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Obi t u a ry 

Or Emest M u ir, the doyen of Bri tish leprologists, d ied on I Nove mber, 1 974 after 
a long period of increasing weakness and fa i l ing sight. He was 94.  

Emest M u ir was bom in Ban ffshi re on 1 7  J une ,  1 8 80 ,  a son of the manse .  He 
was ed ucated at Watson's  Col lege , Ed inburgh , and at the Ed inburgh M edicaI 
School , q ual ifying in 1 90 3 .  Within a few months, he was worki ng as a med icaI 
missio nary in  Tiberias, Syria, under the auspi ces of the Ed inburgh M edicaI 
M i ssion ary Association . He passed the clin icaI part of the Ed inburgh M .0. while 
on leave in  1 90 5 ,  and completed his doctorate 5 years later with a thesis on 
Kala-azar, prepared wh ile he was a missionary in  Benga l .  I n  add i t ion to other 
duties,  he assumed responsibi l i ty for the care of leprosy sufferers, l i t t le imag in ing 
at the time that this would be the introd uction to his l i fe's work. 

On leave in 1 9 1 4 , he passed the examinations for the Edinburgh F .R.C. S . ,  no 
mean feat for a busy physician . Back i n  I ndia ,  he showed himself  a most 
competent  doctor, wi th broad interests and a humane , kindly approach to ali 
sorts and conditions of mano When,  in 1 9 20, Sir Leonard Rogers invited him to 
become Head of the Leprosy Section of the newly-opened School of Tropi cal 
Medicine in Calcutta,  Muir responded to the challenge, and began a career that 
was to m ake a lasting impression on the leprosy problem in India and indeed the 
world . M odestly ,  and with q uiet determination , M uir ini tiated research into the 
preparation of derivatives of chaulmoogra oil, and into more productive fields of 
animal e xperimentation and histopathology . H is department attracted many 
outstanding Indian doctors who later contributed much to leprosy research . 

He was examiner in Tropical Medicine in Calcutta for many years, and from 
1 93 3  to 1 93 5  was Professor of Tropical Medicine.  For his services to India,  he was 
awarded the K . I. H .  gold medal and bar, and was appointed C .I. E .  

H i s  connection wi th the B ritish Leprosy Relief  Association dates from 1 924,  
when he interested the Viceroy, Lord Reading, in  the problem of leprosy in Ind ia, 
and advised the Indian Council of BELRA on the policy i t  should adopt in  the 
disposition of the funds becoming available . On his retirement from active clinicaI 
work in 1 93 5 ,  he became Secretary, and subsequently MedicaI Secretary of 
BELRA with Editorial responsibility for Leprosy Review. In this capacity , he 
travelled to West Africa and then to the Caribbean, where he was for a time 
Medicai Superintendent of the Chacachacare Leprosy Institution in Trinidad . 
Further j oumeys followed , during which he lectured and advised governments of 
many countries. One of his most  notable initiatives during this  period was the 
founding of the BELRA Research Unit at Uzuakoli ,  Nigeria, with the first 
objective of investigating the practicability of oral dapsone in leprosy treatment .  
On his  return from the Caribbean, Mu ir was appointed C . M .G .  

A founder-member of the  Internationa1 Leprosy Association in M anil la ,  1 93 1 ,  
he was for many years its Secretary-Treasurer, and was Secretary-General of the 
International Congresses in Cairo ( 1 93 8 )  and Havana ( 1 948) ,  and an Honorary 



2 OnITUA R Y  

Vice-President .  A carefu l  investigator and writer, Muir wilI  be remembered 
particularly for his work on diasone and dapsone .  He strove to keep abreast of 
research in leprosy, and contributed a thoughtful  paper on "Lepra reaction and 
the general adaptation syndrome" to Leprosy Review when he was 82 years old . 

He was Vice-President of The Leprosy Mission . Between 1 949 and 1 95 1 , and 
again in 1 9 6 1  he worked on &pe cial assignments for the M ission at Purulia, West 
Bengal .  The Mission honoured him at a party organized to celebrate his 90th 
birthday . • 
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Throughout h i s  long l ire ,  Ernest M u i r  was actuated and ani mated by his deep 
Ch rist ian convict ions .  H is kindly smile and ge nu ine friendl iness broke through the 
barriers of race and culture .  Wherever  he went, and whatever he d id ,  he was a 
gracious and sympathet ic  doctor, combi n i ng a keen i nteIlect with deep 
compassion for the leprosy sufferer .  

S. G .  BROWNE 

Dr Ernest M u ir ,  the doye n of leprologists and a saint  among men , has passed away 
in London at the venerable age of 94.  His long l ire was a saga of service and 
sacri fice and "incessant toil unsevered from tranqu i l l i ty".  To infin i te  compassion 
he  un i ted boundless scient ific  curiosi ty and advanced knowledge in leprosy as well  
as promoting ki ndness and fel low-feel ing towards leprosy patients.  He had the 

unique privilege of working in  the d ark nigh t  of leprosy for the coming of the 

dawn , and also to work in the bright days of better d rugs, better k nowledge and 

improved ou tlook. Indeed,  he  was one of the great early pioneers who saw frui ts 
of their  work. 

A fter working as a medicaI missionary in the Purulia Leprosy Home , he worked 
in coIlaboration with Sir Leonard Rogers in leprosy research at the Calcutta 
School of Tropical Medicine .  As M edicaI Adviser of the Leprosy Mission and the 
British Leprosy Relief Association, he shaped enlightened policies. He was the 
Secretary of the International Leprosy Association , though he never aspired to be  
i ts  President .  

We in India owe him an immense debt ,  especially for his outl ining forward 
policies of leprosy control  through his well-known method of P .T.S. ( Propaganda, 
Treatment and Survey), which he propounded in the d ismal days of asylums when 
no one though t  of controll ing leprosy by planned work in  villages .  

I n  1 95 0  Dr Muir presided over the Third Al i  I ndia Leprosy Workers' 
Con ference in Madras and his moving words still ring in  my ears: "There is no 
.section of the community which deserves by right more though tfu l  care and 
consideration than those afflicted with leprosy ; and , n ow that we have 
knowledge, i f  this care and considerat ion are withheld , j udgement will  surely fali 
upon those responsib le" .  

T .  N .  Jagadisan , 
Honorary Secretary. 

Hind Kusht Nivaran Sangh . 
Madras 





Ed ito ri al 

COMMON FEATURES I N  RAPIDLY DECLlNING LEPROSY EPIDEMICS 

Many leprosy workers devote years of their l ives to their chosen profession 
without seeing any marked change in the amount of leprosy around them . To the 
fortunate few is given the privilege of witnessing a progressive decline in the 
prevalence of active leprosy, ·which,  beginning a lmost tenta tively, gains in 
momentum year by year, and in a comparatively sh ort time becomes 
unmistakable and even massive .  In this Number of the Review, Dr J. N .  
Rod riguez, doyen o r  Phil ippine leprologists ,  describes such a n  experience i n  the 
island of Cebu .  

The Philippines Republic was particularly blessed in  the earl ier years o f  this 
century in having a government prepared to spend considerable sums on leprosy 
control ,  and a succession of d istinguished leprologists notable for their careful 
field work . The findings they report are in the highest degree t rustworthy, and are 
brietly as fol lows . During the period '1'105 to 1 9 5 5  a very substantial decline 
occurred in the prevalence of leprosy in Lebu .  Between 1 920 and 1 940, in an area 
under intensive observation ,  the incidence of lepromatous leprosy declined by 
60% . Although at first the incidence of non-Iepromatous leprosy increased ,  later it 
also d eclined , and between the years 1 93 0  and 1 95 5  the total recorded number of 
people wi th active leprosy fe l l  from 5 290 to 2882 ,  a fal i  of 46% in  25  years. 
Sulphone treatment became routine in 1 95 5 .  

This is o f  course not an isolated phenomenon . Other examples from the 
pre-sulphone era include Norway ( Lie ,  1 929) ,  Nauru ( B ray 1 93 0 ;  Wade and 
Ledowsky, 1 9 5 2 )  and E .  N igeria ( Davey et ai., 1 95 6 ;  Davey, 1 9 5 7 ) .  Thailand , 
Khon K aen Province, is a more recent example .  The first stage in the process, 
namely the decline in  incidence of lepromatous l eprosy, i s  now a feature of 
several modern leprosy control programmes. A comparison between the s i tuations 
prevailing in the various areas where this phenomenon has occurred immediately 
reveals that while there is no single pattern common to them al i ,  there are 
important common features. 

The most important question posed by such events is how far they can be 
attributed to the natural course of leprosy in the situations concerned ,  and how 
far human intervention played some part. Epidemics rise and fal i ,  some times 
rapidly, sometimes slowly ,  as the result of the complex interplay of many factors 
in a dynamic constantly changing situation .  The d isappearance or attenuation of 
the infecting agent, the development of resistance to i t ,  whether a ttained thrqugh 
genetic intluences or acquired by repeated contact with i t ,  ali these are part of the 
picture .  

Some attenuation of the  bacillus has  been suggested as a possible explanation 
for the burning out of leprosy infection after many years even in patients with 
lepromatous type leprosy . Even if  true , this could not account  for rapid change in 
the course of the disease in the community. Of  greater relevance is the possibility 
of differences in pathogenicity between one strain of Myco. leprae and another, 
with short lived epidemics caused by a mild strain .  In this issue,  Job et ai. offer 
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evi-dence of a d i fference in pathogen ic i ty  in the mouse between one strain of the 
baci l lus and oth ers in  I nd ia .  H i therto ,  stra ins of Myco. leprae from d i fferen t  parts 
of the world have produced s imi lar pathogenic  effects in mice .  While not  
ignoring the possibi l i ty,  i t  does not  seem l ikely that  attenuated s trains of the  
baci l lus can  account  for rapi d ly declin ing  e pidemics i n  places as far apart a s  
Northern Europe ,  Wes t  Africa ,  S .E. Asia and  Ocean ia .  

Natural resistance involves genet ic  factors .  Molesworth ( 1 933) i n  a detailed 
study of natural select ion in  leprosy considers this an im portant  influen ce, but 
on ly opera t ive through succeed ing generations .  It could not  account  for m ajor 
changes w i th in  the span of 25 years. 

When considering the development  of acqu i red resi stance, and in particular the 
infl uence of tuberculosis, w� are on much more solid ground .  The prevalence of 
leprosy in  al i  the areas q uoted was wel l  above the threshold a t  w h i ch exposure to 
Myco. leprae by the whole populat ion i s  possible .  Wh ile i n i t ia l  ex posure could 
account  for the h igh suscept ib i l i ty  of all age groups, the re lat ive frequency of 
indeterllli nate and maculo-a naesthet ic  types of leprosy , and the i n freq uency of 
polar  forllls ,  repeated e xposure would tend to encourage self-heal ing a nd a shift 
towards the  tuberculoid end of the spectrulll. The cl inical leprosy seen in Nauru ,  
Cebu and  E .  Nige ria would a l l  suggest an earl y phase i n  the  ep idemic rather than a 
late stage , w i th in creasi ng polarisat ion and fewer cl inicaI cases as the epidemic  
decli ned ,  the  who le  process of rise and  faH condensed i n to a relatively short 
period . 

Dur ing  the period under review, the Ph i l ippines was experiencing a massive 
epidelllic of t ubercu losis .  Canzares (1948) gives the death rate from tuberculosis 
before the 1941-45 war as 230 per 1 00 ,000 populat ion,  and est illlated that in 
1948 no fewer than 5 00 ,000 out of a populat ion of 18 mil lions had active 
tuberculosis .  It must be presumed that a very high proportion of the population 
of Ce bu was exposed to Myco. tuberculosis, that those unable to develop 
resistance to i t  d ied of i t ,  and alllong the remainder i t  is  at  least probable tha t  
tuberculin sensi t ivity gave enhanced p rotection against Myco. leprae, thus 
provid ing an  importan t  elemen t  in the decline of the disease . Where Norway is 
concerned it  is i nconceivable that a disease so prevalent  in  N . W .  Europe had 
passed Norway by, especially with Bergen being one of the cities of the Hanseatic 
League . The influence of tuberculosis could also have been considerable there. I 
have not  been able to find data relating to tuberculosis i n  Nauru , but the pattem 
of leprosy there does not  favour heavy involvement  with tuberculosis ( Leiker , 
1 960) .  In Nigeria however, a tuberculin and lep.romin  survey of an area where 
leprosy had been under close observation for 15 years gave in 1955 an adul t  
plateau levei for 1 0TU tuberculin of 65%, a figure not consistent with any long 
ex perience of tuberculosis, and indeed clinicai tuberculosis was still a rare disease 
at that time (Davey et aI., 1958). Where the interplay of tuberculosis and leprosy 
is con cemed , we need to remember that whereas both diseases spread along trade 
routes, i t  is possible to have very heavy involvement of tuberculosis along such 
routes with negligible  involvement in static rural communities q uite nearby.  If 
tuberculosis is a factor in the decline of leprosy in such cOlllmunities, i ts 
introduction there and a consequent high incidence must  first have taken place. 
Tuberculosis is an important but  inconstant factor in this story . 

Reference is appropriate at this point to malnutrition and debility . Lie relates 
apparent periodic i ncreases in the prevalence of leprosy in  Norway to periods of 
economic h ardship .  Rodriguez on the ?ther hand quotes the e xample of a locality 
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under c10se observation wh ere serious economic hardship had no observable e ffec t  
on the prevalence of l e prosy . When i t  is  recal led that  the  period with wh ich we are 
concerned included both the economic stri ngency of the 1 93 0's and the 
disastrous war years,  i t  would appear that i n  the Ph i l ippines as in many other  
places there was no d i rect l ink between leprosy and economic deprivation. 

Turning to h uman interven tion in  the leprosy ep idemic ,  in  the year 1 907 
legislat ion carne into force i n  the Ph i l ippines provid ing for the com pulsory 
isolation of people with mul t ibaci l late types of leprosy in the island of Cul ion . A t  
o n e  t i m e  7000 pat ients were i solated there . Throughout t h e  period under  
considerat ion we have to e nvisage the s teady removal from the island of Cebu of 
people wh o were a source of leprosy infection to others, and this is one obvious 
explanation for the decline in leprosy observed . I n  Nauru ,  although 90% of 
patients were c1ass ified as suffering from leprosy of maculo-anaesthet ic  type ,  no 
less than 1 89 out of 368 pat ients were c1assi fied as i n fective and isola ted. 
Isolation was thus in tensive, and i ncluded al i  patients l iable to degenerate towards  
the lepromatous end  of the  spectru m. Compulsory isola tion i s  by  general consen t  
an  ine fficien t  method of leprosy control ,  no t  only beca use compulsion encourages 
concealment ,  but  beca use early lepromatous cases are l iable to be d i scharging 
large numbers of viable Myco. leprae from their noses in to  the environment  long 
before the disease is sufficiently obvious to bring them wi thin the legal ne t .  A 
unique element nevertheless arises i n  the areas of leprosy decline which concern 
uso In the Philippines, patients obviously Iiked l iving at Culion . The small size of 
Nauru made the oversigh t of isola tion there a simple problem . I n  Nigeria ,  a much 
more l iberal system made the isolation of the same types of patient a matte r  of 
public opinion and personal choice, but there these methods worked ,  and almost 
ali open cases vol untari ly isolated themselves. In  Norway ,  although only 1 0% of 
patients were i solated in  hospitaIs,  the principIes of home isolat ion were 
effectively appl ied,  according to Lie ( 1 929) .  We have here the first thread b ind ing 
ali these examples toge ther. 

Was treatment  a factor? In  Norway i t  certainly was not ,  but  in  Cebu , Nauru 
and E .  Nigeria a high proportion of ali patients received treatment  w i th 
chaulmoogra or hydnocarpus oil or their derivatives. In my experience in Nigeria ,  
hydnocarpus o i l  had Iittle effect in  established lepromatous leprosy , but i t  was  the  
general consensus of opinion among leprologists in those days that  hydnocarpus 
oi! did have some effect in  encouraging resolut ion , and so prevent ing som e 
indeterminate and early borderline cases from degenerating in to the lepromatous 
type.  This was certainly the opinion of Rodriguez and of leprologists in Nauru . 

In my judgement ,  the chief  virtue of hydnocarpus oil lay in a different  
d irection . At a t ime when Westem medicine was  being appreciated for the  first 
t ime , in particular forms of treatment by inj ection , hydnocarpus oil popularized 
leprosy treatment,  and encouraged patients to come forward in  large numbers in 
the early stages of their disease . 

This leads us immediately to what I believe is the second thread I inking these 
events, and one rarely given the significance i t  merits. In  every example quoted we 
have a situation where ignorance and prejudice were replaced by reason,  and in 
the atmosphere of cooperation so generated, patients feU able to come forwa rd 
without fear and cooperate on a large scale in the measures provided .  Lie regards 
this factor as of great importance in Norway, though there i t  was the 
understanding of the infectivity of leprosy which replaced the concep t that 
leprosy was non-infectious. In  Nauru the entire population was examined at 
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monthly intervals. Excellent cooperat ion was given in Nigeria and in  areas under 
close observation in  the Phi l ippi nes. 

Nowhere did an informed leprosy consciousness come by accident .  lt had to be 
won by sustained intensive effort ,  as Rodriguez ind icates. 

The lesson for us is  obvious. While acknowledging fully the im portance of 
immunological factors wh ich operate qui te  apart from leprosy control measures , 
there are two common threads l inking together the e xamples q uoted of a rapid 
decline i n  leprosy i n  pre-sulphone days, both derived fram human i n tervent ion . 
The first is the i solation of i n fective and potent ially i nfective cases, the second a 
successful cam paign of publ ic education . Both have their modem counterparts. 
Sulphone therapy,  by i ts  speedy action on infection of the nose and throat has 
largely replaced i solation as an e ffective means of removing from publ ic 
circulation large numbers of v iable Myco. leprae. The other determ ining factor, 
the large scale cooperation of public and patients al ike is as relevant as ever i t  was, 
and as in  the past , i t  sti l l  has to be won .  The maximal extension of sulphone 
treatmen t ,  and a skil led sustained campaign of leprosy ed ucation are priori ties for 
us al I .  
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T h e  Trend of Leprosy 
in Cebu P rovince, P h il ippines 

J OS E  N .  ROD RIG UEZ* 

Ph ilippine Division. A m erican Leprosy Foundation 
(Leonard Wood Memorial) 

( I ) Al t hough covering d ifferent periods of t ime a nd d ifferent sections of the 
population. four st udies are presented which establish the fact that  theré had been a 
downward t rend of leprosy. at least of the lepromatous type. in the Province of 
Ceb u ,  Philippines. (2) This decline occurred d u ring a period when the 
adm inistra tive proced ures for the control of leprosy consisted of compulsory 
segregation of bacteriological ly positive cases and the out-patient treatment of 
pausibacillary cases at skin clinics. Moreover, the  downwa rd slope occurred d uring 
the pre-sulphone era. (3) Possible ca uses of the decline of leprosy in this Province 
are d iscussed . 

From the time of the Spanish regime,  it was common knowledge in the 
Philippines that the Province and Island of Cebu had the largest number of 
leprosy cases in the country .  In fact there is historical reference to a large hospital 
for sufferers from leprosy built in 1 8 54  by Bishop Romualdo Jimeno at the 
Carreta District ,  Cebu City , with the obj ect of saving leprosy sufferers from 
begging in the streets. In a rapid survey made in 1 896 ,  the M edico-titu lar of the 
Province, Dr Rogel Lebres reported finding 426 cases in  the city itself and 
estimated that there must have been more than 2000 leprosy sufferers in the 
Province at  the time his survey was made.  

The first attempt  to determine the trend line of leprosy in Cebu was made by 
Rodriguez in 1 936 ,  using the method of least squ ares and based on the 
number of cases discovered annually from 1 904 to 1 934.  The yearly number of 
discovered cases showed an insignificant downward trend (a = 222 : 8 ;  b = 1 .40) .  

In 1 947 ,  Doull  et ai. published an article in  which they made use of historical 
inquiry as a method of estimating the trend of leprosy . The data which they used 
were collected from intensive surveys done in the towns of Cordova and Talisay, 
Province of Cebu ,  and which had served as the basis of a number of previous 
epidemiological stud ies. A detailed history was obtained for every household 
studied, in  some cases going back to the last few years of the preceeding century. 
Diligent  efforts were made to include ali births and deaths and ali entrances into 
and departures from the household .  At the same tim e ,  intensive inquiries were 
made as to the existence of leprosy in  every individual in  these two towns. 
Records on 3 024 families were available, which included those of 21 ,791 
individuais, varying in age from newly bom infants to people more than 80 years 
of age . At the same time , ali the living persons with leprosy were questioned , their 

* Formerly Director of  Disease Control ,  Department of  Hea1th , Republic of  the Philippines. 

Received for p ublication 22 August , 1 974.  
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records in the leprosaria or skin c1inics we�e analysed , and details about the 
history of the disease were obtained d i rectly from members of the household and 
other observing persons in the n

·
eighbourhood. Biopsy specimens from early 

bacteriologically nega tive cases were secured and sent to Dr H. W. Wade at Culion,  
for confirmation of the diagnosis. 

During the period covered by this study ,  402 cases of leprosy had occurred in 
these families .  The data thus obtained permi tted the use for the first time of a 
modified l ife-table method of analysis to determine the attack rate of the d isease . 

The authors arbitrari ly d ivided the period of observation before and after 
I J anuary ,  1 9 1 5 , care being taken to select two groups of individuaIs in such a 
manner that the expe rience of the groups was mutually exclusive and l imited to 
the same number of years. I t  was found that when the two periods,  each covering 
a l ife-experience of 25 years,  were com pared , there was evidence of a downward 
trend as far as the incidence of the lepromatous type was concerned , the ratio of 
incidence rate for the earlier period to that of the latter being 2.0 : I for m ales 
and 2.4 : I for females. 

The downward trend of the lepromatous type thus revealed by h istorical or 
retrospective method was subsequent\y confirmed on the basis of an actual study 
of cases undertaken in 1 9 54 by Guinto et ai. This study compared the prevalence 
and incidence rates of leprosy in the population of both towns and the attack 
rates in  the household associates observed during the period between the initial 
and final surveys. 

The combined prevalence for the lepromatous type at the preliminary survey 
averaged 1 1 .6  per thousand of the enumerated population, while the prevalence 
rate as revealed by the final survey was 5 . 4  per thousand . On the other hand , the 
corresponding prevalence rate of the non-Iepromatous types were 7 . 7  in the initial 
survey and 1 3 . 1  in  the final survey . There was therefore a marked downward 
trend of the lepromatous type accompanied , by however, almost as m arked an 
increase in the prevalence rates for the non-Iepromatous type. This latter finding 
was viewed with concern by some leprologists who believed that a rise in the 
prevalence of the tuberculoid type may be the precursor to a serious increase later 
in the lepromatous type. Subsequent  observations have established the fact that 
such fears were unfounded. As a matter of fact,  there followed a decrease in  the 
prevalence of the non-Iepromatous cases .  

Based on their data, the authors estimated also that during the two decades,  
between 1 920 to 1 940, the attack rate among the lepromatous type cases 
declined at an average of approxima tely 3% annually , representing a decrease of  
the  lepromatous type of 60% during the  20  year period . 

In order to obtain data for the entire Province of Cebu,  Rodriguez ( 1 962)  
investigated the  number of admissions (excluding re-admissions) of  lepromatous 
cases from Cebu Province to all the leprosaria in the Philippines between 1 907 
and 195 5 ,  together with registered unsegregated cases found in Cebu from 1 904 to 
1 906,  and utilising the information already gained by Guinto et ai. for Cordova 
and Talisay as a control . 

During the first 26 year period , from 1 904 to 1 929,  inclusive, there were 5 290 
recorded cases,  compared to a total of 2882 recorded during the fol lowing 26  
years ( from 1 93 0  to  1 95 5 )  representing a reduction of  about 46% during the 
latter 26 years, or a little less than 2% decrease per year. This i s  quite compatible 

with the 3% y early reduction reported by Guinto et ai. for Cordova and Talisay 
from 1 920 to 1 940. 
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Discussion 

The four separate studies ( Doull et aI., 1 947 ; Guinto et aI. , 1 954; Rodriguez, 
1936 ,  1 962)  which investigated the trend of leprosy in the Province of Cebu 
covered a period of half a cen tury,  from 1 904 to 1 9 5 5 .  

Starting from 1 907 , the administrative policy o f  the government regarding 
leprosy control consisted of "the apprehension , detention and segregation of 
bacteriologicalIy posi tive lepers in the Culion Leper Colony ".  A modification of 
this Draconian measure was introduced in  1 930 with the establishment of 8 
regional leprosaria, officialIy called sanitaria, nearer to the homes of the patients, 
so that they could be visi ted frequent1y by their relatives and friends. The first 
local sanitarium was the Eastem Visayas Treatment Station , which later became 
the Eversley Childs Sanitarium built  near Cebu City.  

In 1 9 5 2 ,  fol Iowing favourable results of trials with sulphone drugs in the 
leprosaria and skin clinics, Republic Act 753  was passed by Co ngress l iberalizing 
the com pulsory segregation law, to the extent of permi tting home isolation of 
bacteriologically positive cases and consent ing to their treatment by private 
physicians under certain condit ions prescribed by the health authorities. The 
resuIt  of this step was rather unexpected . Very few patients already in the 
leprosaria applied for home isolation, perhaps foreseeing the socio-economic 
problems they would have to face in the  outside world ,  and therefore preferring 
the securi ty , assurance of medicai care and food provided for them in the 
leprosaria .  Moreover, there were only a few new cases who preferred isolation in 
their own homes to hospi talization in the leprosaria. Compulsory segregation was 
not abolished in the Philippines unti! 1 964 with the enactment of Republic Act 
4073 by Congress o 

Thus during the entire period when leprosy was observed to show a decline in  
Cebu Province, the  method of control employed by the  government was  that  of 
the compulsory segregation of bacteriological positive cases either in leprosaria or 
in their homes, together with treatment  of paucibacillary cases in stationary and 
mobile skin c1inics. 

Coincident  with alI these efforts to liberalize the segregation laws and to 
ameliorate the condi tion of the patients, an intensive educational campaign was 
undertaken using ali media of comm unication , so as to inform the public about 
the true nature of the d isease inc1uding its  early manifestations and the necessi ty 
for early treatment .  This led to voluntary presentation of many cases, inc1uding 
heavily baciUated ones, thus lessening to some extent the danger of public 
exposure to infective cases. ludging from this experience , i t  is fel t  that  no leprosy 
con trol attempt can succeed without a welI-planned enthusiastic and persistent 
educational programme to enlist public support. 

As regards the treatment of leprosy employed in  the Philippines during the 
period covered by these studies, the so-called Mercado mixture which contained 
chaulmoogra Gil was injected to those who asked for i t .  During a period of 20 
years ( 1 922- 1 942) the standard anti-Ieprosy treatment consisted of  systematic 
intramuscular and/or intradermal injections of improved chaulmoogra formulas,  
particularly the Iodized ethyl esters of H. wightiana oi! (WEI) .  

Some authorities may view the results of chaulmoogra preparation with 
scepticism, but there can be no question as to the accuracy of the clinicai and 
bacteriological examinations which were undertaken by a local "Nega tive 
Committee" in each leprosarium whose findings were reviewed in turn by a 
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mobi le  National  Disposal Commi ttee. No negat ive case was released lIn l ess it  
remai ned con tinllollsly nega tive for 2 years. However, re-exami nation of small  
sample groups of such re leased negatives showed a high re lapse rate of about 40% 
in 5 years. 

No ex planation can be given regard i ng this apparent  resu lt of chaulm oogra 
treatmen t in the Phil i ppi nes duri ng the period stud ied . I t  may be suspected that  a 
consid erable number of "open" cases ad mi tted to the leprosaria at th at  t ime were 
probably Borderl ine  and reacting Tuberculoid cases which accord ing to the 
experience of many leprologists could ei ther subside spon taneously or respond 
favourably to chaulm oogra treatment .  The proportion of such cases was probably 
not high, especia l ly  during the second hal f  of the period under review , because 
Fil ipi n o  leprologists became fami l iar wi th the di agnosis of such cases through the 
investigations i n  Cebu of Rbd riguez and Wade , whose results were pllb l i shed i n  a 
series of articles in the Inierna tional Journal Df L eprosy between 1935 and 1940. 

A fter the termination of World War 11 in the Paci fic  in 1945, WEI cont i nued to 
be the standard leprosy trea tment  in Cebll, as the new sulphone d rugs were not 
avai lable i n  sufficient amollnts in  the country, although they d id grad ually 
supplant the challlmoogra preparation in ali the sanitaria and c\ inics. Mass 
trea tmen t with dapsone did not become routine unti l  the establ ishment of the 
Cebu Skin Cli n ic  in 1955. Thus , the down ward trend of leprosy took place before 
sulphone treatment was fully in trodllced . 

In view of al i  the above considerations it is reasonable to surmise that the 
ad ministrative measures and the technical procedures employed were at l east 
partly responsible for the downward trend of leprosy in the Province of Cebu, 
al thollgh i t  was realized earl ier, in  the implementation of the Pilot Leprosy 
Program me in this Province that the roles of other factors, such as the 
socio-economic status, diet ,  health and educational standard of the general 
population are also important .  For this reason, in conducting the continuous 
epidemiological surveys in  Cordova ( Doull et ai.. 1936), Talisay (Guinto et  ai . .  
1941) and Santander (Guinto and Rodriguez ,  194 1) diligent efforts were made to 
obtain data on which cOllld be based some approximation as to the possible 
effects of environmental factors on the spread of leprosy . A fourth town , Opon 
( Rodriguez and Planti l la ,  1934) was also specially surveyed for this purpose. 

As shown in the artic\es referred to under condition obtaining in the towns 
surveyed,  i t  was next to impossible to obtain even approximate figures for this  
purpose. For instance, in order to obtain data on the income of each family, the 
first step taken was to determine the occupation of the head of the family, but it 
was found out that most of them were part fisheimen and part farmers in varying 
degrees. It was necessary to resort to the expediency of giving arbi trary estimates 
of income derived from fishing by hand , net or trapo On the other hand, the 
farming income was estimated by counting banana plants, and estimating heads of 
com harvested from the smalI stony lots.  Furthermore, the yield was consumed 
by the family and I i tt le  of it, if any, was ever sold , so there was no cash income to 
recordo 

It is true however, that in many countries, it had been established that such 
extrinsic factors as socio-economic advancement,  diet and proper health habits are 
important determining factors among others in the spread of tuberculosis, and it 
is generally accepted that these factors should have a similar effect in the case of 
leprosy .  

However, relative to this  question , a unique experience was brought to light by 



LEPROSY I N  CEOU P R O V I NCE. PHIUPPI NES 13 

the epidemiological studies in Cebu .  This concerns the small town of Cordova. I n 
this town, the economic condi tion of the population has steadily retrogressed 
compared to their original status in 1 93 3 .  At that tim e ,  the comm unity received a 
modest income derived from planting of m aguey,  from which was derived a fibre 
used for rope making which had a ready m arke t ;  but the commercial demand for 
this fibre collapsed in the early I 940s. Fishing, which used to be another source 
of income as well as of food supply,  had been greatly'depleted,  due to the use of 
dynamite fishing, chiefly done by people from other towns. Problems of Iiving in 
this town were made more acute by a population explosion which propel led the 
number of its inhabitants from 6063 in 1 93 3  to 1 0,904 in 1 966. 

Ali these factors naturally had their im pact on the health of the people .  They 
continued to be as malnourished as they were 36  years previously ,  judging from 
poor nutrition, low body weights, and the prevalence of such conditions as 
Pellagra, nicteralopia, and other concomitants of avitaminosis and malnutrition.  
Nevertheless the downward trend of leprosy continued in this town in spite of 
these unfavourable extrinsic factors which affected the entire community . This 
totally unexpected finding is diffjcult  to explain .  However, this expe rience is 
based on a single smaJl area and does not necessarily apply to other towns in the 
Province and the rest of the country . In m y  opinion,  it is one more indication that 
perhaps there are other factors surrounding the contagiousness of leprosy that are 
not known to us at  the present time .  An intensive survey of the town of 
Santander in Cebu Province undertaken by Guinto and Rodriguez ( 1 94 1 )  in 1 93 8 ,  
confirmed the fact that leprosy had been introduced i n  this town,  b u t  the disease 
had not spread in spite of the fact that it is inhabited by the same people as the 
other towns surveyed who were enjoying the same socio-economic status, were 
eating the same food and had the same heaIth habits. The investigators were not 
able to explain why leprosy had not been able to obtain a foothold in Santander 
as it  had in Cordova, Talisay and Opon . 

References 

Doull, J. A., Rodriguez,  J.  N . ,  Guinto, R .  and Plantilla, C. ( 1 936) .  A field of study of leprosy in 
Cebu, lnt. J. Lepr. 4, 1 4 1 - 1 69.  

Doull ,  J .  A. ,  Guinto R .  S .  Bancroft, H .  and Rodriguez, J .  N .  ( 1 947) .  Historical inquiry as a 
method of estimating the trend of leprosy . lnt. J. Lepr. 15 , 3 69-3 7 5 . 

Guinto, R. S. and Rodriguez, J .  N. ( 1 94 1 ) . A field of study of leprosy in Talisay, Cebu, 
Philippines./nt. J. Lepr. 9, 1 49- 1 96 .  

Guinto, R .  S .  and  Rodriguez.  J .  N .  ( 1 94 1 ) . A leprosy survey of a control area in Santander, 
Cebu, Philippines 9, 3 1 5-3 2 5 .  

Guinto, R .  S . ,  Rodriguez J .  N . ,  Doull,  J .  A .  and de  Guia, L.  ( 1 954) .  The trend o f  leprosy in 
Cordova and Talisay , Cebu Province, Philippines./nt . J. Lepr. 2 2, 409-430. 

Rodriguez, J. N. and Plantilla, F . C. ( 1 934) .  Leprosy in Cebu lI. Philippines. J. Sei. 5 8, 1 -46 .  
Rodriguez,  J .  N .  ( 1 936) .  Our  leprosy p roblem in the Philippines. Monthly Bulletin ar the 

Bureau ar Health 16, 1 6 1 - 1 79. 
Rodriguez, J .  N. ( 1 962) .  Evaluation of  the leprosy control program of the Philippines. /nt. J. 

Lepr. 30, 1 1 1 - 1 24 .  





Lepr, R ev, (1975) 46. I 5-20 

Tre a t m ent of Mits u d a-Negat ive 
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Two lepromatous and one borderl ine patient improved following t ransfusions of 
whole blood from selected donors whose Mitsuda reactions were positive, Two of 
the patients had received no previous ant ileprosy therapy and rema ined untreated 
d uring the study, The th ird patient was probably drug resistant .  lm provement  was 
preceded by febrile ep isod es, "benign reactions", which are d escribed, 

I ntroduction 

Present  chemotherapy of leprosy is not completely satisfactory. Improvement  is 
slow, lepromatous reactions are frequent  and there is no establ ished therapy for 
enhancing the immunological capacity of the patient against Mycobacterium 
leprae. However, it has been suggested by Rotberg and others that patients with 
lepromatous leprosy lack a genetically determined resistance factor. To test this 
hypothesis we postulated that patients with lepromatous leprosy, who lacked this 
factor, might benefit from passively transfused "resistant" cells, present in wh ole 
blood t ransfusions, from Mitsuda-positive blood donors. The present pape r 
summarises preliminary resul ts from studies designed to test this hypothesis. 

MateriaIs and Methods 

The studies were undertaken on three male patients, ali with active disease , two 
of whom were previously untreated (one with lepromatous and the other with 
borderl ine type leprosy ) and the third with relapsed lepromatous type leprosy . 
al most certainly due to the emergence of drug resistance . A panel of blood donors 
who were strongly Mitsuda-positive (> 5 mm) were selected and cross matched 
with the respective leprosy recipients.  Each leprosy patient received a series of 
blood transfusions from a selected donor and the blood transfusions were carried 
out immediately a fter collection from the respective donors .  

Case Reports 

Case 1. F.A.o.P 
A 2 1  year old Caucasian, bom in Goa ; untreated lepromatous leprosy . Two 

months before the present study the patient suddenly deteriorated with new skin 
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lesions affect ing the face and trunk  and his. visio n ,  which had previously been 
normal , beca me bl urred with excessive lacrym ation . He d id  not notice any 
cha nges i n  cutaneous sensit iv i ty or nasal obstruct ion . On exam ination his face was 
erythe matous and infi ltrated with numerous wax coloured small nodules .  On the 
trunk there were sy mmetrical faint  redd ish copper coloured macules with 
indefi ni te  edges. There was nodular i n fi l tration of the nasal mucosa . 

Bacteriological exami nation of skin smears and nasal mucus showed large 
nu mbers of bac i l l i  and globi , with smal l  numbers of baci l l i  in the tears. 
Histo logical  exami nation of a biopsy from the forehead showed lepromatous 
leprosy,  with a high BI and the maj ority of bac i l l i  stained sol id ly .  B lood 
exa mi nat ions revealed a moderate normochromic anaemia ,  posi tive Wassermann 
and Kahn tests and normal seru m prote ins  and E .S .  R. Uri nalysis was within 
normal l imits .  The bl ood group was O,  Rh posi tive . 

Treatment with transfusions of 200 ml of whole blood at 1 0- 1 5 day in terva ls 
were i ni tiated . I n creased nasal obstruct ion was the only manifestat ion noticed by 
the pat ient  d uring the first s ix transfusions. Ho wever, on the 9th day after the 7th 
transfusion the pat ient  suddenly presen ted a plethora of unusual manifestat ions .  
He fel t  repul sed by food , vomited , and the faeces were soft and black (negative 
for occult  blood ). Nasal obstruct ion suddenly d isappeared after the expulsion of a 
ye l lowish and  gelat inous d ischarge from the nose. Normal vision was recovered 
and he fel t  a sensation of well-being in spite of pyrexia. On examination the 
red ness and swel l ing of the face had almost completely subsided. However, he 
presented polyadenopathy, splenomegaly and swell ing of the left testis. Because 
the pyrexia  (38. 2-40.0° C) persisted for the next four days, associated with 
profound asthenia  and deterioration i n  the patient 's condi t ion ,  a course of 
predn isone (30 mg, dai ly)  was i nit iated .  The temperature returned to normal 
withi n  two days and then the dose of prednisone was reduced and final ly 
discontinued. In the next  20 days although the patient was em aciated and weak 
his original symptoms of leprosy were considerably d iminished .  However, there 
was no d iminution in  the number of bacilli in his nasal discharges or skin scrapes. 
A biopsy from the forehead,  near to the first biopsy , showed a granuloma of the 
same type but occupying l ess skin area although the density of bacilli per 
microscope field was unchanged. 

During t hese episodes and over the next  two months a series of laboratory 
investigations were undertaken. All blood cultures proved negative ,  as did the 
Widal reaction , although the Wassermann and Kahn tests remained positive. The 
E. R. S. ranged between 23-3 5 mm, before returning to normal two months later .  
The Takata-Ara and t hymol tests were posi t ive but the Van den Berg reaction 
remained nega tive and the serum bil i rubin  was 0.2 mg %. The L. E. test was 
negative. The blood examinations revealed a normochromic anaemia with 
3 , 750,000 erythrocytes, 7 5 %  haemoglobin and colour index I; 1 8 ,600 
leucocytes-5 0% neutrophils ,  48% Iymphocytes ,  2% monocytes and 0% 
eosinophils and basophils. The electrophoretic serum protein pattern was as 
fol lows : total proteins 7 .4  g % ; albumin 45%, 0'- 1 globulin 0.5%,0'-2 globulin 1 0%, 
{3 7 . 5 %  and 'Y globulin 37%. 

Because of these unexpected manifestations no further blood transfusions were 
given a fter the 7th, and except for the short course of prednisone no specific 
therapy was administered. Although the patient's general condition rapidly 
improved , his l eprosy condit ion seemed to s lowly deteriorate after one month and 
was obviously worse a fter two months, with the reappearance of skin infiltration , 
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al though his vision remained normal and there was no return of nasal obstruction .  
Therefore the series of whole blood transfusions were recom menced for a second 
time at a volume of 200 ml at two weekly intervals .  Since after two such 
transfusions no recurrence of reactions had occurred the dose was increased to 
400 ml for the nex t  two transfusions. With no fu rther react ional episodes the dose 
was aga in  red uced to 200 ml. However, eight days after the 7th transfusion of the 
second series a "benign reaction" occurred , si milar to the former but less in tense . 
The temperature rose to only 38 .4° C, there were no black stools ,  and there was 
no general deteriorat ion in the patient's condition . Therefore this time corti­
costeroid therapy was not administered and he was given an 8th transfllsion . This 
was fol lowed i mmediately by swel l ing and pain of the left testis but no pyrexia.  
As previ ously ,  there was a sudcten diminution in his leprosy sym ptoms and this 
time a signi ficant fal i  in  the BI from his nasal discharge with a high proportion of 
granular organisms. Speci fic anti leprosy therapy was then ini tiated with Madribon 
and at the same ti me blood transfusions of whole blood were continued every two 
weeks for a further five months. The patien t 's condition has continued to i mprove 
and his Wassermann and Kahn tests have become nega tive without receiving any 
ant isyphi lis treat ment .  His  Mitsuda reaction remains negative . 

Case 2. F. P. M. 

A 27 year old Caucasian , bom in Portuga l ;  lIntreated borderl ine leprosy . One 
year before this stlldy began the patient had an indolent witlow of the left hand . 
At the time of our study the patient presented with lesions of the forehead,  trunk  
and limbs. The face was infil trated and  red . There were mixed  type  of lesions on 
the trunk and l imbs, some being m acules with an iI l-defined edge and others 
erythematous with very well defined edges . The nasal mucus contained a few 
bacil l i  and single globi whereas a smear from the forehead revealed a large number 
of bacill i  and globi .  The Mitsuda reaction was nega tive . Histology was typical of 
borderline ( B L) l eprosy ( Ridley and Jopling, 1 966) .  Al I  other investigat ions were 
within normal limits. 

Whole bIood transfusions were commenced at intervals of 1 5  days, the first 
dose was 200 ml , the next four 400 ml and the following nine 200 ml .  

After the  8th transfusion he  had a slight reaction, without fever, characterized 
by repugnance against food, but without vomiting and by the appearance o f  
enlarged axillary a n d  inguinal Iymph nodes. The symptoms lasted for seven days. 
Afterwards the Iymph nodes di minished but the erythema and the infiltration of 
the face increased. He then began to improve slowly . After the 1 2th transfusion 
and six months after the first transfusion, he was much better. The infiltration o f  
the lesions h a d  disappeared a n d  s o  had t h e  erythema and swelling of t h e  face .  The 
lesions on the trunk were still present but they had a very unusual appearance.  
Each lesion consisted of a very c1early defined yellow oval-shaped centre 
surrounded by a rose coloured area, the outer edge of which was irregular and 
iIl-defined.  We were surprised at  the contrast shown by the inner and outer areas 
of the lesion_  After 1 4  t ransfusions and e ight months the transfusions treatment 
was discontinued and the administration of 1 00 mg DDS a day was started .  This 
high dose did not provoke any adverse reactions. 

At the end of the transfusions treatment the smears revealed the same quantity 
of bacil1i but half of them were granular. Histological examination showed the 
same structure as before but with moderate fibrosis of the superficial dermis and 
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ma ny ac id-fast baci l l i .  w i th  a proport ion granular .  Ro ut ine  l aboratory e x a mina­
tion remai ned norma l .  The Mi tsuda reaction con t i n ued negat ive .  

Case 3 .  S .  N. C. 
A 4 5  year o ld  Ca ucasian born i n  Port ugal ; d rug  resistant  lepromatous leprosy . 

When we first saw the  pat i en t  in 1 9 6 1  he had adva nceel lepromatous leprosy with 
a 25  years h istory , i n  spite of  many years of i rregular t rea t ment wi th  DDS.  His  
skin smea rs were highly posi t ive,  sk i n  histology was ty pical  o f  lepromatous 
leprosy anel h is  Mi tsuda reaction  was nega tive. The patient was then t reated with 
thiambutos ine and i mproved for one year .  EN L then developed and his condi t ion 
deteriorated .  Treatment  was changed to  Madribon , he i mproved for two years and 
then det eriorateel aga i n .  Thr9ughout these three years he had cont in uous EN L in  
spi te of corticostero i d  therapy ( 5- 1 0  mg pred nisone ,  d a i l y ) .  Because we had  then 
exha usted a l i  the known an t i l eprosy d rugs ava i l ab le  i n  this  country we decieleel to 
sub mit  hi m to whol e b lood t ransfusion t reat ment . 

Whole b lood t ransfusions of 200 m l  were given at in tervals  of 1 0-30 days and 
Madribon therapy was con t in ueel in  spite o f  our  opin ion that  the  d ru g  was 
wi thout effect .  Some days after the 8th t ransfusion he noteel b lack stools and by 
the 8th day he devel opecl pyrex ia  ( 3 9 . 0° C),  j au ndice and hepa to-splenomega l y .  
The pa t ient  refused hospita l izat ion a l though w e  h a d  diagnosed i n fect ious 
hepat i t i s-this  later  proved to be incorrect .  Black faeces rem ained for four days ,  
py rex ia  for 30 days and jaund ice for four days.  Transfusions were discont inued . 
However, i n  spite of t he pyre x ia i t  was poss ib le  to cl iscont inue pred nisone,  for lhe 
first time in 3 years, without the reappearance of ENL man ifestat ions .  In the next 
30-day period his genera l  condit ion i m proved d ramat ica l l y .  Pyrexia was only 
present i n  the a fternoons ,  erythema and i n fi l t ration of  the  face d isappeared 
co mplete ly .  The macules on the body were scarce ly  detectable and most of  the 
infi l t ra t ions d i sappeared and t he few that remained were very d i minished and of a 
fain t  colour .  S ince then there have been no more episodes of E N L  and 
corticosteroid t herapy has never been re-i nstated . Blood transfusions were 
stopped after a period of t wo months,  a l though Madribon therapy was cont inued . 
However, the patien t 's condit ion grad ually deteriorated .  We then started a second 
series of b lood t ransfusions, but  this  t ime without Madribon .  The second series 
consisted of 1 0  transfusions of 200 ml at 1 5-day i n tervals .  The patient improved 
immediately and cont inued to do so throughout this period . Clofazimine therapy 
was then started and the patient has cont inued to i m prove .  

Because th i s  pa t i ent  l ived outside Lisbon only l imited laboratory invest igations 
were possib le ,  and were confined to the period of  pyrexia fol lowing the fi rst series 
of transfusions.  At that t ime blood examination showed 3 . 2  mil l ion 
erythrocytes/mm J ; haemoglobin 1 0 . 6  g %;  8300 leucocytes/m m J - 54% 
neutrophi ls ,  32% Iymphocytes,  1 4% m onocytes and 0% eosinophils and basophi ls .  
The E. S . R was 80 mm. Urinalysis was normal and the Takata-.Ara, Hanger and 
cad mium tests were posi t ive.  The Mitsuda reaction remained negative throughout .  

Oiscussion -

We present t hese three cases because the results suggest that the patients did 
benefit  from t ransfusions of whole blood from Mitsuda posi t ive donors .  However , 
we readily ad mi t  that three cases are too few ,  only two were lepromatous 
(borderline patients can spontaneously become more t uberculoid)  and complete 
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labora t ory i n ves t i ga t i ons  were lack i ng .  I n  s r i te of  t h ese l i m i t a t i o n s  t he res u l t s a re 
of i n t eres t . Th us ,  t h e  I'i rst çase l Indo u b t ed l y  had u n t reated a n d  progress ive  
lepro m a t ous l e prosy w h i ch n ever u n d e rgoes spo n t a neous i m prove m e n t . Yet , t h e re 
was u n el o u bteel l y  i m prove men t I'o l l o w i n g  eaçh ser ies o r  t r a ns rusi o n s  a n d  d e t er iora­
t i on e1 u r i ng the i n t erva l s  whe n t ra n s rl l s ions  were s top peel .  In t h i s  case as in t h e  
ot h e r  t wo çases i mp rove men l was assoc i a t e d  w i t h  rel1ri l e  reac t i o n s .  T h e  fi rst a n el  
i mpo r t a n t  po i nt t o  e x c l uele h ere i s  t h a t  t h ese febr i le  rea c t i o n s  were t ra n srus i o n  
rea c t i o n s .  They c 1 e a r l y  were n o !  because : ( a )  t h e y  bega n e i g h t  e1 a y s  a ft e r  t he 
t ra n s fu s i o n ,  t ra n s rus ion  rea c t i o n s  begi n i mmediately after t ra n s fusi o n : ( b )  
t ra n s ru s i o n  rea c t i o n s  a r e  short- l i ve d ,  o l l r  rea c t i o n s  lasteel ror a m on t h : ( c )  the 
prolonged pyre x i a  rea c t i o n s  res u l t i ng rro m t h e  7th t ra n s fu s i o n  in  t h e  fi rs t  ser ies ,  
ra i l ed to  e l i c i t  any rea<.:t i o n  w h e n  b l ood fro m t h is same e1o n o r  was useel t o  i n i t i a t e  
t h e  I'i rs t t ra n s rus ion  i n  t h e  seco n d  ser ies  o r  t ransrusi o n s . 

The so-ça l leel " b e n i gn reac t i o n s "  t ha t  res u l t e el  fo l l o w i ng a series o r  t ra n s rus i ons  
are not 01' t h e  ENL t ype s i n ce t hey d i el not  res u l t  in  t h e  a ppeara nce o r  c rops  of 
ne w l e s i o n s  as  a re seen i n  EN L o r  t h e  e1 e ve l o p m e n t  o f  oeel e m a  o f  t h e  l egs a n el  
hanel s .  On t h e  con t ra r y ,  t h e  pyre x i al ep isoeles were assoc i a t e el w i t h  e1 i m i n u t io n  i n  
ex ist i ng l es ions ,  i n cl u el i ng e1 isa p peara n ce of bl urreel vision a n el ,  moreover , aft e r  the 
fi rst seri es of  t ransrusions the  pat ient 's symptoms a l i  returneel other than b lurreel 
vision . F ina l ly ,  a fter the  seco nel ser ies  of transfusions t h e re was an increase in  
degenerate bac i l l i  anel d i mi n u t i o n  of lepromatous gran u loma in  the  skin in  a 
pat ient  wi th  lepromatous l eprosy who without  chem otherapy woulel inev i tab ly  be 
progress ive .  

Although the second pat ient  had bord er l ine leprosy and therefo re might show 
spont aneous i m prove ment ,  s i gn i fi c a n t  i m prove m e n t  was registered by a series o f  
bl ood transrusions without a n y  chemotherapy. 

Our th i rd case was aga in  l e p ro m a t o u s ,  was ful 1 y  active in  spite of  prolonged 
che motherapy and therefore ' must have been drug resistant . Therefore , we 
consider that the i mprove ment shown with the first seri es of t ransfusions in spite 
of cont i nu ing chemotherapy resul ted  from t he transfusions and undoubted ly  the 
improvement wh i ch resuI teel f TOm the second series o f  t ransfusions,  w here no 
che mot herapy was given,  must  have been d ue to the e ffec t  of  the  transfusions .  We 
therefore consider t hat the thi rd case was as s ignificant as the first . I n  addit ion,  
the t hi rd case was a l tered sufficient ly  by b lood transfusions to  no longer require 
corti costeroi ds, which he had previously requ ired regularly over m an y  years.  

We consider that even this small series provid es strong evidence that b lood 
transfus ions from Mi tsuda-posit ive donors had increased the i m m unological 
capaci ty of a l i  t hese patients anel for the t hi rd case had also d i minished his EN L.  
These beneficiaI effects of whole blood transfusions,  part icularly for the 
treatment  of  l epromatous reactions ( ENL)  have been repeated ly  c1ai med b y  the 
Spanish i nvestigators of  Font i l les (Aguas, 1 96 2 ,  1 96 6 ;  Cont reras et  aI. . 1 9 5 3 ) .  We 
cIa i m  t hat our very prel i minary data may well be  the fi rst evidence to show that 
whole  blood t ransfusions from Mitsuda-posit ive d o nors are "therapeutical 1y" 
benefic iai in  t he absence of chem herap y .  

Conc\usions 

( I )  That the i mmunological capaci ty  o f  a lepromatous patient can be  increased 
by transfusions of whole blood from Mitsuda-positive donors. 

ot
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( 2 )  That this  increased resistance may be due to the transfusion of 
immunological ly competent Iymphocytes.  

(3) The presence of these i mmunological ly competent Iymphocytes, whi le  
sufficient to bene fi t  t he patient 's bacterial infect ion ,  fail to establ ish a permanent 
Mitsuda-positive status .  

(4)  These preliminary and favourable results provide a possible new 
"imunological " basis for the treat ment o f  pat ients with lepromatous leprosy . 
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In a population of 1 06 1  patients with leprosy and 1 80 patients with Myco. ulcerans 
infections, we recorded a history of both d iseases in 6 individuaIs .  There was no 
evidence that either infection altered t he t issue response or clinicaI course of the 
other. 

Introductio n 

Cross-sensi tization and cross-resistance in man to more than one species of 
mycobacteria has long been a lively topic for. d iscussion among "myco­
bacteriologists" and their i lk . Opposite and 

'
extreme opinions have been recorded . 

Mitsuda and Ogawa ( 1 9 3 7 )  reported ,  for instance, that tuberculosis is the most 
common cause of death in leprosy patients, while Chaussinand ( 1 9 5 0 )  proposed 

. that by the "phénomenes de para-allergies bactériennes" the increase of 
tuberculosis in Europe in the Middle Ages caused the well-known decline of 
leprosy. Leiker ( 1 97 I ) , while espousing the concept of Chaussinand in citing 
inverse relationships between the prevalence of leprosy and tuberculosis, points 
out the complexities of this relationship .  D iscussions in this vein today often 
revolve around the usefulness of BCG as an anti-Ieprosy vaccine.  We shall  not 
debate t his controversy , but we do record new data on two mycobacterial d iseases 
occurring in the same patient .  

I n  this  communication, we present six patients with both Mycobacterium 
u/cerans infection and leprosy , treated at the I nstitut Médical Evangélique ,  
Kimpese, Bas-Za ire, Republic of Zaire. We know of no published reports of  
patients with both of  these diseases .  Verhagen (personal communication) states 
that in Uganda he saw three leprosy patients among 70 patients with Myco. 
u/cerans infections. 

,.. Present  address : ALM Leprosy Atelier, University of Hawaii School of Medicine, Department 
of Pathology, Leahi Hospital, 36 7 5  Kilauea Avenue, Honolulu, Hawaii 968 1 6 . 
t Requests for reprints should be sent to Dr Connor. 
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Br ief D isc l lssi o n  o f  Myco. ulcerallS I n fec t i o n  

I n fcct i on b y  Myco. u lcerans h a s  a' foc a l  geogra p h i c  e l i s t ri b u t i o n ,  therefore so m e  
rea el e rs m a y  b e  u n fa m i l i a r  w i t h  i ts c l i n i ca I  a li ei pat h o l o gica l fea t u res .  The el i sease 
preva i l s  in l a rge foe i  in Uga nela ( Ba rk e r ,  1 9 7 2 )  a n el Zai "re ( M e yers et aI. . 1 974 )  b u t  
h a s  a l so b e e n  reporteel fro m Austra l i a ,  B o l i v i a ,  Cameroo n ,  Congo ( Brazzavi l l e ) ,  
Gabo n ,  I n el ones ia ,  Malaysi a ,  M e x i e o ,  N e w  G u i nea , N iger ia  a n el Per u .  The 
ae t i o l og ie  age n t ,  fi rst i so l a teel b y  MaeCa l l u m  et aI. ( 1 948) ,  i s  a m ycobae t e ri u m  
wh i ch grows s l o w l y  a t  32° C .  o n  L6 w e n st e i n- J e nsen meel i u m  b u t  i s  u sua l l y  
i n h i b i t ed a t  3 7° C. Fe l d m a n  et aI. ( 1 9 5 7 )  suggested t h a t  t h e  t a i l  of  t h e  mouse was 
pa r t i c u l a r l y  s usce p t i b l e  t o  e x per i m e n t a l  l esions  of  My co. ulcerans beeause o I' i ts 
low t e m pe ra t u re ( about  25°  C) .  T h i s  t e m pera t u re gro w t h  req u i r e m e n t  m a y  a lso be 
an  i mport a n t  factor  in  d e t e rm i n i ng t he n a t u re o f  h u m an i n fe e t i o n  b y  Myco. 

ulceram. I n  man t h e  s k i n  a n el s u b e u t a neous t i ssues,  w i t h  t e m pera t u res b e l o w  
37° C, a re near ly  a l ways t h e  s i tes i nvo l veel ; rare l y  o t h e r  s i tes ,  n o t a b l y  b o n e ,  a r e  
a ffe c t e el .  Perha ps i n  t h ose i nsta nees w h e re b o n e  i s  i n feetec\ ,  s t ra i ns gro w i ng a t  
37° C a re responsi b l e ;  ho wever,  Myco. u lcerans has not  y e t  b e e n  e u l t u red from 
bone l es i o n s .  

N a t ur a l  reservo i rs a n el moeles o I' t ransm iss ion a re not  k n o w n  b u t  t h e  el isease 
t e n d s  t o  oee u r  o n l y  in warm c l i mates  in swa m p y  a n el r iver i n e  sava n n a h .  Barker  e t  

aI. ( 1 97 2 )  post u l a t e  that  t h e  orga n i s m  is  presen t  on grasses but  have n o t  recoverec\ 

Fig. I .  Patient No. 6, showing abdominal lesion of Mycobacterium ulceram and two 
borderline (dimorphous) ( BT) lesions of  leprosy (arrows). I nset is a closeup of leprosy lesion on 
the  back of t his patient .  
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i t  from t h i s  h y pot het i ca l  source . Meyers et aI. ( 1 974b ) observed pat i en t s  who 
deve loped l es ions a t  s i tes  0 1' trauma,  i nc lud i ng hypodermic  i nject ions ,  suggest ing  
tha t the  i n fect ion resu l ts fro m d i rect i noculat i o n .  

Dodge and  L u n n  ( 1 96 2 )  proposed t he n a m e  " Buru l i  u lcer" for t his i n fect ion , 
a rter  the  geogra p h i c  a rea wh ere the  fi rst c 1us ter  of Ugandan  pat i en ts l i ved . I n  
lower-Za i're, o n e  i n d igenous term for t h e  d isease is "mputa matad i" .  T�is K ikongo 
express ion , mean ing  "rock-hard sore , "  may refer to the nature of the early lesion 
which i s  a hard subcu taneous nod u l e .  This ex pression may, a l t e rnat ivel y ,  refer to 
the fi rm oedema frequen t ly seen early in the disease . The n od u l e ,  often 
accompanied by itching, gradual ly enlarges ,  u lcerates,  and  d ischa rges necrot ic  
s loughs and a n  o i l y  l iqu id .  The u l cer is  wide ly  undermined ,  has a necrot ic  base,  
and may be  surrou nded by edematous s k i n .  U l cers are m ost common on the 
extremi t i es ,  especia l ly over major art iculat ions,  but  also develop on the  t runk 
( Fig .  I ) . Microscop ica l ly ,  the  characterist i c  fea t u re is  a cont iguous ,  sprea d i ng 
coagu l a t i on necrosis of t h e  subcuta neous and deep dermal t issues.  Ali t issues and 
struct ures i nc l u d i ng vessels and  appendages a re destroyed and th is spread ing 
necrosis is respo ns i b le for the  u ndermi n i n g  of the overly i ng sk i n ,  prod ucing the 
dis t i nc t ive contour o f  the  ulcer margi n .  The necro t i zi ng process ( Fig .  2)  may be 
caused by the  tox in  w h i c h  R e a d  et ai. ( 1 97 4 )  demonst ra t ed i n  ce l l -free Myco. 

ulcerans cu l  t u re fi ! trates .  
Mycobacteriu m ulcerans i n fect ions are usual ly sel f-l imit ing but patients may 

d i e  fro m compl icat ions  of advanced lesions .  Even self-I imit ing lesions often cause 
severe d e formit ies  from contractures ,  and loss o f  important stmctures (e.g. eyes 
and l i mbs) .  Wide surgical e xcis ion and skin graft ing is the usual treatment ,  but  
local ly applied heat  may be a he lpfu l adj unct (Gl y n n ,  1 97 2 ) or  effect ive by itself 
( M eyers et aI. , 1 9 7 4a ) .  

Oescription of Patients 

Duri ng t he period Apri l  1 9 60 to J une 1 97 3 ,  97 1 patients with active leprosy 
were registered at Kivuvu .  Of this number, 770  were registered after September 
1 9 65  when diagnosis and c1assification became routinely based on cl inicaI , 
histopathologic and bacteriologic findings and the lepromin react ion.  Ninety 
individuais with an established history of leprosy but  without current ly act ive 
disease where a lso registered ,  making a total of 1 06 1  leprosy patients in the study 
group .  During t his  same interva l ,  1 80 patients with Myco . . ulcerans infect ion were 
registered. The Myco. ulcerans patients al i  carne frQ m Songololo Terri tory and 
adjacent areas , described by Andersen ( 1 965) ,  Smith ( 1 970)  and Meyers et  ai. 
( 1 974) .  The leprosy patients carne fro m a much larger geographic area but  
included the Myco. ulcerans endemic areas of lower-Za ire , wi th  about  20% of the  
leprosy patients coming from Songololo Territory . Al i  patients were Bantu and 
approx imately 9 5 %  of them were o f  the Bakongo tribe ,  with origins in either 
Zafre ,  Angola or Congo ( Brazzavi l le) .  

I n  the above two groups,  there were six individ uaIs with a history of  both 
leprosy and Myco. ulcerans infection . Each of these patients wi l l  be  described 
briefly : 

Patient No. J .  M A  ( Hosp . No. 63/3 5 0  I ) , 5 5  yr female, was admitted to hospital 
in September 1 968 for a large undermined ulcer on the left knee. The lesion was 
excised and a b iopsy specimen from the edge was typical of Myco. ulcerans 
infection . She gave a history of leprosy , treated at a nearby hospital and 
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Fig. 2. Histopathologic features of  Myco. ulcerans lesion in patient No.  6 .  (a)  Low 
magnificat ion of edge of Myco. ulcerans lesion . The undermining of the epidermis ( top surface) 
and dermis, and the destruction of  t he subcutaneous fat are c\early demonstrated .  ( AFIP  Neg. 
74-803 ,  Movat stain, x 3 . 3 . )  (b) Higher magnificat ion of  the same lesion showing necrosis and 
fat ceU ghosts.  ( AF I P  Neg. 7 4-800,  Movat stain, x90.)  (c)  High magnificat ion revealing a 
microcolony of Myco. ulcerans organisms in the area of necrosis. Portions of fat cell ghosts are 
seen on t he right .  ( AF I P  Neg. 74-802 ,  Ziehl-Neelsen stain, x75 0 . )  

considered i nact ive i n  1 9 50 .  We  verified this history from records obtained a t  the 
hospital and our i mpression was that she had had bord erline l eprosy . There was 
no evidence of  active leprosy on this admission .  No skin tests were done. The 
patient died of unknown causes in December 1 968 .  

Patient No. 2,  BD ( Hosp . No .  67/ 1 398) ,  3 2  yr male , was  admitted to hospital 
in February 1 967 with a chronic undermined ulcer on t he right lego The lesion 
was excised and skin-grafted .  A biopsy specimen was compatible with Myco. 
ulcerans infection.  The patient said he had been t reated for l eprosy at another 
hospi tàl and the records  examined there confirmed a clinicaI d iagnosis of 
tuberculoid l eprosy. No skin tests were don�. The Myco. ulcerans lesion healed 



MYCOBA CTERI UM ULCERANS I NFECTIONS I N  L E PROSY PATI ENTS 25  
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Fig. 3. Histopathologic feat ures of leprosy lesion in patient No. 6. Biopsy specimen was from 
the edge of lesion on the right shoulder,  sho wn in Fig. I .  (a)  Cellular infiltration about a nerve 
and blood vessel in the lower dermis. Infiltration composed primarily of  epithelioid cells, giant 
cells  and Iymphocytes.  ( Saffron trichrome stain , x400 . )  ( b )  I nfiltration and partial d estruction 
of a small dermal nerve. ( Saffron trichrome stain , x400 . )  (c)  Two juxtaposed acid-fast bacilli in 
dermal nerve shown above . ( Fite- Faraco stain ,  x I 000 . )  

and he returned home in June 1 967 .  When last seen in May 1 973  he had no 
evidence of active leprosy or of active Myco. ulcerans infection. 

Patient No. 3, DS ( Hosp. No. 68/ 1 223) ,  60 yr male,  was admitted for leprosy 
in January 1 968. His lesions began in J une 1 967 and a biopsy specimen revealed 
characteristic features of borderline ( BB )  leprosy. The Mi tsuda reaction was 
7 mm. He gave a history of Myco . ulcerans infection treated in 1 95 3  at another 
institution. A histopathologic diagnosis was not made, but the clinicai history and 
the appearance of the scar on the right knee were characteristic of a healed Myco. 
ulcerans infect ion . When last seen in May 1 97 3  his leprosy was inactive and the 
Myco. ulcerans infection had not recurred.  

Patient No. 4. MM ( Hosp. No. 7 1 /2395 ),  60 yr female, was admitted to 
hospital in  March 1 97 1  with a large undermined ulcer about the right eye and a 
hypopigmented ,  slightly infiltrated , anaesthetic skin lesion over the left elbow. 
Biopsy specimens confirmed Myco. ulcerans infection and borderline leprosy ( BT) 
respectively, and ,the Mitsuda reaction was 20 mm. The Myco. ulcerans lesion 
appeared in December 1 970 but the date of onset of leprosy was not known . The 
ulcer was successfully treated by wide excision,  including enucleation of the eye , 
and oral rifampicin. She remains on sulphone therapy for leprosy . 

Patient No. 5. ED ( Hosp. No. 7 1 /3707 ) ,  5 7  yr male, was admitted to hospital 
in J une 1 97 1  with a large widely undermined ulcer of the left leg and a second 
smaller ulcer on the right foot .  In  addition, there were numerous widely scattered , 
hypopigmented, slightly infiltrated , anaesthetic skin lesions , and enlarged tender 
ulnar nerves . The right foot was deformed . Biopsy specimens f TOm these lesions 
confmned the diagnoses of both Myco. ulcerans infection and borderline leprosy 
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( BT) .  Lesions of  leprosy were fi rst noted in 1 9 69 and t hose of Myco . ulcerans in 
May 1 97 1 .  The Myco. ulcerans lesions healed uneler ri fampicin therapy and 
excision and gra fting, anel the leprosy has become inactive . The patient  remains 
on sul phone therapy.  

Patient No. 6. JA ( Hosp. No.  73 /227 7 ), 20 yr mal e ,  was admitted  to  hospita l  in 
March 1 97 3  with an undermined ulcer 1 0  x 1 4  c ll) over the upper abdomen. He 
also had eight widely scattered ,  infi l trated , hy popigmented,  anaesthetic skin 
lesions with well defined edges ( Fig.  I ) . The ulcer began in November 1 97 2  and 
the lesions of leprosy someti me bet ween J uly 1 97 2  and February 1 9 7 3 .  
Histopathologic fi neli ngs of the  Myco. ulcerans l esion are shown i n  Fig. 2 ,  and 
those of l eprosy in Fig .  3 .  The latter specimen was in terpreted as borderli ne­
tuberculoiel ( BT) leprosy .  Mycobacterium ulcerans was cu l tureel from the lesion 
on the abelomen on Lõwe nstein-J ensen med ium incubated at  3 2° C. Fernandez 
reaction was negat ivé anel the Mitsuela reaction was 9 mm.  The ulcer was excised 
anel gra fteel with a gooel resu l t .  He remai ns on su lphone therapy for leprosy . 

Discussion 

A direct detai led comparison of the ant igenic structures of Myco. leprae and 
Myco. ulcerans has not been pub lished .  Stanford ( 1 97 3 ) ,  by immunodiffusion 
stuelies on 35 strains of Myco. u/cerans from various parts of the world ,  including 
I i  s trains from Zai"re , found that al i  strains were antigenical ly similar .  
Furthermore, while possessing distinct antigenic components , Myco. u lcerans 
cross-reacted with other mycobacteria .  For example ,  there were seven preci pitins 
in common with Myco. kansasii anel five with Myco. smegmatis and Myco. 
fortuitum. Goihman- Yahr et aI. ( 1 968)  cited cross-reactions to lepromin in gui nea 
pigs sensit ized to Myco. kansasii and Myco. smegmatis. This indirect evidence 
suggests that Myco. ulcerans and Myco. leprae could possess common antigens. * 

Clinically and histological ly we could d iscern no i nteraction between leprosy 
and Myco. ulcerans infections. We note that ali six of our patients, as well as 
Verhagen's  three patients, had higher resistant  forms of leprosy, but we are not 
able to attach any special sign ificance to this fac t .  There is the remote theoretical 
possibil ity t hat  the anti-mycobacterial antibodies commonly present in  the serum 
of lepromatous patients could protect against the extracellular parasi te Myco. 
ulcerans or its toxic products.  

I n  addit ion,  we are uncertain whether or not ,  in the population studied,  six 
pat ients i s  an unusually h igh number with both diseases . Based on a population of 
1 5 6, 000 for the maj or area of endemicity for Myco. ulcerans (official Zaire census 
for Songololo Terri tory for 1 970) ,  we estimate that O- I patient would have been 
anticipated . Extensive epidemiologic surveys for both leprosy anel for Myco. 
ulcerans infection would be necessary to determine if this difference is 
representative of the entire population .  

The low temperature growth requirement in  vitro for Myco. ulcerans is well 
established , and t here i s  a widely accepted belief that the clinicai picture of 
leprosy is l argely a result of the selective growth of  Myco. leprae i n  the cooler 
parts of the human body. Thus, these six patients are especially interesting in that 

• Stanford (personal communication , 1 9 74)  reports that Myco. leprae and Myco. ulcerans 
do share at least 5 antigens and that these are the same antigens which Myco. ulcerans shares 
with most other mycobacterial species. 
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they demonstrate in  the same individ ual two mycobacterial sk in  diseases which 
are probably temperature-related ,  and which provo ke distinctly d i fferent t issue 
responses. 
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G l o m e ru l o n e p h ri t i s  i n  Lep rosy­
A P e rc u ta n e o u s  R e n a l  B iopsy S t u d y  

K. v. JOHNY , *  A_ B .  A .  KA RAT, P. s .  s .  RAO 
and 

A.  DATE 

S chieffelin L eprosy Research Sanatorium, Karigiri 
and 

Christian Medicai Col/ege Hospital. Vel/ore, South [ndia 

Thirty-five patients with lepromatous or borderline leprosy selected at random were 
investigated for evidence of renal disease . Renal functional impairment was 
detected in nearly two-thirds of the patients and histological lesions were present in 
46%. Twenty-three per cent of the cases showed a prolifera tive type of 
glomerulonephritis, mesangial sclerosis without significant hy percellularity was seen 
in I I  %, amyloidosis was p resent in 6%. One patient had interstitial nephritis . 

Introduction 

Renal involvement in leprosy has been recognized by Japanese workers since the 
beginning of the century. Mitsuda and Ogawa published their observations in 
English in 1 93 7  and described "nephritis of all kinds" in leprosy in an autopsy 
analysis of I S O cases. Similar observations were also made by Kean and Childress 
( 1 942)  from the Isthmus of Panama. Acute oedema of the hands and feet  
occasionally associated with proteinuria were later reported to complicate all 
clinicai types of leprosy during reactive episodes and progressive reaction 
(Davison , 1 96 1 ;  Wheate, 1 962 ; Cochrane, 1 964). Im paired renal function and 
abnormal urinary sediment have also been observed in patients with leprosy in 
varying reactional states (Gokhale and Kurkure, 1 95 8 ;  Thomas et ai. , 1 97 0 ;  
Gutman ,  L u  and Durtz, 1 97 3 ). 

Amyloidosis of the kidney was the commonest histological abn ormality 
observed by North American workers, occurring in nearly one-half of the patients 
with lepromatous leprosy (Powell and Swan, 1 95 5 ; Shuttleworth and Ross, 1 95 6 ;  
Williams, Cathcart and Calkins,  1 965) .  Amyloidosis complicated leprosy i n  as 
many as 80% of cases in Spain (Granels, 1 968)_ In contrast ,  renal amyloidosis was 
seen in only 6% of leprosy patients s tudied in Mexico (Williams, Cathcart and 
Calkins, 1 96 5 )  and a similar low incidence was reported from Japan (Mitsuda 
and Ogawa, 1 93 7 )  and India (Junnarkar, 1 95 7 ;  Desikan and Job, 1 968 ; Sachdev, 
Puri and Bansal, 1 969).  Though amyloidosis complicated reactional leprosy much 
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Department of Nephrology , Christian Medicai College Hospital, Vellore-632004, Tamil Nadu, 
South India . 
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more frequen tly , it was seen in non-reactional types as well (Brusco and Masan ti ,  
1 963 ). 

Renal fai lure secondary to amyloidosis was the leading cause of death in  U . S .  
Sanatoria (Powell a n d  Swan, 1 9 5 5 ; Shuttleworth a n d  Ross, 1 9 5 6 ;  Will iams, 
Cathcart and Calkins, 1 96 5 )  and even more so in  Spain (Granels, 1 968) .  In 
con tras t, in only 4 out of 3 7  cases of leprosy ( 1 0 . 8%) studied at  post mortem in 
South India was death attributable to renal fai lure ( Desikan and Job, 1 968) .  
Junnarkar fai led to  demonstrate any  remarkable renal lesion in 20 cases of 
leprom atous and tuberculoid leprosy at post mortem except for one instan ce of 
amyloidosis ( Junnarkar, 1 9 5 7 ) .  

There have been only a few renal biopsy studies i n  patients with leprosy. Durtz 
and Gutm an reported 2 cases of proli ferative glomerulonephri tis in 8 biopsied 
cases of leprom atous leprosy with erythema nodosum leprosum from Taiwan 
( Durtz and Gutman, 1 972 ,  1 9 73) .  Another case wi th proli fera tive glomerulo­
nephri tis has been reported by Shwe ( 1 972) .  The wide discrepancy in the nature 
of renal lesions seen in different  countries prompted this enquiry into the nature 
of renal disease in leprosy in I ndia .  

Materiais and Methods 

Patients admitted to the Schieffelin Leprosy Research Sanatorium with 
d ifferent  cl inicaI types of leprosy with or without ery thema nodosum leprosum 
and in varying stages of therapy were selected at random. The cases were divided 
into lepromatous and borderline groups according to the system of  Ridley and 
Jopling, using clinicai,  histological and immunological cri teria ( Ridley and 
Jopling, 1 966) .  The bacterial load was estimated after standard skin smears from 
8 si tes and was expressed as the bacterial index ( B I )  according to Ridley's scale 
( Ridley, 1 964) .  Only patien ts with erythema nodosum leprosum were classi fied as 
having reaction . A 24 h u rine sample was examined for acid fast bacilli .  

I m munological studies included estimation of antistreptolysin O (ASO) ti tre 
(Rantz and Randall , 1 94 5 ) ,  antinuclear factor, rheumatoid factor and examina­
tion of lupus ery thematosus ( LE) phenomenon by the method of M agath and 
Winkle ( 1 9 5 2) .  

R E N A L  H ISTOLOGY 

Percutaneous renal biopsy was performed with a Franklin m odi fied Vim­
Silvermann needle following the method of Kark and Muechrcke ( 1 954) .  Sections 
from ali specimens were stained with hematoxyiin eosin, periodic acid Schi ff 
(PAS) ,  congo red and Ziehl-Neelsen stains and e xamined with the light 
m icroscope . Sections were independently interpreted by two of us (KVJ and AD). 
The h istological lesions were graded as follows: 

( 1 )  Proliferative. (PGN) Diffuse prolifera tive :  showing diffuse hypercellularity 
of endothelial and mesangial cells with or without polymorphonuclear exudation 
in the glomerular tuft. 

Mesangial prolifera tive : Hypercellularity of varying degree confmed to the axial 
region . 

( 1 1 )  Chronic sc/erosing. Showing glomerular hyalinization , focal tuft adhesions 
and interstitial scarring. 

( I I I )  Mesangial sc/erosis. Glomeruli showing increase in PAS positive material 
in the axial region without significant hypercellularity. 
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( I V )  A myloidosis. Was confirmed by the presence of congo red posi tive 
material  in the renal tissue .  

(V ) In ters titial  nephritis. With predominant involvement of intersti t ium and 
tubules consist ing of d i ffuse in tersti tial monon uclear cell i nfi l tration ,  in terst it ial  
fibrosis and tub ular atrophy .  

R EN A L  FU NCTlONAL ASSESSMENT 

I nvestigations included routine urine analysis for albumin and sediments,  24 h 
urine protein excretion (Thomas et al. , 1 970) ,  endogenous creatinine c1earance 
( Bonsnes and Taussky, 1 945 ) and blood urea estimation (Varley, 1 96 7 ) . 
Addit ional biochemical tests measured serum sodium,  phosphorus , potassi um , 
calcium , sugar, alkaline phosphatase and congo red re tention (Varley, 1 96 7 ) .  
Serum protein was determined using cellulose acetate strips and Shandon 
universal electrophoret ic apparatus (K ingsley,  1 942 ; Smith ,  1 960) .  

ResuI ts 

Adequate renal biopsies were obtained in the 35  patients analysed for this 
report. Thirty-four were males. The mean age of the group was 3 1 .  7 years and 
ranged from 1 8  to 57 years. Twen ty-nine patien ts had lepromatous leprosy, 2 
borderl ine lepromatous, 1 bord erline  borderl ine and 3 borderl ine tuberculoid. 
Mean d uration of disease at the t ime of study based on the history was 9.8 years 
and ranged from 3 mon ths to 25 years. 

Those wi th lepromatous leprosy had a more prolonged illness (mean 1 0 .3  
years) than those wi th  borderline leprosy (7 . 1  years). Twenty-four patien ts had 
past history of ery thema nodosum leprosum of which 4 had E N L  at the t ime of 
study .  In  the rem aining 20 the last reaction had occurred within one week to 1 3  
months prior to the study (mean 5 months). Five patients had received no form 
of an ti-Ieprosy therapy at the t ime of study .  Twenty-eight patients had been on 
therapy with single or multi pie d rugs for varying periods, the commonest drug 
employed being dapsone .  The dura tion of  treatment  varied from a few months to 
over 1 0  years .  The BI in  the group ranged from O to 4 . 25  wi th a mean of 2 . 5 3 .  
Acid fast  bacilli were n ot present  in the urine of  a n y  o f  the patients.  

No definite s tatistical correlation could be established between any of  the 
factors m entioned above and the presence of abnormal renal histology. 

REN A L  HISTOLOGY 

Table 1 summarizes the histological findings in  the 35 patients studied . 
Abnormal histology was seen in 1 6  cases (45%).  Hypercellu lari ty of the 
endothelial and mesangial cells w as the most frequent histological abnormality .  

In the most severe form seen in one case there was marked hypercellularity of 
the endothelial and mesangial cel ls and considerable polymorphonuclear 
exudation ( 1 5-25 per glomerulus) obliterating glomerular capillary lumena 
( Fig. I ) . Diffuse endothelial hypercellularity without significant exudation was 
present  in one case . 

I n  the mesangial proliferative group,  the hypercellularity was mainly confined 
to the axial region of the lobules ( Fig. 2 ). The degree of hypercellularity varied. 

In I patient ,  the glomeruli showed varying degrees of hyalinizat ion,  focal tuft 
adhesion, tubular atrophy, interstitial mononuclear cell i nfiltration and moderate 
arteri olar hyalinization .  A few surviving glomeruli showed hypercellularity. 
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TABLE I 

S u m m ary of renal histology in 35 cases 

Histology 
Number of patients 

Percentage 
Lepromatous Borderline Total incidence 

( I )  Prolifera tive 7 8 2 2 . 8  
Diffuse 2 2 5 .7 
Mesangial 5 6 1 7 . 1  

( 1 1 )  C h  ronic sclerosing I I 2 .9 
( 1 1 1 )  Mesangial sclerosis 3 4 1 1 .4 
( I V )  Amyloidos is 2 2 5 .7 
( V )  In terstitial nephritis I I 2 .9 

Normal 1 5  4 1 9  5 4 . 3  

Total 2 9  6 3 5  

Fig. I .  Shows marked hypercellularity o f  endothelial and mesangial cells and polymorpho­
nuclear exudation in the glomerulus-case from Group I (HE x 400). 

Increase in PAS positive material in the axial region with no increase in cells 
was the only abnormality in 4 patients grouped under mesangial sclerosis (Fig. 3 ). 

Amyloid deposition in the kidney was present in 2 cases, both of whom 
presented the features of nephrotic syndrome. One of these had extensive 
involvement of the glomeruli and vessels with associated renal failure.  In the other 
the involvement was less extensive. 

Interstitial fibrosis, mononuclear cell infiltration and tubular atrophy were the 
histological abnormalities in I case . The glomeruli appeared relatively unaffected. 
Two other patients showed occasional small collections of mononuclear cells 
along with proliferative glomerular disease. Granulomata and acid fast bacilli were 
not seen in any of the sections examined . Nineteen patients (54.3%) showed 
normal renal histology. 
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Fig. 2 .  Shows marked . mesangial hypercellularity grouped under  " m esa ngial prol ifera tive" -
case fro m Group I (PAS x 400) .  

Fig .  3 .  Increase in PA S +ve mat erial in the  mesangium with no hypercellularity .  grouped 
under mesa ngial sclerosis- case ÍTom Group I I I  (PAS x 400) .  

CLINICAL FINOINGS ANO INVESTIGATIONS 

Table 2 summ arizes the clinical features and investigations in the cases with 
abnormal renal histology .  

The 2 patients with amyloidosis presented with nephrotic syndrome. Another 
patient who presented with nephrotic syndrome had no significant lesion on light 
microscopy. Marked mesangial proliferation was the histological appearance of 
the 1 patient with an acute nephritic picture with oedema, oliguria, haematuria  
and hypertension of  sudden onset (Cameron, 1 970) .  Massive proteinuria  
(> 4 g/24 h )  was seen in 3 patients. Eight other patients had minimal proteinuria 



T A B L E  2 

S u m mary of findings in 1 6  pa tients with abnorm al renal his tology 

No. Histology 
Leprosy 

Symptom B.P.  Protein uria 
Sediments 

Crea tinine A S O  
Clinicai Reactional B . 1 .  R BC/ H P F  W BC/ HP F clearance Titre 

status 

I .  Diffuse proliferative LL PR I Oedema Normal 320 mg 8 - 1 0 8 3  1 6 6 
2 .  Diffuse prolifera tive LL P R  3 . 7 5  Nil Normal 7 1  2 5 0  
3 .  Mesangial prolifera tive L L  Nil Acute 

ne phritic 1 5 0/ 1 2 0 1 90 mg 3 5 -40 7 1  
4 .  Mesangial proliferative L L  P R  3 Oed ema Normal 1 2 5 
5 .  Mesangial prolifera tive L L  P R  3 . 2 5  N ormal 90 3 3 3  
6 .  Mesangial prolifera tive L L  P R  2 .6 2  Normal 80 1 00 
7 .  Mesangial proliferative BT Nil O Normal 5 8  3 3 3  
8 .  Mesangial prolifera tive LL PR 3 . 1 2  Oedema Normal 380 mg 8- 1 0  5 2  6 2 5  
9 .  Chronic sclerosing LL PR 1 . 1 2  Normal 6- 1 0  74 3 3 3  

1 0 . Mesangial sclerosis LL PR 2 . 62 N ormal 420 mg 80 
1 1 . Mesangial sclerosis LL P R  3 . 0  Oed ema Normal 62 . 3 3 3  
1 2 .  M esangial sclerosis L L  Nil 4 . 2 5  Normal 7 3  1 2 5 
1 3 . Mesangial scJerosis BT Nil O Normal 7 1  1 6 6 
1 4 . Amyloidosis L L  P R  3 . 2 5  Nephrotic Normal 6 . 6  g 1 04 5 0  
1 5 . A myloidosis LL Nil Nephrotic Normal 1 0 .4 g 1 8  2 5 0  
1 6. �n terstitial nephritis LL PR 3 . 62 Oed e m a  Normal 360 m g  8 - 1 2  3 8  1 2 5 

LL - Lepro matous Leprosy.  B I  - Bacterial Index .  BT - Borderline tub erculoid . PR - Past reactions.  
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« 0 . 5  g i n  2 4  h ) ,  o f  wh ich  5 pa t ien ts had abnorm al renal histo logy . Five pat i ents 
had microscopic hematuria of which 3 had a pro l i ferative glomerular lesion .  Blood 
urea was wi thi n the normal range in  ali e xcept  2 pat ien ts ,  I with nephrot ic  
syndrome and amyloidosis and the  one wi th acute neph ri t ic  disease ( 1 30 and 
54 mg% respective ly) .  The endogenous creat in ine  c1earance was less than 
75 ml/min i n  2 1  out of 33 patients  (63 .6%)  of which 1 0  had abn ormal histology . 

The tissue re ten t ion of congo red was 64 and 44% i n  2 patien ts who had ren al 
amyloidosis. In ali the other patients the re te nt ion was less than 20%. The L . E .  
phenomenon could n o t  be demonstrated in any o f  the 3 1  pa t ients ,  each tested on 
3 occasions.  An t inuc\ear and rheumatoid fac tors were also nega tive in  ali 28 
patients  e xam ine d .  ASa t i tre was raised above 333  Todd un i ts in 3 5 . 5% of 
pat ients studied ( Koshi ,  e t  aL, 1 96 7 ) .  To examine  the i n fl u ence of a possible  
coinciden tal streptococcal i n fect ion i n  PGN of le prosy , those wi th  normal ASa, 
raised Asa and the whole group were compare d .  No d i fference was found in the 
freq uency of PGN in the various groups .  

Discussion 

Renal amyloidosis i s  the commonest renal  complicat ion and the major cause of 
death in lepromatous leprosy i n  U . S .  and Spain (Powell and Swan,  1 9 5 5 ; 
Shutt leworth and Ross , 1 95 6 ;  Granels, 1 968 ; B rusco and Masant i ,  1 963) .  I n  
I ndia ,  renal fai lure is a rare cause o f  death in leprosy ( Desikan and J o b ,  1 968) ,  
possibly due to the  low incidence of am yloidosis. However, both  ante mortem 
and post mortem studies in I nd ia  have revealed non-amyloid renal d isease i n  more 
than 5 0% of patien ts (Desikan and J ob ,  1 968 ; M i ttal e t  ai. , 1 9 72) .  Renal 
functional impa i rment  during reactive episodes followed by improvement i n  the 
quiescent phase has also been observed (Gokhale and Kurk ure , 1 95 8 ;  Thomas 
et ai. , 1 970) .  These observations and also the presen t  study suggest that renal disease ." 
in leprosy, though common in India ,  i s  resolving and self l imit ing and does not  
contribute sign ificantly to the  mortali ty .  

The present  s tudy has revealed a high incidence of proliferative glomerulo­
nephritis in leprosy. The presence of cases i n  this series showi ng d iffuse 
proliferation and exudat ion , varying degrees of mesangial  proliferat ion and pure 
mesangial sclerosis wi thout  proliferation could be in terpreted as showing stages of 
resolution of an originally d i ffuse prol iferative glomerulonephri tis. I f  this is true 
the time taken for this process of resolution is not c\ear from the available data. l t  
would seem,  however, that the exudative reaction and d i ffuse hy percellu larity 
resolve faster than the later stages of mesangial  prol i ferat ion and sclerosis as 
evidenced by the larger number of  cases seen wi th histological changes suggesting 
resolu tion i n  a cross-section study of this  type .  The one case showing changes of 
chronic glomerular disease may suggest that occasionally proli fe ra tive glomerulo­
nephritis of leprosy does no t resolve completely but  progresses to i rreversible 
damage . 

The pathogenesis of the proliferative lesion is not  clear, but the alterations in  
serum complement  suggestive of complement consumption reported by Durtz and  
Gutman ( 1 97 2 ,  1 97 3 )  as  well a s  the  demonstration of immunoglobulins and BIC 
in the  glomeruli in  3 cases of lepromatous leprosy by Shwe ( 1 972 )  suggest that  an 
i mmune complex m echanism is involved . 

I n  this study, no de finite relationship could be observed between the occurence 
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of PGN and the d urat ion of i l l l l ess, bacte rial load , presence of ENL ,  or the ASO 
ti tre . None of these pati ents  had a posi tive L .E .  cell tes t .  

The  o ther  ren al lesions in le prosy such  as i n te rst i t ia l  nephri tis and pyelo­
ne phri tis are mostly seen at autopsy ( Desikan and J ob , 1 968 ) .  I n terstit ial  
nephri t is appeaIs to be more often associated with advanced stages o f  the d isease 
of very long standing.  The one patien t in the present  series who showed diffuse 
in terst i t ia l  d isease had lepromatous l eprosy for over 2 5  years, the longes t d u ration 
of i l lness in the whole group,  but  only one e pisode of  reaction . The p rolonged 
disease state i tse l f  unrelated to reactive e pisodes has been held responsible for t he 
lesion (B rusco and M asan ti , 1 9 63) .  Possibly,  prolonged chemotherapy may also be 
con tributory to the developmen t o f  i n te rst i t ial nephri tis .  

Acknowledgements 

Presented at the Vth I nternational  Congress in Nephrology, Mex ico Ci ty ,  October 1 972 .  We 
wish to thank Drs A. Jeevaratnam and C.  Chakravarthy for their  va luable assistance in this work 
and Mr P. K .  Ch andran for sec retar ia l  assis tance.  We are also grateful to the Superintenden t , 
S . L. R.S . ,  Karigi r i ,  for permit t ing us to investigate these pa t ien ts and also extend ing to us ali 
necessary help .  

References 

Bonsnes, R .  W. and Taussk y ,  H. H. ( 1 9 4 5 ) .  On the calorimetric determination of creatinine by 
laffee reactio n . J. Bia/. Chem. 1 5 8 ,  5 8 1 -5 9 ! .  

BTUS�O ,  C. M .  and Masant i ,  J .  G .  ( 1 9 6 3 ) .  Causes of death of leprosy patients, influence o f  lepra 
reactions and renal d isease . ln t. J. L epr. 3 1 ,  1 4-2 5 .  

Cameron, 1 .  S .  ( 1 9 7 0 )  Glo meru lonephritis .  Brit. Med. J. 4 , 285 -28 9 .  
Cochra ne, R. G .  ( 1 964) .  Complicating conditions d u e  t o  leprosy . I n  L eprasy i n  Theary and 

Prac tice, 2 nd ed . ( Eds R .  G .  Cochra ne a nd T. F .  Davey). p .  3 3 1 . Bristol : 10hn Wright and 
Sons Ltd . 

Davison ,  A. R .  ( 1 9 6 1 ) . Acute edema of hands and feet in leprosy . lnt. J. L epr. 29, 29-3 3 .  
Desikan,  K .  V .  and 10b ,  C .  K .  ( 1 9 6 8 ) .  A review o f  postmortem findings i n  3 7  cases o f  leprosy.  

ln t. J.  L epr. 36 , 3 2-44 . 
Durtz, D. 1 .  and Gutman,  R. A. ( 1 9 7 2 ) .  The kidney in leprosy : An I m munologic target organ .  

ln t. J. L epr. 40, 2 1 7-2 1 8  . 
. )urtz,  D. 1 .  and Gutman,  R. A. ( 1 97 3 ) . Renal manifestations of leprosy : glomerulo nephritis a 

com plication off EN L. A mero J. Trap. Med. Hyg. 2 2 , 49 6-5 0 2 .  
I .okhale,  B .  B .  a n d  Kurkure, N .  B .  ( 1 9 5 8 ). Phenol red excret ion test of kidney function i n  

leprosy pat ients. lndial! J .  Med. S ei. 1 2 , 3 3 1 -3 3 3 .  
! ; ranels , M .  ( 1 9 6 8 ). Renal lesions in leprosy . ln t. 1. L epr. 36, 645-6 5 0 .  
' ; utman, R .  A . ,  L u ,  W.  H .  a n d  Durtz ,  D . J .  O 9 7 3 ). Renal inanifestations of leprosy : I mpaired 

acid i fication and concentration of urine in pat ients with leprosy . A m ero J. Trap. Med. 
Hyg. 22 , 2 23 -2 2 8 . 

J unnarkar , R. V. ( 1 9 5 7 ) . Late lesions in leprosy. Leprasy in lndia 29 , 1 48- 1 5 4 .  
Kark ,  R. M .  a n d  Muechrcke , R. C. ( 95 4 ) .  Biopsy of kidney in pronse position . Laneet I ,  

\ 047- 1 049.  
Kean, B .  H .  and Childress, M .  E.  ( 1 94 2 ) .  Summary of 1 03 autopsies on l e prosy patients on  

Isthmus of  Panama .  l n t. J .  L epr. 1 0 , 5 1 -5 9 .  
Kingsley, G .  R .  ( 1 94 2 ) .  The direct B iuret method for t h e  d etermination of serum proteins as 

applied to photoelectric and visual calorimetry . J. L ab. Clin. Med. 27, 8 4 0-845 .  
Koshi, G . ,  Mammen,  A . ,  Feld man,  D .  B . ,  Bhakthavizia m ,  C .  and Myers, R .  M .  ( 1 9 6 7 ) .  A 

preliminary report on beta-haemolytic streptococci and anti-streptolysin O titers in 
pyogenic skin infect ions in children, with a case report of  acute glomeruJonephritis 
following repeated skin in fections.  lndian J. Med. Res. 5 5 , 920-9 2 9 .  

Magath ,  T.  B .  a'nd Winkle, V .  ( 1 9 5 2 ) .  Technique of  demonstrating LE cells in blood .  A mero J. 
Clin. Pa th. 22, 5 8 6-5 8 7 .  



K. V. JOH N Y ,  A. B. A. K A R AT, P. S. S. RAO AND A .  DATE 37 

, I i l suda , K .  and Oga wa, M .  ( 1 9 3 7 ) .  Study o f  1 5 0 auto psies on cases of leprosy . ln l. J. L epr. 5 ,  
5 3-60 .  

Mitta l ,  M ,  M . ,  Agarwal ,  S .  C . ,  Maheswari ,  H .  B .  a n d  K u mar,  S .  ( 9 7 2 ) . Renal lesions i n  leprosy .  
A reh. Pa l h. 9 3 , 8- 1 2 . 

Po well ,  C. S. and Swan,  L. L. ( 1 9 5 5 ) . Leprosy : Pat hologic changes observed in 5 0  consecutive 
necro psies. A mer. J. Pa lh 3 1 ,  1 1 3 1 - 1 1 47 .  

Rant z ,  L .  A .  and Rand a l l ,  E.  ( 1 94 5 ) . A mod ification of  t he t !}chniq ue for d eterminat ion o f  the  
a n t istreptolysin t i ter .  Proe. S o e .  Exp. B io l. Med. 5 9 , 2 2 -2 5 .  

Ridley ,  D .  S .  ( 964) .  Bacterial  indices .  I n  L eprosy in Theory and Clinica i Praclice, 2 n d  e d .  (Eds  
R .  G.  Cochrane a nd T. F.  Davey) ,  p .  620 B rist o l :  John Wright and Sons Lt d .  

Ridley,  D .  S .  a n d  J opl ing, W .  H .  ( 966) .  Classi fica t ion o f  leprosy according t o  i m m unit y -a five 
group system . ln l. J. L epr. 34 , 2 5 5 -2 7 3 . 

Sa chde v , J .  c. ,  Puri ,  D .  and Bansa l ,  S. ( 1 9 69 ) .  Secondary amylo idosis in l epros y .  L perosy in 
/ndia 4 1 , 7 3-7 6 .  

Shutt lewort h ,  J .  H .  a n d  Ross, S .  H .  ( 1 9 5 6 ). Second ary a m y loidosis in  l e prosy .  A n n. In l. Med. 
4 5 , 2 3 -3 8 .  

Shwe,  T .  ( 9 7 2 ) . I m mune complexes in glomerul i  o f  pat ients wit h leprosy .  L epr. R ev. 4 2 ,  
282-289 . 

' 

S mith ,  E. D. I .  ( 960) .  Chromalographic and Eleelrophorelic Teehniq u e, Vol .  2, p .  5 7 .  Zone 
Electro phoresis. Lo ndon :  Heine m a n n .  

Thomas, G . ,  Karat ,  A .  B .  A . ,  Rao , P.  S .  S .  and K u mar , C .  P .  ( 9 70) .  Changes in  r e n a l  funct ion 
d uring reactive phases of  lepromatous leprosy . ln l. J.  L epr. 38,  1 70- 1 76 .  

Varley, H .  ( 1 96 7 ). Practical Clinicai B ioehem islry (4th ed ). Lo nd o n :  Heinema n n  MedicaI 
Books.  

Wheate ,  H.  W. ( 962) .  Acute oedema in l eprosy . /n l. J. L epr. 30, 38 7-394 . 
Wil l iams, R .  C . ,  Ca t hcart , E. C. and Calkins, E. ( 1 96 5 ) .  Secondary a m yloidosis in lepromatous 

l eprosy.  Possible rela t ionships of d iet  and environ men t .  A nn. In I .  Med. 6 2 ,  1 000- 1 00 7 .  





L epr. R ev. ( 1 9 7 5 )  4 6 , 39-49 

Lepro m a  of t h e  Mo use Foot 
C .  K .  JOB 

Sch ieffelin I. eprosy R esearch Sanaturiu m - 6 32 1 06 ,  
Kangiri. Via. Ka lpadi, Ta m il Nadu, S.  In dia. 

and 
Deparlm e n l  of Pa l h o logy, Chris l ian Medicai Col/ege a n d  Hospita l, 

Vc llore 6 32 004, Ta m il Nadu, S. India. 

C. J .  G. CHAC K O  

and  

R .  V E RG H ES E  

Sch ieffe lin L eprosy R esearch Sanaloriu m - 6 32 I 06,  
Karigiri, Via. K a lpadi, Tam il Nadu, S. India. 

and 

S .  PADAM S ING H  

D eparlm en l of R adio- Therapy,  Chris l ia n  MedicaI Co l/ege and Hosp ita l, 
Ve llore - 6 32 004, Ta mil  Nadu, S. India. 

Le pro ma of lhe foot in s ix T 900r CBA mice produced by local inj ectio n wilh 
My co. lepra e is reported in this  pa per .  Orga nisms n u mbering 1 04 mul t iplied to the  
order  of 1 0 9 in  l O to 1 2  months .  The origina l  inocu lum of Myco. leprae was 
obta ined from a lepromatous pat ient  and the bacilli w ere first passaged thro ugh a 
gro u p  of T 900r Sw iss albino mice and later were subcultured three t imes 
successively in T 900r CBA mice.  One or more of  the animais used in each of the  
subcultures d eveloped erythematous swelling of  both inoculated hind feet  which on 
m icrosco pic e xa m ination showed t ypical lepro matous nod ules.  No n e  of the other  
2 3  strains of  bacilli s tudied from different lepro matous pat ients showed this 
reaction . I t  is possible t hat this part icular strain of Myco. lepra e  had undergone 
certain varia t io ns prod ucing lesions characteristic o f  l epro matous lepros y .  

In troduction 

A l imited mul tiplicatio n of Myco. lepra e in the foot pads of mice was first 
reported by She pard in 1 960 (Shepard , 1 960).  Since then i t  has been shown by 
severa 1 workers that if 5000 to 1 0 ,000 lepra bacilli are inj ected into the footpads 
of mice, they will m ul tiply 50 to 1 00 times in about 6 to 8 m onths. ( Rees, 1 964 ; 
Job,  1 97 0 ;  Levy et aI. , 1 970) .  I t  was a lso found that larger inoculum failed to give 
enhanced yields ( Rees, 1 964) .  If the same n umber of  organisms are inj ected into 
immunologically suppressed mice,  a marked enhancement of the growth wi th a 
yield ranging from 1 0 ,000 to 1 00,000 times the original number occurred ( Rees, 
1 96 6 ;  1 967 ; Shepard and Congdon,  1 968 ; Gaugas, 1 967 ; Job et  ai. ,  1 974) .  
Histopathological lesions characteristic of lepromatous leprosy has also been 
described by Rees and his associates in thymectomized irradiated (T 900r) mice 
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( Rees et aI. ,  1967 ; Rees and Weddel l ,  1968 ; Re.es and Wed d e l l ,  1970) .  Rees has 
also reported swel l ing of  the hind foot pads rese m b l ing l epro m a t o u s  nod u les i n  5% 
o f  ali T 900r m i c e  at ri sk ( Rees, 19i1 ) .  However no other worker  has c o n fi rmed 
the find ing of nodular swel l ing i n  s imi larly e x peri m e n t e d  a n i m a I s .  In  this paper we 
record our find ing of nodular leproma of the fee t  i n  6 T 900r CBA m i c e .  

Ma teria l and Met hods 

Experiments using T 900r m ice belonging to bo t h  CBA and Swiss a l b i n o  s t ra i n s  
for cultu ring Myco. leprae have been go i n g  o n  i n  o u r  laboratory fo r over 5 years 
and the finding of enhanced growt h  of Myco. leprae i n  t h ese a n i m a I s  i n  7 
experiments have been re ported elsewhere ( J ob el aI . . 1974 ) .  I n  t h i s e x peri m e n t  
Myco. leprae o b t a i n e d  from a le p ro ma to u s  pa t i e n t  w i t h  a morph ologica l  i n d e x  
( M . I . )  o f  2% were injected i n to bo th  the hinel foo t pads o f  T 900r Swiss a l b i n o  
mice .  The orga nisms isolated fro m  t hese Sw iss a l b i n o  m i ce were subcu l tu red i n  
the  foot pad s of T 900r CBA m i ce success ive ly 3 t imes .  The  resu l ts o f  o u r  
e x perience wi th thjs s tra in  of Myco. lepra e carr ied t h ro ugh 3 successi ve 
generat ions of T 900r CBA mice is be ing re ported in  t h is paper .  

The method used for pre pari ng the inoculum from the  t i ssue o f  the 
le promatous pat ient ,  for harvest ing the footpaels of mice ,  anel for count ing the 
organisms, c10sely followed that e1escribed by Rees i n  1964 .  Both the h inel 
foo tpads of ali the mice we re i nj ecteel wi th an inoculum con ta in ing 104 
organisms.  They were kept i n  an ai rcond i t ioned laboratory w i t h  a constant 
e nviron men tal temperature of 20-22° C. At the  e n el o f  6 ,  8 ,  1 0  a n el 1 2  m on ths ,  
one or two of the mice were sacri ficed a n d  the tissue fro m  o n e  foo t was processed 
for count ing the number of organisms presen t ,  and the o t her  foo t  w as am puta ted , 

fixed in formalin for 7 2  h, cut transversely i n to 3 pieces, decalc i fied and 
processed for paraffin sect ions .  Haematox yl in and eosi n stai n ,  and acid fast  stain 
were done on 5 J.UTI thick sections obtained from al i  the blocks for rus to­
pat hological study.  

Fou r  of the 6 m ice which developed leproma of the fee t  were autopsied and 
the internaI organs  such as lung, l iver, k idney,  spleen,  Iymph nodes and heart were 
examined both grossly and m icroscopical ly ,  using the same histopathological 
techniques as e1escribed above .  

ResuIts 

Of the 1 3 , T 900r CBA mi ce i nfected with Myco. lepra e obtained from T 900r 
Swiss albino m ice,  6 died before 6 mon ths, and only 7 were available for study . 
Of these, 3 developed erythematous and nodular swell ing of both the hind  fee t  
resembling human lepromatous nodules ( Fig . I ) . Tht,re w a s  no  evidence o f  
externaI ulceration a n d  t h e  nod ules were n o t  warmer than t h e  normal skin of  the 
mice.  Smears obtained from them showed numerous macrophages filJed wi th  acid 
fas t  organisms. The swelJing of the fee t  developed gradually and was noticeable as 
early as the e ighth month.  One animal was sacrificed and studied at the tenth 
month and the other two by  the twelfth m onth.  The  bacillary counts from one 
footpad o f  each of  these animaIs were 5 x 1 09 ; 1 x 1 09 and 3 x 1 09 . 

The strain of Myco. leprae obtained from one of t hese mouse lepromas was 
subcultured in to 1 0  T 900r C B A  mice .  Of these, 5 died wi thin 6 months,  and 5 
were available for study .  One among them developed swelling and nodulari ty  of  
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Fig. I .  Photograph of the hind footpad of T 900r CBA mice 1 0  months after injection with 
I O� Myco. leprae. 

the hind feet  at the eighth month and was sacrificed at the end of the tenth 
month giving a yield of I A  x 1 09 • 

The Myco leprae obtained from one of the mice from the previo us group were 
further subcultured for the t hird time in to 1 5  T 900r CBA mice. Ten of them 
died within 6 mon ths, and of the remaining 5, two developed swelling and 
nodulari ty  of both hind feet  beginning from the ten th month and were harvested 
at the end of  the twelfth month giving a yield of I x 1 09 and 3 x 1 09 organisms. 
The organisms isolated from this experiment were also subcultured for the fourth 
time into a group of T 900r CBA mice and the results of this study are awaited . 

Microscopic examination of the fee t  was most interesting. The appearances 
were almost identical in  ali the specimens examined from 6 different  animaIs. The 
lepromatous granuloma involved all the tissues of the foot ,  namely. the skin , its 
appendages, subcutaneous fat ,  tendon, muscle and bone ( Fig. 2). The epidermis 
was atrophic  and flattened.  The subcutaneous tissue was packed with large 
macrophages, most of which had a foamy cytoplasm,  but some had a granular 
pink cytoplasm. These macrophage collections were separated from the epidermis 
by a clear area (Fig. 3), but in focal areas the inflammat ory cells reached up to the 
epidermis (Fig .  4 ). There were also a few scattered plasma cells and lymphocytes. 
No polymorphonuclear leucocytes were seen . The striated muscle bundles and 
tendon tissues were in filtrated and destroyed by the macrophage granuloma 
(Fig. 5 ). In some areas the striated muscle fibres were completely replaced by 
macrophages. The nerves and their perineuri um looked normal a lthough 
surrounded by macrophages (Fig. 6). However, in one instance the nerve was 
infiltrated by foamy macrophages (Fig. 7 ). The bones of the foot and bone 
marrow also showed jnfiltration by macrophages (Fig. 8). Acid fast s tain showed 
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Fig. 2. Low power photomicrograph to show the "Ieprom a" beneath the f1at epidermis 
infil trat ing musc1e, tendon (T) and bone ( B ) .  Note the small cutaneous nerve bundles ( N )  
surrounded by macrophages. (H & E x 5 0 . )  

macrophages packed with Myco. leprae ( Fig. 9 )  in the  subcutaneous tissue, 
tendon , bone and bone marrow. Bacil l i  were also present in large n umbers inside 
striated muscle cells, but only very rarely inside nerve bundles. The nerve bundle 
infiltrated with foamy m acrophages con tained a large number of acid fas t  bacil l i  
( Fig. 1 0 ). 

In one animal the macrophage granuloma was, in focal areas, densely infil trated 
by Iymphocytes (Fig. 1 1 ) and Myco. leprae were considerably reduced in number 
at  these sites. 

Four of the 6 animais which developed leproma, 2 at the tenth month and 2 at 
the twelfth month were autopsied,  and lung, liver, spleen ,  kidney, heart and 
Iymph nodes were examined both grossly and microscopically. Gross examination 
did not reveal any abnormality in any of  the organs. On microscopic examination 
acid fast bacilli were seen in  K upffer cells of  the tiver and in reticulo-endothelial 
cells l ining the sinusoids of spleen .  No granuloma was presen t  in any of the organs 
in ali  the animaIs exam ined.  



Fig. 3. Microscopic picture of the Jeproma of the mouse foot pad . Note the flattened 
epid ermis,  beneath which w as seen a clear area separating Jarge collection of foamy 
macrophages. ( H  & E x J 3 0. ) 

Fig. 4. I n  focal areas of the Jepromatous Jesion ,  the macrophage collections reach up to the 
epidermis. ( H  & E x 5 00 . )  
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Fig.  5 .  Foamy m acrophages infil t rate  the  striated muscle cel ls some of  which also underwent 
foamy change due to the presence of intracellular bacil l i  (H & E x 5 0 0 . )  

Fig. 6 .  Apparent1y n ormal cutaneous nerve bundles were surrounded by foamy macrophages. 
(H & E x 5 00 . ) 
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Fig. 7 .  One nerve bundle was infiltrated with macrophages. Atrophic musc1e cells were aIs o 
seen in the photomicrograph.  ( H & E x 5 00 . )  

\ 

�. � .. . .  .t 
Fig. 8 .  Bones in the mouse foot were infiltrated with collections of foamy macrophages .  

Note the normal marrow in the lower part of  the photomicrograph. ( H  & E.x 5 00. ) 



46 C. K .  JOB, C .  J .  G .  C H ACKO, R .  V E R G H ESE A N D  S .  P A D A M  S I N G H  

Fig. 9 .  Foamy macrophages were packed with acid-fast bacilli . (A.  F .  x 1 3 00 . )  

Fig. 1 0. The intraneural foam cells aIs o contained numerous bacilli. N o t e  t h e  numerous 
normal axons around the foam cells. (A. F .  x 1 300 . )  
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Fig. 1 1 . I n  o n e  mouse i n  focal areas of t h e  l eproma there were collections o f  lymphocytes 
infiltrating the foamy macrophages. (H & E x 3 3 0 . )  

Discussion 

The development of swelling and nodularity of the footpads of  T 900r mice 
resembling human lepromatous leprosy seems to be an exception rather than the 
rule.  Rees et  aI. ( 1 968)  re fer in thei r  pape r to some animaIs among the many 
T 900r CBA mice they studied , which developed swell ing of the footpads, and 
also describe in de tail the histopathological picture in one.  In most of the animaIs 
there was no obvious change at all in the infected foot .  I n  our experiments 
conducted wi th T 900r mice using organisms obtainetl fram 23 d ifferent  pa t ients 
with lepromatous leprosy this is the only strain of Myco. lepra e in which 
n odulari ty of the fee t  of the animaIs was noticed . Six of the 1 7  animaIs available 
for study showed leproma of the fee t. The procedure of thymectomy,  irradiation 
and bone marrow replacemen t was e xact1y the same in ali experimen tal animaIs, 
was done by one well trained technician , using the same equipment ,  and therefore 
less likely to have any appreciable variation . The CBA mice are being inbred i n  
our own laboratory . Variability i n  their immunological status, though possible,  is 
also not  very likely . Further we have found this strain of Myco. leprae 
consistently giving rise to n odular swellings in 3 successive subcultures in T 900r 
CBA mice. Therefore one might  suggest that this particular strain of organisms 
proliferated more rapidly than the others. If that be the case, should it  not 
produce nodular granulomatous swelling in all the 1 7  mice in oculated with this 
organism? Instead ,  only 6/ 1 7  mice injected with this strain of the bacilli 
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developed the swe ll ing. Whether the swel l ing and n odularity of the feet  and 
prol iferat ion of the 1 04 organisms to 1 09 in a period o f  l O to 1 2  mon ths are due 
to a change in the immunological status of the experimen ted animais, or whether 
they are due to a varia tion in  the nature of the organism used i n  the i n fection ,  is 
not clear, a l though judging from our experience in this stud y the latter is more 
J jkely .  

The animaIs could no t  be followed up for a period longer than 1 2  months 
because most of them developed a tapeworm infestation and died soon after 1 2  
mon ths. My co. lepra e in  small numbers were seen i n  Kupffer cells i n  liver and 
re ticulo-endothelial  cel ls of the spleen in animaIs sacri ficed at  the end of 1 0  and 
1 2  mon ths showing that dissemination of the bacil l i  through the blood stream of 
various in ternaI organs occurred wi thin 10 mon ths after a local i n fection in a 
T 900r CBA mouse .  However, granuloma formation in the i n ternaI organs was not 
observed . Therefore i t  is reasonable to infer that the dissemination of the 
organism in the blood stream could not have taken place much earlier. 

The organisms were found in  abundance in macrophages , and equally so in the 
muscle cells. We may s tate that this strain of Myco. leprae would grow free ly not 
on ly in macrophages but in  stria ted muscle cells also. The bacillary invasion and 
proli feration of striated muscles of the feet  of T 900r mice was far more than 
what was seen in  our previous study using normal mice (J  ob, 1 970) .  This finding 
is in agreement with the observation of  Rees and Weddel l  in 1 968 .  M any of the 
stri ated muscle cells in the fee t  of these animaIs were colonized by bacilli and 
were destroyed.  It is very likely that if these animaIs survived for a longer period, 
paralysis of the foot due to destruction of muscle tissue could be observed . 

Most of the cutaneous nerves examined did not show invasion by in flammatory 
cells in haematoxylin eosin sec tion . The granuloma only surrounded the nerve 
bundles (Fig. 6 ) .  Intraneural bacilli were very scan ty .  Shepard ( 1 968)  did not find 
nerve invasion in the early months of  Myco. leprae infection in T 900r mice. 
However, in  one cutaneous nerve of a mouse foot there was infiltration of the 
nerve bundle by foamy macrophages ( Fig. 7). Bacilli were presen t  in large 
numbers in i n  traneural m acrophages ( Fig. 1 0) as seen in nerves of  lepromatous 
leprosy patients. It is in teresting to point out that the nerve invasion was seen as 
early as 10 months after inoculation of  Myco. leprae. 

The lepromatous tissue in all animaIs had infiltrated bone and bone marrow 
( Fig. 8 ) .  Bóne trabeculae also had been destroyed . These lesi ons are well known in 
small  bones of  the fingers in lepromatous leprosy patien ts (Job, 1 963) .  Further, 
the lesion in the mouse skin showed flattened epithelium and a band of foamy 
macrophages containing Myco. leprae separated by a c1ear area from epitheJjum 
(Fig. 3 ). Cutaneous nerves were surrounded by baci l l iferous macrophages (Fig. 6) .  
Ali these resem bled exactly the skin lesions of human lepromatous leprosy. 

If lepromatous granulom a  such as described here could be produced con­
sisten tly in most of the T 900r mice in ali experiments within 8 to 1 0  mon ths, we 
would have here a good animal model to study lepromatous leprosy. But since it 
is a rare phenomenon its use is limited. However, we in tend to study this 
particular s train of Myco. leprae further and will report later on any further 
developments in  i ts pattern of behaviour. 
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Depart m en t  of flu man A na t o my, 
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Per ineur ia l  changes were s tud ied by l igh t m ic rosco py in biopsies of skin and nerve 
fro m 64 patients covering the  fu l l  range of the  l eprosy spectr ll m .  In a l i  t y pes of 
l ep rosy a m u l t i layered ap pearance of  the  per ineur ium cOll ld  be observed : in 
l ep romato lls cases the  l ayers tended to consist of  swo l len  ce l ls  which contained 
m ore l ep rosy baci l l i  than  t h e  Schwann cel l s ;  in  b order l ine and tuberc ul oid b iopsies 

they took on a t hinner ,  more fib rotic appearance,  and baci l l i  w e re scanty or absent .  
E p i the l io id  changes were se ldom observed in th is s i te .  The possib l e  e ffects  o f  
per ineur ia l  damage in the  endoneurill m ,  and o f  endone uria l  damage on t h e  
pe rineu riu m ,  a r e  d iscussed .  

I n troduction 

The "sc ien ti fi c e ra" of  leprology may be conside red as start ing  in  1 847 ,  when 
Danielssen and Boe ck pub lished their treatise on leprosy . They divided pati en ts 
into two groups, "nodular" and "anaesthet ic ,"  accord ing to the ir  d ominant 
cl inicai features. Clearly there fore nerve damage was already well recognized as 
com monly prese n t  in the d isease . 

V i rchow ( 1 864) examined nerves from le prosy patien ts ,  and considered that 
there was an in te rst i t ial  neurit is ,  i n  which an  im porta n t  role was played by 
"brownish cells" in  the end oneurium .  He also 'however com mented on the 
presence of a perineuri t is  i .e .  prol i fe rat ion of the oute r  layers of the nerve.  This 
appearance has been consis tently noted by workers sin ce that t ime ,  and it has 
been considered to play a part in causing nerve dysfunct ion by exert i ng  a 
s trangling action on the nerve bundles .  

With the adven t o f  electron microscopy  i t  became possible to s tud y  the 
ul trastructure of perineurium,  and to show that i t  is not  a sim pIe membrane but a 
compact mult i layered structure ,  composed o f  up to ten laminae ,  eaçh covered by 
a basal lamina .  l t  is anatomically wel l  su i ted  to act  as a semi-permeable barrier to 
isolate the in terior of ne rve fram some of  the con ten ts of the fluid outs ide the 
nerve, and has ,  i ndeed , been shown to have that funct ion (Waggener, Bunn and 
Beggs, 1 96 5 ) . The sequence of even ts following experimental perineurial inj u ry 

* Present  address : M RC Leprosy Project ,  P .O .  Box 1 005 , Addis Ababa ,  E t hiopia .  
t Requests for  repr ints  shou ld  be addressed to AGMW. 
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has been a n a l ysed b y  M o rr is ,  H u d so n  and Wed el e l l  ( 1 9 7 2 ) ;  t h i s  s t u d y  a lso 
i n el i c a t eel i ts i m portancc  as a b a rr i e r. . 

T h e re h ave b e e n  a n u m be r  of s tuel ies  o f  n e rves i n  l e p rosy i n  rece n t  y e a rs,  b o t h  
by l i gh t a n el e l e c t ro n  m i c roscopy ( l y e r  a n d  Des i k a n ,  1 96 8 ;  l ob ,  1 9 7 1 ; D a s t u r, 
R a m a m o h a n  a n d  S h a h ,  1 9 7 3 ) :  b u t  t h e  peri n e u ri a l  c h a nges rece ive o n l y  i n c i d e n t a l  
me n t i o n .  Pea rso n ( 1 9 7 2 )  d i scu sses t h e  p e ri n eu ri u m , b u t  o n l y  i n  re l a t i on t o  
l e p roma t o u s  l e p rosy . T h e  p u rpose o f  t h i s  paper i s  to d escri b e  t h e  c h a n ge s  seen b y  
l i g h t  m i c roscopy i n  t h e  p e r i n e u ri u m  i n  u n treated l e p rosy o f  a l i  types .  Poss i b l e  
mecha n i s m s  caus i n g  th ese c h anges,  a n d  t h e  i n te rrel a t i o n sh i p  o f  peri n e u r i u m  a n d  
e n d o n e u r i u m  a re a l so d i scussed . 

Pa t ients  a nel M e t hods 

S i x t y  fo u r  pa t i e n ts  were s t u d i e d ,  coveri n g  the w h o l e  ra n ge of l e p rosy , fro m 
tuberculo id  to l e p ro m a t o u s .  M e n ,  w o m e n  and c h i l d re n  over 1 2  years w e re 
i nc luded , t h e i r  nat iona l i t ies b e i n g  M a l a y ,  Chinese, I n d i a n ,  or G u r k h a .  Pa t i e n ts 
w i t h  b o t h  ear ly  and advan ced les i o n s  were se lec ted . 

A l i  pat ie n ts appeareel to be s u ffe ri n g fro m act ive  u n t re a t ed d i se ase , a n d  a l i  
d e n i e d  rece i v i ng previous t reat m en t .  N o  pat ie n t  w as s u fferi ng from other  
sign i fica n t  d i se ase ,  and i n  no  case was d a pson e found i n  the u ri n e .  C lass i fi c a t ion 
was accord i ng to the  system 0 1' R i d ley a nel J o p l i n g  ( 1 96 6 )  anel t he re was good 
agree men t be tween cl in icai  and histo logical d i agnoses . 

A l i  pat i e n ts were su bje cted to b iopsy o f  an ac t ive skin l es ion and of an en larged 
n e rve .  The n e rve u s u a l l y  c h ose n was the  superfic i a l  radia l  at the levei of the 
styloid process of the rad i u s  ( Pe a rson a nd Wedde l l ,  1 97 1 ) , but in some cases 
enlarged subcutaneoLls ne rves in the im mediate vicin i ty of tuberculoid skin lesions 
were biopsied .  Two se para te sk in l esions we re b iopsied in two cases . Not  a l i  the 
nerve biopsies however, w e re processed for l ight  m icroscopy - figures are given in  
Table I .  

T A B L E  1 
Classification Df patien ts and n u m ber Df b iopsies exam ined 

Classifica tion N u mber  of N u m ber of N umber  of 
pat ients  skin biopsies nerve bio psies 

Tuberculoid 
TT 3 3 2 
BT 24 24 14 

BTj B B  3 3 1 
BorderJine B B  6 6 4 

B B/ B L  2 2 1 
B L  8 8 4 

Lepromatous L I  1 6  1 7  8 
LL 2 3 1 

The skin biopsies were divided in to two, one part being examined for 
independen t histological classification by Dr D .  S. Rid ley, the other fixed by 
immersion in 1 0% buffe red formaldehyde and e xamined in the Department  of 
Human Anatomy, Oxford . Nerve biopsies were intended primarily for electron 
microscopy, and in most cases were fixed by immersion in  3% glutaraldehyde for 
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2 h ;  larger specimens were sometimes subdivided for light a s  well a s  electron 
microscopy . Some nerve biopsies, however, to be used primari ly for light 
microscopy, were fixed in 1 0% buffered formaldehyde .  

The specimens for light microscopy were subjected to rou tine processi ng, 
embedded in wax,  and cu t into 6 J..!m sections. They were always stained with 
haematoxylin and eosin ,  and haematoxyl in and cold carbol fuchsin .  Additional 
stains used in  some cases included methods for e lastic fibres ,  PAS stains, and si lver 
techniques for axons. In a few cases silver stains of 25 J..!m sections were combi ned 
with s taining for acid-fast bacilli .  Additionally in  a few cases thin ( I  J..!m )  sections 
of araldite embedded material stained with toluidine blue were avai lable .  

Findings and Comments 

The appearance of normal perineurium is shown in Fig. I .  

TUB E RCULOID LEPROSY 

Twenty seven patients were included in this category . Eight biopsies (a11 BT) 
were taken from lesions which appeared clinically to be rather early in their 
evolution ; and a further two (both BT) were bi opsies taken across the edge of the 
lesion and extending into apparently normal skin outside it. In such biopsies the 
earliest s tage of  the evolution of  the disease could be seen outside the active edge ,  
and i ts developmen t followed across the  edge and  in to the lesion .  

The remaining biopsies were from the active areas of  mature lesions ; three were 
classified TI and the remainder BT. 

( I )  Ear/y L esions (]  O cases, ali B T). The dermal nerves in  these cases were 
usually normal in size or on ly slightly enlarged .  Most of them however had a 
rather fibrotic appearance, and a few showed marked swel1ing and hyper­
cellularity of the endoneurium, though there was never a mature epithelioid 
granuloma. In general ,  the more normal a nerve looked , the more Iikely were 
bacilli to be found within i t .  

Even in  these early cases the perineurium was usually markedly abnormal . 
Instead of  being a very compact structure ,  the layers appeared to be separated 
into thin fibrotic looking strands,  and there were a large number of inflammatory 
cells, chiefly Iymphocytes, Iying among the strands and apparently invading the 
perineurium from ou tside (Fig. 2 ) .  I t  was not uncommon for there to be the 
appearance of a dense cellular cuff occupying the perineurial zone, with a 
somewhat fibrotic lookin g but relatively normal and preserved endoneuri um.  
Only  in one  instance was the perineurium normal in  appearance, and  even in this 
case (where the only abnormality of the nerve itself was the presence of very 
scanty bacilli lying within Schwann cells) there were a number of  lymphocytes 
clustering round the outside of  the nerve.  Acid-fast bacilli were never seen in the 
perineurial zone. 

( 2 )  Mature L esions ( ]  7 cases; TT-3, B T-14/ Dermal nerves of fairly well 
preserved morphology could be identified in  eight cases (TT- I , BT-7 ) ,  and 
structures recognizable as formerly neural in another 7 (TT- I , BT-6) .  Only in  2 
biopsies could no  nerves be found.  The destroyed nerves were grossly swollen ,  
chiefly due to expansion of the endoneurium, in  which there were seldom 
recognizable Schwann cells, the whole zone being replaced by epi thelioid cells. 

In the more norm al looking nerves the perineurium looked much the sarne as i n  
the early cases ;  there was a multilayered fibrotic appearance with some cellular 
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Fig. I .  Electron-micrograph o f  mouse sciatic nerve (x  1 6 ,000).  I nset : light photomicrograph 
of fascicle of normal human radial cutaneous nerve (x 1 5 00) .  Note the multilayered structure of 
the perineurium which is hardly  to be seen b y  light m icroscopy. The separation of perineurium 
from the other nerve layers in the light micrograph is a shrinkage artefac t. Ep  = epineurium ; 
Per = perineurium ; En = endoneuriu m .  

infiltration . In  addi tion there sometimes appeared to be fine septa of  perineurium I extending in to the endoneurium, fonning muItiple com partments in the nonnally 
monofascicular nerve bundles. 

In  the grossly swollen nerves the perineurium was less abnormal than the 
endoneurium , but i t  never rem ained intact, and sometimes appeared to be hanging 
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Fig. 2 .  Early tuberculoid (BT)  leprosy . This dermal  nerve shows a mu l ti layered perineurial  
zone with infiltrat ing Iymphocy tes.  The endoneuriu m is a lmost  normal . ( x 800. ) 

in thickened shreds ou tsi de the nerve.  M ore commonly , however, i t fonned a 
widened perineurial zone with lymphocytes wi thin the tibrotic perineurial strands 
( Fig. 3 ). These lym phocytes tended to form rather dense foc i  at  the poin t where 
blood vessels penetrated the perineurium and were about to pass i n to the 
endoneuri u m .  At these poin ts i t  appeared that inflam matory cells could readi ly 
emerge from the blood vessels. I n  two biopsies the perineurium appeared ,  i n  some 
places,  to be replaced by ep i thelio id  cells which were usually in  cont inu i ty  wi th  
endoneurial granuloma. 

(3) Nerve Trunks ( ]  6 cases; TT-2. B T-J 4J. There was no sign i fi cant d i fference 
between the TI and BT cases : nor be tween the rad ial nerve biopsies (8 cases) and 
the subcutaneous nerves close to skin lesions (8 cases) .  Two radial nerves were 
normal, and a third normal apart from the presence of very scanty baci l l i  in the 
Schwann cells .  

The changes in  these b iopsies were much the same as those seen i n  the severely 
dam aged dennal ne rves ; and though the in flamm atory response chie fly affected 
the endoneurium , the perineurium did not escape unscathed . It  was usualIy fused 
with the epineurium i n to a thick tibro tic cellular col Iar ;  the whole structure was 
highly vascular, and m an y  in flammatory cells, predominantly lymphocytes, 
appeared to be passing out of  the blood vessels into the perineurial zone .  
Moreover, the  boundary between peri and  endoneurium was often indistinc t ; al I  
the components of the n erve tended to coalesce, and lymphocytes appeared to be 
entering the endoneurium via the perineurium as well as through the endoneurial 
blood vesse ls. In  two biopsics ep i thelioid granulomata could be seen in  the 
perineurial zone. 

The endoneurium was usually wholly replaced by an epithelioid granuloma, but 
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Fig. 3 .  Tuberculoid ( BT) leprosy . .  , he enáoneurium of  t his dermal  nerve i s  re placed by 
epi thelioid granulo ma, and there is a loose focus of lym phoc y tes occu pying a sector  of t h e  
perineurial z o n e  at  t h e  s i  te of entry of a b l o o d  vesse l .  ( x SOO . )  

the inflammation sometim es showed a focal qual i ty .  Occasionally survlvmg 
strands of Schwann cells could be iden ti fied ,  and in one instance a rad ial nerve 
biopsy included two fasc icles, one grossly swollen with epithel ioid cel l  change, the 
other normal. 

LEPROMATO U S  L EPROSY 

( I )  LL Cases. Three biopsies ( f  TOm 2 patients) were in  this category, but dermal 
nerves were only recognizable in two of them . The perineurium had lost i ts 
compact appearance and formed a perineurial zone,  a multilayered s tructure 
many times wider than normal (Fig. 4). This zone was not clearly demarcated 
from either epi- or endoneurium ; the three layers merged in to one another with 
no definite l ines of transition . The perineurial layers were thick, and appeared to 
be cytoplasmic rather than fibrotic ;  their nuelei resembled those of  the Schwann 
cells of  the endoneurium , and were quite unlike those of  normal perineurium . 
Histiocytes and plasma cells were seen both among the perineurial layers and in 
the endoneurium,  but lymphocytes were scanty or absent .  

Bacilli, inelud ing globi, were present  in very large numbers in  the perineurial 
layers and in the histiocytes among them. The bacillary concentration in the 
perineurial zone was markedly higher than in the endoneurium, which, though 
hypercellu lar in one biopsy and ra ther fibTOtic looking in the o ther, was relatively 
much more normal in appearance. 

(2) BL Cases; Early L esions. Three biopsies were ineluded in this group. The 
general appearance of the nerves was rather similar to that of the early BT lesions, 
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Fig. 4 .  Le promatous ( LL ) leprosy . This dermal  nerve shows thickened perine urial strands,  
con taining large numbers of  leprosy bacil l i ,  encircIing a few surviving Schwann cel ls .  ( x  1 5 0 0 . )  

though there were far more bacilli in  the  Schwann cells. However, the  perineurial 
zone was less cellular and bacilli could be found in  probable histiocytes among i ts 
rather scanty layers. The bacilli often lay in cells, including small foci of  
macrophages, which appeared to be related to blood vessels, rather than nerves, in  
the neurovascular bundles . 

(3 )  B L Cases; Ma ture Lesions (5 biopsies). The general appearance of the 
dermal nerves, which could be identified in ali 5 biopsies, was similar to that of 
the LL cases, but the strands which formed the perineurial zone (in 3 cases) were 
thinner and appeared somewhat more fibrotic and less cytoplasmic (Fig . 5 ) , and 
Iymphocytes were seen in considerab le numbers among the layers in  2 bio psies. In 
the remaining 2 bio psies the perineurium appeared normal . 

Bacilli were seen in ali 5 cases, but the preference for perineurium seen in LL 
cases was not evident ,  being presen t  in  I case on ly .  In  another case the 
concentration was less in the perineurium,  and in the remainder i t  was much the 
same as in the endoneurium .  

( 4 )  LI Cases ( 1 7 biopsies. (For definition of LI  see R idley and Waters 1 969. ) 
Dermal nerves could be identified in ali but  3 biopsies, including 2 cases where the 
skin was anaesthetic at the biopsy site . The perineurial changes were most 
advanced in these 2 cases, with a higher bacillary concentration in the perineurial 
zone than in  the endoneurium.  

The o ther 1 2  biopsies showed a wide range of  appearances .  The earliest lesion 
(and the only one with normal  sensory acuity) showed no perineurial"layering," 
but there were clumps of bacilli in the Schwann cells (whose nuclei appeared 
increased in number) and rather fewer in the perineurial cells. The rest of the 
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Fig. 5. Lepromatous ( B L )  le prosy . The perine urial layers of  t his d e rma l  nerve are somewhat 
less thick than those seen in L L . The per incuria l  zone contains some in fiItrat ing infl ammatory 
cel ls .  and its  baciU ary concentration is lll uch the same as t hat of  the endoneuri u m .  ( x  1 5 0 0 . )  

biopsies showed varyi ng degrees of layering which was imprecise ly re lated to  the 
degree of sensory loss (Fig . 6) and could not be related to the probable durat ion 
of the disease. The appearance of the perineurial layers usually fel l  between the 
rather fibrotic strands of the B L cases and the thicker fleshier form of the LL 
cases. There were always some macrophages among the layers and, commonly, 
also a small number of lymphocytes and plasma cells. Acid-fas t baci l l i  were al ways 
present in greater (5 biopsies ) or similar (6 biopsies) concentration in the 
perineurial layers compared to the endoneurium. 

(5)  Nerve Trunk L esions. Thirteen biopsies of nerve trunks were avai lable, and 
though they inc1uded LL ( 1  case ) ,  LI (8 cases) and BL (4 cases) there were n o  
major di fferences that could b e  associated with t h e  c1assi fication . They are 
therefore considered together as a group and demonstrate the evolution of the 
infection ; 4 biopsies were early ,  2 advanced , and the remaining 7 lay somewhere 
between . 

In  the ear1y biopsies ( B L, 2 ;  LI ,  2 )  the bacilli lay singly and in clumps in the 
Schwann cells of the endoneurium . They tended to be linear1y arranged,  so that 
long thin segments of nerve were affected and larger zones between them 
con tained no bacill i .  It was often possible to see small endoneurial blood vessels  
c10se to these foci of infection . I n  the areas where the bacil l i  were more dense 
and where sm all globi might be present ,  the n umber of nuc1ei was increased . This 
appeared to be due chie fly to Schwann cell proliferation,  but the nuc1ei were less 
e longated than normal ,  and some cou ld have been inflammatory cel\s entering via 
the blood vessels. In ali these cases there were already considerable numbers of 
bacil\i , but there was minimal cell response to their presence. Most of the 
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Degree of peri n e u r i o l  "pee l i n g "  

Fig .  6.  The re lat ionship between the d egree o f  perineurial " peel ing" and t h e  sensory aC l I i ty  
of the biopsied area  in fo urteen b io p sies fro m patients  wi th  lepromatolls ( L I )  le prosy .  S ensory 
testing was performed using graded n ylon bristles ( Pearson a nd Weddel l ,  1 9 7 1 ) ; the figures in 
the vert ical ax is represent the  finest brist le t he pat ient  could feel  ran ging fro m I ( very fine ) to 6 

(coarse ) .  

Schwann cells appeared intact,  even though bacil lated , and and the sensory acuity 
in the area supplied by the radial nerve was normal in the 3 cases in  which it was 
tested . 

Even at this early stage the perineurium was also affected.  The two earliest 
cases (both B L) showed bacilli present in perineurium in about the same 
concentration as endoneurium.  In  the  two more heavily infected cases (both LI ) 
the concentration was greater in the perineurial zone ,  which showed the same 
muIti layered appearance as was seen in  the dermal nerves. M oreover, bacilli were 
seen in large numbers in the endothelial cells of the endoneurial blood vessels in 
these two biopsies. 

As the in fection progressed the endoneurium became more cellular, till in 
m oderately advanced cases no Schwann cells of  normal configuration survived .  
Before this  stage , however, they formed s trands between zones of more abnormal 
looking endoneurium. These zones were centred on blood vessels , and were more 
cellular than the remainder.  The cells could not always be identified but there 
appeared to be monocytes and,  in the more sub polar cases, Iymphocytes , which 
c1early delineated the b lood vessels, forming a cuff around them . Plasma celIs 
were often seen, and in one case smalI foci of  polymorphs. In addition to the 
cellular infiltration , however, the tissues had a c10udy appearance and took up 
stains more readily than usual .  This abnormality was also present  in a zone j ust 
within the perineurium.  I t  was as if  some abnormal material was leaking into the 
nerves through both the perineurium and the endoneurial blood vessels .  The 
contrast between the two zones was most c1early eviden t  by phase contrast 
microscopy. 

There were also abnorm alities in the other parts of these nerves. Here the 
myelin was very markedly swolIen and took up stains fairly readily ,  so that nodes 
of Ranvier and even Schmidt Lan termann c1efts could be identified in 
haematoxylin and eosin s tained sections. These abnormali ties were probably 
reversible , as the 3 cases where such axons were presen t  in large numbers alI had 
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normal sensation on follow up after 6- 1 2  mon ths' treatment ,  though one of them 
was anaes thetic at the time of biopsy (the other two were not tested init ially ) .  

I n  the most advanced cases the structure of the nerve was almost  com plete ly 
obli terated ,  and only strands of foam cel ls ,  in places encirc\ed by strands of  
collagen which appeared perineurial in  origin ,  could be  seen . The bu lk  of  such 
"nerves" consisted of collagen bundles, with occasional in flam matory cells and 
bacilli among them . In  sl ight1y l ess advan ced cases , where there was readily 
recognizable endoneurium,  the number of  blood vessels in this zone was 
increased .  The increase was recognizab le ,  though less marked, in the earl ier stages 
of the infection. 

The mu!tilayered appearance of the perineurium was seen in al i  these biopsies, 
and appeared to be maximal in the more advanced cases. The perineurial  zone 
showed infi ltration (wi th lynÍphocytes most1y in BL cases, histiocytes mostly in 
L I  and LL cases) si milar to that seen in the dermal nerves. Baci l l i  were al ways 
present  in both endo- and perineurium ; in the BL cases they tended to be more 
concentrated in  the endoneurium, whereas in LI and LL there were as many or 
more bacil l i  in  the perineurial layers. 

BORDERLlNE LEPROSY 

( l )  Skin Lesions. Six biopsies were cJassified as BB, and nerves were identi fied 
in  every case . They showed two characteristic features, one or both of which were 
present  in every biopsy. 

(a) In  4 cases the Schwann cells were bacillated but otherwise almost normal. 
(b) In 4 cases there were strands of bacillated Schwann cells, and also zones of 

epithelioid cells, which tended to lie at the periphery of the nerves . 

Si lver stains showed that axons were only presen t in the relatively intact 
Schwann cel l  s trands, and even there they were reduced in number. 

The perineurium always showed a multilayered fibrotic appearance with many 
lymphocytes am ong the strands. In three cases macrophages were also present .  
Nuc\ei within the strands themselves were very much less elongated than n ormal 
perineurial nuc1ei (Fig. 7). Bacilli were usually present  in the perineurial zone, but 
the concen tration w as always less than in the relatively preserved S chwann cell 
strands. In two cases epithelioid granulomata were present  in  the perineurial zone ; 
they were usually in continuity with the endoneurial granuloma. 

The nerves of the two patients cJassified BB/BL were very similar to  each other. 
The Schwann cells of the endoneurium con tained many acid-fast baci l l i ,  but their 
concentration was almost as high in the perineurial zone. The perineurium showed 
moderate layering, with strands which usually looked fibrotic ,  but in  a few places 
were thicker and contained bacilli . Most nuc1ei lay within the perineurial strands, 
but were m ore rounded than normal perineurial nucJei and much greater in 
number (Fig. 8 ). There were also occasional lymphocytes and histiocytes among 
the layers. In  both cases the perineurial strands were not confined to the normal 
perineurial zone, but appeared ais o to have proliferated within the endoneurium, 
which was split  into multiple small compartments, each containing at least one 
Schwann cell . 

Three patients were c1assified B B/BT;  scanty dermal nerves could be identified 
in two of them ; and the Schwann cells contained very few bacilli . The perineurial 
zone was replaced by a wide dense band of lymphocytes, which almost 
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F ig.  7 .  B o rd e rl i n e  ( B B )  l e prosy . A d e r m a l  n e rve showing a m u l ti l a y ered p e ri n e u r i u m  wit h 

ro u n d e d  n u c l e i  and so m e  i n filt rat ing cel ls .  E p it h e l io id gra n u l o m a  has fo r m e d  in t he o u t e r  part  
o f  the e n d o n e u ri u m ,  a n d  i n  one sector a p p e a rs t o  i n volve the p e r i n e u ri u m .  ( x 600 . )  

Fig. 8 .  Bord erline( BL/B L )  leprosy . The perineurial strands o f  th is dermal  nerve contain 
many well rounded nuclei,  and the endoneurium is split  into mult iple comp art ments  by similar 
looking strands .  (x 7 5 0. )  
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obliterated the fibrotic strands of perineurium.  There were no bacill i  in  the 
perineurial zone.  

(2)  Nerve Trunk  L esions. Six biopsies were available (BB,  4 ; B B/ B L, I ;  
BB/ BT, I ), but  were norm al in two of the B B  cases. The remaining four  can be 
considere d  as a group.  

The endoneurium was affected in a strikingly focal manner. There were strands 
of norm al looking Schwann cells which, however, contained many acid-fast 
bacilli , including even som e small globi .  There was some increase in the nu mber of 
Schwann cell nuclei in these zones. Surrounding these s trands were areas where 
the normal neural archi tecture was lost and replaced by a cel lular granuloma 
which in some places had matured to fu lly di fferentiated e pithelioid cells. 
Lym phocytes were rather scanty except round the en doneurial blood vessels, 
where they som etimes formed loose foci .  The n umber of blood vesse ls was 
markedly greater than normal . 

The gran ulom atous zones usually lay adjacent to perineurium,  which formed a 
widened and highly vascular perineurial ZOne . There was a mode rate degree of 
layering, and the perineurial strands usually had a fibrotic appearance. I n  some 
places however, they we re obli terated by dense foci of Iymphocytes, which 
tended to be situated at posi tions where the larger perineurial blood vesse ls 
penetrated in to the endoneurium.  Acid-fast bacilli we re present  in the peri­
neurium, al though they were scan tier than in the relatively normal sectors of  
endoneurium.  However, in one case there was  a thin ,  but  very dense, zone of  
bacilli in the outer  part of the perineurial zone .  One biopsy showed areas of 
epitheJioid celIs in the perineurial  zone.  

Discussio n 

Previous commen ts on the perineurial changes seen in leprosy have been largely 
con fined to obse rvations on the mul tilayered appearance which can be observed 
in alI types of the disease. However, even this appearance is  not absolutely 
uniform, and the perineurial changes in leprosy form a spectrum of their own, 
which can be related to the cIassification of  the disease. 

( 1 )  THE MUL TI LA YERED APPEARANCE 

(a )  The "quality" of  the layering was by no means uniform : in LL and many LI  
cases the layers took on a thick, cytoplasmic appearance .  This appearance was 
less marked in the BL cases, and in B B  and tuberculoid lesions the layers took 
the form of thin fibrotic strands. 

(b)  In  lepromatous leprosy the nuclei in the layers appeared iden tical to those of 
Schwann cel Is  of  the endoneurium. In B L/BB and B B  cases there were nuclei 
within the layers but they were more e longated,  though still much rounder 
and greater in number than normal perineurial nuclei .  At the tuberculoid end 
of  the spectru m  there was too much celIular infiltration for perineurial nuclei 
to be identified or localized . 

(c)  The degree of "layering" was generalIy related to the maturity of  the 
lesion-the earlier lesions showed it less intensely than the more advanced 
ones. 

(d ) In lepromatous cases the am ount of layering was also roughly proportional to 
the degree of  sensory loss. This may be a causal relationship ,  or may simply 
mean that both develop slowly i n  lepromatous leprosy. 
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( 2 )  C EL L U LA R I N FI LTRATION 

In  most cases i n fi l tra t ing  ce l l s  we re seen  among the perineurial  layers .  At the 
tuberculoid end of the spectrum they we re a lmost  al i  lymphocytes : i n  borderl ine 
cases a fe w m acrophages were sometimes iden ti fied,  and i n  a few BT and BB cases 
frank  epi thel ioid changes could be observed : in  lepromatous leprosy histiocytes 
and plasma ce lls predom i nated,  though there were conside rable numbers of 
Iymphocytes in  B L  cases, and a few i n  the LI group .  

( 3 )  ACI D-FAST B A C I L L I  

No baci l l i  were fou nd i n  the perineurial zone in  T T  or B T  cases , or i n  the 
patien ts classi fied BB/BT. They were, however, presen t  in the remainder and 
could usually be seen  both in the perineurial strands and i n  i n ft l trating 
hist iocytes. ( I n  the LL and L I  cases,  however,  i t  was often impossible to be 
certain of their cel lular locatio n . )  The bacil lary concentration was h igher in  the 
endoneurium in  the borderl ine cases,  but in the two LL biopsies and si x of the L I  
cases there were markedly more i n  the perineur ium.  The con cen trations were 
m uch the sam e in both si tes in the rem ain ing LI and BL  pati en ts .  

( 4 )  E N O ON E U R I A L  " I N V A S I O N "  BY TH E PER I N E U R I U M  

This appearance was seen  in  a few B T  a n d  BB/ B L  cases ,  b u t  i t  is  hard t o  assess 
from this rather small series just  how commonly it occurs .  Fibrotic strands of 
tissue ex tended inwards from the perineuri um , giving a re ticular appearance to the 
endoneurium , and dividing  i t  in to multi pIe small compartments. We have seen ,  i n  
two biopsies from borderl ine leprosy (not included i n  this series) what m a y  b e  a 
more advanced stage of this change ,  when a small nerve that should have been 
mon ofascicular was split  i n to many t iny fascicles, each comprising  one or several 
Schwan n cells surrounded by well organi zed perineurium.  

( 5 )  E N OONEU R I A L  C H A N GES 

Tw o findings deserve special  com me n t :  

(a ) The survival o f  bacil l i  i n  the end oneurium in t h e  tuberculoid and borderline 
cases, and particularly their presence in  higher concen tration than in 
extraneural si tes, offered good evidence that the protection within peripheral 
nerves was immun ological �as well  as, perhaps, histochemical . 

(b ) In some leprom atous cases the cloudy appearance of the endoneurium,  and 
the swelling and altered stain ing quality of the myel inated axons, suggested 
very strongJy that in such cases the perineurial and vascular barriers had been 
breached . 

I n  speculating about the way in which these striking perineurial  changes may be 
brough t  abou t,  i t  is convenie n t  to  consider first, the  e ffect of perineurial damage 
on the endoneurium,  and secondly the e ffects of endoneurial damage on the 
perineurium .  

The Effect of Perineurial Damage on the Endoneurium. The function of the 
perineurium appears to be to act as a semi-permeable barrier between the 
extraneural tluid and the endoneurium (Shantha and Bourne ,  1 968) ;  i t  provides a 
degree of chemical isolation for the Schwann cells .  Thus, i t  has been shown that 
ferri tin applied around a nerve wil l  not pass into the perineurium (Waggener et  ai. , 
1 965 ) .  Any fai lure of this barrier function is there fore liable,  by allowing ingress 
of abnormal consti tuents to the endoneurium , to cause alterations of structure 
and function of t he nerve. 
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Morris et  ai. ( 1 9 7 2 )  have coined the colou rfu l  phrase "e nvironmenta l  draught"  
to  describe th is endoneurial exposu(e, and investigated ( in  the  ra t  sciat ic ne rve)  
the sequen ce of even ts fol lowing the de privat ion of  endoneuri u m  of i ts perineurial 
pro tection . Within a few hours an abnormal floccular substance was seen in  the 
endoneuri u m .  During  the next few days a fine meshwork of  fibres developed 
around the Schwan n cells ,  which in  the next 3-4 weeks became organized to form 
many sm all fascicles of Schwan n cells each enc i rcled by tissue morphological ly  
iden tical with perine ur ium .  The floccular substance was seen only ou tside the new 
fascicles. By elec tron microscopy they demonstrated that  the new perine urium 
was in  part  at  least  derived from Schwann cel ls ,  which d ivested themse lves o f  thei r 
axons and ex tended lateral processes enclosing  groups of other Schwann cells .  
Thus, under these experimen tal condit ions ,  Schwann cells could metam orphose to 
take the form and fu nction of perineurial cells . 

Lepromatous leprosy partly re prod uces the ex perimen tal con dit ions of  M orris 
et ai . .  in  th at the perineuri al cells a re always colon ized by Mycobacterium leprae. 
and in ex perimen tal leprosy the perineurial layers have been shown to be 
abn ormally permeable ( Bodd ingius  et aI. . 1 97 2 ) .  Thus the endone urium is 
exposed to environmental dra ught ,  and it see ms l ikely that  the swol len axons seen 
in  som e biopsies from leprom atous leprosy are the result  of this exposure , and 
that  the al tered staining qual i ty or the endoneurium represen ts the floccular 
substance seen by elec tron m icroscopy .  Furthermore ,  changes very sim i lar to the 
com partmen tation reported by Morris et  ai. have been observed in some patients  
in the borderlin e range (this  is the type of leprosy in  which sudden nerve 
destruction is most l ikely to occur, i . e . the type that m ight  most closely 
reproduce their experimen tal condi tions ) .  

The concentric mul ti layere d  appearance of the perineurium is , however, much 
more com monly seen . To accou nt  for i ts development  in  terms of the processes 
described by Morris et aI. . i t  is necessary to take in to account two major 
di fferences be tween lepromatous leprosy and their ex perimental situation : 

( I )  Their injury was a single  acute insult .  I n  leprosy the processes occur  slowly ,  
and t he final si tuation i s  the end result  o f  months o r  years of bacillary 
multi plication. 

(2) In  their experimen ts the whole nerve w as exposed to an environmen tal 
draught which could reason ably be described as gale force .  In leprosy the 
perineurial changes are best considered as "micropunctures," chie fly a ffecting  the 
immediately adjacent endoneurium,  and having a direc tional  element  lacking in 
the experimental m odel .  

Qur hypothesis to accoun t  for the development  of the mul ti layered appearance 
of the perineurium in lepromatous leprosy is that ,  under these circumstances, the 
en doneurial response to perineurial injury is for cells, including Schwann cells, to 
go through the same processes. However, instead of  encircling other Schwann cells 
they respond to the directional e lement of the environmental d raught by  applying 
themselves as "patches" to the perineurium .  The cells i nvolved would probably 
themselves be bacil lated, and the patches l iable to break d own sooner or later and 
need further patching. The s tage is thus set for the development of the 
mul tilayered appearance characteristic of the bacillated perineurial zone in 
lepromatous leprosy (see Fig .  9) .  But  whether or not this  concept is  correct ,  in 
leprom atous leprosy the nerve damage is, in part at  least, brought about by a 
perineuropathy ,  though this does not  e xclude the e ffects of other processes, such 
as the direct  d am age to Schwann cells by contained bacilli , the possible strangling 



PER IN E U R I A L  CH ANGES IN U NTR EATED LEPROSY 6S 

Fig. 9 .  Diagramm atic representation of  the processes which may be involved in the 
development of "multilayering" of the perineurium in lepromatous leprosy . .... = site of 
" micropuncture" ; / / / / = zone of "endoneurial draught " .  

e ffects of  in traneural and perineurial collage n  formation , and limitation of blood 
supply . 

The Effects of Endoneurial lnflammation on the Perineurium. I n  tuberculoid 
leprosy the nerve damage is primarily endoneurial in origino  Bacilli enter Schwann 
cells, multiply in them for a period ,  and then the mycobacterial antigen reaches a 
cri ticai levei at which, despi te the protected environment ,  it is recognized by the 
tissue defences. A de layed hypersensitivity response (cell  mediated immune 
response) ensues,  in which the bacilli are attacked and largely destroyed.  In the 
process the cells which contain them,  and indeed the whole nerve, are also 
destroyed,  and replaced by epithelioid gran uloma, and the in flamed nerve 
becomes grossly swollen .  

I t  is  hard to assess how efficiently the perineurium functions in borderline (and 
tuberculoid) leprosy. In this series of patients the two c1assified B B/ B L  showed 
early changes of "compartmentation," indicating that the perineurial barrier was 
not fully effective. There were considerable numbers of bacilli in the perineurial 
layers of these biopsies. This was not so in  those c1assified BB, where very few 
bacilli were seen in this zone ; and none were present in the more tuberculoid 
cases. Moreover, it was in the BB and BT group of  patients that bacilli could be 
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see n preserved i n  Schwann ce l l s ,  desp i te  the presence  of  perineuria l  l ayeri n g  and 
Iym phocyt ic  in fi l t rat ion of the perineuria l  zon e .  In  such cases ,  there appeared to  
be at  l eas t  partial  preservat ion of  barrier fu nct io n .  

Fra n k  e p i the l ioid changes we re p robab l y  obse rved i n  t h e  perineuri u m  of a few 
B B  and BT cases ,  though the  distorted neural  archi tecture i n  t hese b iopsies makes 
the  s i te o f  any changes hard to d e fi n e .  I n  such zones i t  is most un l ike ly  that  the  
pe rine uri u m  is fu nct ioning e ffect ivel y ,  and not ,  there fore, surpri si ng tha t  
ep i the l ioid  changes were  to be fou n d  i n  the  end oneurium adjacen t to t he a ffected 
perineuriu m .  The i n freq uency of  such  fin d i n gs, however, argues aga ins t  this bein g 
the usual way in wh ich  the pe rin eur ium is b reached and the  endoneurium 
dam aged . Certain l y  i n  the l a rger nerve trunks  some foc i  of  ep i the lio id  change were 
cen t red on e n d on e u ri a l  b lood. vesse ls .  

It  see m s  then that  in borderl ine  and tuberculoid l eprosy the peri ne ur i a l  layers 
tend to look fi brot ic ,  have few or n o  baci l l i ,  and re ta in  some fu nctio n ,  w he reas i n  
lepromatous cases they look m ore cytoplasmic ,  co n tain m a n y  baci l l i ,  and have 
l i t t l e  or no barr ier  fu nct io n .  These are m ajor d i ffe re n ces ,  and raise the  q ues t ion of 
whether  the l ayering  of non-Ie prom atous l eprosy h as the same pathogenesis as 
that  described for l eprom atous leprosy . 

I t  is very d i ffi cu l t  to app ly  the hypothesis of Schwann cell metamorphosis to 
e x plain the m u l t i layering seen i n  borderl ine and tuberculoid cases .  The theory 
presupposes the presence o f  baci l l i  in  the perineurium with conseq uent  fu nctional 
i m p airme n t ,  whereas the perineuria l  barrier i s ,  to some ex ten t ,  a t  least ,  in tac t ,  and 
b aci l l i  are very seldom seen in  the perineuria l  zone .  Epi thel ioid cel ls  (which would 
provide evidence of  baci l lat ion a t  an earl i er  stage, before an immune response had 
fully developed ),  are seldom seen .  I t  seems more I ikely that the perineurial 
changes seen i n  borde rline  and tubercu loid cases represe n t  a perine urial  response 
to endoneurial  in flammation Uust as Schwann cel l  metamorphosis can be regarded 
as an endoneuria l  response to perineuria l  i nj ury) .  This hypothesis a l so p resents  
problems,  for there can be marked perineurial  layering when the e n doneurium 
shows only sl igh t i n  flammatory changes,  and ( less commonly)  very l i  t t le  
perineurial  change despite epi the lioid cel l  format ion i n  the endoneurium.  This 
inconstancy i m plies that the fac tors in i t ia ting the response have yet  to be defined . 
An i mportan t argument  in favour of such a process is that i t  might be expected ,  
on  the  whole,  to preserve the  function o f  the  perin eurium.  The same argumen t 
can be appl ied against  such a process being solely responsible  for the changes of  
lepromatous l eprosy.  

For the tim e being,  there fore, i t  seems impossi ble to  go beyond att ributing 
these changes to a perineurial response to endoneurial i n flam mation . When there 
is  also perineuria l  damage endoneurial changes ensue .  The situation i s  a complex 
one,  and further progress is  l ikely to require e lectron microscopy, and the 
development  o f  e x perimental  m odels which wi l l  reproduce the i n flam m ation of 
l eprosy independent ly in endoneurium and perineurium . I t  i s  c lear however, that 
peri ne urial i nvolveme n t  deserves more a t tention than it has hitherto received in 
studies of the pathogenesis of nerve d amage i n  l eprosy .  
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N ews a nd N otes 

LEPR OS Y RE VIE W IN 1 975 

At the end of Novem ber 1 974,  with the transfer  of LEPRA Headquarters from 
Lon don to Colchester, the Editorial Office of L eprosy Review returned to 5 7  A 
Wimpole Stree t ,  Lon don W I  M 7 D F  at the invitation of Dr Browne .  We very much 
appreciate his kindness and the faci li ties made available at the Leprosy Study 
Cen tre. 

I n flation strikes at the cost of prin ting as at every thing else. It is regret ted that 
an increase in subscripti on ra te for Volume 46 has become inevitable, but 
subscribers should be well satisfied with what Volume 46 has to offer. First ,  the 
average number of pages per Number is being  raised permanen tly to 80 .  In  
addi tion we are proud to an nounce an addition al Special Number, available to 
subscribers withou t addi tional cost ,  and devoted to the recen t  Borstel 
Colloquium .  

With this Number there opens a series o f  invited articles i n  the Field Workers 
Forum Section,  devoted to basic leprosy teaching, with con tribu tions from 
younger  specialists in various aspects of leprology . 

XIII  WORLD REHABILIT A TION CONGRESS, 1 976 

Rehabili tation International ann ounces that the X I I I  World I nternational 
Congress will be held in Tel Aviv , Israel, 2 1 -25  June, 1 976 .  The Secre tary-General 
is Dr E. Chigier (P.O. Box 1 62 7 1 ,  Tel Aviv, I srael) ,  from whom alI particulars may 
be obtained .  At several of the past quadrennial Congresses, leprosy has been welI 
represented,  and special sessions of in terest to leprosy workers have been 
organized . 

TROPICAL D E RM ATOLOGY 

The Third World Congress of the I n ternational Society of Tropical Dermatology 
was held in Sao Paulo (Brazil ) from 1 to 5 September, 1 974. 

As usual, le prosy attracted considerable attention , with a symposium alI to 
i tself  under the able chairmanship of Prof. R .  D. Azulay, and about 2 5  papers on 
leprosy presente d  as "free communications".  While no new material was disclosed 
in these papers ,  they engendered vigorous discussion. Other subjects of interest to 
leprologists included vasculitis, skin lesions of atypical mycobacterioses, 
pigmentation , and such conditions as cutaneous leishmaniasis. One welcome 
feature of the Congress was the presence, at the sessions concerned wi th leprosy , 
of derm atologists and research workers who were attracted by the growing 
relevance to their own subject of  leprosy investigations. Another feature was the 
in terest displayed by leprosy workers in diverse tropical dermatoses, and their 
contributions in these sessions. 
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At the Genera l  Asse m b l y  of M e m bers, Dr Art h u r  Rook (of  Cambridge )  was 
e lected  Pres iden t of the l n ternat io)1 a l  Society of  Trop ical  Dermatology , and Dr 
S. G .  Browne was e lec ted  to the Board of  Directors .  

A R G EN T I N A LEP ROSY SOC l ETY C E LE B R ATES I TS 

20th ANN I V E RS A R Y  

ll1e Society celebrated t h e  2 0 t h  Anniversary of  i ts foundat ion b y  organ iz ing  a n  
i n te mat iona l  sym posi u m  on 7 Septem ber, 1 9 74,  i n  Buenos Aires .  A score o f  
i nv i ted guests from a dozen cou n t ries  presented papers on t h e i r  work t o  a n  
aud ience of upwards of  a hundre d  in te res ted persons .  T h e  fo l lowi ng day ,  t h e  
congressi s ts v i s i ted t h e  B .  S o m m e r  Leprosy Sanatori u m ,  s i tua ted some 5 0  km 
from the  cap i ta l ,  and  saw a wide range of  c l i n i ca i  p resen t a t ions  of  leprosy . 

L E P ROSY S EM IN A R S  IN TH E SOUTH PAC I FIC 

Thanks to the i n i t iat ive of  the Le pe rs '  Trust Board of New Zealand ,  Dr S .  G.  
Browne recen t ly  conducte d  semin ars i n  Wes te rn Sam oa, Tonga and Fij i .  Doctors 
from dis tan t is lands we re brough t by a i r  to the cen t res .  I n  addi t i on to the 
lectu res ,  cl i n i ca i  de monstra ti ons and vis i ts to ou t ly ing hospita is ,  use fu l  con tacts 
we re m ade with Health Departme n ts and the ge nera l  publ ic  th rough the rad io and 
publ ic  m ee ti n gs .  S tuden t and gradu a te n u rses, com m u n i ty n u rses and physio­
therapists a lso pro fi ted from some of the cou rses given . People in New Zealan d 
can be proud of the con tinuing con tribution they are making, through this 
volun tary agency ,  towards the e ffect ive con trol  of  the scou rge of leprosy i n  the 
i s lands of  the South Pac ific o  

1 97 4  DAM I EN - DU TTON AWARD 

Df J ose N .  Rod riguez, forme r  Director of  the Bureau of  Disease Con trol of  the 
Philippines,  an d doyen o f  leprologis ts  in  that country ,  is  the 2 1  s t  recipien t of  the 
Damien-Dutton Award , and we add our congratu la tions to those o f  Dr Rodriguez'  
friends around the world . A dedicated research worker and adminis tra tor, Dr 
Rodriguez has devoted his  l ife to the cause o f  su fferers from leprosy, and this 
Award is  en tirely fi t t ing. We are happy to have a contribu tion from Dr Rodriguez 
in  this N umber  of  Leprosy Review. 

IMMUNOLOGY OF LEP ROSY PROJECT GROU P ( IM M LEP ) 

WHO has decided to establish a S pecial  Programme for Research and Train ing in  
Tropical Diseases . The p rogramme is at  prese n t  in i ts planning phase . A m ajor part 
of it wil l  be to establish working groups covering s ix major  communicable 
diseases. The m embe rs of these groups wil l  actively participa te ih co-operative 
research . The first o f  these groups (lMM LEP) met in  Geneva from 4 to 8 
November, 1 9 74 .  The object ive  agreed upon was to exp lore the possibi l ity of  
developing and applying new techniques for investigating  the  various immuno­
logical aspects of leprosy . The ready availabil ity of large amounts of Myco. leprae 
from infected armadillos has m ade new approaches possible . 

Priority will  be given to w ork on the purification of Myco. leprae from 
armadillo tissue for the preparation of a specific  soluble skin test antigen .  This 
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test  wi l l  pe rm i t fo r t h e  fi rs t t i m e  d i re c t  m e a s ur e  o f  endem i c i ty leve is  o f  l eprosy i n 
d i rfe re n t p op u la t i on s t h ro u gh ou t  t he w orld . The bac i l l i  a n d  fra c t i ons t h e re o f w i l l  
b e  u se d  t o  in ves t i ga t e  t h e  role  o f  ce l l- m e d i a t e d  i m m u n i t y i n  resi s tance t o  the 
i n fe c t i on a n d  pa t h oge n es is o f  re ac t i on a l  p h ase a n d  n erv e d a m age . I m m u n o­
p ro p h y l a x is by v a cc i n a t i on is a re a l is t i c poss i b i l i t y an d t he lon g- te rm o bj e c t i ves o f  
t he grou p w i l l  be to e x p lo re v a ri o Ll S  a pp roach es t o  t h is  e n d .  

Fur ther  i n format i on can  be ob t a i n e d from W o r l d  H e a l t h  Organ i z a t i o n ,  1 2 1 1 
Gen e va 2 7 .  S w i t ze r l an d .  

K A R I G I R I  T R A I N I N G  P ROG R A I\1 I\1 E  

Schie ffe l in  Leprosy Research Sana tori u m ,  K a ri gi ri ,  i s  offeri n g  t h e  fol l owi n g  
cou rses fo r 1 9 7 5 -7 6 :  

I .  ln troduc tory Cou rses in L eprosy - 6 da.l 's - I n tended for gene ral m ed icai  
p rac t i t i o n e rs  who wil l  be i n c l u d i n g  l eprosy work i n  t he i r prac t i ce  ( 3 5  hours 
teach ing  p lu s  d e m onstra t ions and  e xcurs ions) .  
4 cou rses per  year - 20 can d i d a tes  per cou rse . 

2. Certificate Courses in L eprosy - 6 weeks - I n ten ded primari ly for doctors ,  
bu t sen i o r  n u rses train ing  for fu l l  t ime  responsi b i l i t y  i n  le prosy ins t i tu t ions ,  are 
also accep te d .  I t teaches c l in ica I  l eprosy ,  d iagnosis and com p rehensive 
t rea tm e n t  inc lu d ing  compl icat ions e t c . ,  
2 cou rses per  y e a r  - J u ly-August a n d  Febru ary-March.  20  candidates per 
course . 

3 .  Para Medicai Workers COLmes - 6 mon ths - Train ing for vi l lage leveI workers 
accord ing  t o  cu rri cu l u m  recognized by the M in i s t ry of Heal th ,  Govern m e n t  of 
I nd ia .  
1 course per  year - J u ly to Decem be r - 1 0  candidates .  

4 .  Orthopaedic Tech nicians Course - 2 years - School Leavin g  Cert ificate 
candidates wi l l  be given  a fu l l  train i n g  i n  manufacture of orthopaedic ,  
footwear, appl iances, spl in ts, b races and  arti ficial l i m bs .  
6 candidates adm i t ted every year.  Course commen ces i n  A pri l ,  1 9 75 . 

5 .  Course in the Managemen t of Oph thalmic Manifesta tions of L eprosy - one 
week - Open to doctors primari ly ,  but other senior responsible personnel  may 
be accep ted .  Lectures and demon s trations in eye complicat ions of l eprosy .  
One course per year to commence i n  January - 6 candidates .  

Accom m od ation available for al i  courses. Enqu i ries 
'
for fu rther part iculars to be  

add ressed to :  

The  Trai n i n g  Officer,  
Schie ffel in Leprosy Research Sanatorium ,  

S L R Sanatorium (P. O. ) ,  Karigiri ,  
via Katpadi ,  632 1 06 ,  North Arcot,  

South Ind ia .  
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Lep rosy a nd t h e  Co m m u n ity 

The strength of a leprosy con trol project. and lhe best hopes for its success. lie 
less with the doc tor a t  i ts cen tre than with lhe Junior s taff a t  ilS periphery. whose 
primary du ties. concerned with case finding and case holding. in volve a daily 
confrontation with the general publico Their work is planned to fit in to a pattern 
of leprosy con trol activity. but  only rarely have the planners any personal 
experience of the personal problems and difficulties which are the every day 
experience of these essen tial workers. whatever we designa te them, L eprosy 
Inspectors, Non-Medical A ssistan ts, Health Home Visitors, or just plain para­
medicai workers. 

A n  independen t time- work study of lhe du ties of this grade of leprosy worker 
is something of a novelty. The findings of such a s tudy of a leprosy con trol 
project in Tanzania are presen ted here in condensed form, because the problems 
exposed are common to many rural leprosy con trol projects in more than one 
con tinent, and are therefore of wider in terest. Out of respect for ali concerned, 
the anonymity of the project under s tudy has been preserved. 

Editorial note 

AN AN ALYSIS OF SOM E FIELO ACTlVITlES IN A 

LEP ROSY CONTROL SCHEME IN T ANZANIA 

JAN DE KEIJZER* 

This study w a s  made i n  order to analyse some aspects o f  the field work i n  a rural 
leprosy control project, in particular the activities of the Health Home Visitor, and 
m ake recommendations for a m ore efficient  and e ffective performance. 

The Leprosy Control Scheme Concerned 

The project is a substantial one. Some geograprucal and demographic data are 
shown in Table I .  The area is divided into four districts. 

The Regional scheme is supervised by one Leprosy Medicai Officer, assisted by 
one Medicai Assistant, two clerks , three shoemakers, three drivers, one nursing 
orderly/laboratory auxiliary ,  two Rural Medicai Aides (concerned with routine 
clinic supervision) and 20 Home Health Visi tors (HHV's)  distributed throughout 
the four districts. These are polyvalent staff, whose primary duties are, health 
education, case fmding, and case holding, in relation to leprosy and tuberculosis. 

In-patient  treatment is given in four general hospitais and at Rural Health 
Centres. Out-patien t  treatment is given at  ali Rural Health Cen tres and general 

• elo Dr D. L. Leiker, Royal Tropical l nstitute, Amsterdam,  the Netherlands. 
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T A B L E  I 

Dis t ric t A .  B .  C .  D .  Total  region 

Area in  sq Oli les 3 5 00 2 3 5 0  1 5 00 2 5 0  7600 
Population 3 7 1 , 3 9 6  305 ,645 2 3 6 ,5 8 1  1 04 , 2 1 8  1 ,0 1 7 ,840 
Main tribes SukuOla  S ukuma S ukuma . K erewe 

Zinza 
Migration yes yes yes n o  

dispensaries,  supplemen ted by raadside  c1 in i cs (manga t ree statians ) .  The  caverage 
af the area  i s  sat isfactary. Ali pat ients  are l iv ing wi th in  3-4 mi les af a trea tm en t 
cen tre. 

The treatmen t cen tres are vis i ted manth ly  by the M e d icai  Ofti cer, Med ica i  
Ass is tan t ,  or Rural Med i cai Aide ,  the H H V  partic ipat ing when the tour ing  team is  
i n  h is  locali ty .  Treatment  i s  given at  a l i  centres by the vis i t ing  tea m .  Pat ients wha 
are absen t on the date a f  the v i s i t  are  able to co l lect  the ir  d rugs a fterwards at the  
nearest treatment  cen tre . Persis ten t  defaul ters are v isi ted at home by the H H V .  

Method o f  Assessmen t o f  the Activities o f  Health Home Visitors 

The au thar jo ined faur H HV's  i n  their  da i ly  work , for a peri od o f  two weeks 
each, a total  of  eight weeks .  8ased on this personal  ex perience af  their work and 
i ts problems,  a q uest ionnai re was dev ised and sen t ta  a l i  the H HV's  i n  the regi a n  
(20) .  I n  a d d i t i o n ,  an analysis w a s  made af  a defaulter  s t u d y  m a d e  i n  the previous 
year,  and covering  5 2 7  cases, while the m on thly reparts of  s ix  H H V's were aIs o 
subjected to de tai led stud y over a period.  

Results 

(a )  Time spen t on vario us activities 

On average , 2 3 .4 days per  m on th were actual ly be ing spent by HHV's on the i r  
d ut ies ,  and  t ime devoted ta the  various aspects i s  shown i n  Table  2 .  

TABLE 2 

Tim e spe n t  on various ac tivi ties by HH V 's as reported and as actual/y observed 

Activi ty  
M onthly reports Personal observation 

Average w orking 
% 

A verage w orking 
% 

d ays per month days per m onth 

Treatment  safari 7 . 9  3 3 .9 3 .5 1 7 .2  
H o m e  visits 5 . 7 24 .2  9 .9  42 .4 
Ad ministra t ion 2 .9 1 2 . 3  2 . 1  9 . 1  
School examination 1 . 7 7 .4 1 .7 7 .6 
Health education 1 .2 5 . 1  O O 
Miscellaneous 4 . 0  1 7 . 1  6 . 1 2 5 . 7 

Total 2 3 .4 1 00 .0  2 3 .4 1 00 . 0  

Poi n ts of difference , and relative priorities, w i l l  be noted .  
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( b )  Health educatio n  

Al t hough u ndoub ted ly hea l th  ed uca·t ion is one of the  most  i m portan t  d u t ies  of 
the H HV ,  d u ring the eight  weeks I accom panied H H V's ,  no speci fic ,  i n ten t iona l  
heal th educa tion act iv i ty  was  undertake n .  Th i s  d oes not  exc lude  the  possi b i l i t y  
tha t  in  other periods, and b y  othe r H H V 's more a t ten t ion is be ing  paid to t h i s  
act iv i ty ,  bu t  it stron gly su gges ts that there i s  some l a c k  of  motivat ion in  this 
respect .  From the quest ion n aire i t was gathered that  over the  regi on as a whole 
heal th ed ucat ion was given as an  in tegrated part  of  the work on 34 occasions 
during the month, and on 37 occasions as a special  activi ty .  Hea l th educa tion is 
t ime consuming, because many quest ions  are usual ly  asked and deta i led 
discussions requ i red , but  the stated t ime of 1 . 2 d ays per month sugges ts that i f  
heal th educat ion is given a t  a l i ,  i t  is ra ther  casua l ly  done .  M an y  workers fee l  the  
need for m ore and better  v i sua l  aid material .  

( c )  A dmin istration 

Si x t een  of the H H V's are employed by Government ,  and officia l  ad min is t ra t ive 
req u i remen ts demand that  they travei  to the Dis tric t  cen tre to col lec t  their salary 
on a fixed day each month. M uch t ime is spe n t  on this .  If payment  could be made 
through the M edica i  Officer  on his mon thly safari ,  one or two work ing  days each 
mon th would be saved . 

The persona l  adminis trative work req uired of  HHV's consists of the making of  
notes  in respect of home visits ,  sort ing out cards of de fau l te rs , and com pi t ing 
monthly reports. A l though H H V's only accounted for 5 . 5  working hours per day ,  
they were of the opinion that they needed 3 . 5 days per  mon th for th is  work . 
From personal observation I wou ld consider  that one day a month should suffice.  
The questionnaire showed that H HV's do  not think that office work is importan t 
and do not like this part of their du ties .  

R ecording system. In  addi tion to the cen tral Distri c t  record ing  system , records 
of patien ts are kept  at stat ic treatment  cen tres. The H H V  has thus two 
alternatives. He can either collect the t ist of defaulters each m onth at the District 
headquarters while sharing in the treatmen t safari , or he can do it  i n  more 

. fragmentary fashion by collecting in formation on a day to d ay basis from the 
treatment  centres he visi ts .  The first method has the advantage that it  is more easy 
to plan e fficien tly the home visi ts to be made in  the following  mon th.  The 
second,  more commonly practised me thod , often makes i t  necessary to visi t a 
village more freq uently than once in a mon th, and may miss altoge ther patients 
who pre fer  to a t tend ciin ics away from their area of residence.  I t  is recommended 
that H HV's compile a " Home visi t book" containing the names of ali patients in 
the ir  area ,  listed according to their place of residence .  

(d)  Mode of transport 

Table 3 gives numbers of patients in relation to the distance between their 
homes and the HHV's base . 

At present  1 5  HHV's are using a bicycie and tive have a bicycie and also Iight 
motor cycie at their disposal . AlI desire a motor cycie. Table 4 shows the results 
of case tinding using bicycie or m otor cycie. 

The d ifferences are statisticalIy signiticant (X2 1 4 . 39  P 0 .0 1 ) . 
A careful study of the relative usefulness of bicycie and motorcycie means of 

transport from the standpoint of actual results achieved , brings out the 
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Distance 

less than 5 miles 
5 - 1 0  miles 
over 1 0  miles 
not stated 

Total 

L E P R OS Y  A N D  TH E COM M U NITY 

TA B L E  3 

D is ta n ce fro m base to ho mes of pa tien ts 

Num bers of patients . 
Whole region (q uestionnaire) 

2 5 7  ( 5 5 .3%) 
8 2  ( 1 7 .6%) 

1 2 6 (2 7 . 1 %) 
62 ( 1 1 . 8%) 

5 27 ( 1 00 .0 )  

TABLE 4 

Area directly observed 

1 0  (20%) 
1 3  (26%) 
2 7  ( 5 4%) 

50 ( 1 00)  

R esu lts o f  case finding using bicyc/e or m o torcyc/e 

Transport 

Bicycle 
Motorcycle 
By foot 

Total 

Pa tien ts seen 

1 7 5 (68 .4%) 
65 ( 2 5 .4%) 
1 6  (6 .2%) 

2 5 6  

Patients n o t  seen Case finding ratio 

1 3 5 ( 5 2 . 3%) 0 . 7 7  
9 7  (37 .6%) 1 .49  
26  ( 1 0 . 1 %) 1 .63  

2 5 8  1 .0 

unexpected finding that the results of case finding using a motorcycle are inferior 
to case finding by bicycle or by foot .  I t  is possible that the status symbol of a 
motor cycle creates a greater distance between the HHV and the people in rural 
areas. In addition,  the cost per uni t  of a worker plus his transport where this 
includes a motorcycle , is neariy d ouble what it  is when transport is limited to a 
bicycle, and there is no  evidence that the HHV with a motorcycle is significantly 
more inclined to visit distan t homes than the HHV with a bicycle. It is concluded 
that pre ference should be given to bicycles, provided that the distance to be 
covered does n ot exceed 20 miles per day. 

(e) Home visits 

Unless the HHV has considerable local knowledge ,  it is frequently very time 
consuming to locate the house of  a patient. The "village" often covers a large area 
in which the people tive scattered in family groups. The patient's home is traced 
through the local Ballozi (ten house chai rman) .  The Ballozi may not be at home. 
After he has been traced, his confidence and cooperation has to be won by 
explaining in ful l  the  importance of leprosy control  activities in general and the 
reasons for contacting the patient  in particular. The whole procedure may easi ly 
take one half to one hour.  If  the Ballozi is away, other people in the village have 
to be contacted . Time spent on these preliminaries diminishes rapidly once the 
HHV knows his area and is known by the people, but this process takes at least 
one year. Frequen t transfers are thus undesirable.  

Out of 5 27 home visits only one half of the total patients sought were found .  
The m ain reasons for failure were, the  patient was  absent temporarily  (7%) ; 
emigration of patient (7 1 %);  patient  unknown ( i .e .  n ame given was incorrect)  
22%. Other reasons were a failure of the HHV to gain the confidence of  the 
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Ballozi, community ,  or patien t ;  and finally the HHV givin g up the search too 
easi ly .  

Ho me visit working hours. The average numbers of working hours spent on 
home visi t days we re given by five H HV's as 6-8 h, by four H H V's as 8- 1 0  h, and 
by six HHV's. as 1 0- 1 2 h .  The time actually observed personally averaged 9 h per 
day .  Although long working days are unavoidable, HHV's object on the whole to 
staying in viii ages overnight because of a lack of res taurants in local areas, and the 
custom that one does not take food for the road from home .  Six HHV's made use 
of  res taurants often ,  five occasionally, one rarely, and five never. Though 
occasionally pati ents do  offer food , the H HV's are reluctan t  to accept this. Seven 
H HV's accepted food occasionally, five rarely , and seven never. There is  here a 
real adm inistrative problem ,  but  not  one tota\ly beyond solution .  

During the  weeks of personal observation,  i t  was feI t  that an average of 3 . 5  
home visits could b e  made i n  a normal days work . In  answers to the 
questionnai re ,  the following average figures were given ; 3 . 2  by bicycIe , 2 .5 by 
motorcyc\e , 1 . 5 by foo t .  Ali  three figures exceeded those actua\ly observed in 
practice. Sugges tions offered by HHV's to promote more efficien t work included , 
uniform and raincoat to permi t  work on rainy days, a few simple drugs to 
heighten patient  cooperation , a portable stre tcher to encourage overnight stays in  
villages. 

R easons for defaulting. Once the patient  has been located , the HHV has first  to 
discover the reason for his not attending for treatmen t ,  and convince him of the 
need for re-adj ustment .  This may be a t ime consuming and sometimes 
unrewarding activity, the true reason being anxiety that the patient will be 
recognized as a su fferer from leprosy . Only when this is revealed can the HHV 
direct  h i s  health education towards prob lems which are relevan t to  the  patient .  

Public relations. I t  becomes cIear that  in h i s  contacts with patien ts and the 
public, the public relations of a HeaIth Home Visi tor are of great importance, and 
in the selection of candidates as much emphasis should be placed on their 
potential in this direction as on in tellectual capabilities. Social engagements of 
H HV's are important .  Out of  the 20 men in this scheme ,  three are T ANU 
members, one an Area Chairman , and three are members of the Ward 
Development  Committee .  Although such activities consUme 1 . 5 days a month on 
average , this is  more than balanced by the gain in  i n formation on social affairs and 
the usefulness of this in  heal th education, and by the raised status of the worker 
in  the community. 

Summary of Conclusions . 

( I )  The duties of the HHV are time consuming and his li fe is re latively hard . 
(2 )  Health education activities deserve more attention . There is a shortage of  

visual aids. 
( 3 )  Administration consumes m ore time than is necessary . The HHV needs his 

own patien t  register arranged according to the residence of patients .  
(4) The training of HHV's should be directed towards greater polyvalent 

activity and n ot be restricted to leprosy and tuberculosis. Limited faci lities for 
first aid and the treatment  of other diseases should be made available .  

(5)  Local k nowledge and social responsibilities e nhance the efficiency and 
importance of the H HV.  

(6)  As  a means of  transport the bicyc\e i s  to be pre ferred to the  motorcycIe. 
More use could be m ade  of  public transport. 
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( 7 )  The a re a  o I' oper a t i on 0 1' e a c h  I-I I-1 V  s h o u l d  n ot e x c eed a el i a m e te r  of 20 
m i les .  

( 8 )  S t a y i n g  ove rn i gh t  i n  ru ra l  a reas  m ay be p ro m o t ed by t h e  s u p p l y  of portab le  
s t re tche rs a n d  by s t i m u l a t i n g  w or k e rs to  t a k e  food from home .  

( 9 )  80th t he n u m be r  o f  home v is i l d a y s  a n el l h e  n u m b e r  of a c t u a l  v is i t s  per d a y  
could be i ncrease d .  
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hosp i t a l i t y .  lhe H H V ' s  M r  M l owez i .  M r  M i k o m u nga . M r  F c rd i n a n d  a n d  M r  D eo G r a t i as for the i r  
k i n d  coopera t i o n  i n  l he fic l d  and Dr D .  L. Lc i k e r  a nd D r  A .  van W ij nen o f  l h e  R o y a l  T ro p ica l  
I ns t i t ll t e  a t  A m s t e rd a m  fo r t he ir a ss i s t a nce i n  p re p a r i n g  t h i s re por ! .  
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THE D IAGNOSIS OF LEPROSY : 

CLIN ICA L AND BACTERIOLOGICAL 

CO LIN M cOOUGALL 

Co chrane A nnexe, Th e Slade Hospita l 
and 

Th e D epartmen t of Hu man A na l O my,  Oxford, England 

One of the contin uing basic prob lems of leprosy con trol i s  that the diagnosis is 
made in only abou t one third o f  those estimated to be su ffering  from the disease . 
I n  1 966 i t  was thought that nearly a mil l ion new cases might appear in the 
subseq uent 5 years in endemic areas wi th a prevalence of 0 . 5  per 1 000 or more ,  
bu t  in fact  the  number actually diagnosed and  regis tered was  only about ha l f  this 
expected total (WHO 1 966,  1 9 70) .  For be tween two and three mil l ion chi ldren 
estimated to need leprosy treatment in UN ICEF-assisted cou ntries,  the proportion 
who have been diagnosed ,  registered and treated for any reasonable length of  time 
may be considerably lower. Editoriais in the Leprosy Review ( 1 970 ,  1 97 1 ) have 
drawn at ten tion to countries where as few as ' . . .  6000 out  of 80,000 . . . '  and 
again ' . . .  I in  20 of the  est imated 2 5 0,000 sufferin g  from the disease . .  . ' are 
receiving treat ment .  In fact ,  in any part of the world where leprosy is prevalen t ,  a 
pene trat ing an alysis of the registered patients by an ex perienced observer is l ikely 
to reveal that the si tuation is even worse than is suggested by the national or 
regional total .  This total is often an accumulated figure, unrevised by the health 
authori ties over the decades, giving l i tt le emphasis to the number of new cases per 
month or year .  I t  wil l  not  in freq uently be found that  i t  is com posed largely of 
in-patients in leprosaria (many of whom have no medicaI need to l ive i n  an 
institu tion),  toge ther wi th a high percentage of those who are ad

'
vised to " trudge 

weary m iles every week (on insensitive feet)  to ob tain a supply of an anti-I eprosy 
drug that wi l l  have no effect whatever on neuropathic ulcers . "  ( Edi torial, Leprosy 
Review, 1 97 3 ) . Even those who have been fortunate enough to participate in a 
vigorous and well-supported out-patien t  service, and who can look back 
i mpartial ly on 5- 1 0  years' of  hard work , may have to admit  the unspectacular 
e ffect of their control programme and to ask if the fau l t  l ies mainly on the side of 
the patient, or the service provided .  While such factors as the defaulter rate 
amongst bacilli fe rous cases (itse lf  a neglected subject ,  sti l l  calling for the most  
serious study) ,  may be importan t,  concealm ent of disease by the  patien t ­
whether wi lful  or from ignorance - may cIear1y block diagnosis at the ou tset .  Yet  
the  reasons for this have been poorly investigated ; one of the few detailed studies 
of this aspect of leprosy con trol (Giel and van Luijk ,  1 9 70)  fai led to identify 
factors in Ethiopia accounting for e i ther concealment or default ,  and amongst 
377 papers at the recent Tenth In ternational Leprosy Congress in Bergen ( 1 973 ) ,  
the  subject was  barely discussed .  
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If one cane use the word "fault" ,  where does i t  l ie? Numerous pub lications 
describe extraordinary de lays and con fusions in diagnosis in patients seen in 
America and Europe, often wi th exotic or subtle presentations. These are 
salutory, ye t somewhat misleading, for in the endemic areas such errors are not 
important factors in the overall low leveI of diagnosis . The clinicaI diagnosis may 
on occasion be d ifticuIt ,  but i t  is not usually so. Gnide-lines to the recogni tion of 
leprosy have been so fully published over the years that i t  would be out of  place 
to repeat them here . Furthermore ,  there is  now an increasingly valuable array of  
teaching material in  the  form of short textbooks * ,  a memorandum , and a guide to  
leprosy con trolt , films:j:, colour transparency teaching se ts §, and other texts and 
audio-visual aids 1 1 . Surely any doctor called upon to diagnose leprosy owes it to 
his professional conscience to obtain and also make freely avai lable to his staff a 
number of these inexpensive sources of inform ation.  Despite the excellent range 
of basic knowledge which these will provide however, a few clinicaI and 
bacteriological poin ts still merit emphasis. 

*(a) Handbook of L eprosy ( 1 97 1 )  W.  H.  J opling. Publisher :  WiUiam Heinemann M edicai Books 
Ltd . •  23 Bedford Square , London WCI B 3 HT. Price .1: 1 . 20 .  

( b )  L epro.fy for S tuden ts o f  Medicine ( 1 97 3 )  A.  Bryceson and  R.  E. Pfaltzgraff. Publisher: 
Churchill Livingstone, Ravelston Terrace. Edinburgh. Scotland. U . K .  Price .I: 1 . 5 0 .  

( c )  L eprosy ( 1 9 7 0) S.  G. Browne. Publisher: 1 .  R.  Geigy , S .  A. Basle, Switzerland .  Available in 
English. French, German and Spanish. 

(d) L eprosy, diagnosis and manage m e n t  ( 1 97 3 )  H .  L. Arnold and P. Fasal. Publisher: Charles 
Thomas, Springfield,  I llinois, U .S .A .  Price $ 1 4 .7 5 .  

( e )  L eprosy for practi tioners ( 1 974)  S .  J .  Yawalkar. Publisher :  Popular Prakashan,  Bombay.  
Price Rs 40 (.1:2 .2) .  

t (a)  Me morandu m on L eprosy Con trai ( 1 97 1 )  S .  G .  Browne. I ssued jointly by OXFA M 
(274 Banbury Road.  Oxford OX2 7 DZ ;  U . K.) ,  LEPRA ( 5 0  Fitzroy Street .  London 
WI P 6 A L ;  U . K . )  and the Leprosy Mission, ( 5 0  Portland Place , London W I N 3 DG, U . K . ) . 
Currently ( 1 97 5 )  under revision. 

(b)  A C u ide to L eprosy Con trol ( 1 966)  W.H .O .  Avenue Appia. 1 2 1 1 Geneva, Switzerland. 
New edition currently ( 1 97 5 )  in preparation. 

(c)  Cu idelines for the Campaign A gainst Leprosy ( 1 970)  Medicai Commission of the European 
Federation of Anti-Leprosy Associations ( ELEP)4. rue Saint-Geoffroy . F 80,  A miens. 
France. 

;(a) Leprosy. Science Service. Berlin 3 1 ,  Sãchsische Str.. 26,  Germany. 30  minutes. 1 6  m m  
Eastman-Color Kodak : price D M  2000. �-inch magnetic tape ( Philips) :  p rice D M  500.  

(b)  Leprosy. British Leprosy Relief Association ( LEPRA),  5 0  Fitzroy Street ,  London 
WI P 6AL. 35 minutes. �-inch magnetic tape. 

§(a) Netherlands Leprosy Relief Association ,  c/o Royal Tropical I nstitute, Mauritskade 6 3 ,  
Amsterdam. " Leprosy : Various Aspects ."  48 coated slides. daylight viewer a n d  textbook. 
Price about .1:3 .  ( D. L. Leiker). 

(b) Medicai Recording Service Foundation ( Royal College of General Practitioners) Kitts 
Croft , Writtle, Chelmsford , CM I 3EH,  England .  " Leprosy in the Tropics . "  48 colou r 
transparencies and tape recording. ( S .  G. Browne). 

(c)  US Public Health Service Hospital, Carville,  Louisiana, U .S .A .  "ClinicaI Aspects of 
Leprosy. "  60 colour transparencies and texto (John Trautman) .  

( d )  I nstitute of  Child Health, 3 0  Guilford Street, London WC I N  I EH ,  England. "Leprosy in 
Childhood." 24 colour transparencies with text : p rice 7 5p . ,  or 50p. to those working in 
developing countries. Slide Tape Tutor .1:4-.1:5 .  (Colin McDougall) .  

lI (a)  Ernst-Rodenwalt I nstitute, Viktoriastrasse 1 1 - 1 3 , Koblenz, Germany ( Professor K .  F.  
Schaller). 

(b) Fontilles Leprosarium, Alicante, S pain ( Dr J osé Terencio de las Aguas). 
(c)  ALERT ( A1I-Africa Leprosy and Rehabilitation Training Centre), P.O. Box 1 65 ,  Addis 

Ababa, Ethiopia ( Dr Felton Ross). 
(d) Central Leprosy Teaching and Research I nstitute ,  Chingleput,  Tamil Nadu, I ndia ( D r  

C .  G. S.  I yer). 
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Clinicai 

( I )  The first step i s  to decide whether the patient  has leprosy or not. Thorough 
examin ation in good light  and a knowledge of the cardina l  signs are essential . Yet 
this  step is not enough ; minimal in formation on first d iagnosis must inc\ude ;­
c\ass ification, state of activ i ty ,  bacteriological findings i f  availab le ,  and disabi l ity 
grading. These vital  facts must  be recorded,  dated and signed ; wi thou t them , 
subsequent  assessment  by others wil l  be gravely ham pered . Furthermore , in 
practice one recording of these facts i s  not enough ; the pat ient m ust carry away a 
personal note of his d iagnosis ,  c\assi fication,  treatmen t and ne xt date of  
attendance. He must  be  registered local ly and central ly and there must be  
appropriate form s for h i s  transfer to  other  parts of the cou ntry.  Set t ing  up  
and-even more d i fficult-actually maintain ing such a system may  seem ad­
ministrat ive (and tedious) rather than medicaI practice. Yet without i t ,  your 
diagnosis is hard ly worth making. 

( 2 )  The key words for d iagnosis are ; prepared mind-observation­
fingertips-simple test for anaesthesia. I f  you are not  in some way mentally 
alerted to the possibi l i ty of the d isease , you may miss it .  You need to use your 
eyes, ali over the patient's body surface, and in good i l Iumination,  and follow this 
by palpating the re levant superficial nerves for enlargement ,  asymmetry or 
tendemess. Testing lesions or areas of apparen tly normal skin for anaesthesia can 
be done expertly w ith a wisp of cotton wool or even a blade of grass ;  it is  not the 
apparatus that mat ters, but the w ay you do the test, listen to replies, and draw 
your con c\usions. 

(3) In an endemic area,  any unusual or persisten t  lesion on the skin , especial1y 
if i t  does not respond to "rou tine" treatmen t,  should be regarded as leprosy unti l  
proved otherwise . I ndeed any skin lesion which is not obviously congenital ,  fungaI 
or "simple" infective should be simi larly suspected . Yet take care be fore making a 
diagnosis which may consign the patient  to years ,  possibly a l ife-time of drug 
treatm ent  for leprosy . If you have recently arrived,  you will in fact  gain ,  not lose , 
respect by asking the opinion of  an experienced medicaI assistant. Never hesi tate , 
i f  your facilities or experience are in doub t ,  to send the patien t  a hundred miles 
for an expert opinion. Our dermatological colleagues can give invaluable  guidance 
in  puzzling cases of lupus, psoriasis ,  syphilis, avi taminosis and the l ike. 

(4) With great frequency, and the more one looks for i t ,  the initial symptom 
of leprosy is  numbness or anaesthesia (Cochrane ,  1 965 ) .  Any unusual symptom 
which could be arising in dermal nerves,  or any unusual motor or sensory finding 
in n am ed peripheral nerves, is to be regarded as leprosy until proved otherwise .  

( 5 )  A n  unusual or persistent  complaints in t h e  eye ,  nose o r  joints should lead to 
a suspicion of leprosy, and call for further careful investigation. 

Bacteriological 

In an effort to back your d iagnosis with the finding of acid-fast bacill i ,  slit-skin 
smears remain indispensible as a general routine .  The techniques have been 
described in detail (for instance Bryceson and Pfaltzgraff, 1 97 3 )  and i t  is here 
appropriate to add only a little advice and a few words of warning. 

( l )  I f  you are going to use slit-skin smears, and particularly if you expect 
technicians with limited educational background to produce reliable results year 
in, year out ,  you must be  entirely familiar with every step of  the technique, from 
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the rational se lect ion of skin si tes to the fina l  in terpretation of numbers and 
morphology or baci l l i .  

(2 )  The block se lection o f  personnel with l imited para-m edicaI knowledge and 
interests, to be trained in a few weeks as " Laboratory Technicians", and then 
posted to re m ote corn ers of the endemic area, is I ikely to be disastrous. They will 
need constan t encouragement  and supervision o I f  you are unable to question your 
staff-even in the m ost  di plomatic way possible-about the bleeding they are 
producing in taking skin smears * ,  the age of their carboHuchsin and the thick 
golden scum which floats on i ts surface, the s trength of  the decolouriser, and the 
reason why they have casual ly taken to using a weak solution of haematoxylin (in 
alchol ! )  instead of methylene blue as the cou nterstain-your ignorance will be 
apparent ,  and resu l ts  of l i t t le  value .  

( 3 )  Good smears and wonderfu l  stain ing are valueless i f  the  mi croscope column 
is float ing loose on i ts rack-and-pini on,  or the technician has not been shown how 
to cen tre the l ight  source, or the latter i s  in adeq uate .  

(4) W ri ting a req uest for "skin smears" to be taken by the patien t to a 
laboratory in which you have not previously establ ished your precise technical 
needs, is l ikely to be misleading. Posi tive smears are diagnostic of leprosy provided 
someone has checked the s taining and in terpretation on a large number of 
specimens over weeks or mon ths. Negative smears need even more thought .  They 
may be negative because the selection of lesions is wrong, staining is faul ty ,  or the 
search for bacill i too short. Obvious though it may be , i t  bears repeating that 
experience reveals an excellen t corre lation between clinicaI and bacteriological 
findings .  Any d iscrepancy should alert one to the need for repeating both forms 
of e xamination.  

( 5 )  Although there are occasional exceptions,  particularly in Asia,  leprosy in 
the indeterm inate ,  tuberculoid and borderline-tuberculoid range is nearly always 
non-bacillary on sli t-skin smears. Negative findings on smears are there fore 
frequ en tly compatible with the clinicaI diagnosis of leprosy .  

(6)  Don' t  be  m isled in to se t ting up a staining and  microscope service sim ply  
because i t  i s  advised by "experts" si tt ing (quite com fortably in some cases) in  
far-off places. Some of t he very real d ifficulties in maintaining reliable staining of 
Myco. leprae have been described in deta i l  ( Ridley and Rid ley ,  1 97 1 ) . If  you are 
faced with a decision between doub t fu l  laboratory results and your own clinicaI 
observations, st ick to the latter ;  bad laboratory work i s  far worse than no 
laboratory work at al I .  

Before commenting on the use of biopsies in  diagnosis ,  i t  is here relevant to 
recall that recen t years have seen an expansion of research on the large number of 
bacilli to be found in ( l )  the nose, and (2) the circulating blood of  lepromatous 
patien ts. Numerous studies (Pedley,  1 970,  1 973 ; Davey and Rees , 1 97 3 ,  1 974 ; 
McDougall et ai. ,  1 974 ;  Davey and Barton, 1 97 3 )  have drawn attention to the 
in tense pathology in septum and turbinates of the lepromatous nose, and the large 
numbers of apparent ly viable baci))j excreted in to  the environment  from nasal 
mucus. A nose-blow smear or suitable scraping may now be considered i mportan t 
as an aid to d iagnosis and the assessmen t of infectivity. The possible application 
of alI this to the early detection of  lepromatous leprosy has yet to be worked out, 

* I t  is the compressing thumb and first finger which need watching;  they must render the 
skin avascular before incision, and m aintain this during the taking of the smear. On the other 
han d ,  when the skin is released , slight bleeding is reassuring that the correct depth has been 
sampled for bacilli. 
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but  the fact that  the nose is  known to be heav i ly  i nvo lved in  some instances when 
t he sk in  shows li ttle or nothing cli nica l !y, cou ld have ep idemio logical s ignifi cance . 

The fi ndings of Dru tz ( 1 9 7 1 ,  1 97 2 ,  1 974)  and S han kara M a nj a  et aI. ( 1 97 2 )  on 
the remarkable numbers of  Myco. leprae c ircu lat ing i n  the blood in  lepromatous 
le prosy si mi larly awai t prac tical  appl icat ion in  the fie ld of early d i agnosis ,  part ly  
because they res t ,  as  yet ,  on re lat ively compl i cated techniq ues. But early 
l epro matous l eprosy can eas i l y  be missed clinically - at a stage w hen the blood 
and nasal mucus may contain large numbers o f  baci l li . I s  i t  beyond the rea lms of  
research possib i l it y  t hat some form o f  blood test ,  poss ib ly  combined wi th those 
recen t l y  summarized (Cod al e t  ai. , 1 974)  for the immunologi cal  de tect ion of 
sub-cl inicaI in  fection, may develop as a pract ica l  a id to rea U y  ear ly  d iagnosis in  
the field? 

On the q u est ion of biopsies, those wh o work with fuI !  cl in ica I and 
bac te riological in formation ,  part icu larly in various fie lds  of  research, have come 
to real ize that  they are essen t ia l  not on ly to accurate d iagnos is  and class i  ficat ion ,  
b u t  a lso to the fu l l  understanding of react ions ,  and response to d rugs.  At various 
stages of t he d isease , s l i t-skin smears, however wel l  taken and i n te rpre ted , wil l  not  
reveal the fu ll facts. The special value o f  biopsies has  been fu l !y  described in the 
d iagnosis of  early re la pse ( Rid ley ,  1 97 3 ) ,  pauc ibac i l la ry le prosy ( Le iker, 1 97 1 )  
and lepromatous leprosy after some years of treatment (Harman, 1 968) .  There are 
numerous other important applications, and it  is here appropriate m erely to 
record some thoughts on biopsies in leprosy as they affect d iagnosis. 

( I )  There is far too much leprosy in the world , much of it cl in ical ly obvious 
but  yet untreated , to consider biopsies as a rout i n e .  

( 2 )  The field of diagnosis should res t firmly on  your knowled ge o f  the  disease , 
together wi th observat ion ,  palpating for abnormal nerves, and simple testing for 
an aesthesia. 

(3) I f  this can be backed by re liable s l i t-skin smears, so m uch the  better .  
(4)  I f  your facil ities are ever further developed , the service to the patient and 

your own leveI  of  classification and understanding of the disease (and its  
reactions) will  rise considerable i f  you can add biopsies of the skin,  and in se lected 
instances, of peripheral nerve and scrotum. 

( 5 )  While scrotal biopsy is technically no more d ifficult than skin ,  i t  has 
psychological disadvantages ,  should be used with care and only when a biopsy of 
suitably chosen skin has fai led to provide the information needed .  

(6)  Successful  nerve biopsy, in which useful t i s sue  is  obtained wi thout risk ing 
damage to the patient ,  is technically somewhat di fficult ,  and should not be 
undertaken withou t prior instruction from an expert o lt does not in  any case have 
a "rou tine" appl ication in the diagnosis or assessment  of this disease . 

(7 ) To take biopsies which show evidence o f  instrumental squeezing, or  
excessive bleeding, place them in a fi xative of unknown composition and age , and 
submit them for examin ation wi thout full clinicaI and bacteriological i,n formation 
is worse than useless. In ali these procedures, meticulous attention to detai l  
( Harman,  1 97 3 )  i s  the  least we  can offer not on ly  to achieve success under the 
microscope, but in considera tion for a patient who may already be scarred on the 
skin , and short of  functioning fibres in his nerves. 

Despite m inor d isagreements, those who work at the cutt ing edge of the 
leprosy control programme i n  endemic are as have one undoubted thing in 
common-they ali have too much work . Even i f  logical emphasis and priority are 
given to the lepromatous patient ,  must we st i ll accept (Edi torial, Leprosy Review. 
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1 96 8 )  that it is "q uite im possib le  to treat  adequately and render non-eon tagious 
ali patien ts wi th leprom atous leprosy in the world in the foreseeable future"? Are 
the " masked" and "eon tluent  macu lar" forms of lepromatous leprosy ( Davey, 
1 942 ; Brow ne,  1 965 ) so d iffi eul t to deteet ,  exeept to the ex peri eneed observer 
(and on a fully stri pped patient ) that they are likely- through n asal exere t ion of 
baeil l i -to eons ti tute a eon tinu ing pool of i n feetion while atten tion is foeussed on 
paueibaei \ 1ary pat ien ts? Rapid advanees in researeh make sueh questions hard to 
answer, but for the moment a few eonc\usions may be drawn . 

( 1 ) Leprosy is not being diagnosed aeeura te ly ,  fu lly and frequent ly enough in 
the endem ie  areas. 

(2) There is an urgent  need for a laboratory test ,  a marker or epidemiologieal 
ind ieator to aehieve primary prevention and the de teetion of  very early disease. 

( 3 )  There are some "fau l ts" on the side of the pat ient  who is ,  for various 
reasons, eoneealing his disease but 

(4) Most of  the fault  is ours ;  we pass from one deeáde in to another wi thout 
faeing the true extent  of this disease in the world , and without a ttrae t ing a 
suffieien t  number  of the right people to help uso 

I s  there not a strong ease -probab ly long overdue-for researeh eounci ls ,  
voluntary agencies and universi ties to set  up an in tensive research program me to 
define fac tors which aecount for the  con tinuing non-diagnosis of leprosy? 
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Lette rs to t h e  Ed i to r  

In Dr Warren's article : "The Bacterial Load in the Nasal M u cosa of Chinese 
Patients" ( Warren,  1 9 7 3 ) ,  in which she makes some valuable observations, there is 
one statem ent which I wish to challenge. I t  reads : "Attempts at e xam ination of . 
noseblows did nof yield any useful informa/ion, as the bacil lary load ( in the 
noseblow smears ) was always much lower than in the nasal smears" ( i . e .  those 
made  from nasal mucosa scrapes ) [ i talics and brac ke ts-J .C. P's l .  

I n  recen t years ,  I have personally exam ined smears o f  noseblows for the 
presence of leprosy bacill i  in more than 700 patien ts with ali types of leprosy. A 
re port of 3 2 2  of these patie n ts is given in a former paper (Pedley, 1 9 7 3 ) . In my 
opinion the finding of a posi tive noseblow smear for Myco. lepra e in a 
leprom atous patient  undergoing early treatment ,  always yields valuable informa­
tion fo r the fo llowing reasons : 

( I )  The dispari ty between the bacillary load in a noseblow smear and a smear 
made from a nasal mucosa scraping (to which Dr Warren Tefers) can readily be 
deduced from the noseblow smear. For, a posi tive noseblow smear yields the 
inforrnation that the load of bacill i in the nasal mucosa membrane is so great that 
the phagocytes are unable to prevent the escape of  bacilli into the nasal secretion . 
This important observation was made by Harman,  following an e xtensive study of 
nasal mucosa biopsies which I sen t him from Nepal ,  and i t  is recorded in  a 
previous paper ( Pedley, 1 97 3 ) .  

( 2 )  Noseblow sm ears which are posi tive for Myco. leprae yield i nformation on 
the state of a patient's infectivity which it is essential to know .  Rees has shown 
that a single noseblow may contain millions of morphologically normal bacill i . 

. This finding, coupled wi th another (Pedley, I 970a, b ), serves to emphasize the 
i mportance of the information which positive noseblows yield. I n  a prolonged 
search of  one m illion consecutive microscopic fields of  lepromatous skin it  had 
been shown that leprosy bacilli rarely (if ever) emerge from intact skin . This being 
so, i t  is  the noseblo w  smears which provide the true information (and not the skin 
smears) as to whether a patient  is  infectious or not. If the noseblow smears do riot 
con tain morphologically normal bacilli ,  than the patient is not infectious. The 
noseblow smears are the true index of a patient 's infectivity, whereas the skin 
smears are an index of the activity of the disease. 

( 3 )  Finally, such observations as: (a) whether the bacillary load in the 
noseblows i s  less than that in the nasal mucosa, or (b) whether the M . I .% of the 
bacill i i n  the nose is generalIy higher than that in  the skin , or (c)  whether the nasal 
mucosa is the si te where the bacill i  frrst make their appearance, and from which 
they disappear last, are alI valuable in themselves, but in  the final analysis the 
most important consideration of alI is : A re bacil/i being shed from the nose in the 
mucoid discharge ? If so the patient  must be regarded as contagious until he ceases 
(as a result of treatment) to discharge morphologicalIy normal bacilli · in  the 
noseblows. In my experience this generally takes between 4 to 6 months. 
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Thus, a care fu l check,  perio d i ca l ly ,  on the no�eblows for the prese nce of  Myco. 
lepra e i n  a pat ien t su ffer i ng wi th  lepromatous Ic prosy ,  es pecial ly during t he fi rs t  6 
mon ths o f  treat m e n t ,  i s  highly de

'
si rab le  for the i n form a t i on i t  yi elds as to 

whether the pat i e n t  i s  infec tious or not .  

Mangar General Hospita l 
( TLM), East  Bhutan 
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I was most interested in this artic1e on the scrotum, a n d  wonder i f  you will allow 
me to raise two poi n ts for d iseussion,  arising  out of our experience with this tissue 
in Oxford ?  

In their introd uction , I see that the au thors have t h e  i mpression that bacilli 
in musc1e have been emphasized in the artic1e they quote .  I n  the case of human 
striated musc1e ,  however, I am sure that most authori ties would agree that even 
where bacilli are reported in fibres , they are almost invariably mueh commoner 
between fibres, and in in terfascieular macrophages.  This is certainly the case in  
our  histology . 

Seeondly,  I wish to reeord disagreement wi th their statement that : " A  
stained smear obtained from scrotal skin homogenate i s  recommended for 
bacteriologieal d iagnosis as a superior method than routine skin smears or nasal 
scrapings. " 

In a very preliminary count of the last 20 consecutive patients for whom we 
have had multiple biopsies, following various periods of treatment,  the scrotum 
has in  fact proved negative on no fewer than 8 occasions, when skin and/or 
peripheral nerve biopsies were posi tive. 

Quite apart from this, I feel i t  would be extremely unfortunate if  any  of 
your readers gained the impression from this arti c1e that they should set aside the 
use of  routine slit-skin smears (or properly carried out skin biopsies, taken from a 
lesion ), in favour  of in cising the serotum with a knife for the purpose of obtaining 
a smear. In many parts of  the world this approaeh is unpopular and even feared 
by the patient .  With respeet I would doubt the wisdom of recommending it under 
any eircumstances as a routine,  though i t  may c1early be of value for research 
purposes. 

University of Oxford, 
Departmen t of Human A natomy. 
Sou th Parks Road. 
Oxford. OX 1 3QX 

COLIN M cDOUGALL 
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B ook R eview 

Surgical Rehabilitation in Leprosy , b y  Frank McDowell and Carl Enna. Baltimore, WilIiams & 
Wilkins Company . 438 pp. 

lt  is good to be able to welcome llnother book on this subject , especially one which is so 
admirably prod uced and profusely ilIustra ted . The co-editors are to be congra tula ted 0 11  the 
large number of authors that they have been able to recruit to write on the different topics. 

The entire range of  the deform ities of leprosy is covered . Of the 438 pages 1 1 5 are devoted 
to the face and its deform ities,  1 40 to the hand , 1 07 to the foot  inc\uding footwear and 
prosthesis and the rest to other aspects of the problem inc\uding nerves, skin ,  breasts, testes and 
the social rehabilitation of the patient. 

On the whole the editors have made an excellent  choice of authors. A number of names 
comple tely new in the field of leprosy surgery have found their way in to the pages.  These 
names are in the main well known in their respec tive specialties, but some of them have, on 
their own admission,  had only a limited experience of leprosy. Consequently , a great variety of 
procedu res are described and there is no means for the reader to know which are the most 
reliable and useful .  It is a reference book of possible a l ternatives, but what it  gains in this 
d irection i t  loses in the direction of authoritativeness . Some of the chapters tend to contradict 
each other especially in areas where there is controversy such as in the surgery of nerves. This is 
of  cou rse inevitable when differen t authors are working on different races and often aiming at  
different end resul ts .  

The fie ld o f  su rgical reconstruction in leprosy is however sti l l  wide open for new 
developments.  Reconstruction should be done b y  specialists in their own field , and not  by a 
peculiar bran d  of surgeon who limits himself to leprosy and tackles everything that he finds in 
it .  This is a good principIe and worthily upheld in this book. It will u ndoubtedly have a great 
impact on the world of  reconstructive surgery and help to lift the repair of deformity in leprosy 
out of its  present pligh t ,  and bring i t  into an area of  respectability . 

This book should be in the library of every plastic and orthopaedic surgeon practising in any 
country where leprosy is reasonably prevalent .  

ERNEST P. FRlTSCHI 
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Abstra cts 

The following Abstracts are reprinted from Tropical Diseases Bulletin, Volume 7 1 ,  b y  
courtesy o f  The Director , Bureau o f  Hygiene a n d  Tropical Diseases. 

I .  TALWAR, G. P. , KRISHNAN, A. D. & GUPT A, P. D.  Quantitative evaluation of the progress 
of intraceUular infection in vitro : incorporation of 3 H=thymidine in to deoxyribonucleic 
acid by Mycobacterium leprae in cultivated blood monocytes. Infection & Immunity, 1 974,  
v .  9 ,  No . I ,  1 87-9 1 .  

"Growth or intracellu lar parasi tes such as Mycobacterium leprae in macrophages derived from 
human peripheral blood monocytes can be assessed by selective incorpora tion of [methyP H] 
thymidine i n t o  deoxy ribon ucleic acid of the bacterial cells. T h e  rad ioac tive precu rsor i s  not 
taken up by the host cells ,  and evidence has been presented for its incorporation into bacteria. 
The procedure is sensitive , reproducible, and highly q uantitative ."  

2 .  SUGI Y AMA, K. & IZUM I ,  S .  Electron microscopic study of the Morphologic Index. In!. J. 
Lepr. , 1 97 3 , v . 4 I , No . 1 , 1 -6 .  

" A  new method of examining the Morphologic I ndex o f  leprosy bacilli by e1ectron microscopy, 
using the microsuspension m ethod , is reported.  The Mo rphologic I ndex determinations of 28 
lepromatous and two borderline-Iepromatous cases were determ ined by comparative Iight and 
electron m icroscopy . I n  almost ali cases the electron microscope gave higher values than the 
Iight microscope. A correlation between the two kinds of M. I .  can be  expressed by the formula:  
E .M. -M . I .  (%) = (L.M .-M . I . )  x 4.38-8.08.  By u sing this  equation , it is possible to estimate more 
reliable M . I .  value from the data obtained by the Iight microscope and then it is possible to 
more precisely evaluate the early therapeutic effect of antileprosy drugs than by use o f  the light 
microscopy values alone. l t  was also found that M . 1 .  negative values by Iight microscopy may be 
positive by electron microscopy ." 

3 .  LOUIE, J .  S. ,  KORANSKY, J .  R. & COHEN , A.  H .  Lepra ceUs in synovial fluid of a patient 
with erythema nodosum leprosum. New EngL J. Med. , 1 97 3 ,  V.  289 ,  No. 26, 1 4 1 0- 1 1 . 

Leprosy bacilli were found free as well as in foamy macrophages and neutrophils of the synovial 
fluid of a patient with polyarthritis assoc iated with erythema nodosum leprosum . The !luthors 
give reasons for thinking that the organisms were not contaminants from the skin .  

D. S. Ridley 

4 .  DRUTZ, D. J . ,  CUNE, M .  J .  & LEVY, L. Leukocyte antimicrobial function in patients with 
leprosy. J. Gin. Invest. , 1 974, V .  5 3 .  No. 2, 380-8 6 .  

"Patients with lepromatous 1eprosy are unresponsive t o  1epromin skin-test material a n d  possess 
defective lymphocyte function in vitro, including impaired mitogenesis in response to antigens 
of Mycobacterium leprae. I t  has been claimed that their macrophages cannot digest Myco. 
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/eprae in vitro ; such a defect  could ex plain both lepromin nonreac t ivity and impaired 
Iymphocy te fu nction on the basis of fa i lure of the afferent l imb of the i m m u ne response i . e .  
defect ive macrophage ' processing' of Mycv. /eprae. 

"The present  studies indicate that mac rophages from patients with lepromatous and 
tubercu loid leprosy and from n ormal donors d o  not  di ffer in their abil i l y  lo d igest hea t-kil led 
Myco. /eprae in vitro.  or in their abil i ly to sustain the viabi l i ty of Myco. /eprae in  l i ssue cu l ture ;  
t hat monocy tes, macrop hages , and · polym orphonucl ear leu kocytes of leprosy pat ients  and 
controls possess eq uivalent m icro b icidal ac tivity against Listeria monocytogenes, Escherichia 
coli, Pro teus vu/garis, Staphy/ococcus aureus, a nd Candida albicans ; and that polymor pho­
nuclear leukocy tes from pat ients  with lepromatous leprosy iodinate ingested bacteria normall y .  
Whether the bas ic  imm une defect leading t o  lhe development of lepromatous leprosy resides in 
the Iym phocyte or  in the macrophagc remains t o  be determ ined . However ,  lhe present study 
shows that  phagocyt ic  cel ls from patients with ei ther pr incipal form of leprosy fu nction 
normally in a varie ly  of sophist icated tes l s  of a n t i m ic robial fu nct ion." 

5.  BU LLOC K. W.  E. ,  CALLERAME,  M .  L. & PANN E R ,  B. J .  I mmunohistologic alteration of 
skin and ultrastructural changes of glomerular basement membranes in leprosy . A m. J. Trap. 
Med. Hyg. , 1 974, v. 23 , No. 1 , 8 1 ·6 .  

" I mmunotluorescent 'banding' of  the de rmal-epidermal j u nct ion o f  skin was demonstrated i n  3 
of 7 pat ients with lepromatous leprosy by d irec t immu notluorescence microscopy. The 
'banding' was caused specifica lly by deposition of IgM.  Within the glomeruli  of one pat ient ,  
d ense, a mo rphous deposi ts in subendothelial  and intramembranous posi tion were also 
demonstrated by electron microscopy.  These prelim inary fin dings suggest that lepromatous 
le prosy may be associa ted with immu nologic distu rbances of both skin and glomerular 
basement membranes." 

6. GRABOSZ, l. A. l., DERB LOM , H .  & GODA L , T .  IgE serum leveis in leprosy . A cta Path. 
Microbiol. Scand. , Sect. B, 1 973 ,  v. 8 1 ,  No.  6, 806-7 .  

Forty-nine adult patients with lepromatous leprosy, 52  with tuberculoid leprosy , 1 9  healthy 
household con tacts of patients with leprosy and 1 9  healthy Ethiopian members of staff were 
studied . The median serum concentrations of IgE were respectively 2700 u nits/ml,  1 690, 1 830, 
and 668 u nits/ml,  the last group being statistical1y lower than the others.  The difference 
between the two control groups is probably due to diffe rent exposures to intestinal parasites .  

C S. Goodwin 

7. MALCHOW-MQ>LLER, A. A three-year 1eprosy control programme in Tamil Nadu (India). 
Dan. Med. Buli. , 1 97 3 ,  v.  20, No. 6, 1 98-203 . 

Senior Danish medicai students have co-operated in the organization of a programme of leprosy 
treatment/control in a c ircumscribed area of 746 km 2 in Tamil Nadu,  I ndia,  based on the 
central hospital in Kumbakonam. The prevalence of leprosy in the population (estimated at 
about 300,000) is approxirnately 2.5%, giving a probable total of 7500 patients suffering from 
leprosy . 

Following closely the principIes laid down by the WHO , the team employed trained 
paramedical workers for the routine surveys, contact examination ,  absentee tracing and weekly 
leprosy c1inics. Adequate laboratory facilities were provided for each of the 1 2  zones in the care 
of each paramedical worker.  

Simple drug regimens of dapsone, given oral1y in a standard fashion ,  were applied 
throughou t the area and for ali kinds of leprosy . Erythema nodosum leprosum, lesion 
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exacerbation and neuritis, if not responding to roadside treatment,  necessitated removal to the 
central hospital for a time. 

Self-reporting on suspicion provid ed the greatest number of patients with leprosy (25% of 
those reporting), whiJe routine whole-population surveys were the least prod uctive ( only 1 %). 

Health education and propaganda have gone hand in hand with determined efforts to 
discover ali those needing treatment for leprosy ; over 90% of patients were detected because of 
health education or through mass surveys. Preliminary findings among schoolchildren indica te 
an annual  incidence of 5 per thousand.  So far,  4501 patients have been placed on treatment,  of 
whom 1 6 1  have been dec1ared inac tive (on WHO cri teria). 

Reconstructive surgery was available for patients with remediable deformity . 
S. G. Browne 

8. JOB, C .  K. Culture study of Myco. leprae in mice in tropics with and without controlled 
environmental air temperature . /ndian J. Med Res. , 1 9 73 , v. 6 1 ,  No. 1 0 ,  1 48 5-8 .  

"In  5 experiments, mult iplication of Myco. leprae in  the foot pads of mice kept  in  ordinary 
room temperature in South India varying from 1 8° C to 38° C was compared with that in mice 
kept in air condi tioned rooms with constant tempera ture of 22° C.  A\ though bac illary growth 
was found in the footpads of mice kept in both conditions, the growth was inconsistent and the 
number of bacilli harvested was significantly lower in animais kept in non-air conditioned 
rooms. I t  is recommended that the mice used for the culture of Myco. leprae especial ly in 
tropical countries be kept in air conditioned rooms at 20-22 ° C to obtain consistent and 
maximum possib le multiplication." 

9 .  MERKLEN ,  F .  P . ,  PENNEC , J .  & HORNER,  C .  Raréfactio n ,  mais  possibilité persistante , de 
lepres contractées e n  France métro po litaine . (The rarity of endemic leprosy in France, but its 
possible persistence.)  Bul/. A cad. Natn. Méd. , 1 9 7 3 ,  v .  1 5 7 ,  No. 6 , 439-43 . 

The authors provide a useful  summary of the numbers of cases of leprosy ansmg in 
metropolitan France for each decade since 1 92 3 .  The totaIs were 1 3  and 1 2  for the first 2 
decades, but have been 5 for each of the last three . Despite the influx during recent years of 
leprosy sufferers from abroad (especially the West I ndies), the numbers of infections apparently 
contracted in France itse lf show a progressive decline. I t  is,  o f  course , difficult to estab lish 
without doubt that patients who develop the first signs of leprosy while living in France did not 

. actually become infected during a period of military service overseas. 
In  1 9 7 3 , 4 new cases were reported ,  3 from the neighbourhood of Lyons and one from Nice . 

The authors indicate that indigenous foci of leprosy in France, quite unknown and perhaps 
u nsuspected, may exist ,  and utter a salutary warriing that doctors should be made aware of this 
possibility. 

S. G. Browne 

1 O. T�MIME,  P. & PRIV AT, Y .  Un cas de lepre apparemment contractée en France. (A case of 
leprosy apparently contracted in France.) Bul/. A cad. Natn. Méd. , 1 9 7 3 ,  v. 1 5 7 ,  No.  6, 444-5 .  

A gardener aged 4 7  years presented with signs o f  severe iridocyc1itis , which was associated with 
u nsuspected advanced lepromatous leprosy with ali the c1assical signs .  The nasal discharge 
contained numerous leprosy bacilli, as  did the skin .  

The interest lies in the source of  contagion .  The patient had never left France,  and had had 
no known contact with anybody from abroad. None of his family has leprosy. The question is 
raised whether there might be a persistent focus of leprosy in the vicinity of Nice, and the 
suggestion is tentatively made that he might possibly have been infected through the 
in termediary of one of the exotic plants, which he was in the habit of handling in the course of 
his work. 

S. G. Browne 
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l I . SÉRIE,  C . ,  SABOURI N ,  G . ,  DUJEU, G. & M ERCIER, J. Conside rations sur I 'encemie 
hansé nienne en Guyane França ise. (Features of the leprosy situation in French Guiana . )  Buli. 
Soco Path Exot. , 1 9 73 ,  v. 66, No. 3 , 3 7 1 -80.  

This intensive study of the smal l  population of French Guiana (about 50 ,000 people) disc10ses 
facts that are of general epidemiological interest .  Ali the 9 5 7  patients at  present  under 
treatment for leprosy are seen twice annually by a docto r ,  and regular case-finding su rveys are 
conducted at the schools (which are attended by 95% of the children of school age). 

Despite an excellent coverage of the whole population since 1 9 5 2 ,  and the vaccination of ali 
children with BCG since 1 96 1 ,  very l itt le impression appears to have been made on the 
si tuation . The numbers of new notifications year by year remain unchanged ; the mal e : female 
ratio stands at 62 : 38 ; the age incidence is the same,  and so is the distribu tion of the various 
types of leprosy . 

Some 5 5 7  patients have been dec1ared disease-free during this period , and a fu rther 267 are 
still under observation , "disease arrested".  

A special sec tion of the paper is concerned with leprosy in childre n. Apparently,  no 
difference in incidence was noted between children in households where a parent had leprosy , 
and those whose parents were free from the disease , and no differences were noted in the 
proportions of the forms of leprosy in the 2 groups. 

According to the authors, o ther factors besides the presence of the infective agent in the 
vicinity must be at work ; these may well be concerned with the "soil" rather than with the 
"seed". 

S. G. Browne 

1 2 . NAVA LKAR, R. G. Immunologic studies on leprosy. 2. Antigenic studies of Myco­

bacterium leprae. Ztschr. Tropenmed. Parasit. , 1 973 , v. 24,  No.  1 , 66-72 .  

" Antigenic mosaic o f  Myco. leprae was determined first b y  a nalysing ser a f TOm leprosy patients 
in various stages of infection by the u se of antigenic preparations derived from a number of 
mycobac terial species. These studies led to the detection of two serologically distinct types of 
antibodies and the antigens reacting with these antibodies were found to be shared by a number 
o f  other mycobacterial species. Further extension of these observations was carried out by 
p reparing antiserum against  tissue separated Myco. leprae. The analysis of the Myco 
leprae-anti-Myco. leprae system showed the presence of 5 detectable antigens, two of which 
were the same as those seen in earlie r studies with the sera. Chromatographic separation of the 
Myco. leprae antigens resulted in obtaining a number of fractions, some of which gave 
immuno-precipitates when tested against t he a nti-Ieprae serum.  These fractions were tested in 
animaIs sensitized with Myco. leprae and other mycobacteria to determine their hyper­
sensitivity eliciting potential. Preliminary resuIts indica te that a few of the fractions were able 
to elicit hyperse nsitivity in the homoIogously sensi tized animaIs. These studies are in progress 
for further confirmation of the specificity of the reactions noted." 

1 3 .  WALL, J .  R.  & WRIGHT, D .  J .  M .  Antibodies against testicular germinaI cells in 
lepromatous leprosy . Gin. Exp. Immunol , 1 9 74, v .  1 7 , No.  1 , 5 1 -9 .  

"Testicular germinaI cell antibodies were fou nd in 44 out o f  the 59 patients with lepromatous 
lepTOsy and in 4 out of 10 patien ts with tuberculoid disease . A similar pattem was found in 1 2  
out of 262 control patients and normal subjects. 

"The antibody was found to be  of the IgG c1ass and 40 out of 49 of these antib odies were 
shown to be complement nxing. Spermatozoal a ntibodies were detected in 12 patients, but no 
ovarian antibodies were found in any specimen. There was no close correlation between 
erythema nodosum leprosum (ENL) and testicular antibodies .  It was found that the 
characteristic of the testicular antibody in leprosy was its ability to be absorbed by 
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Mycobacterium BCG suspension suggesting that this i s  another antibody induced by infection . 
A similar nuorescent pattern was seen in some patients who did not have leprosy , b ut in these 
cases i t  could not be abol ished with BCG . It is concluded that au toimm u nity may be one of the 
factors involved in the pathogenesis of orchitis in leprosy . "  

1 4 .  DUTIA, R. N .  & S A H A ,  K .  Australia ant igen and lepromatous leprosy : i t s  incidence, 
persistence and relation to cell mediated immunit y .  lndian J. Med. Res. , 1 97 3 ,  v. 6 1 ,  No. 1 2 , 
1 75 8-6 5 .  

Hepatitis B antigen was detected b y  counter-immunoelectrophoresis in t h e  serum o f  2 (2.08%) 
out of 96 military personn el with leprosy of all types and in  3 (5 .35%) out of 56 civilian 
patients with leprosy . When the cases -of lepromatous leprosy and borderline lepromatous cases 
were grou ped toge ther, the antigen was detected in I (3 .3%) o f  30 army patients and in 3 
(8 . 1  %) of 37 civilian patie nts.  The respective prevalence of the antigen among army and civilian 
volunlary blood donors was 2.88% and 2 .67%. 

lt  is considered that the greater frequency of hepat i tis B antigen in patients with 
lepromatous leprosy is due mainly to impairment of  the cell-mediated immune response in this 
form of the disease . 

It is a lso noted that the number of tube rculoid forms of leprosy was much higher in the 
army group (59 out of a total of 96 cases) and i t  is suggested that the better nutritional status 
and physical condi tion may be factors in resisting the development o f  lepromatous variety of 
the infection. 

A. 1. Zuckerman 

1 5 . PATIYN, S. R. & S AERENS , E. J. Results of intermittent treatment with dapsone and 
rifampicin of mice inoculated with Mycobacterium leprae. Ann. Soe. Belg. Méd. Trop. , 1 9 74 ,  
v. 54, No.  1 , 3 5 -4 1 .  

"Dapsone administered continuously in the food at a 0.0 1 % concentration during 6 months was 
bactericidal for Myco. lepra e in the mouse footpad test. When the same dose was given once a 
week or less frequent1y the effect was bacteriosta tic. The M I O  for once weekly regimens o f  
rifampicin is situated between 0. 1 2 5  m g  a n d  0.062 mg. In a dose of 1 .5 m g  once a week and 
once every 2 weeks this drug had a bactericidal effect .  A dose o f  0 .5  mg once a week and once 
every 2 and 4 weeks was bactericida!. A d ose of 0.25 mg was bactericidal when given o nce a 
week and once every 4 weeks, bacteriostatic only when given once every 8 weeks . 

Such experiments should provide information on the possibility to use low doses of 
rifampicin as an in troductory treatment in lepromatous leprosy ." 

1 6. AXELSEN, N .  H . ,  HARBOE, M. ,  CLOSS, O. & GODAL, T. BCG antibody profUes in 
tuberculoid and lepromatous leprosy. lnfection & Immunity, 1 974, v .  9 ,  No 5 , 952-8 .  

" I n  sera from 1 2  patients with polar tuberculoid leprosy , 1 2  with sub polar tuberculoid leprosy, 
and 1 6  with lepromatous leprosy were demonstrated a total number of 1 25 anti-BCG 
precipitins b y  means of crossed immunoelectrophoresis with intermediate gel . Up to 1 4  
different precipitins were found in individu al sera, and the complexity i n  antibody response was 
higher than previously realiz ed .  The specificity of 69% of the antibodies was defined , and these 
antibodies were titrated in three arbitrary titer units_ A highly significant difference 
(P <0 .002) was found in antibody response between the tuberculoid and the lepromatous 
group. Due to simplicity, sensitivity ,  and high resolution ,  the method u sed is a promising tool 
for providing exact data to be u sed as guidelines for purification of important in dividual 
mycobacterial antigens. The need for reference antisera is emphasized ." 
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1 7 . GELBER, R. H., DRUTZ, D. J., EPSTEIN , W. V. & FASAL, P. ClinicaI correlates oí 
C l q-precipitating substances in the sera of patients w ith leprosy . A m. J. Trap. Med. Hyg. , 1 974 , 
v. 2 3 ,  No. 3 , 47 1 -5 .  

"Erythema nodasum leprasum (EN L) is often in terpreted a s  a manifestation o f  immune­
complex deposition in patients with lepromatous leprosy. We used a C l q  precipitin assay 
technique to demonstrate direct1y the presence of immu ne complexes in sera from patients 
with leprosy . Seven of 1 5  patients with ENL had serum C l q  precipitin activity ; serial tests 
often showed continued C l q  precipitin activity .  Only 3 of 27 lepromatous patients without 
ENL had positive tests ; multiple positive tests were not seen in these patients. Single positive 
tests were encountered in patients with borderline (dimorphous) leprosy, especial1y those with 
downgrading reactions.  There was no relationship between C l q  precipitin activity and serum 
leveIs  of C3, CHso,  or cryoglob ulins. Single positive C l q  precipitin tests may occur sporadical1y 
in patients with leprosy , but repeatedly positive tests are closely associated with occurrence of 
ENL, supporting the concept that EN L is a complication related to the presence of circ:.llating 
immune complexes." 

1 8 .  PATTYN , S. R. ,  ROLLI ER, R. ,  S AERENS, E. J. & ROLLIER, M .  R. lnitial three months 
continuous and interrnittent therapy in lepromatous leprosy . A controlled clinicaI trial. 
Preliminary data. Ann. Sac. Belg. Méd. Trap. , 1 974, V. 54,  No. 1 , 43-9 .  

The results o f  inte rmittent  treatment with rifampicin o f  mice in fected i n  the footpad with 
Mycabacterium leprae (this Trap. Dis. Buli. , 1 974, V. 7 1 ,  abstr. 1 5 1 8) suggested that this was a 
use fuI initiaI treatment of leprosy. Fifty-four adults, p reviously untreated,  with lepromatous or 
borderline lepromatous leprosy we re randomly aJlocated to one of 4 treatment schedules : 
dapsone 1 00 mg daiJy (DI OOD), rifampicin 450 mg d aiJy (R4 50D), rifampicin 900 mg weekly 
(R900W), and cJofazimine 3 00 mg weekly (C300W). Treatment was given for 3 months on an 
in-patient basis. Followin g this initial period,  patien ts were discharged and further treated with 
dapsone 1 00 mg daiJy.  Biopsies were taken before treatment,  and at 1 , 2 , 3 , and 6 m onths. 
Bacte rial and m orphological in dices were de termined. Results of treatment on the m orpho­
logical indices are shown in the table below. 

Mon ths of Treatme n t  

O 2 3 6 

D I OO D  26 1 2  7 4 No.  insufficient 
( 1 1 -4 5 )  (0-30) (0-20)  (0- 1 4 )  

R4 5 0 D  36 1 . 5  1 .6 1 . 7 1 .8 
( 1 0-60) (0-8 ) (0-8 )  (0- 1 1 )  ( 0-2 ) 

R900W 3 1  3 2 2 O 
( l O-5 8 )  (0- 1 2 ) (0-7 ) ( O- l O) ( O- I )  

C300W 28  22 1 5  7 No.  insufficient 
( 1 0-5 1 )  (3-5 0 )  ( 1 -42 )  (0-2 5 )  

M orphological indices ( mean and range) G. H. R ée 

1 9 .  ELLARD, G. A . ,  GAMMON, P. T . ,  HELMY, H. S. & REES, R. J. W. Urine tests to monitor 
the selí-adrninistration oí dapsone by leprosy patients. Am 1. Trap. Med Hyg. , 1 974 , V.  23 , 
No. 3 , 464-70. 

"Three qualitative and one sim pie quantitative urine test methods are described for monitoring 
the self-administration of daily doses of d apsone (DDS) by leprosy patients. The qualitative 
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methods can be employed for m onitoring the taking of daily doses of 50 mg DDS or more . I n  
the quantitat ive method t h e  ratio o f  DDS plus i t s  diazotizable me tabolites t o  creatinine i n  the 
u rine is de termined using sim pIe colorimetric meth ods.  This method is conside rab ly more 
sensitive and efftcie nt than the qualitative methods and is capable of monitoring the taking of 
daily doses of DDS of as little as 1 0  mg." 

20. NG, H., J ACOBSEN ,  P. L. & LEVY, L.  Analogy of Mycobacterium marin um disease to 
Mycobacterium leprae infection in footpads of mice. Infection & Immunity, 1 973,  v. 8 ,  No. 6, 
860-67 .  

" Because it  appeared likely that the disease process that foll ows in oculation o f  footpads o f  
mice with Mycobacterium marinum might serve a s  a use ful model o f  mouse footpad infection 
with Myco. leprae for immunologic al studies, an attempt was made to establish an analogy 
be tween the two processes. As a second objective, the adequacy of measurements of mouse 
footpad thickness as an index of the to tal number of Myco. marinum and of the number of 
viable Myco. marinum was dete rmined. The evolu tion of Myco. marinum disease in the 
footpads of BALB/c mice was obse rved , and the influences of mouse age and sex and of 
inoculum size were measured.  Mice were challenged wi th Myco. marinum in one foo tpad at 
several inte rvals afte r in ocu lation of the contralateral hind footpad with the same organism o In 
ali of these expe riments, m ouse footpad thickness was n oted to parallel multiplication of Myco. 
marinum. du ring the phase of increasin g footpad swelling. Cessation of bacterial multiplication 
was n oted to occur just before maximal swelling had been achieved , and was followed by rapid 
loss of viable Myco. marinium. The total number of organisms and mouse footpad thickness 
decreased only slowly and incompletely. Analogy be tween Myco. marinium disease and Myco. 
lepra e infection of the m ouse footpad was established by the self-limited nature of both 
processes,  and by similar patterns of protection against homologous and heterologous challenge 
conferred by the two processes ." 

2 1 .  N AKAMU RA ,  M. Quantitative multiplication of Mycobacterium lepraemurium in a ceU-free 
Jiquid medium (NC-S). 1. Gen. MicrobioL ,  1 9 74,  V. 8 2 ,  Pt 2, 3 8 5 -9 1 .  

"Mycobacterium lepraemurium multiplies i n  a cell-free liquid medium , referred to as NC- 5 ,  
. which i s  enriched Kirchne r medi um plus goat serum , O!-ketoglu taric acid , cytochrome c, haemin, 
and L -cysteine.  At 3 0° C,  the bacilli gradually elongated before multiplying 1 00- to 1 000-fold. 
The m aximum number of bacill i  is reached after 8 weeks' incubation .  The generation time of 
Mycobacterium lepraemurium is  be tween 8 and 14 days, depending upon the size of  inoculum . 
Bacilli grown in NC- 5 medium main tain their capacity to produce leprosy in mice. Optimum 
growth was with the basal medium at  p H  7 .3  using a small number of baciJIi in the inoculum." 

22.  WALTER, J . ,  SEAL, K. S . ,  SANSARRICQ , H .  & ENGLER, V .  Random sample surveys in 
leprosy control programmes-are they a nuisance? Ztschr. Tropenmed. Parasit. , 1 974, v. 2 5 ,  
N o .  1 , 89-9 5 .  

Since reliable statistics o f  the incidence o f  leprosy are not available for the countries where 
leprosy constitu tes an im portant public health problem (that is, where the prevalence rate of 
known cases is I in 1 000 or higher), the authors describe methods of random sampling surveys 
specially conceived for the purposes of leprosy investigation in a population. 

The leprosy prevalence rate in schoolchildren aged 5- 1 4  years may furnish a rough 
indication of the total prevalence in a given area. A me thod more generally applicable, 
described by the authors , consists of dete rm ining the si tuation at  5- and I O-year i ntervals in 
countries in which a leprosy control p rogramme is in operation,  in tegrated or not (depending 
on the local circumstances) into the general health services. 
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By comparing the p rojected prevalence rates, as calculated from the basic data ob tained at 
the ini tial rand om sam ple su rvey and 5 y.e ars later,  with the actual findings, the value of any 
control measures adopted in the m eantime will become obvious in the discordance noted 
between the projected rate and the actual rate fou nd .  

The inves tmen t o f  money and time in to such r�ndom su rveys i s  held t o  b e  more than 
ju stified because of the data they brin g to the effec tiveness of the anti-Iep rosy programme. 

The paper is iIIu strated with e
'
xplana tory figures. 

S. G. Browne 

2 3 .  PARIKH,  A. C . ,  D'SOUZA , N. G . ,  CHAU LAWALA, R. & GANAPATl , R. Leprosy lesions 
in the scalp .  Lepr. India, 1 9 74, v. 46, N o .  1 , 39-4 2 .  

"The few references o n  the incidence o f  leprosy lesions on t h e  scalp are poin ted o u l .  
"The case his tories of 2 patien ts ,  o n e  w i t h  borderline lep rosy showing raised anaesthetic 

lesions on the scalp and another with lepra reaction showing lesion resembl ing ENL on the scalp 
are describe d. 

"It is concluded that though , in the vast majority of lepromatous patients ,  the bacilli cannot 
be demonstrated in the smears from the scalp there is evidence to show that the scalp is a site 
whe re Myco. leprae do thrive and produce lesions though rarely . "  

24.  TEX I E R ,  L. ,  DAVID-CH AUSSE ,  l . ,  TAMISIER,  l .  M . ,  GAUTH I E R, O . ,  GAUTHI ER, Y. & 
BORAUD, P. Enfermedad de Hanse n .  Reacción leprosa con intensas mani festaciones 
articulares. (Leprosy . Lepromatous reaction with intense articular manifestations. ) Medna 
Cutánea, 1 973 , V. 7, N o .  6, 69-70. 

The English summary appended to the paper is as follows :  
"We report the  case of a patie nt with lepromatous leprosy , who for a certain period showed 
criteria of the Lucio-type leprosy. The incubation is rem arkably long. Undergoing treatment 
with disulone,  this  patient  now shows articular reactions similar to a rheumatoid polyarthritis in 
addition to the symptom atic leprotic reaction. The presence of B H  [Hansen's bacil lusl  in the 
Iiquid of the join t cavity and in synovial cells, leads us to connect these symptoms to Hansen's 
disease . The facts have only recently come to Iight and occur in ali  cases of lepromatous leprosy 
in the reaction phase . We report the satisfactory therapeutic results obtained with rifampicine ." 

25.  S E BI LLE, A . ,  BOISSON , M .  E .  & ROUGEM ONT, A.  M anifestations cliniques de la névrite 
lépre use . (Clinicai manifestations of leprosy of the nervous system.)  Méd. Afr. Noire, 1 974 , 
v. 2 1 ,  No.  3 , 1 93-7 . 

The authors present an analysis of the gross clinicai manifestations of peripheral nerve damage 
seen in a selected series of 90 patients suffering from various kinds of leprosy (6 1  lepromatous, 
20 tuberculoid , 4 borderlin e ,  and 5 indeterminate). Ali were receiving treatment for leprosy at 
the Marchoux I nstitu te, Bamako, Mali.  

Their results ,  which disclose no novel findings, confirm the generally accepted views that the 
u lnar nerve trunk is m ore frequently affected than the median or radial , and the externai 
popliteal m ore frequently than the posterior tibiaI . Despite modem anti-Ieprosy treatment,  
peripheral nerve lesions either appeared or became worse in about half the patients.  
Dissociation of sensory modalities is held to be early and transitory.  The role of compression of 
the nerve trunk in osse ous or fibrous canais is  emphasized. 

(The outstanding clinicai sign in  the nerve trunk i tself, at the sites of predilection, is said to 
be "enlargement." No indication is  given of the diameters of the trunks in relation to the 
pathological changes within the nerve, and in  its sheath, changes that are dete rmined by the 
form of leprosy and i ts duration.) 

S. G. Browne 
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26. KREISLE R, M . ,  ARNAIZ, A., PEREZ, B. ,CRUZ, E. F.  & BOOTELLO, A.  HL-A antigens in 
Ieprosy . 1Yssue Antigens, 1 974, v. 4, No. 3, 1 97-20 1 .  

"HL-A phenotype frequencies were studied in 3 0  patients with leprosy and in 1 49 healthy 
c ontrols. Leprosy patients had a significan tly higher frequency of HL-A I 4 .  I n  addition , a 
m ajority of the HL-A I 4  patien ts gave a negative response to leproma antigen using the Mitsuda 
test.  " 

27 .  PETERS, J. H. ET AL. Metabolic disposition of dapsone in patients with dapsone-resistant 
Ieprosy . Am. J. Trop. Med. Hyg. , 1 974, v .  2 3 ,  N o .  2, 222-30. 

"To investigate the question of whethe r dapsone (DOS) resistance in leprosy patients is related 
to the metabolic disposition of DOS , we studied a group of 22 patien ts who had relapsed with 
DDS- resistan t dise ase after approximately 19 years of sulfone therapy . Tests for acetylator 
phen otype with sulfamethazine (SMZ) showed that this group of patients contained a lower 
percen tage of slow and a higher percentage of intermediate and rapid acetylators than had been 
obse rved previously in other populations. Acetylation of SMZ and DOS were directly related.  
In addition, plasma clearance of DOS for the DDS-resistant group was significantly faster than 
that found previously in any other population. These observations suggest that the emergence 
of DOS resistance may be associated with the rapid or intermediate acetylator phenotype and 
an ab ility to c\ear DOS from the circulation at  a fast  rate. Combining the two parameters in to a 
multirisk factor y ielded a significantly higher mean value in DDS-resistan t patients than that of 
any other group studied p revi,nsly. The implications of these findings for the large-scale 
treatment of Jeprosy patients are discussed ."  

28 . PATTYN , S .  R. Conservation of Mycobaclerium leprae in Iiquid nitrogen. A nn. Soco Be/g. 
Méd. Trop. , 1 9 7 3 ,  v .  5 3 ,  No.  6 , 645-50.  

"Suspensions of Myco. /eprae can be successfully preserved if they are slowly frozen in buffered 
dimethylsulfoxide 7 . 5 %  final concentration, and main tained in Iiquid nitrogen ." 

29.  STORRS, E. E., WALSH, G.  P . ,  BURCHFIELD,  H .  P. & BIN FO RD ,  C .  H. Leprosy in the 
armadilIo : new model for biomedical research. Science. Washington, 1 974, March 1 ,  v. 1 83 ,  
8 5 1 -2 .  

About 40% of armadillos captured from the wild and inoculated by various routes with 
suspensions of Mycobacterium /eprae, developed disseminated leprosy which was confirmed by 
histopathological exam ination after necropsy. These animais died of leprosy and its 
com plications after widely differing intervals following infection , from 1 5  to 41 months. 
Noteworthy features of the disease inc\uded the enormous numbers of bacilli present ,  the 
frequent involvement of the central nervous system and the lungs , and massive invasion of the 
bone marrow. This lalter fmding m ay be related to the severe depression of immunological 
competence. 

From the dead arm adillos, 988 g of highly bacilli ferous tissue was obtained, containing 
minimal amounts of stroma. This tissue contained probably 1 5  to 20 g o f  Myco. /eprae at a 
concentration of about 1 Q 1O/g .  The store of bacilli is now available for immunological and 
chemotherapeutic research. 

S. G. Browne 
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