation 
and source of wate r of each patient was established by carefu l  inte rrogation . The environment ,  
in te rms of these three parame te rs was best with tuberculoid leprosy patien ts, less so  in the 
lepromatous leprosy patients not carrying the hepatitis B antigen and worst in the 5 patients 
with lepromatous leprosy and carrying the hepatitis B ant igen .  Car riage of hepatitis B ant igen 
appears to be re lated to poor environmental ci rcumstances which seem to favour transmission 
of the hepatitis B virus. 

20. LEVY, L. Superinfectio n in mice previously infected with Mycobacterium leprae. Infection 
& Immunity, 1 97 5 ,  v. 1 1 , No. 5 ,  1 094- 1 099.  

"Previous studies of lhe prolection of mice by pr ior  infection with Mycobacterium leprae in 
one hind footpad against chaUenge with Myco. leprae in  the opposite hind footpad had 
produced conflicting results ; therefore, the problel1l was restudied . In several experiments,  
BALB/c mice were inoculated flfSt in the righ t  hind footpad with 5000 Myco_ leprae and then 
challenged in the left hind footpad with 5000 Myco. leprae of the same strain at intervals after 
primary infection , at the same t ime that uninfected mice were inoculated . Multiplication of the 
Myco. leprae of the seconda ry challenge inoculum occurred at the same rate and to the same 
leveI as multiplication in uninfected mice when challenges were made soon after  primary 
infection. M ult iplication was slowed but proceeded to the same leveI in previously infected as in 
uninfected mice when the challenges were administe red between 76 and 1 06 days after primary 
infection (47 to 1 7  days before the Myco. leprae of the primary inoculum had multiplied to the 
leveI of 1 06 organisms pe r footpad).  Finally, the Myco. leprae of a secondary challenge 
administered at the time that the organisms of the primary inoculum had multiplied to 1 06 per 
footpad or later not only multiplied more slowly in  previously infected than in  control animaIs, 
but multiplication in  the previously infected animais reached a lower maximum.  These results 
are similar to those observed when mice previously infected with Myco. bovis (BCG), Myco. 
marinum, Toxoplasma gondii, or Besnoitia jellisoni were challenged with Myco. leprae. " 

2 1 .  lOB, C. K., CHACKO, C. J .  G. ,  VERGHESE, R. & PADAM SINGH , S. Enhanced growth 
Df Myco. leprae in the foot  pads of thymectomized irradiated mice . Lepr. India, 1 974, v .  
46 ,  No .  4 ,  2 1 6-22 1 .  

" In 1 0  separate experiments 1 0  diffe rent  strains of 1 04 Myco. leprae obtained from untreated 
lepromatous leprosy patients were injected into the foot pads of thymectomized irradiated 
(T 900r) Swiss albino mice . Normal mice were also given the same number of organisms into 
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their foot pads and were lIsed as con trols .  It was. shown that in ali the 1 0  expe rimen ts  
immunological sll ppression by thymectomy and total body irradiation prodllced a marked 
enhancement of the growth of Myco. teprae in the foot  pads which is l O to 1 00 t imes more 
than that in normal mice . Cont rolled environmental temperatllre of the animal house at 
20-22° C and careful screening of the T 900r mice from exposu re to other  infections were 
necessary for these animaIs to survive for long periods. In  normal mice the infection with Myco. 
leprae persisted for its l ife time without producing any ill effects on them." 

22.  LEVY, L. ,  NG, H . ,  EVANS, M .  J .  & KRAHENBUHL, J .  L. Susceptibility of 
thymectomized and irradiated mice to chaJlenge with several organisms and the effect of 
dapsone on infection with Mycobacterium leprae. Infection & Immunity, 1 97 5 ,  v .  1 1 ,  No . 
5 , 1 1 22- 1 1 32 .  

The authors conclude that beca use these thymectomized and  i r radiated Illice "were not  greatly 
immllnosuppressed ,  they wOllld not have provided a model of human lepromatous leprosy 
suitable for chemotherapeutic studies" . 

23 .  HOLM ES, I .  B. Minimum inhibitory and bactericidal dosages of rifampicin against 
Mycobacterillm leprae in the mouse foot pad : relat ionship to serum rifampicin 
concentrations. Int. J. Lepr. , 1 974, v. 42, No . 3 ,  289-296. 

"The minimum dietary dosage of rifampicin (RMP) suppressing the growth of eight strains of 
Mycobacterium leprae in the mouse foot  pad has been determined .  Graded dosages of the drug 
were administered continuously to mice infected with Myco. leprae from the day of 
inoculation . The growth of six strains was suppressed by 0 .00 I % RMP in the diet : the 
remaining two st rains were suppressed by 0.0003% and 0.003% RMP respectively .  

"By  use  of the kinetic technic of Shepard ,  the  bactericidal effect on  th ree strains of Myco. 
leprae of graded dietary dosage of RMP administered for 56 days has been dete rmined . 
Considerable bactericidal activity was observed with dosages greater than the minimum 
inhibitory dosage (MI O) .  The M ID (0.00 1 %) was bactericidal against strain SBL 1 6237 ( 1 . 1 7% 
survival), bacteriostatic  against strain SBL 1 6325  ( 1 00% survival) and weakly - bactericidal 
against strain SBL 1 6263 ( 1 3 .9% survival). 

"Serum RMP concentrations in mice receiving graded dietary dosages of the drug were 
estimated by a microbiological assay technic using Sarcina lutea. A linear re lationship between 
dosage and resultant serum RMP concentrations was found . The MIO of RMP for six Myco. 
leprae strains (0.00 1 %) was equivalent to a serum RMP concentration of 0.2 /lg/rnJ. For the two 
remaining strains the M ID was equivalent to a serum concentration of 0 .06-0.09 and 0.9 /lg/rnJ 
respectively. The minimum bactericidal dos age of RMP (0.003%) gave serum leveis of 
approximately 0 .9 /lg/rnJ . Serum RMP concentrations equivalent  to the minimum inhibitory 
and bacte ricidal dosages for Myco. leprae are maintained for long pe riods in pa tients receiving a 
daily RMP dosage of 600 mg which has been used in recent clinicai trials of the drug in the 
treatment of leprosy ." 

24. LEVY, L. The activity of chaulmoogra acids against Mycobacterillm leprae. Am. Rev. 
Resp. Dis. , 1 97 5 ,  v .  1 1 1 , No. 5 , 703-705 .  

"The activity o f  the crude sodium salts o f  the fat ty acids o f  chaulmoogra oi! and of  
hydnocarpic and  chaulmoogric acids against Mycobacterium leprae was studied in mouse 
footpad infection. Multiplication of the o rganisms was inhibited when the salts were 
administered intraperitoneally and subcutaneously 3 times per week, and when chaulmoogric 
acid was administered  intraperitoneally 5 times per week in half the equivalent dose _ 
Dihydrochaulmoogric acid was also active , whereas palmitic acid was not.  Hydnocarpic acid 
administered intraperitoneally once per week in a dose equivalent to half that of the sodium 
salts of the chaulmoogra fatty acids was not effective . The demonstration that chaulmoogra 
fatty acids possess activity against Myco. leprae lends weight to our earlier suggestion that a 



A BSTR ACTS 3 1 9 

study of compounds analogous to these acids may yield effective an timicrobial agents with a 
unique mechanism of action ." 

2 5 .  LEVY, L. & U LLMANN , N. M. Inhibition of multiplication of Mycobaclerillm leprae by 
several antithyroid drugs . A m. Rev. Resp. Dis. , 1 97 5 ,  v .  1 1 1 , No .  5 , 6 5 1 -6 5 5 .  

"Mult iplication of Mycobacterium /eprae i n  the mouse footpad was inhibited when mice we re 
fed,  mixed in their diet ,  0 .05% methimazole ,  0 .066% USP thyroid powder ,  metllimazole plus 
thyroid powder ,  0 . 1 5% 5 -n-heptyl-2-thioxo-4-thiazolidinone, 0. 1 % propyl thiouracil , and 0 . 1 % 
thiambu tosine for 1 54 days, beginning on the day of inoculation . AlI o f  the t reatmen t  
regimens, except fo r the 2 containing thyroid powder,  decreased the  plasma concentrations of  
thyroxine and  prote in-bound iodine. I t  is suggested tha t  the  2 antithyroid drugs ,  me thimazole 
and propylth iouracil , and the 2 an timic robial agents ,  heptylthioxothiazol idinone and 
thiambutosine, al i  of which possess structu ral features in common , may exert the antithyroid 
an d antimic robial effects through a common mechanism." 

26. YOSHIZUMI ,  M. O.,  K IRCHHE!MER,  W. F. & ASBURY,  A. K. A Iigh t and electron 
microscopic stlldy of peripheral nerves in an armadil lo with dissemina ted le prosy . Int. J. 
Lepr. , 1 974, v. 42,  No.  3 , 2 5 1 -259 .  

"The lesion of pe ripheral nerve observed in an armadil lo which developed lepromatoid 
leprosy following experimental infection with Myco. /eprae was found to be similar by l igh t  and 
electron microscope examination to the peripheral nerve lesion of human lepromatolls leprosy. 
Bacill i were found primarily witllin macrophages ,  endothelial cells , perineurial cells and 
Schwann cel ls of unmyelinated fibers. Dest ruction of nerve tissue appeared to have a 
pe rivasclllar  distribut ion.  The pattern of bacil lation with predominant  involvement of blood 
vessels suggests hematogenous dissemination of Myca. leprae in t he armad il lo. These 
observations taken together constitute evidence that armadil los with the disseminated form of 
leprosy are suitable models for the s tudy of the neural lesions of human Iepromatous leprosy. 

27. MATSUO, Y.  Stlldies of Mycobacterillm /epraemllrillm in ceU cll l ture .  I .  Continllolls 
mll l t iplication in cultures of mOllse foo t  pad cells. Jap. J. Microbio/. , 1 974, v. 1 8 , No. 4, 
307-3 1 2 .  

"A serial increase in  the  number of Mycobacterium lepraemurium with successful subcultures 
has been obtained in the mouse foot pad (MFP) cell culture . Special a t tention has been given to 
maintaining the infected cells for longer  pe riods :  ( J )  the infected ceUs were incubated at 30° C 
rather than at 37° C, and (2) the concent ration of serum in the cultu re medium was red uced 
fro m  l O to 2% as soon as a monolayer growth of the t ransferred cells was obtained .  There have 
been cumulative bacterial increases of 1 .47 x 1 0 1 7  and 1 .84 x 1 0 1 5  fo ld for the Kurume-42 
strain during a period of 1 25 5  days, and 2 .23 x 1 09 and 3 .89 x \ 0 5 fold for the Hawaiian st rain 
duri ng periods of 83 1 and 572 days .  The ove rall genera tion times were estimated at 22 .0 ,  24 .8 ,  
26 .8 ,  and 30 . 8  days, respectively . Al I  attempts to grow the acid -fast bacill i obtained in ce ll 
cul tures on art ificial culture media have failed . The ability of thtl organisms to produce typical 
lesions in mice has been well preserved ."  
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macraphage migrat ion - inhib i t i a n  tes t . S .  H .  H A N ,  R .  S .  

W E I S E R ,  1 .  1 .  W A N G ,  L .  C .  T S A I a n d  P .  P .  L I N  246 

The an t i l e p ro t i c  ac t ion of  c l o faz imine  (8663 , G30 320, Lam prene) .  

R .  o .  A Z U L A Y ,  N .  C .  S I L V A ,  A .  Z E O ,  A .  B .  P O R T E L A ,  

1 .  C .  B .  F R A N C A  and L .  L .  P E L U S O 247 

A c l i n icai  assessm e n t  o f  ne u ro lysis  for l e p rous  involve men t of t he 
u l n ar nerve . C .  0 -. E N N A  a n d  R .  R .  J A C O B S O N  247 

M o n o tony m i t i gate d a mi te : o r ,  a s u p e ri o r  skin sme a r  s l i de .  w .  M .  

M E Y E R S  a n d  E .  M .  S T A P L E  247 

F l u oresce n t  s t a i n i n g  fo r Mycobacterium leprae in  t i ssue sec t i o n s .  

Compar ison w i t h  F i te -Faraco p roce d ll re .  L .  L .  O E F A R I A  247 

Viab i l i t y  o f  b l ood-ba rn e  Mycobacteriu m leprae. o .  1 .  o R U T  Z ,  S.  M .  

O ' N E I L L  a nd L .  L E V Y  247 

Resistance t o  Mycobar:terium leprae in  mice in  fec te d  wi th  

Toxoplasma gondii and Besnoitia jellisoni. 1 .  L .  

K R A H E N B U H L ,  L .  L E V Y  a n d  1 .  S .  R E M I N G T O N  248 

Pat h obiologica l  re l a t i o n sh i p s  between Mycobacterium leprae and i t s  

p ri m i tive h os t .  1 .  B .  G .  K W A P I N S K I  a n d  E .  H .  K W A P I N S K I  248 

Se r u m  h istaminase in le p rosy . S .  C .  L A H I R I ,  K .  S A H A ,  A .  B A S U  

an d M .  M .  M I T T A L 248 

Study of le p ra re acti on . A .  M U  K H E R J E E  a n d  s.  G H O S H  248 

..J Adreno-cort ical fu nct i on tests in l epra reac ti on .  S .  

B A L A K R I S H N A N ,  K .  R A M A N U J A M  and G .  R A M U 249 

Elect ron mic roscope s tudy af ery thema nodosum leprosum. s .  

O K A O A ,  E .  N A K A I ,  M .  N A R I T A ,  S .  T A K A H A S H I  a n d  N .  

H A R A O A  249 

Study af viabi l i ty af Myco. leprae fram mul t ip le  t issue b i apsies  of 
ten l eprasy patie n t s  using the mause Coot  pad te chn ique . P. V .  

B H A T T  and N .  H .  A N T I A 249 

Organ ized ne rve t issue cul t u res in fected w i th Mycobacterium leprae 

an d Mycobacterium lepraemuriu m. c .  F I L O E S 2 5 0  

Studies of  the mouse foot pad  techn ique for cu l t ivat ion of  
Mycobacterium leprae. 1 .  Fate  of  inoculated organ isms . L .  

L E V Y ,  N .  M O O N ,  L .  P .  M U R R A Y ,  S .  M .  O ' N E I L L ,  L .  E .  

G U S T A F S O N an d  M .  J .  E V A N S  2 5 0  

Expe ri men tal in fect ion of  the  Korean ch ipmllnk (Tamias sibiricus 

asiaticus, Gmel in) with Myco. leprae. 1 .  L E W ,  Y . T .  Y A N G  

an d w . s . P Y U N  2 5 0  

Leprosy . WLD H LTH STATIST. REP .  No .  1 2  2 5 1 
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C l i n ico-e p i d e m i o l ogical  s t u dy of leprosy in Calc u t t a .  Fol low-u p 

work a t  t h e  h ome s of the pat ients ,  and suggest ions  fo r con trol 

measure s .  S .  G .  S E A L and A .  G H O S E - H A Z R A  25 1 
Se rum choleste rol a n d  a lka li n e  phosphate in d iffe re n t  ty pes o f  

le prosy . K .  K .  K A PO O R a n d  s .  c .  G U P T A
' 252  

Histoid leprosy i n  No rth I n d i a .  L .  K .  B H U T A N I , T .  R .  B E D I .  Y .  K .  

M A L H O T R A ,  K .  C .  K A N D H A R I  a n d  M .  G .  D E O 252  
I n fe c tiv i ty  o f  "open" cases o f  lep rosy u n de r  t reatme n t .  

D H A R M E N D R A  2 5 2  
I m m une re sponse t o  Mycobacterium leprae : plaque-forming cel l s  i n 

mice . R .  G .  N A V A L K A R .  P .  J .  P A T E L .  R .  R .  D A L V I  and L .  

L E V Y  2 5 2  
Experimen tal  m u ri n e  l e p rosy . 3 .  Ea rl y  local  react ions t o  

Mycobacteriu m lepraemuriu m  in  C 3 H  a n d  C57/BL mice . The 
gross appearan ce an d mic roscopic fe a t u res o f  the local  

in fil t ra te  a fter  subcutan eous in oculat ion o f  C 3 H and C57/BL 
mice with Mycobac terium lepraemurium. o .  C L O S S  and o .  A .  

H A U G E N 2 5 3  

Recen t  advances i n  the i m m u nology o f  l e p rosy with special  re fe rence 
to  new ap proaches i n  immun oprophylaxis .  T.  G O D A L .  B .  

M Y R V A N G .  L - L .  S T A N F O R D  and D O R O T H Y  R .  S A M U E L . 3 1 1 

Some aspects o f the h is tory o f le p rosy . s .  G .  B R O W N E  3 1 1 

Psych o-socia l  aspects  of lep rosy . o .  W .  H A S S E L B  L A D  3 1 1 

Observat i o n  d'un cas de U p re tuberculoide nodulaire consécut ive à 
des scarifications ri tue l les .  (Report o f  a case of nodular  

tube rculoid le p rosy foUowing ri t u al scari fication ) .  M .  

N E B O U T  3 1 2  

I m m u n e  responsiveness to Mycobacterium leprae of heal thy  humans .  

B .  M Y R V A N G .  K .  N E G A S S I .  M .  L � F G R E N  a n d  T .  G O D A L  3 1 2  

Histocompatibi l i ty  an tigens (H L-A) in lep rosy . A .  D A S G U P T A .  

N .  K .  M E H R A .  S .  K .  G H E I  and M .  C .  V A I D Y A  3 1 2  

Effe c t  of b roxyquinol ine an d  �roxaldine in l eprosy .  c .  S .  G .  

S H A R M A  3 1 3  

Activ idad cancerige n a  de la diaminodife n ilsulfona (DDS) .
· 

(Carcin ogenic activity of diamin odipheny lsulphone (DDS)) . M .  

B E R G E L  3 1 3  

BCG vaccination o f  chi l d re n  against le p rosy : n ine-year  findings of  

the  control led  WHO t rial in Burma.  L .  M .  B E C H E L L I  ET A L  . 3 1 3  

(The re sul ts o f  paralJe l  investigation of  the content  of  x an t h u rene 

an d 5 -oxiindoly lace ti c  acids in the u rine of  patients with 

le p rosy ) .  N .  N . I V A N O V A  3 1 4  

I m m un oglobulin deposits in lepromatous leprosy ski n .  Presence o f  
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deposits in apparen tly un involved sk.in and occu rrence of 
se rum an tiepi the l ia l  an t ibodies .  F.  P .  Q U I S M O R I O , T. H .  

R E A ,  N .  E .  L E V A N and G .  1 .  F R I O U  3 1 4  

Microb iologie de la lepre comportement  et afFin ités t i nctoriales due 
bacille de Hansen dan s  les lésions lépreuses .  (Microbiology of  
le prosy . Beh aviou r  and stain ing propert ies of  Hansen's  baci l lus  
in leprosy lesions). 1 .  D E L V I L L E 3 1 4  

� The testis in mice infec ted  wi th  Mycobacterium leprae. R .  J .  w .  
R E E S ,  A .  C .  M c D O U G A L L  and A .  G .  M .  W E D D E L L  3 1 5  

Le dépistage systématique dans la lu tte con tre la maladie de Hansen : 
résultats obtenus  en Guadeloupe dans le secteur  de 
Gran de-Te rre . (Systematic case-finding in the leprosy 
campaign . Results obtained in Guade loupe , in the Gran d-Te rre 
sector) .  J .  M I L L A N  and Y .  L E  C O R R O L L E R  3 1 5  

Amyloid-related se ru m component  (prote in ASC) in lep rosy 
patien ts .  G .  K R O N V A L L , G .  H U S B Y ,  D .  S A M U E L ,  G .  

B J U N E  and H .  W H E A T E  3 1 6  

Lep rosy XI . Evaluation of thym us-derived lymphocytes by an 
an tihuman T-lymphocyte antiserum. S .  D .  L I M , 1 .  L .  

T O U R A I N E ,  M .  A .  S T O R K A N ,  Y .  S .  C H O I and R .  A .  G O O D  3 1 6  

Live r pathology in leprosy . s .  K A U R ,  R .  N .  C H A K R A V A R T I  and 
P .  L .  W A H I  3 1 6  

Hepatic les ions in lep rosy .  1 .  c .  G U P T A ,  D .  K .  G U P T A  and A .  K .  

G U P T A  3 1 6  

Environmen t  and carriage of hepat i t i s  B antigen  in leprosy . s .  S .  

K E L K A R ,  K .  B .  N I P H A D K A R ,  P .  M .  K H A R E  and M .  B .  

G H A R P U R A M  3 1 7  

Super infect ion in mice p reviously  infected wi th Mycobacterium 

leprae. L .  L E V Y  3 1 7  

Enhanced growth of  Myco. leprae in  the foot pads of  
thymectomized irracliated mice . C .  K .  J O B ,  C .  1 .  G .  C H A C K O ,  

R .  V E R G H E S E  an d S .  P A D A M  S I N G H  3 1 7  

Suscept ib i l i ty o f  thymectomized and irradiated mice to challenge 
with several organisms and the effec t  of dapsone on infec ti on  
with Mycobacteriu m leprae. L .  L E V Y ,  H .  N G ,  M .  1 .  E V A N S  

and 1 .  L .  K R A H E N B U H L  3 1 8  

Minimum inhib itory and bactericidal dosages o f  rifampic in against 
Mycobacterium leprae in  the mouse foot  pad : relat ionship to 
serum ri fampicin concentrations .  I .  B .  H O L M E S 318 

The activity of chaulmoogra acids agains t  Mycobacterium leprae. L .  

L E V Y  3 1 8  
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I n h ibi t i on o f  I l l u l t i p l icat ion o f  Mycobacterium leprae by severa l  

an ti t h y roid d ru gs .  L .  L E V Y a n d  N .  M .  U L L M A N N  3 1 9  

A l i g h t  and e lect ron mic roscopic study o f  pe ri p h e ra l  ne rves in an 

a r m ad i l l o  w i t h  disse minated lep rosy . M .  O .  Y O S H I Z U M I , 

w .  F .  K I R C H H E I M E R  and A .  K .  A S B U R Y  3 1 9  

Studies  of  Mycobacterium lepraemuriu m  in ce l l  c u l t u re .  I .  
Cont inuous  m u l t ip l icat ion in c u l t u re s  o f  m ouse foot pad cel l s .  

Y .  M A T S U O  3 1 9  

Acc u ra te meas u re me n t  and re co rdi ng o f  �Ian l a r  u lce rs ,  Th e .  J O H N G .  

G E A T E R  1 9 5 

Adve rse re ac t ions  fol lowi n g  p re gn ancy in p a t i e n ts w i t h  b o rde rl i n e  

(d i m o rp h o u s) le p rosy . P A T R I C I A  R O S E  a n d  C O L I N  M C D O U G A L L  1 09 
A frican j o u rn eys 2 1 3  

A H R E N S ,  T .  F . ,  P E T T I T ,  1 .  H .  S . ,  R I D L E Y ,  D .  S .  a n d  G L A U S ,  L U C I A . , 

M ul t i ce n tre contro l led  compara tive t ria l  o f  c lofazim ine an d dapsone 

in low dosages 2 8 7  

A L M E I D A  G O N Ç A L V E S ,  J .  C .  and C U S T Ó D IO , 1 . , Trea tme n t  o f  

Mitsuda-negative l e p rosy patien ts with  transfusions of whole b lood 

from M i tsuda-posit ive d o n o rs 1 5  

Analysis o f  some fie l d  activit ies  in a lep rosy cont rol  scheme in  Tanzan ia ,  

An .  J A N  D E  K E I J Z E R  7 3  

A N O E R S E  N ,  J O H S G . , Transve rse me tatarsal head resect ion-a radica l  

approach t o  the p roble m s  of fore foot ulceration 1 9 1  

Argentina Leprosy Society celeb rates its  20th ann ive rsary 70 

Autopsy findings in  a case of  le p romatous  lep rosy treated with 

c1ofazimine .  K .  v.  D E S I K A N ,  K .  R A M A N U J A M ,  G .  R A M U and s .  

B A L A K R I S H N A N  

Awards t o  lep rosy worke r 

B 

1 8 1  

3 0 5  

B A L A K R I S H N A N ,  S . ,  see D E S I K A N ,  K .  v .  1 8 1  

B A R T O N ,  R .  P .  E .  and H O G E R Z E I L ,  L .  M . , Lep romatous lep rosy in the 

nose a fte r one year o f  dapsone t reatmen t : cl inicaI and 

b acte ri ological findings 2 5 7  

Biopsies i n  leprosy . D .  J .  H A R M A N 1 25 

Book Review, T .  F . D A V E Y  24 1 

- ,  E R N E S T  P .  F R I T S C H I  89 
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B R O W N E , S.  G .  Ed i tori a l .  Bo rst e l  J 9 74- t he c h c m o t h e rapy o f  lep rosy 

today and t o m o rr ow 1 0 1  

1 3 5 - , Le tter  to t h e  Ed i tor  

c 

Case re por t -ca l c i ficat ion o f  t h e  u l n a r  n e rve in l e p rosy . B .  P .  B .  E L L I S  2 9 7  

C H A C K O ,  c .  J .  G . , see J O B ,  c .  K .  39 

C O N N O R ,  D A N I E L  H . , see  M E Y E R S , W A Y N E  M .  2 1  

C U S  T Ó D 10 , J . ,  see A L M E IO A C O  N ç A L V E S ,  1 .  C .  I 5 

o 

Da mien - DlItton  Award , 1 9 74 70 

D A T E , A . , see J O H N Y , K . Y . 29 
D A V E Y , T .  F . ,  Book Review 24 1 

- ,  Edi torial .  Com m on fea tll res in ra pi d l y  decli n i n g  l e p rosy epidemics  5 

D E S I K A N ,  K . V . , R A M A N U J A M ,  K . ,  R A M U ,  G .  a n d  B A L A K R I S H J'l A N ,  

S . ,  AlI t opsy fi n d i ngs in a case o f  le promatous lep rosy t reated w i t h  

c 10fazimine 1 8 1  

D ' H O O G H I E ,  P .  J .  a n d  H E N D R I C K X ,  E . ,  Treatme n t  of  p lantar  ulcers  

with spl i t  skin graft s :  a s implified me thod 1 1 9 

Diagnosis o f  lep rosy : c l in icai an d b acte ri ological , The . C O  L I N  

M c D O U G A L L  7 9  

Disp osi t ion  o f  sll l fllxone an d solasll l fone i n  lep rpsy pat ients , The . 1 .  H .  

P E T E R S ,  J .  F .  M U R R A Y ,  J R ,  G .  R .  G O R D O N  a n d  R .  R .  

J A C O B S O N  1 7 1  

E 

Edi t o rials : 

Com m on fe a t u re s  in rapidly declining leprosy epidemics 5 

Borstel  1 97 4-the chemotherapy o f  leprosy today an d tomorrow 1 0 1  

The t re atmen t o f  tuberc ulosis and lep rosy 1 49 

Do tlies t ransmit lep rosy? 2 5 6  

ELEP becomes I LEP 303 
E L L A R D ,  G .  A . ,  Ed i t o rial .  The t reatme n t  o f  t u be rculosis and le prosy 1 49 



I N DE X  1 1  

- ,  C o m me n t  2 3 6  
E L L l S ,  B . P .  B . ,  Case re p o rt- ca lc i fi ca ti on o f  th e u l n a r  n e rve in  l e p rosy 29 7  

F 

F ly  as po te n t i a l ve c t o r  in t h e  t ran smiss ion of l ep rosy , The . J o H N G . 
G E A T E R  

f' R I T S C H I , E R N E S T  P .  Book Re view 

G 

Gan d h i  M e m o ria l  Lep rosy Foundat ion 

G E A T E R ,  J O H N  G . , The accu rate meas u re m e n t  an d re cording of p lan t a r 

279 

89 

2 1 5  

ulce rs 1 9 5  

- ,  The fl y  as poten t i a l vector  i n  t h e  t ransmission o f  l e p rosy 279 

G L A U S,  L U C I A see 287 

G l omerulonephr i t i s  in  le p rosy -a percutaneous re na l  b iopsy study.  K .  V .  

J O H N Y ,  A .  B .  A .  K A R A T ,  P .  S .  S .  R A O an d  A .  D A T E  29 

G O R D O N ,  G .  R . , see P E T E R S ,  J .  H .  1 7 1  

Greece , lep rosy i n  2 1 3  

G R I F F I T H S ,  w .  A .  D . ,  Le t te r  to  the  Edi tor 2 3 8  

H 

H A I D A R ,  A .  A . ,  Leprosy in the Sudan .  Geographical  dis t rib u tion an d 

p re valence 

H A R M A N ,  D .  J . ,  Biopsies in lep rosy 

- , Comment 

H E N D R I C K X ,  E . ,  s e e  D ' H O O G H E ,  P .  J .  

H I R S T ,  R .  A . ,  see W R I G H T ,  D .  J .  M .  

H O G E R Z E I L ,  L .  M . , see B A R T O N ,  R .  P .  E .  

Hon o u rs for l e p rosy worke r 

2 1 9  

1 2 5 

3 1 0  

1 1 9 

1 5 7 

2 5 7  

3 0 5  
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l mm un o l ogy o r  Lep rosy Proje ct Grol lp ( I M M LEP) 

In M e m oria m .  A r t h ur R u scoe Dav iso n  

I n d ian Associ a ti on o f  Lep ro logist s  Se m i n a r  o n  Le prosy 1 9 74 

I n t e rn a t i o n a l  Con gre ss of  Derm at o l ogy , XV 

League o f  De r m a t o logi cal Socie t ies  

Socie t y o f  Pae d i a t ric  Derm a t ology 

J 

7 0  

2 1 7  

1 2 3 

2 1 4 

304 

304 

J A C O B S O N ,  R .  R . ,  see P E T E R S ,  1 .  H .  1 7 1  

J O  B ,  C .  K . ,  C H A C K O ,  C .  1 .  G . ,  V E R G  H E S E ,  R .  and P A D A M  S I N G  H ,  S .  

Le proma o f  the mo use foot 39 

J O H N Y ,  K .  V . , K A R A T ,  A .  [lo  A . ,  R A O ,  P .  S .  S .  an d  D A T E ,  A .  
G lo me ru l oneph ri t i s  i n  l e p rosy-a perc ll taneous ren al b iopsy stlldy 29 

K 

K A R A T ,  A . B . A . , see J O H N Y , K . V .  29 

Karigi ri Tra i n ing Programme 7 1  

K E l J Z E R ,  J A N  D E , An ana1ysis  of  some fie1d activi ties i n  a lep rosy 

control scheme in Tanzan ia 73 

LEPRA a n n ual re port 1 97 5  

- film w i n s  award 

L 

Lep roma of the mouse foo t .  C .  K .  J O B ,  C .  J .  G .  C H A C K O ,  R .  

V E R G H E S E  and S .  P A D A M  S I N G H  

Le promatolls lep rosy i n  the n ose after one year  o f  dapsone t reatme n t : 

c l inical and bacte riological fm din gs .  R .  P .  E .  B A R T O N  and L .  M .  

H O G E R Z E I L  

i n  the nose 'after  one year  o r  dapsone t re atme n t :  histopathological 

findin gs .  A .  C .  M c D O U G A L L ,  A .  G .  M .  W E D D E L L  and R .  1 .  W .  

R E E S  

307 

1 24 

39 

2 5 7  

267 
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Leprosy R eview i n  1 97 5  

Le p rosy M iss ion Cen lenary A n n u a l  Reporl 

Le prosy sel l l inars in t h e  South  Pac i fic  

" Le seco urs  a ux Lé p re u x  (Can ada) I n c" 

Le tte rs t o  the Edi to r 
J .  c .  P E D L E Y 

C O L l N M c D O U G A L L  

s .  G .  B R O W N  E 

G R A C E  W A R  R E N  

R O Y  E .  P F A L T Z G R A F F  

W .  A .  D .  G R I F F I T H S  

D .  S .  R ID L E Y  a n d  M .  J .  R ID L E Y  

M 

1 3  

69 

307 

70 

2 1 5  

87 

88 

1 3 5 

1 3 6 

2 3 5  

2 3 8  

309 

M c D O U G A L L , A .  C . ,  Lep rosy in  the Sud an 222 

-- , The d iagn osis or lep rosy : c l i n icai and b acteri ological 7 9  

- - ,  see R O S E ,  P A  T R  I C I A  1 09 

M c D O U G A L L ,  A . c . . W E D D E L L ,  A .  G .  M .  and R E E S ,  R .  J .  w .  
Le prolllatous  leprosy i n  the n ose after  one year o f  dapsone 

treat llle n t : h is topathol ogical findings . 267 

M E Y E R S , W A Y N E  M .  and C O N N O R ,  D A N I E L  H . , Mycobacterium 

ulcerans infect ions  in le p rosy pat ients  2 1  

M u l t ice n t re cont rolled cOlllpara t ive t ri al of  c1 0 fazi llline and d apsone in  low 

d osages .  T. F.  A H R E N S ,  J . H .  S .  P E T T I T ,  D .  S .  R I D L E Y  and 
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