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E DITORIA L 
Visit to India 

A. The A I/ India Lepro5Y Conference, December 1 959, Bombay 
The 7th Conference of the Al l  I nd ilJ. Leprosy Workers and the 

4th of the Ind ian Associat ion of Leprologists was a jo in t  affa i r, held 
in  Bombay, 1 4th- 1 8th December 1 959. TIL i s  highly successful 
Conference had as CILief Patron Shri Sr i  Prakasa, Governor of 
Bombay, and as Patrons Shri Y. B.  Chavan,  CILief Min ister, and 
Dr. J ivraj N. Mehta, Min i ster of Finance, and as Chairman of the 
Execut ive Commi ttee Shri N .  K .  Tirpude, Minister for Social 
Welfare. The Secretary was Dr. T. B. Pate l ,  and Jo int  Honorary 
Secretaries Dr. P. Kapoor and Dr. J .  N .  Vaz ifdar. Two publ icat ions 
for the Conference were issued by Hind K usht N i varan Sangh 
(Indian Leprosy Relief Associat ion) .  These were the " Programme", 
which contained summaries of the 29 papers de l ivered at tILe 
Conference, and "Souvenir" which contained 1 00 pages and 76 
i l lustrations, chiefly made up of the fol lowing articles :-

All I nd ia  Leprosy Workers' Confer-
ences T. N .  JAGADISAN 

I ndian Association of Leprologists, 
I ts Origin and Development K. R. CHATTERJEE 

Government  of Ind ia and Leprosy 
Control Y .  K. SUBRAHMANYAM 

Leprosy Control Work in Bombay T. B. PATEL and 
State P. KAPOOR 

Pathology of Early Lesions in Leprosy 
The D iagnosis of Leprosy and its 

Difficulties 
The Leprosy Patient and ILis Treat

ment 
The Present  Concept of the Role of 

I solat ion in the Control of Leprosy 
Diet for Leprosy Pat ients 

V. R.  KHANOLKAR 

S.  N. CHATTERJEE 

E. M U I R  

N. FIGUEREDO 

M .  V. RADHAKRISHNA 

RAO and M. S. 
KOTNIS 

The Role of Physiotherapy in Leprosy PAUL W. BRAND 

Rehabi l i tation of Leprosy Patients M. D. AMTE 

Difficulties i n  t he Rehabilitation of 
Leprosy Patients 

Leprosy and Law 
Bibliography of Publ ications on Lep-

M. DIWAN 

P. SEN 

rosy from India N. M U KERJEE 

The Editor was present throughout  at the actual Conferences and 
enjoyed them and the discussions very much. The best way to give 
readers an idea of the i nteresting fare offered would be to  give our  
own summaries of the papers delivered.  

Lep. Rev .  31 , 2 ;  Apr. 1 960 
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I .  DR .  S .  N .  CH ATTERJEE deal t  very fu l l y  and he lpful ly with 
The Diagnosis of Leprosy and its Difficulties. His paper in  ful l  text, 
with 62 i l l ustrat ions,  i s  ava i lable i n  the Souven i r, p .  38 .  He began 
wi th  sk i n  cond i t ions  s imu lating leprosy, from leucoderma to 
occupational dermati t i s ,  and dealt with dermal lei shmaniasis ,  neuro
fibroma, many nerve condit ions both primary and secondary, 
vascular cond it ions ,  and gave wi se advice about the assessment of 
th ickened nerves, and baci l l i  in smears, and a warn i ng t hat leprosy is 
sometimes missed owing to some compl icat ion ,  e .g .  a change in a 
l eprotic les ion wh ich causes it to be m istaken for erysi pelas or 
cel l u l i t i s .  From experience i n  Africa, about the only t h i ng we might 
add to Dr. Chatterjee's big l i s t  i s  onchocerciasis .  

2 .  DR. DHARMENDRA read a paper on the Classification of 
Leprosy. H e  descri bed the posit ion reached at the Tokyo Congress, 
1 958 .  The maculo-anaesthetic group favoured by Indian leprologists 
does not  seem acceptable to the H ispano-American and Luso
American workers, and the Tokyo Congress made no recommen
dation on th is  poin t .  I ndian lepro iogists want polyneurit ic lesions  to 
be placed i n  a separate group,  i n  the sen se of periphero-neurit ic .  
Dr. Dharmendra comments that though i t  has been agreed t hat t he 
basis of pr imary classificat ion of leprosy should be cl i n ical, t he s tress 
always tends to be p laced on hi stopathology.  

3 .  DR . N.  FIGUEREDO a l so read a paper on the Classification of 
Leprosy. From h is  studies using D harmendra ant igen and bacterio
logical exami nations on pat ients and contacts he recognises leprosy 
in the fol lowing stages : infected or silent p hase, primary les ions,  
pre-nonlepromatous macules,  minor or major tuberculoid ,  maculo
anaesthetic, indeterminate, reactional t uberculoid, borderline, 
pri mary or  pure polyneuritic, prelepromatous macules, and lepro
matous .  The progress of all lesions  tends e i ther towards t he 
polyneurit ic or the lepromatous .  The indeterminate a l so tends th i s  
way or to the lepromatous through t he reactional tuberculo id and 
borderline phases. Transit ion from the maculo-anaesthetic to the 
minor  or major tuberculoid has not been observed, nor the reverse . 
Minor and major tuberculoid and the maculo-anaesthetic tend only 
towards the polyneuritic. H e  recommends the inclus ion of reactional 
tuberculoid in  t he intermediate group; and applying "borderli ne" to 
les ions on the verge of progression to lepromatous.  

4 .  DR .  J .  Ross INNES of London read a paper on  Mercaptan 
Compounds in Leprosy and Tuberculosis. G. W. DRIVER and G. E.  
DAVIES contributed to this paper a valuable survey of the l iterature on 
the mercaptan compounds. The clinical study of these hopefu l  
compounds began i n  1 950 15 y  Del Pianto who tried sod ium ethyl 
su lphate against animal  and human tuberculosis and in 1 958 reported 
at  the 7th I nternational Congress of Leprology that he had had good 
results against leprosy. Other workers studied ethyl mercaptans, and 
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i n  1 956 Davies and Driver and ot hers of rCI  Research Laboratories 
reported on the study of 200 mercaptan and related compounds in  
mice t uberculos is  and selected d iethy l  d i t hio l isophtha late as t he most  
act ive. They a l so found i t  to be effect ive by in unct ion . Davey and 
others have r" ported on i t s  action i n  human leprosy and the resu l t s  
so far suggest an unusua l ly rapid bacteriocidal effect .  Drug resi stance 
develops at about the fourth or fifth month when t he l C I  prod uct 
Et i su l  i s  used alone,  but Davey has latterly found t hat the use of 
D DS and OPT by mouth from the beginn ing  of the tr ia l  del ays 
i ndefin i tely the onset of drug res istance and t he total effect i s  a 
reducti :m i n  the bacterial index greater and faster than anythi ng 
known before. There is  a strong case for wider c l in ical tr ia ls  aga ins t  
leprosy of th i s  very in teres t ing d rug. At the p resent t i me, tr ial s a re in 
progress against  human tubercu los is  with eq ua l l y  hopeful resu l ts .  
I t  i s  not  l i kely that it  w i l l  be an expens ive drug when final ly  it arri ves 
on the market .  

5 .  DRS. N. MUKERJEE and · P. G HOSAL described Recent Develop
ments in the Chemotherapy of Leprosy, discuss ing depot i nject ions  of 
D DS, newer su l phone derivat i ves, new drugs and ant ibiotics and they 
cal led for more tr ia ls  on many of them,  both a lone or in combinat ion ,  
for any therapy which i s  more effective than D DS wi l l  be welcome. 
For parenteral act ion they con sider t he best is  a depot suspension of 
microcrysta l l i ne  D DS i n  0 .2% sod ium carboxy methyl cel lu lose in  
normal  sal i ne .  They found D DSO as effect ive as D DS .  O PT i s  as 
effective as DDS and a usefu l  alternat ive drug under certa in  c ircum
stances. Further tr ial  wi th Et i su l  i s  necessary, also the benzaldehyde 
derivative of I N H . Combination of DDS with either I N H, DPT, 
or  Eti su l ,  seems to produce a l itt le better effect than DDS alone. 

6 .  DR. A .  T. Roy read a paper on  the Treatment of Leprosy with 
SU 1 906 ( OPT). He tried S U 1 906 or 4-butoxy-4 d imethyl-amino
d iphenyl th iourea in  5 lepromatous,  1 major tuberculo id ,  which was 
bacter ia l ly posi t ive, and I minor tuberculoid (this was a chi ld aet . 
4 years) . The chi ldren i n  t he series were g iven dosage of 0. 5 to 1 . 5  g .  
dai ly .  The adults  were given 1 to 3 g .  These doses were wel l  tolerated 
and cl in ical i mprovement was noted. The adult  doses were t hen tried 
on the chi ldren and were wel l  tolerated . The lepromatous cases had 
the ir  dosage gradually i ncreased, and a l l  took 4 . 5  g. without any 
toxic signs or reaction .  One of the lepromatous cases began to show 
signs of react ion w hen 5 g .  dose was given ,  but none of the 7 cases 
showed any sign of reaction with the recommended dose of 1 to 3 g. 
A progressive reacting case was now i nc l uded in the series, who was 
intolerant to su lphone of any type. He has done wel l on  2 . 5  g .  
without reaction,  and with rapid c l in ical improvement. 

The baci l lary index was influenced, with results  much the same as 
Davey found in his cases, though with ups and downs. 

7 .  DRS. J .  E. SOMERSET, N. M U KERJEE and N. R. SEN deal t  with 
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Lagophthalmos in Leprosy: Its Surgical Treatment. Complete or 
incom plete defect of c losure of t he eyel ids i s  common in  leprosy, 
often accompan ied by ectropion of t he lower lid. This leads to 
exposure kerat i t i s  and its compl icat ions .  The more common operation 
avai lable i s  lateral tarsorrhaphy, but Axenfeld's  operat ion is 
preferable in some cases .  This cons i sts of the i n sert ion of a s i l k  
suture under  t he sk in  of t he upper and lower l ids  and under  t he 
lateral and med ia l  tarsal l igaments .  The size of the palpebral fissure 
can thus  be adj usted to i t s  opt imum by t ighten ing t he suture .  The 
s t i tch is left i n  pos i t ion for'several months unt i l  i t s  t rack has become 
fibrous.  The removal of t he st i tch thus leaves a fi brous band w hich 
takes over its act ion .  The authors used this operat ion i n  6 cases wi th  
good success .  

8 .  DR.  N. H. ANTIA descri bed the Correction of Facial Deformity 
in Leprosy by Plastic Surgery. Though large n u m bers of leprosy cases 
are now being cured , if t he treatme nt has been started late there w i l l  
be  many  l eft  wi th  d i sfigurements and deformit ies .  Deformi t ies of  the 
hand and l imbs wi l l  need surgical correct ion i n  order to help  t he 
patient to become a uset:ul c i t izen ,  and di sfigurements of the face by 
perpetuat ing  the st igma attached to leprosy w i l l  hinder rehabi l itation .  
The author therefore has taken spec ia l  i n terest i n  the correction o f  
facial deformit ies i n  t he Kond hwa Leprosy H ospital . (a) The sunken 
nose i s  the most strik ing  of t hese and he has found t he operat ion 
of postnasal epi thel ial  in lay, by supplying fresh l in ing thro ugh an 
in t raoral operation ,  to be very satisfactory, even in advanced cases, 
and support can then be provided by a denta l  prosthesis or  a bone 
graft .  (b) Total destruct ion of the n ose i s  best dealt with by a tube 
pedicle rhinoplasty. (c) Lagophthalmos or paralysis of the orbicularis 
muscle of the eye , which i s  common in leprosy and may lead to loss 
of s ight, can be corrected by tak ing advantage of the fact t hat t he 
adjacen t  temporal is  muscle i nnervated by the. 5th nerve is usual ly  
not  affected. A fascia l  s l ing is  made to encircle t he palpebral fissure 
and attached to  an i nnervated s l ip of the temporal is  muscle. Its 
contract ion closes t he eye and corrects the deformity.  This method 
i s  better than lateral tarsorrhaphy, which i s  apt to fai l  in part by 
recu rrence of the troub le  i n  the residual unclosed portion of the 
palpebral fissure .  (d) Lost eyebrows can be replaced by grafting hair
bearing scal p as a free graft, or as a temporal artery pedicle flap.  
(e) A face l i ft can be given to correct the wri nk led appearance of 
premature ageing.  (f) Elongated ear lobes can be tr immed, and 
t hickened sk in and nod ules shaved down .  (g) Perforation  of the 
palate can be closed us ing a plastic procedure which sufficiently 
elongates the soft palate to produce normal speech. The author 
makes a plea for the open ing of centres for plastic and reconstructive 
surgery and for t ra in ing  surgeons in this highly satisfactory field .  

9 .  DR . 
' R .  H.  THANGARAJ dealt  with Foot Ulceration in Leprosy . 
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He wished to stress the d i st inct ion between the pathological and 
mechanical factors in  the causat ion of u lcers of the feet and absorption 
of bones.  Arterial changes may both lead to ulcerat ion and resu l t  
from i t .  The l im i tat ion of blood supply to an u lcer in  leprosy i s  not 
due to vasoconstrict ion but to vasostrangulat ion by a mass of 
nonelast ic fi brous t issue caused by previous ulcerat ion . The first 
u lcer is due to an  excessive amount of wal k ing, a badly fit t ing shoe, 
or some sl ight inj ury. It can be healed, but as it heal s  creates fibrous  
t i ssue which i n  i t s  turn pred i sposes to further ulcerat ion .  At the t ime 
of  the first u lcer the pat ient w i l l  be  m uch hel ped by hospi ta l izat ion 
and education i n  the prevent ion and care of u lcers . The author l i sts  
causative mechan ical factors ; (a)  excessive walk i ng ; (b) i nj uries from 
sharp stones, thorns, and na i l s  in the shoes ; (c) irregular weight 
beari ng ; (d) the concentrat ion of weight at certai n po ints  of the foot ; 
(e) the project ion of bone downwards toward s  the sole of the foot 
caus ing loca l i sed pressure ; (f) drop foot and i nversion caused by 
paralysis .  For the last mentioned the standard operat ion is to fix the 
t i bia l i s  posterior to the middle cuneiform bone with stainless stee l 
wire .  The author's modificat ion i s  to pass the t ib ia l i s  posterior 
through the i n terosseous space about 5 i nches ( J  2 . 7  cm.) above the 
ankle and then t hrough the extensor d igitorum longus and then i n to 
the t ib ia l i s  anterior. A p laster below the knee is appl ied to mainta in  
the foot i n  dorsiflexion, and the p laster i s  removed i n  4 weeks .  
Physiotherapy i s  ful ly used . 

] O .  DR.  D .  N .  BOSE dealt with Plaster Therapy with Physiotherapy 
in Deformities and Chronic Neurological Syndromes in Leprosy 
Patients. He described s impler methods which can be u sed with 
s uccess i n  defau l t  of skilled surgical person nel and equipment. The 
appl ication of plaster rests and heal s  many deformi t ies, and for the 
prevent ion of recurrence he gives physical exerc ises to the parts, 
regular massaging with o i l ,  preferably .hydnocarpus oil, and sub
cutaneous i nject ions  of H ydnocreol i n  doses of 3 to 4 m\ .  at least 
twice a month in the deformed parts and by the sides of the nerves .  

1 1 . DR.  M. NISHfURA gave a paper on Electron Microscopic 
Studies of Human Leprosy Lesions. He has u sed metal-shadowing of 
ultra-thin sections of leprosy lesions  to study the fibrous elements by 
e lectronmicroscopy (co llagen, ret iculi n ,  and elastic fibres). I n  
tuberculoid les ions many collagen fibri l s  are separated from each 
other or d issolved, but elastic fibres look normal and are easily 
recogni sed. In lepromatous  lesions,  collagen,  ret icul i n ,  and elastic 
fibres are wel l  p reserved, though the elastic fibres are a l i ttle d ifficu l t  
to identify. The necrotic process i n  tuberculo id sk in  and nerve lesions 
was also studied .  I ntracytoplasmic coagulative necrosis was noted in  
t uberculoid sk in  lesions i n  a few i solated cel ls ,  but  i n  nerve lesions  
i t  was found on a large scale, and the  whole nerve trunk may be 
packed with necrotic masses. 
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1 2 . DRS.  M .  N ISH I U R A ,  S .  M .  S I RSAT, and V.  R .  K H A NOLKAR also 
reported on Electronmicroscopic Study of Leprosy Lesions. After 
metal -shadowing of u l tra-th in  sect ions from the sk i n  and great 
auricular nerves t he electronm icroscopic study showed that t he 
col lagen fibri l s  are not  damaged i n  lepromatous les ions ,  but i n  
t uberculoid they are often separated from each other or  ent i rely 
absent .  Elast ic fibres are more easi ly  fou nd i n  tuberculoid than i n  
lepromatous les ions ,  and they d o  not  appear abnormal . A few iso lated 
necrotic cel l s  which show coagulat ive changes in the cytoplasm are 
found in tuberculoid sk in  les ions .  The necrot ic  process i n  tuberculoid 
nerve les ions begi ns  as a coagulat ion of the cytoplasm and the 
format ion of myeloid bodies and droplets of l ipid inside t he cytop lasm 
of epi thel ioid cel l s .  Destruct ion  of the cel l  mem brane of these necrotic 
epithe l ioid cel l s  i s  fol lowed by the release of various degenerated cel l 
materia ls  which form a caseat ion necros is  of the whole nerve t ru n k .  
The commonest form of t h e  necrotic mass i s  a hel icoidal thread a t  
least ] 5 t o  25/1- i n  breadth .  These threads mass together a n d  m a y  be 
found in an occasional  necrotic cel l  of the sk in  and more widely in 
necrotic lesions  of the peripheral nerves. 

13.  DR. V.  R .  K HANOLK A R  has a paper on the Pathology of Early 
Lesions in Leprosy, which was pub l i shed i n  the Souvenir of the 
Conference pp.  30-37  and i s  abstracted here and given for the sake  of 
completeness. The paper has one schematic text-figure of t he cel lu lar  
e lements  inside t he endoneur ium and perineur ium i n  relat ion to the 
descending nerve fibre in leprosy. There are a l so 13  i l l ustrations of 
the histology of nerve fibres and cel l u lar elements i n  leprosy, some 
of them electronmicrographs.  About 12 years ago Dr. Khanolkar 
began a careful  c l inical and immunological examination and study 
of the histology of the skin,  i n  early cases of leprosy and contacts . 
He  later added a standardi sed lepromin test, and fl uorescence 
microscopy for the fl uid obtained from sk in  biopsies, newer tech
n iq ues for studying t he condit ion and structu re of the peripheral 
nerve .fibres, and final ly  electron microscopy for the finer structure 
of cel l  const i tuents and the i n terce l l ular material. 

The group of contacts with leprosy comprised 1 38 adults and 
24 chi ldren w ho were cl in ically free of leprosy. Of them t he 24 
chi ldren and 68 adul ts  showed t he presence of acid-fast baci l l i  in t he 
sk in ,  after appl ication of a concentration technique to the sk in  
biopsies .  Later more adults became baci l lus-positive and a high . 
proportion of those who were lepromin-negat ive became lepromin
posit ive .  Of t he total group of 1 62 persons ,  69 developed recogn isable 
physical signs of early leprosy. 

Con tacts of tuberculoid and lepromatous leprosy were next 
studied separately .  Cl in ica l ly  and bacteria l ly  posi t ive leprosy 
developed in  27% of those in contact with t he tuberculoid type and 
39% in those in contact w i th  the lepromatous .  An arbitrary divis ion 
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of leprosy pat ients in to "open" and "closed " types therefore seems 
unjust ifiable .  

I t  is  not poss ib le to pred ict wh ich of those contact s who show 
leprosy baci l l i  i n  the i r  skin wi l l  develop leprosy and which w i l l  
escape i t ,  so th i s  can  be  ca l led the  "s i l ent ' phase" .  I n  the histo logy of 
this ear ly stage t here i s  nothing specia l ,  except for the occasional  
finding of a hist iocyte with one or  two i n tact or fragmented acid-fast 
baci l l i  in the cytoplasm.  Someti mes the hist iocytic cytoplasm takes 
a gran ular or d iffuse basic stain which does not deco lourise with 
weak acids .  K hanol kar has found this only in  the early stages of 
l eprosy and ca l l s  such ce l l s  "fuchsi noph i l  cel l s" .  In the next phase 
there i s  a non-specific type of ce l l u lar response ; th is  i s  the indeter
minate phase. Later the cel l response becomes typical of lepromatous, 
d imorphous, or t ubercu lo id leprosy. 

f n  the histology of al l these three types the bac i l l i  seem to prefer  
to be  found in  t he axoplasm of the cutaneous nerves and there i s  an  
in flammatory response which tends  to be  located i n  areas of the  
dermis which are richly supp l ied with nerve filaments ,  such as hai r  
fol l icles, sweat a n d  sebaceous glands, a n d  erector p i l i  muscles .  The 
sensory cutaneous and the sympathetic fibres seem to be affected 
early and great ly,  and show the most of later damage in a l l  forms of 
the di sease . 

I n  lepromatous leprosy the baci l l i  ga in  access to the axop lasm of 
the preterminal  axons of regenerat ing fibres .  The e lectron microscope 
shows baci l l i  ly ing in terspersed wi th  mi tochondria.  The baci l l i  seem 
to move towards the dorsal root ganglia and go no further. The 
axoplasm shows degenerat ive changes and looks worm-eaten i n  
u l t ra-th in  sect ions ,  and  baci l l i  w i th  a l i poid covering  are seen ly ing 
in t he sect ion . The mye l in  sheath a l so undergoes progressive 
degeneration . At  i n tervals along the nerve fi bre there are c l umps of 
great mu l t ip l icat ion of baci l l i ,  wh ich probably burst out in the 
endoneura l  and peri neural  spaces.  Contemporaneous with the 
degenerat ive chan ges regenerat ing nerve fibres m igrate a long 
the col la psed Schwan n t ubes from the adjacent  unaffected nerve 
fi bres, and the Sch wann cel l s  convert i n to r ibbon l i ke bands cal led 
" Bilngner's Cords" .  The baci l l i  seem to be able to remain a long 
t ime i n  the Schwan n  cel l  cytoplasm unharmed . The baci l l i  which 
escape out  of the n erve fi bres are taken up by the endoneura l  cel l s  
and hist iocytes, wh ich  pack closely in to a sheath of lepra cel l s round 
the  nerve fi bres. The pressure of packed lepra cel l s  and resu l t ing  
i schaemia seems to be  the  main cause of d is tu rbance i n  structu re 
and funct ion of the nerves. 

In the dermis the early change in lepromatous leprosy i s  the  
appearance of col lect ions of chron ic i nflammatory cel l s  i n  strands or  
groups around nerve twigs  and plexuses .  The grouped cel l s  form 
a richly vascu lar  gran ulat ion t i ssue on a reticu lum of very fine fi bres .  
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M ost of the ce l l s  are h i st iocytes . .  I n the ir  cytoplasm the bacteria 
mu lt ip ly and q u ick ly come to be su rrounded by a l i poid envelope 
which under the e lectron microscope appears as an opaq ue drop let .  
In  th i s  droplet c lear zones appear wh ich adjoin the bacteri a .  These 
clear zones fuse wi th  the adjo in ing  coverings of m u l t ip ly ing bacteria, 
and fina l l y  the whole cytoplasm appears foamy ( the V i rchow or 
Lepra Cel l ) .  The derm i s  in  later stages of leprosy has large areas 
form ing a cont in uous sheet of chronic inflammatory t i ssue with 
huge numbers of baci l l i ,  and with lepra, monon uclear, and plasma 
ce l l s .  

1 n  the dermis  the early change in tuberculoid leprosy i s  t he  
invasion by  foci of monon uclear ce l l s  and  h is t i ocytes, usua l l y  located 
along the channe ls  occupied by the neuro vascu lar bundles .  The 
hist iocytes transform in to epithel io id cel l s  and occasional giant ce l l s  
round a core of fine  nerve twigs .  By e lectron microscopy of u l tra-thin 
sect ions  t he cytoplasm of epi the l io id ce l l s  i s  seen to contain a smooth 
ret icul um and d iffuse l i poid d ust,  and m itochondria i ncrease great ly 
during the active and reactive phases of tuberculoid leprosy. The 
epithel ioid cel l s  rapid ly engu lf  and destroy leprosy baci l l i  and other 
t issues such as col lagen and nerve fi bres which are in  their area. The 
nerve fibre changes are characterist ic ; beginn ing  with Wal lerian 
degenerat ion t hey go on to necrosis .  Throughout al l  stages there is 
a con t i nuous attempt at regenerat ion of nerve fibres i n  adjacent 
unaffected areas of sk i n ,  cons ist ing of a sprout ing of fine neurofi bri l s .  

[ n  dimorphous leprosy the les ion s hows mixed characters i n  t he 
same or d ifferent  les ions of the same subject, and is an in termediate 
response to the i n fect ion .  

K hanol kar comments on the above find ings .  The leprosy infect ion 
i s  probably transmitted by skin contact,  by repeated or even s ingle 
contacts of the bare skin of a suscept ib le  person wi th  the skin of a 
lepromatous case, and even a lso d imorphous and react ing t ubercu lo id 
cases. I t  appears t hat t he baci l l i  must reach the external su rface of 
the body in sufficient numbers. Even after t hey surv ive i n  the host 
and grow in his t i ssues they may not produce the d i sease. It seems 
that t hey m ust mu l t ip ly  rapid ly and have a certain degree of biologica l 
activ i ty so that the responses and react ions of the host become 
recogn isable as c l i n ical leprosy. I t  i s  s t i l l  not k n own how the leprosy 
baci l l i  i n t roduce themselves i nto the axoplasm of nerve fibres in t he 
sk in .  N lSHIURA th ink s  t hat it starts w i th  the regenerating  axon ,  whose 
termina l  expans ion act ively phagocytises free-float ing baci l l i  i n  the 
t i ssue flu ids  of the sk in .  The problem of the persistence of leprosy 
baci l l i  in t he body for long periods of time, even after a long course 
of therapy, is probably d ue to the i r  lodgement in Schwann cel l s ,  
and the rapid mult ip ly ing and freeing  of the baci l l i  i n  t issues outside 
the nerves must be influenced by general  body cond i t ions ,  such as 
puberty, pregnancy, intercurrent  d i seases, and unsuitable t reatments .  



84 LE P ROSY R E V I E W  

We st i l l  do not understand the factor or  factors which determ ine the 
change of  a h is t iocyte in to an epi the l io id or a V i rchow cel l .  For the 
last 2 years K I-fANOL K A R  has cu l t i vated an acid-fast mycobacterium 
ident ical w i th  M. leprae from 4 d ifferent cases of leprosy and kept 
i t  growing i n  art ificia l  med ia .  B I N FORD and CH ATTERJEE have reported 
experiments i n  laboratory an imals  which begi n  to t hrow l ight  on 
transmiss ion . K H ANOL K A R  has found some promise in  s imi lar  
experiments on m ice. 

1 4 . DRS. A. PAUL J AYRAJ  and D. CHOW D H U R Y  gave the i r  papers 
on Epithelial and Subepithelial Innervation in Lepromatous Leprosy. 
They appl ied the s i l ver impregnat ion method to biopsy material 
from t he sk i n  of 20 advanced lepromatous cases, and found i n tact 
nerve fi bres in  the epidermal and subepidermal layer of lepromatous 
sk i n .  I t  i s  not k nown whether these fibres are carry ing impu l ses or 
not .  

1 5 . DR.  R. G. COCH RANE read a paper on Immunity in Leprosy. 
H e  poin ted out  the difficulty of tr u s  subject. The strength of t he 
lymphocytic response may be a measure of immun ity i n  leprosy, and 
it  may be used to assess the act ion of the lepromi n  test and of BCG 

vaccinat ion .  One i njection  of BCG may not produce an effect ive 
immun ity and perhaps  i t  w i l l  need to be given repeated ly .  Further i t  
i s  by no  means  certai n  whether the imm une response, as ind icated 
by the appearance of t issue a l l e rgy, i s  determined by the type of the 
d i sease or  whether the a l lergic response determ i nes t he type of 
d i sease . 

The lepromin  react ion  i s  usual ly regarded as mere ly an i ndicat ion 
of the stage of i m m uni ty  in the t i ssues .  Dr .  Cochrane expounded the 
concept of a confl ict between t he baci l l u s  and the t i ssues, on the 
outcome of which e i ther lepromatous or  t uberculoid leprosy emerges. 
Thus establ i shed, t ubercu lo id leprosy is t hat form of the d i sease i n  
wruch the t issues fina l ly  gain  t he upper hand .  H i s  concept of d imor
phous leprosy relates the c l i n ical and rustological s igns of leprosy 
to  the ind iv idual  immun ity state. He trun k s  t hat e rythema nodosum 
leprosum i s  a bacterial a l lergy and i s  produced when t he baci l l i  are 
undergoing great changes i n  morphology, and that progressive lepra 
reaction has n o  d irect bearing on immuni ty but  i s  s imply  a bio
chemical react ion to c i rculat ing  ant ibodies, as i s  i ndicated by the 
mobi l ization of plasma ce l l s  and t he marked reversal of t he serum 
globul i n/a lbumin  rat io in the b lood.  

1 6 . DRS.  B .  M. B R AGAN9A and K. PRABHAKARAN reported on 
the i r  s tudies of Some Aspects of the Metabolism of M. Leprae. They 
wished to explore t he enzyme metabo l i sm of M. leprae obtained 
from lepromatous n odu les, fi rs t  separat i ng  the baci l l i  from the 
nodular  t i ssue by a method wruch d id  not  i nact ivate t he enzymes. 
They used d ifferent ia l  centr ifugiz ing and used aqueous solvents 
known not to denature prote ins  and enzymes. The final fract ions were 
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found free of t i ssue debris .  The  separated organisms were subjected 
to metabol ic  stud ies of two k i nds,  one the nature of the e nzyme 
pattern by which t he baci l l i  metabol ise various substances to obtain 
the required energy, the other the nature of t he enzymes involved in 
the metabolism of amino-acids. It was found t hat human leprosy 
baci l l i  contain several of t he oxidative enzymes, namely cytochrome 
oxidase, succinic oxidase, cytochrome reductase, lactic dehydro
genase l inked to D PN, and pyruvic oxidis ing enzymes.  In general 
these indicate that t he bac i l l i  can obtain energy for cel lu lar  act ivity 
by the aerobic oxidation ,of n utr ients such as gl ucose, lactate, and 
pyruvate. Un less the baci l l i  were crushed t he aerobic metabol ism 
could not be s ignificant ly demonstrated in vitro , This indicates that 
the l ipoidal capsule around t he mycobacteria may affect the 
accessib i l i ty  of the various su bstrates tested to the enzyme centres 
in the cel l .  As  regards amino-acid metabol ism t he work i s  at  an early 
stage but i t  was found t hat both gl utamic acid and tyrosine are 
actively metabol i sed by the separated organisms.  

17 .  DR. K. YANAGISAWA of Japan reported on his Studies on the 
Potency Test of Dharmendra Antigen. The potency of lepromin has 
previously been assayed mainly by the enumerat ion of leprosy 
bacil l i  of the ant igen .  However by analogy with s imi lar studies on 
tuberculin and BeG react ions i t  seemed worthwhi le esti mating the 
potency of Dharmendra ant igen by the grade of reaction itself rather 
than by enumerat ion  of the baci l l i .  He carried out experiments on 
3 l ines (a) Leprosy bac i l l i  obtained by trypsinizing human lepromas 
were apphed to sensitize guinea pigs : (b) potency of different samples 
of Dharmendra antigen was compared in guinea pigs sensit ized with 
leprosy and tubercle bacil l i : (c) potency of different samples of 
Dharmendra antigen was compared as between leprosy patients and 
guinea pigs sensit ized with tubercle baci l l i .  The results aU tended 
to show that assay of potency of D harmelldra antigen can be 
performed wi th  guinea pigs sensit ized to tubercle baci lh .  

1 8 . DRS. B .  B .  GOKHALE and B .  B .  DESAI gave a paper on 
Cholinesterase Activity in Leprosy. The physiological function of this 
enzyme in t he blood stream is not yet clearly understood. It is 
possible that it  is a mere barrier to destroy any acetylchol ine which 
leaks out into the blood stream ; but it is located in high concentration 
in the neuronal surface and its main function  is to  hydrolyse 
acetylchol ine which is d i rectly  associated with the nerve action 
potentia l .  This hydrolysis of acetylcholine i s  necessary for t he ret urn 
of the nerve to normal, and any condition that  reduces or inhibits 
it  w i l l  delay the return of the nerve to normal . The organic phosphorus 
insecticides have been found to inhibit cholinesterase by about 80% 
in  some cases and typical neurological symptoms resulted in such 
cases.  Therefore i t  was thought worthwhile to study the enzymatic 
activity or' serum samples in normal cases and leprosy cases, and a 
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stat ist ica l ly  sign ificant  lowering of the act iv i ty was observed i n  the 
leprosy pat ients .  This  now provides a basi s  for a p lanned study i n  
comparable groups of leprosy i n  various stages .  

1 9 . D R .  Y .  K .  SU BRAHMANYAM described the Draft Scheme for 
the Third Five- Year Plan on Leprosy. I t  is est imated that there are 
about 2 m i l l ion cases of leprosy i n  I nd ia, wh ich i s  a moderate 
est imate. Work ing  on the bas is  of th i s  est imate and on an i ncidence 
of 20 per thousand i n  endemic areas (the i ncidence varies from 
1 0  to 60 per thousand) the populat ion to be covered would be 
1 00 · m i l l ions .  So far the Govern ment of I ndia has estab l i shed 
72 un i t s  and a ims at a target of 1 00 un i t s  by the end of t he 2nd 
Five-Year Plan now in progress. In the Third Plan period a further 
1 50 new control un i t s  would be needed to achieve ful l  coverage. 
Two Rehabi l i tat ion Centres are planned, one i n  the southern and 
one i n  t he northern zone, for each of which more detai l ed plan n ing  
i s  req u i red, and for each of which a sum of Rs .  25 l akhs  (£ 1 87 , 500) 
is expected to be needed . Train i ng  centres are very importan t  and 
t hese wi l l  be provided by the State Governments ,  wi th  a probable 
subsidy from the Centra l  Government .  About 4,600 paramed ical 
and 1 ,900 social workers w i l l  be needed to be trained in  t he Third 
Plan Period . An Al l - l ndia Train i ng  Centre i n  Physiotherapy and 
Orthopaed ic Surgery i s  bei ng d i scussed , in consul tat ion with Dr.  
Pau l  Brand of Vel lore Christ ian Medical Col lege . A grant of Rs .  25 
lakhs ( £ 1 87 ,500) i s  req u ired for th i s  purpose. For t he purpose of t he 
Al l - I nd ia effort to detect and treat 2 m i l l ion  cases of leprosy, each 
State Government w i l l  need a good leprosy organ izat ion . The 
finance of t he Third Plan is v isual i zed at Rs .  1 , 700 lakhs 
( £ 1 2 ,750,000) . 

20. DR .  H .  K .  LALL gave a paper on the Control of Leprosy. He 
reviewed the h istory of leprosy contro l  i n  the past  40 years .and 
warned t hat future control w i l l  not  bt! too easy i n  spite of the 
possession of the su lphones .  These should be used in mass treatment 
campaigns, with intens ive s urveys to detect early cases, and with 
education and propaganda not gett i ng  ahead of treatment. I n 
propaganda we would be wrong to say leprosy i s  not  at a l l  infectious  
but  t ry  to keep away from extremes and on the right l ines as the  
t ruth i s  revealed. Nor should we denounce segregation ,  as i t  has  some 
val ue, notably the idea of n ight segregation .  It is very i mportant to 
have the r ight type of personne l ,  both medical and auxi l iary. For 
the time being i t  i s  best to have a separate l eprosy cadre. 

2 1 .  SHRI M. B. DIWAN a l so gave a paper on the Control of 
Leprosy. H e  said that I ndia can control  leprosy i n  a reasonable 
period provided that we adopt a sane, practical ,  and scient ific 
att i tude towards the problem and obtain personne l  who are devoted , 
jntel�gent, and properly tra ined .  A l so the p rogramme should be 
carried out on a broad fron t  wi thout a break ,  with open mind to 
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adopt a l l  poss i b le im provements ,  and  w i th  period ic assessments 
of progress .  The su I  phone t reatment has great advantages, but  i t  i s  
ne i ther  specific nor bacteriocidal ,  and i t  can fai l  so that re lapses 
occur  and i t  i s  st i l l  not certain t hat i t  i s  of v.a lue for prophylaxi s .  
Contro l  by treatment a lone ,  with i so lat ion abandoned, i s  an att i tude 
not scient ific.  However i nconven ient  or expens ive ,  we cannot d ispense 
with i solat ion . T n  a sympathetic prepared atmosphere vol un tary 
i solation is q ui te practicable .  There is  st i l l  ample scope for the 
creat ion of new leprosy in st i tut ions  with their spec ia l  con t ribut ions ,  
and the  leprosy contro l  scheme shou ld  use  a l l  good measures .  More 
emphas i s  on educative programmes i s  much needed.  Even among 
medica l men and the ed ucated classes prej ud ice against  leprosy 
exists, and it should be broken down.  Non-medical aux i l iaries do 
most of the work in the present contro l  schemes, and the i r  select ion 
and train ing  needs to be i mproved . Vol un tary associat ions should 
be welcomed to jo in  in  the leprosy campaign . 

22. M R .  W. BAILEY gave a paper on A Work of Reconstruction .  
He defined rehabi l i tat ion and to the medica l ,  socia l ,  and economic 
aspects he added the spiri tua l ,  for our  min istry is to the whole man . 
So far there is a gu lf  between occupational and rehab i l i tat ion 
therapy, and these two should be brought together .  There are four  
main groups of ex-patients ,  those who are i ncapable of work,  those 
who can be taught to work in sp i te  of their deformit ies ,  those who 
need train ing for a new job, and those who need he lp  i n  finding a 
su i table job. H e  calcu lates t hat there may be about half a mi l l ion 
leprosy ex-pat ients i n  Ind ia who can not do economic work ; some 
855 ,000 capable of open competi t ive work,  and some 1 65 ,000 capable 
of doing profitable sheltered jobs .  Rehabil i tat ion shou ld  begin to be 
thought of and planned right from the beginn ing of the patient's 
treatment ,  and t he aim shou ld  be a co-operat ive effort between 
surgeon ,  social  worker, bus iness and ind ustry .  The leprosy pat ient  
shou ld  never n eed to become a beggar. He can become a usefu l  
cit izen  again . 

23 .  DR. I .  SANTRA gave a paper on Social Aspects Including 
Rehabilitation. He said that social service shou ld be based on religion ,  
and t he i mpulse to leprosy work in  I ndia came from rel ig ious people 
and was approved by a sain t  (Mahatma Gandhi) .  In Ind ia  there are 
at least 1 , 500,000 leprosy cases, out of which 300,000 may be 
i n fect ious,  and many are bl ind or deformed . The people should be 
ed ucated to recogni se the disease and to k now about i t s  curabil ity 
and degree of infectivity .  Cured cases must be received back i n to the 
community and we have to prepare both t he patient and the 
communi ty for that. Children of i nfective patients should be separ
ated and given proper tra in ing to fit them for the ir  own l i fe .  The 
provision of better food for the masses is very important. In I ndia 

there is a greater i ncidence of leprosy where the food level is low. 
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Rehabi l i tat ion shou ld  be a part of the work of every leprosy scheme.  
24.  DR. S .  D.  GOK HALE dea l t  with Social Aspects of Institutional 

Treatment . There is need of carefu l  study of the fami ly  structure and 
social re lat ionsh i p  among the leprosy patients .  M any  of them beg, 
not perhaps of their own choice, but because they have no home and  
no other means of subsistence . It i s  most ly disfigurement which d rives 
a leprosy case out of the commun ity. For those with major d i sfigure
ment the social worker has a heavy job,  for they need shelter, 
occupat ion ,  and good food.  A leprosy beggar however may not 
wan t to be rehabi l i tated , and this problem needs specia l  attent ion ,  
which the author thought  cal l s  for special i n st i tut ions ,  i n  wh ich they 
can be handled with sympathy and understandi ng, and psychiatric 
therapy wi l l  be cal led for, as wel l  as good counse l . There should be 
carefu l  selection of vocat ions  and jobs .  The children of l eprosy 
patients should be cared for, those i n fected as wel l  as those free of 
the d isease . 

25.  SHRI  H .  SHAMRAU gave a paper o n  Leprosy Control. In  
leprosy surveys i t  i s  best to start w i th  treatment  and propaganda and 
then deepen and widen the  survey work. There shou ld  be an A l I 
I ndia Leprosy Board a t  Delhi w i th  branches i n  each State. Each 
leprosy scheme centre shou ld  have a medical officer, pharmacist ,  
laboratory technician,  and 8 to 10  paramedical workers ,  social 
workers, peons,  sweepers, and a van driver, and 2 c lerks for the 
office. Each centre needs a well-equipped mobile medical van , 
bicycles, and staff q uarters. The centre should be placed i n  or near 
the dis trict headquarters. Many treatmen t  centres  should be opened 
to which no patient  should be made to walk more than 3 miles .  
Domicil iary t reatment should be used as necessary, and the work of 
the auxi l iary staff should be supervised by the medical officer. 
Advice on segregation and prevent ion should be given ,  and education 
of the pUbl ic .  Work by the patients should be encouraged and 
guided and rehabi l i tation schemes set going .  

26.  DR.  M .  MASIH gave a paper on  An Effective Approach to the 
Leprosy Problem. The old dread of leprosy is yielding  to advancing 
knowledge of its mild infectivity and curabil ity, and i t  could easily 
be treated in general hospitals and dispensaries .  It might be possible 
to attach special wards to these, but doctors should be adequately 
t rained in all medical schools .  Local bodies should take an interest 
in the leprosy campaign and share in i t ,  and more emphasis should 
be laid on  rehabil itation .  More centres are needed for this, whether 
in older leprosy homes or specially established. 

27. SHRI T. N .  JAGADISAN spoke on  The Principles and Practice of 
Rehabilitation in Leprosy. He said there i s  a great rise i n  the i nterest 
in this, and gave a list of the exist ing l i terature, and described the 
many i nstitutions in India which are now actively engaged i n  
rehabilitation  work. H e  warned against accepting agriculture i n  
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every case as the ideal work  for the leprosy pat ient : i n  many  cases 
i t  is too heavy or too traumatic .  Rehabi l i tat ion shou ld  be su i ted to 
every pat ient ,  and physiotherapy, surgical correct ions,  psychotherapy, 
social in tegrat ion ,  pub l ic propaganda and persuas ion,  and preventive 
med icine and ind iv idual  care enter into t he whole task .  I t  i s  a huge 
task but we shou ld not despa ir, but learn from t he domest ic mouse 
"which b i tes away a huge bu lk  bit by bi t" .  

28. D R .  P. SEN read a paper on Social Factors Demand Ad?quate 
A ttention. Si nce May 1 958,  he had s tudied the social aspects of 
leprosy to provide a bas i s  for a mass educat ional  programme for 
Savda, East K handesh.  He soon found there was need for tra in ing  i n  
social aspects t o  b e  given t o  t h e  field workers a n d  medical officers 
of the nat ional  leprosy control programme. These social factors 
h inder prevent ion and treatment and even influence the causat ion  
of leprosy. The env ironmental social factors wh ich  influence causation 
are poverty, poor housi ng, starvation ,  squalor, ignorance of t he 
rules of health,  and community prejudices .  Even emot ional  d i s tur
bances may react adverse ly on leprosy. The fear and host i l i ty and 
apathy of t he other members of society a lso react adversely. As for 
the v ict im of leprosy, he is den ied the means  of l ive l ihood, denied 
fam i ly and socia l  l i fe ,  even den ied hospital  fac i l i t ies for t he treatment 
of other d i seases. He i s  often den ied fac i l i t ies for rehabi l i tation when 
the d i sease i s  arrested . Even the law i s  aga inst  him, for by the 
H indu Marriage Act of 1 955  leprosy of 3 years' durat ion i s  a cause 
for d ivorce . 

Pat ients natura l ly react to a l l  th is  by being rel uctant to accept 
the diagnosis of the d i sease, by concealment of t he d isease, by 
depress ion and dr ift towards su icide, by loss of mental and moral 
fibre, by i rregularity i n  tak ing  t reatment,  by forced reliance on 
begg ing or pr ivate charity. These th ings tend to make the di sease 
worse and delay cure .  

The pat ient 's  fami ly  a l so suffers, especia l ly from loss of t he 
wage-earner's i ncome, and from t he d i scrimination against the 
chi ldren i n  educat ion and marriage. 

All t hese t hi ngs come back on society in economic and social loss,  
and the ravages of the socia l  stigma are as m uch as the disease itself. 
As  m uch study and effort to counteract t hese social factors wi l l  be 
needed as studies in therapy and surgical correction of the disease. 

29. M ISS T .  SU RTY gave a paper on Education . She gave an 
account  of organ i sed educat ional  work in leprosy carried out in 
Greater Bombay. The plan of work i ncludes posters for hospitals ,  
c l in ics, bus stands, schools and col leges, rai lway stations, d ispen
saries, and exhibitions .  Written material for publication comprised 
material for newspapers and magazines ,  medical journals,  and 
goodwil l  advert isements. Folders, leaflets, and booklets were 
prepared for pat ients and relat i ves, schools and col leges, and 
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exhi b i t ions .  Lectures, sem inars, and ta l k s  were arranged for doctors 
and students and we l fare and other organ i sat ions . Fi lms  are made 
for schools and col leges, c inemas,  m i l l s  and factories, and for 
showing in  endemic areas. Radio ta l k s  are obtained, and model s ,  
charts ,  and posters made for sta l l s  in  exhi b i t ions .  Three types of fi lm 
documentaries are ai med at ; ( a )  for students ,  a fi lm showing a 
variety of early les ions and precaut ionary measures ; (b)  for c inemas, 
a film with a story with a hu man appeal ,  wi thout depict ing t he 
advanced type of leprosy ; ( c) for the masses in endemic urban areas, 
a film showing early les ions lead ing to advanced stages, and the 
resu l ts  of treat ment ,  and precaut ionary measures .  I t  i s  d ifficu l t  to get 
the fu l l  cooperat ion of the press, as editors are more in terested i n  
the spectacular than the  ed ucationa l .  One  should not over look t he 
aesthetic appeal of attract ive colours in posters and leaflets .  

30. DRS.  P. SEN and 1 .  O.  DESH M U K H  gave a paper on An 
Epidemiological Survey of Social Behaviour Towards Leprosy. From 
al most all centres i n  the nat ional  leprosy campaign comes t he report 
that a large n umber of pat ients do not attend wel l for tak ing the 
su l phone therapy, and remain ind ifferent to treatment .  Hence the 
H ind K usht N ivaran Sangh undertook an investigat ion at Savda 
t hrough a special medical social scient ist ,  Dr. P. Sen . He prepared 
2 q uest ionna ires,  one for the pat ients and one for the genera l 
populat ion ,  and i t  was found that most of t he patients and the publ ic 
were tota l ly  ignorant of the elementary scient ific concepts of leprosy, 
that they have an elaborate set of ideas and bel iefs about leprosy 
i n herited from the past wh ich  are utterly useless in active control of 
leprosy, that there is excessive ostraci sm in social behaviour  towards 
leprosy pat ients .  In the beginn i ng of the work at Savda t he subs id iary 
c l in ics of t he Centre had to be carried on at the roadsides or in the 
fields as v i l lage leaders would not permit t hem near human habi ta
t ions .  People i n  general and the v i l lage leaders and social workers 
avoided any contact with t he workers of the Centre for fear of 
having to ass ist in case detect ion .  People got annoyed if the workers 
v is i ted thei r homes even on a courtesy cal l ,  lest t he i r  neighbours 
suspect they had anyone suffer ing from leprosy. The att i tude of the 
medical practi t i oners i n  the area was not helpfu l .  S ince the social  
study" wa s begun,  there has been m uch i mprovement in the general 
atmosphere,  with m uch cooperation ,  and t he c l in ics have been 
rescued from the roadside and fields and brought in to d i spensaries 
and offices. It  shows how essent ia l  are publ ic ity and health educat ion . 

B. The Kondhwa Leprosarium, Poona District Leprosy Committee 
This leprosy hospital was founded in 1 9  I O  and handed over by 

t he Govern ment of Bombay to the Poona Leprosy Committee in  
1 956. Under  the care of the Pres ident ,  Dr.  N .  J .  Bandorawala, and 
the V ice-Pres ident ,  M aj .  Gen . B .  Basu,  and a very keen medical staff 
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i t  has made very notable progress, no t on ly  i n  bu i ld i ngs,  i ndustries , 
and general admin is t rat ion ,  but has taken a lead ing part i n  the wave 
of advanced plast ic and reconstructive surgery which happ i ly  is 
spread ing over r ndia and in wh ich I ndia leads the leprosy world .  
Dr .  Paul B rand of Vel lore and S i r  H arold G i l l ies of London might 
be descri bed as the insp i rers and guides and the i r  able pupi l s  have 
vol untar i ly  worked at Kondhwa wi th  highly sat isfy ing resu l t s .  These 
were Dr .  N. H .  Ant ia ,  Dr. P. K. Bharucha, Co l .  B .  B .  Choks i ,  
Dr .  G .  N .  K hatri . The  Editor i n  December  1 959 had  the  pr iv i lege 
of a v i s i t  to Kondhwa and attests the amazing l i ft in morale there 
as the resu l t  of t he work of these su rgeons .  Kond hwa could easi ly 
become a t ra i n i ng  centre for p last ic and reconstruct ive su rgery. There 
is a resident  physiot herapist , M r . W.  Jenn i ngs .  On the medical s ide 
there i s  a lso an eq ual ly  high standard, under Dr.  B .  B .  Gokhale and 
Dr.  S .  V .  Marathe .  There are many honorary workers as wel l as  the 
permanent  sta ff. M edical research could also deve lop profitably in  
Kondhwa. There are about  300 i n pat ients .  The total budget i s  
around £7, 500. 

The dynamic happy state of the work at Kondhwa was a 
revelat ion to the vis i tor .  1 t  seems it i s  d ue to ; (a) the wisdom of 
Government  in  ha nding over t he work to a civic committee led by 
Dr.  Bandorawa la and M aj .  Gen . Basu ,  every member of which 
committee i s  en l ightened about leprosy and experienced i n  some 
sect ion of commun ity serv ice ; (b) the in t roduct ion of physiotherapy, 
plast ic, and reconstruct ive surgery which revealed to the pat ient  t hat 
surgical rel ief would be added to medical re l ief, and that the pat ient 
was an ind ividual  whom his  fel low-cit izens t hought worth  the 
rehabi l i tat ion ; (c) t he extraord inary outpour ing of voluntary service 
by the c i t izens and by the specia l i s t  physicians and su rgeons .  

Correction 

The postal address of the East African Leprosy Research Centre 
was given incorrect ly on p. 68 of the " Leprosy Review", January, 
1 960. J t  should be P .O.  Box 1 044, Bus ia , U ganda. 
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Attem pts to  Obta i n  M i tsuda React ions  in the Sk i n  of 
Leprosy Pat ients ,  u s i n g  Fresh Su spen s i o n s  of N o d u les 
Prod uced in B l ack M ice by l n oc u l at i o n s  of M. leprae : 
Great ly  I ncreased V i r u lence of M. leprae by Passage 

t hrough Black M ice 
(with an Addendum on work using Boiled Inoculum) 

H .  C. de SouzA-A RAUJO, M . D. ,  Dr. P . H .  

Professor of Leprology, Medical School, 
University of Rio de Janeiro 

FU MIO H AYASH I 1  cont in ued the work of KENSUKE M ITSIJ DA on 
sk in tests  w i th  human lepromin  in leprosy pat ients, and reported i n  
1 93 3  t hat the react ions  prod uced by boi led and unboi led lepromins ,  
wh ich he cal led vaccines, showed no d ifference .  In  a great n umber 
of leprosy pat ients I used l i v ing  or dead 'suspens ions of baci l l i  from 
human and rat  lepromas, and confirmed t he finding of HAYASH I .  

This  year I succeeded i n  obtain i ng  the  transmiss ion of i n fect ion 
by M .  leprae to black mice of American race, and produced 
subcutaneous nod u les wi th lepromatous struct ure, or abscessed 
les ions .  Such nodu les I tr i turated and d i l uted i n  sal ine ,  and used the 
unboi led suspens ion as t he ant igen for sk i n  tests, s imi larly to my 
previous  use of boi led and unboi led suspens ions of mur ine  and 
human lepromas, and cu l tures of M. tuberculosis. 

I n  the present  experiment I used 7 volun teers, of whom 3 were 
lepromatous cases and 4 neural . On 1 st Septem ber 1 959 I inoculated 
each pat ient  w i th  0. ] 5 to  0.2 ml. i n t radermal ly of t he said suspens ion ,  
t he s i te  be ing  the antero-Iateral aspect of the left thigh .  The pat ients 
were fol lowed up  over 70 days,  biopsies were taken of t he i r  les ions 
on  one or two occas ions for s tudy of bacteriology and h istology, 
and the bacteria were a lso stud ied in  the sk i n  sera and nasal mucosa 
for comparison . 

Material and Methods and Case Notes 
One out of 8 black mice i nocu lated 3 J u l y  1 959 with suspension of human 

leproma (derived from Edgard, case 7) and showing a large subcutaneous inguinal 
nodule,  was k i l led on 26th August at 53rd day after inoculat ion.  The sal ine 
d i l u t ion of t he triturated nod ule was examined microscopical ly  and kept for 
t he inocu lations and for electron micrographs. The i nocu lations were carried _ 
out as for t he lepromin reaqion.  

Case 1. L.c. white male,  aet . 70 years, leprosy patient  s ince 1 938,  h is  disease 
having completed the "parabolic curve" of M u ir,  from A, to .8. and A2 within 
40 years . He is  now a "burnt-out" case, with bi lateral high steppage gait ( Scheu be 
s ign) and claw hands.  There were innumerable bac i l l i  and globi in smears from 
both s ides of his nasal septum. This was on 29th A ugust 1 959, after he had taken 
Promi n  intravenously for 2 years without any improvement i n  h is neural 
symptoms. O n  1 st September 1 959 he was i noculated with 0. 1 5  m l .  of the 
inoculum from the black mice. On 5th September he had fever, and pain i n  the 
site, and an erythema 1 5  x J 5 cm. i n  size. On 9th September the erythema 
reduced and nod u lation began to form i n  its centre. On 24th September a biopsy 
of the lesion was taken at the third week . On 4th October four smears were taken 
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FJG. l 
Photomicrograph of a section of the leproma of Edgard B. used to infect the black 

mice on 3rd July, 1 959.  Stained by Z. N. 700 x.  

FIG. 2 

Photomicrograph of the smear of the suspension of the nodule of the black mouse 
killed on 26th A ugust and used as illoclllum for the skin tests. Suspension unboiled. 

Stained by Z.N. 700 x .  



FIG . 3 

Photograph of the lesion of patient 2 after 66 days incubation : crater of .1 . 5 x 1 . 5 
cm. IIpon an infiltration of 3 x 4 cm. 

FIG . 4 
Photograph of the lesion of patient 5 after 66 days incubation: deep crater of 

2 x 1 cm. upon an infiltration of 4 x 4 cm. 
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from the lesion and from the nasa l m ucosa . On 1 7 t
·
h October there was a smal l 

sca r with a crust on a nod u le I x I crn. On 24th October the nod u l e  was sma l l  
in.size, at the 54th day a fter inocu lat ion .  O n  5th November the lesion had s u bs ided , 
On 1 4th November the nod ule  was I x 2 c m . ,  but  no exacerbation of symptoms . 
a nd a smear was taken of the nasal m ucosa . 

Case 2. A . B . A . ,  a white female; aet.  45 years, leprosy patient,  LJ type, s i nce 1 95 3 ,  
when she had a few nodu les on her legs a n d  pos i t ive nasal m ucosa. After a long 
period of standard t reat ment the skin les ions ( lepromas and macules) d isappeared 
and nerve signs started in both hands and feet .  I n  1 950 she was No and began 
with Prom in t reatment,  but t here was no improvement in the nerve signs.  On 
30th Apri l  1 95 7  she presented double c law hand, perforat ing p lantar. u l cers on 
both feet ,  and there were a few baci l l i  in  the nasa l m ucosa. On I st  September .1 959 
s he was i noculated with 0. 1 5  ml .  of the suspens ion derived from the b lack m ice . 
On 3 rd September she had fever, pain in the s i te ,  and erythema of 5 x 5 c m .  
loca l ly .  On 8 t h  September nod u l at ion i n  the s i te began.  On 1 0th a n d  1 5 th Sept· 
ember the erythema was less and the nodule I x I cm.  On 1 7th September there 
was infil trat ion of 3 x 3 cm.  On 24th September a bi opsy was taken of the lesion 
at the third wee k ,  and smears. On 1 0th October smears of the lesion were pos i t ive.  
On 24th October at  the 54th day after inocu lat ion the lesion was crateriform and 
bled eas i l y .  On 29th October the crater was 1 . 5 x 1 . 5 cm. i n  s ize, and smears 
were taken.  On 7th November the crater was s t i l l  open, and was photographed . 
There was no exacerbation of s k i n  symptoms and no lepra react ion at a l l .  

Case 3 .  R .C. R . ,  white male,  aet .  35 years. I n  1 95 7  h e  was L J · N , with lepromas 
o n  both el bows, erythematous spots on both legs, i m pai rment of sensat ion in 
arms, hands, and fee\ .  Smears from s k i n  and nose were pos i t i ve for baci l l i .  
H e  showed good improvement  after 9 0  i n t ravenous i nject ions of Prom i n .  
On 1 st September h e  was i njected with 0. 1 0  m l .  o f  black mouse i nocul u m .  O n  
3 rd September h e  had fever a n d  showed 1 0  x 1 0  c m .  l ocal erythema. On 5th 
September the erythema was regress ing and nod u lat ion had begun .  On 9th 
September there was a nod u l e  of 0 . 5  x 0 . 5  cm.  and this increased by 1 5 th Sept· 
ember.  O n  22nd September, 3 weeks  after inoculat ion,  biopsy and smears were 
taken.  On 29th September a crater had formed . On 1 st October 4 smears were 
taken of the lesion and the nasal m ucosa. On 27th October a t  57 days after 
inoculat ion,  there was a large crater with 2 cm . of detached s k i n  around it, and 
the pat ient complai ned of pai n .  On 29th October new smears were taken, at a 
t i me when the lesion was regress ing s lowly.  There was no exacerbat ion of s k i n  
lesions and no lepra react ion .  

Case 4. G . W. ,  white male ,  aet .  34 years, weight 1 26 kg.  H is father is  a case of 
L2 leprosy, and his  mother had early leprosy years ago.  On 20th Au·gust  1 959 he 
showed an erythemato us infil trat ion on left frontal region,  which was pos i t ive 
for baci l l i ,  as also the nasal m ucosa. He also had ax i l l ary and i.ngu inal  eczema 
marginatu m .  He was given Pro m i n  t reatment ,  with a good response. On 1 st 
September he was i njected with 0.2 m l .  of the b lack m ouse i nocu l u m .  On 
3rd September he had fever and pai n ,  an erythema of 10 x 10 cm., ar. d  swel l i ng 
of left inguinal  lymph glands which i m peded his wal k .  On 5th  September t here 
was less pain and the erythema had i ncreased to 20 x 20 c m . ,  w i thout a nod u le .  
On 1 0th September there was an i n fi l t rated swe l l i n g  t u r n i n g  to nod ulat ion.  
On 1 5 th to 22nd September there was a hard i n fi l t rat ion of l O x 10 cm.  On 24th 
September, the 54th day, the i n fi l t rat ion had d isappeared leavi n g  a smal l  scar 
with a s l ight secretion in i ts  centre. There was n o  exacerbation of s k i n  symptoms 
nor lepra react ion . A biopsy was taken of the experimental  les ion .  

Case 5. M . R . ,  a whi te female, aet .  66 years, who had leprosy for 30 years as  
La case. She became c l i n ical ly cured b u t  relapsed and is i ntolerant to sui  phone. 
Now she is  lo-N2 w i th widespread large e levated spots and perforat ing plantar 
u lcers in both feet ,  and skin and nose bacterial ly pos i t i ve .  On 1 st September she 
was i njected with  0.2 m! .  of t he black mouse i nocul u m .  O n  5th September she had 
fever and local pain and showed 5 x 5 cm. of erythematous i n fi ltrat ion.  On 
1 9t h  September there was an abscessed lesi o n  of 5 x 5 cm. on the thigh.  On 22nd 
September the t h i rd-week biopsy was taken, also smears . On 29th September pus 
was col lected for bacteriology. O n  6th October fou r  smears were taken.  On 
1 7th October t he lesion was better and t he i nfiltration almost gone. On 3rd 
N ovember smears were taken of s k i n  and nasal m ucosa. On 7th N ovember, at 
the 67th day, the lesion was photographed . The u lceration was 2 x 2 cm. She 
complained of pains and the skin lesions were exacerbated. 
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Case 6 .  N . A . ,  a female mu latto,  !let .  34 years, L 3  case for 9 years. On 1 st Sept 
ember she was i njected w i t h  0 . 2 111 1 .  of the black mouse inocu l u m .  On 1 3 t h  
October s h e  compla i ned o f  fever a n d  h a d  i ncreased general p a i n s  for the last 
2 weeks, with exacerbat ion of s k i n  lesions. As she s u ffers constan t ly from lepra 
react ion it is d i fficu l t  to accept that  t he s i t uat ion is due to t he inocu l u m .  B iopsy 
was taken . Smears of biopsy at the margin of the lesion were s trongly posit ive 
for acid-fast bac i l l i  w h ich is  not  important because she is  a case of d i ffuse leprosy . 
On 1 4th  November a 2 x 2 cm.  b lack scar remai ned i n  the l es i o n .  The scar was 
opened w i t h  the galvanic need le  and compressed to obtain secret ion for c u l t u re 
and bac i l l oscopy. 

Case 7. Edgard B., w h i te male, aet . 3 7  years, who i n  1 2  years had taken about 
1 5  l i t res of s u l phones, most ly  i n t ravenous Prom i n .  After a period of good 
improvement ,  for 2 years he has suffered periodic lepra react ion . Now he is a 
L.- N ,  case, covered w i t h  p laq ues and large and sma l l  lepromas, and the nasa l 
m ucosa strongly pos i t i ve for acid-fast baci l l i  and g lobi .  About  6 months ago he 
started on 6 to 8 tablets of Ciba 1 906, wi thout  change in the pos i t iv i ty  of the 
nasal m ucosa but  with considerable change i n  the morphology of M. leprae 
from the s k i n .  On 1 st September he was i njected w i t h  0 . 2  m l .  of the black mouse 
i nocu l u m  ( t he b l ack mouse was infected on 3 rd J u ly 1 959 w i t h  the patient's  
own leproma suspension).  On 1 0th  September t here was nod u l at ion of 2 x 2 cm. 
increasing to 3 x 3 cm.  on 1 5 th September. On 29th September i n  the 4th week 
after inoc u lat ion biopsy of the lesion was taken, and the secret ion sown in c u l ture 
med ia,  and smears were taken.  On 6th  October the lesion was much bet ter, with 
a crater of I x 1 cm.  Fou r  smears were taken.  On 5th  N ovember the crater was 
red uced in s ize ; smears were taken of the secret ion of t he lesion and nasal mucosa. 
On 7th N ovember new biopsies were taken, and s k i n  emuls ion and nasal m ucosal 
secret ion inoculated in 1 5  b lack m ice. Though t h i s  patient was an Ls case h e  had 
st ronger general and sk i n  react ions with the i noculat ions.  

Bacilloscopy 

Smears taken from the les ion at  3 week s  were surpri s ingly poor 
i n  acid-fast baci l l i ,  and most ly showed free nodules .  The nasal 
mucosa was posit ive i n  only 2 out of 7 pat ients .  The scars, or 
e l iminat ing foci , were poor i n  purulent secretion and i n  phagocytised 
elements .  

Histopathology 

B iopsies of the les ions were made from a l l  7 patients ,  4 being i n  
t he 3rd week after inoculat ion ,  I i n  the 4th, J i n  the 6th, a n d  1 i n  the 
8th. The reports of Prof. C. B .  MAGARI NES TOR R ES (Chief of t he Div .  
of Anatomopathology of t he Oswaldo Cruz I nst i tute) . Reports 
Nos. 2 1 ,6 1 6  to 2 1 ,62 1 say "Moderate and d i scont in ued i nfi l tration 
by large monon uclear cel ls  and lymphocytes around t he superficia l 
plexus of t he subpapi llary' layer, and absence i n  a l l  6 specimens of 
nodules with tuberculoid structure" .  The material from one case 
(No . 6) was u nsuitabie for histological examination . 

Comments 

The dose of the inoculum was about 0 .2  ml . ,  which is the dose 
needed to infect mice of 20 g. weight. This dose was given to patients 
of an average we'ight of 60 kg. and i t  could be 3,000 times greater. 
The m ice support 0.2 mt. of fresh emuls ion of human leproma 
without ulceration of t he sk in (except i n  passage). The leprosy 
patients, whether their d i sease was active or qu iescent, suffered a 
heavy local reaction ,  with crater format ion , last ing for more than 
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2 mon ths ,  and t he fi na l  state i s  as yet un known .  Two hypotheses are 
under cons iderat ion ,  one of the great increase of vi rulence of 
M. leprae cu l t ivated i n  the bod ies of these murines, and t he other of 
t he hypersens i t i v i ty of the leprosy subjects .  It i s  not easy to obta in  
vol un teers for such experiments ,  but ] sha l l  t ry to repeat the test 
with boi led i nocu lum.  

Conclusions 

I .  M y  impress ion is t hat M. leprae mul t ip l i ed exuberant ly  i n  the 
black mice, increas ing great ly  in v i ru lence,  and t h i s  shou ld be 
tested . 

2. The l iv ing i nocu lum used caused strong local react ion i n  a l l  
7 pat ients ,  w hich react ion d iffered cl i n ica l ly  and  h i stopatho logica l l y  
from t hat of the  M i t suda sk i n  test .  

3 .  These experiments s hould be repeated with boi led ident ical 
i nocu lum to a l low of a defin i te concl us ion .  

4. The inocu lated pat ients ,  save one, d id not s how t he classical 
lepra react ion ,  but t hey wil l  be observed further. 

5 .  The les ions obtai ned i n  these 7 pat ients were comparable 
with t hose obtai ned with l iv ing cu l tures of acid-fast baci l l i  i solated 
from leprosy pat ients .  

Addendum on later work with boiled inoculum 

Fol low ing up t he 3rd conc lus ion above, I prepared boiled 
antigen from a s k i n  les ion of another  b lack mouse of the same batch, 
and gave a dose of 0 .2 ml .  by i n t radermal inject ion i n  I I  adu l t  
persons ,  being 10  leprosy pat ients and 1 contact with the following 
resul ts  :-

Case 1. L . e . ,  male aet·. 70 years ( t he same as N o .  I of the previous experiment) . 
On 24th December he was i noculated in both th ighs.  On 26th Decembe r  t here 
was an early react ion and on 3 1  st December regression . After 2nd and 3 rd weeks 
both sides react ive and pos i t ive for bac i l l i .  

Case 2. A . B.e. ,  female aet.  46 years ( the same hs No. 2 of t h e  previous experi
ment).  On 3 rd December she was i n ocu lated with 0 . 1 5  m l .  below the previous 
crater, which was s t i l l  open.  There was a strong react ion.  By 1 4t h  January t he 
crater reduced to 2 sq.  cm.  The lesion was posi t i ve for baci l l i  and the nasal 
m ucosa negat ive .  

Case 3. E.B. ,  male  aet . 37  years (the same as N o . 7 of the p revious experiment) .  
On 5 t h  December he was inocu lated i n  h i s  left t h igh, 1 5  cm.  above the previous 
les ion,  which was sti l l  open, excret ing abaci l lary pus. On 7th December at  48 
hours t here was a strong reaction,  with  erythema and i n fi l t ration af 5 sq. cm. 
On 1 2t h  Decem ber the infiltration had reduced to 3 sq . cm . On 7th January in 
the 4th week infil tration had red uced to 2 sq.  c m .  On 1 2t h  Jant'lary t here was 
abscess format ion and pos i t ive smears for baci l l i ,  also i (1 nasal mucosa, + . 
( I n N ovember 7 was + + .) . '  

Case 4. A S . ,  male aet .  67 years. H e  was L3, now w i t h  only residual dark spot�.  
The nasal m ucosa is  negative.  Long ago he had reFleatedly negat ive M itsuda 
Tes t .  On 3 rd December he was inoculated with 0.2 ml.  i n  the left thigh. On 
5th December at 48 hours he showed infil trat ion of 3 sq. cm. and it so con t in ued 
during 3 weeks. There was no pain.  On 7 t h  January the nod ule ulcerated 
spontaneolls !y. The M itsllda Test was strongly pos i t i ve cl inica l ly .  
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Case 5. R . R . C . ,  black male,  a e l .  47 years. W a s  La for m a n y  yea rs a n d  is  n o w  N a .  
On 7th  December h e  was i nocu lated i n  h i s  left fo rearm w i t h  0 . 2  m l .  On 9 t h  
December at  48 hours i t  was negat ive, a n d  after 2 n d  week pos i t ive + + . After 
3 rd week + + + . On 7 t h  J a n uary the nod u l e  u lcerated, smears pos i t ive + , and 
nasal m ucosa nega t i ve.  

Case 6. M . N .C . ,  female aet .  25 years . She was La case,  now bacte r i a l l y  negat ive .  
On 5 t h  December was i nocu l ated w i t h  0 . 1 5  ml .  i n  left th igh.  O n  7 t h  December 
at  48 h o u rs t here was an erythema u pon a hard i n fi l t rat ion of 1 0  sq. cm . On 
3 1 st December t here was a large nodule and i ncis ion and aspi ra t i o n  were carried 
o u t .  Bac i l loscopy + + . On 7th J anuary t here was a scar of 0.5 sq. cm. On 
1 4t h  J anuary t here was s l ight  u l cerat ion of 0.5 sq . cm. 

Case 7. J . A . ,  female of 45 years . L 1 -N , case . The previous M i tsuda Test was 
s l ight  . + . On 3rd Decem ber she was i nocu lated i n  the left th i g h  w i t h  0.2 m l .  
On 5 t h  December a t  4 8  hours was negat ive.  After t he 4t h week there was eryt hema 
and i n fi l t ra t i o n .  On 5th J a n uary the nod u l e  opened . Baci l l oscopy + + . On 
1 2t h  J a n uary there was suppurat i o n .  On 1 4t h  January appeara nce of a good 
pos i t i ve M itsuda.  

Case 8. E . R . ,  whi te  fe male of 65 years.  L,  case . On 7th  December was i nocu lated 
w i t h  0 . 2  m l .  in left t h ig h .  After I week t here was erythema of 3 sq . cm. On 29t h 
December erythema was reduced . On 5 t h  J a n ua ry t he i n fi l t rat ion was reduced . 
On 1 2t h  J anuary no nodule formed . 

Case 9. H .  L . ,  w h i te male, 58 years . La case . On I I  th N ovember 1 959 t h e  M i tsuda 
test  was nega t i ve ( Prof. H.  Portuga l ) .  On 3 rd December he was i nocu l ated with 
0.2 m I . ' i n  each t h i g h .  On 5th December a t  48 hours, nega t i ve and remained so 
u p  to  1 4th J a n uary. 

Case 1 0. A . G . ,  white female,  L 2  case 2 years ago, s i nce I year becom ing a neura l 
case w i t h  great e n l a rgement of the  left cubi ta l  nerve and neura lg ia  in the r ight  
foot .  Bac i l l oscopy of the cubital  nerve + + . Nasal  m ucosa + on bot h  s ides . 
On 24t h December She was i nocu l ated wi th  0 . 2  m l .  in her left t h i g h .  On 26th 
December a t  48 hours,  negat ive, and u p  to 1 4t h  J a n uary negat ive .  
Case 1 t .  H .G . ,  w h i te m a l e  of 3 5  years, husband of above case N o .  1 0. On 24th 
December was inoculated w i t h  0 . 2  m l .  in left t h i g h .  On 26t h December at  
48 hours, doubtful pos i t ive.  On 1 4t h  Jan uary,  + . After 3 weeks  became M i tsuda 
-pos i t i ve . 

Comments 

Five out  of 1 0  leprosy cases, N2 and N3 type, gave a posIt tVe 
+ test .  Two L cases i n  frank  regression gave one + , suspicious .  
Three L2 and Ls  cases gave completely negat ive test and I ad ult  
contact of act ive leprosy gave m i ld posi t ive + test .  

Conclusion 

The boi led leprotic ant igen derived from the black mouse gave 
resu l t s  not d ifferent from the classical M i tsuda Test .  The pat ients 
wi l l  be observed further  for some t ime i n  order to a l low of definite 
assessment .  

R eferences 
1 .  FUMIO H AYASH I ,  " M itsuda's S k i n  React ion 10 Leprosy", Internal .  J. Lep . ,  

I ,  I , 1 93 3 ,  p p .  3 3 - 3 8 .  
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STUDIES IN PLANTAR ULCER IN LEPROSY 

V .  The Com p l icati o n s  of Plantar U lcer 

E.  W.  PRYCE,  F . R . C . S . E .  
formerly Orthopaedic Surgeon, Leprosy Service, Eastern Nigeria 

The compl ications  of plantar u lcer i n  leprosy are important not 
on ly because they often lead to fai l u re of treatment ,  but a lso because 
they may cause permanent damage to the foot .  The neuropath ic 
(Charcot) jo in t  i s  a l so incl uded i n  th i s  s tudy because i t  occurs 
freq uent ly in feet wi th  p lantar u lcerat ion .  

The dominant  feat ures of com pl icated u lcer are i nfect ion and 
oedema.  The i nfect ion may i nvolve not on ly  bone  and jo int ,  but a l so  
venous and lymphatic chan ne ls .  cttron ic oedema accompan ies 
i n fect ion ,  but i t  may exist apart from infect ion as i n  the oedema of 
d isuse or of derangement of t he autonomic system .  

1 t  i s  important to  recogni se t he persi stence of oedema, because 
the condi t ion retards the normal heal i ng  processes and can of itse lf  
l ead to chronic fibrosis of t he subcutaneous t issues. 

The common compl icat ions  of plantar  ulcer are now descri bed . 

Subcutaneous Plantar I nfection 

The lesion which precedes fran k u lceration of the sole is steri le 
unti l  the skin i s  broken .  When infect ion occurs-as a resu l t  of a 
crack i n  the dermis,  or fran k  ulcerat ion-subcutaneous banal 
infection i s  inevitable, and resembles the common i nfect ions of t he 
palm of the hand .  The recogn it ion of infection without u lcerat ion i s  
important  i n  case i t  i s  confused with the ear ly  sterile stage of the 
deep plantar necrosis which precedes u lcerat ion i n  a neuropathic foot .  
Fai l u re to dis t inguish the two les ions  can lead to incis ion of a 
"necros is  b l i ster" i n  mistake for a pocket of pus ,  an error which  can 
i n it iate a tra in  of events  ending in  bone and jo in t  i n fect ion . ( Fig .  3 . )  

I n  both les ions,  there i s  a local i sed swe l l i ng  which i s  tender t o  
pressure and,  a s  i n  t he case i l l ustrated, t here may b e  superficial 
crack ing of t he sk in  suggest ive of a portal of bacterial entry. 

Deep necrosis, however, i s  preceded by several days-or n ights
of cont in uous burn ing pain and heal s  rapidly wi th  ·s imple rest and 
elevat ion of the part .  Deep infection i s  more painfu l  and throbbing 
than burning ; i ncreased local warmth  may be  detected, and i t  does 
not respond to s imple rest and e levation without ant ibiotic t herapy. 
If i n  doubt, i t  i s  wise to rest  t he foot i n  an elevated posi t ion and use 
ant ibiotics. A swel l ing that persists painfu l ly  for 48 hours without 
improvement is then probably puru lent ,  but  i t  is  sti l l  better to 
aspirate for diagnosis than to make a mistaken i ncis ion .  The asp irated 
flu id  i s  steri le from a necrosis b l i ster and wi l l  show bacteria and 
leucocytes in  cases of i n fection .  

Lep. Re v.  3 1 ,  2 ;  Apr. 1 960 
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Bone and Joint I nfection 

This is t he t ragedy of p lantar u lcerat ion .  Once estab l i shed it may 
remain incura ble long after the leprosy is arrested ; every effort 
shou ld be made to avoid i t ,  or recogn ize. and treat it at the earl iest 
possible moment .  Symptoms are often masked by the associated 
anesthesia and i t  is w i ser  to re ly  on regular foot inspect ion for 
d iagnosis ,  than on the pat ient  coming of his own accord to seek 
treatment .  

I n  the anesthetic foot, t he exten t  of the i nfect ion is  common ly  
more widespread than appears c l in ica l ly  and the fut i l i ty of local 
metatarsal exci s ion i s  often confi rmed by rad io logy-which demon
strates wider spread of i nfection t han i s  suspected at operation . 

The s i te of the in i t ia l  necrotic les ions before infect ion occurs i s  
shown in  F ig .  1 .  This l ies under a metatarsal head i n  t he forefoot 
(or under t he head of the proxi mal pha lanx of the big toe) ; mid
lateral ly, i t  l ies under t he tuberosity of the fifth metatarsal ; and at 
the heel, under the lateral t uberosity of the calcaneum.  The two l atter 
bony points  present  prominently in the sole when there i s  weak ness 
of the evertors of the foot .  

The r isks of pyogenic infect ion are seen from the diagram : 

FlO. I. ( After G ray 's A natomy) 

A 

media l  
aspect 

c 
Oblique section of foor to show relation of joint spaces to sites of plalllar ulceration 

A, B and C represen t  t he common s ites of necros i s  b l ister. rf u lceration 
occurs, the underlying bone and joint  are exposed to the danger of infecti o n .  

T h e  ank le-joint  is presented i n  m i rror- image to s h o w  h o w  close ly  t h e  synovial  
mem brane of ankle and talo-navicular joints approach on the med ial  aspect of 
t he neck of the talus .  Only " t h i n  and i ndefin i te capsular  fibres" separate the 
joints ( F razer) .  

The mid- latera l  lesion ( B) is  seen to be the most dangerous to the foot .  
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The forefoot ulcer : (A) 
This  exposes t he metatarso-pha langeal joint  and adjacent  bones .  

Spread to adjacent  jo ints  i s  not an  ear ly event, but osteomye l i t i s  
read i l y  spreads up the metatarsal and may lead to pathological 
fracture or  invo lvement of the tarso-metatarsal jo ints .  

The mid-lateral ulcer: ( 8) 
This  is the most dangerous of t he les ions .  I t  i s  a r isk to both the 

cubo-metatarsal and the cu bo-calcaneal jo ints .  Spread from t he 
cu bo-metatarsal read i ly  i nvo lves a l l  t he tarso-metatarsal jo in ts 
except the first ; then by cont inu ity,  t he complex su rfaces between 
t he navicular and cuneiform bones.  There is often d i sorgan i sat ion 
of the midfoot .  

Cubo-calcaneal i nfection cont in ues across the foot and i nvades 
the talo-navicu lar and anterior talo-calcaneal jo ints .  

This  exposes the a n k le-jo in t  to danger because of the surpri s ing 
anatomica l fact t hat the an k le-jo in t  i s  separated from the base of a 
mid- lateral p lantar u lcer by t i ssues wh ich bare ly  exceed 5 mm.  in  
tota l  thickness. Frazer ( 1 946) points ou t  that the synovia l mem branes 
of an k l e  and talo-navicu lar  joints are separated on the medial s ide 
of the neck of the talus "only by thin and indefin i te capsular fibres" .  

C l i n ical ly ,  there i s  often non- infective effusion in to  the a n k le
jo in t  due to the i rr i tat ion of adjacent  sepsi s ;  the swol len ank le  t hen 
raises t he poss i bi l i ty  of a neuropath ic jo int  un less its nature i s  
appreciated . 

The Heel Ulcer : (C) 
This involves the calcaneum only, un t i l  the later stages of 

infection ; but i t  i s  important because the associated decalcification  
weakens the attachment  of the  long p lantar l igament .  Widespread 
involvement of the calcaneum i s  i nevitably fol l owed by col l apse of 
t he arches of the foot .  

This d i saster i s  represen ted cl in ically by  an i rregular pad of  
plantar t i ssues represent ing the sole of the foot, and by a new series 
of bony prominences i n  the sole over which pressu re u lcers may 
develop. (Fig. 4.) 

In collapse of the lateral longitudinal arch, t hese bony kn uckles 
l ie on  a l ine pass ing across the foot from the t uberosity at the base 
of the 5th metatarsal towards the media l  t uberosity of the calcaneum 
(Fig .  2). I f  this l i ne  i s  divided into three equal  parts, the bony 
prominences are : 

I .  The t uberosity of the c uboid. 
2. The anterior t ubercle, or keel, of the calcaneum.  
The resul t ing plantar ulcers ( Fig.  5a) may jo in  to form a l i near 

u lcer passing medially from fron t  to back across the poster ior half 
of the sole ( Fig .  5b) .  
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Col l apse of the medial. longitudinal arch ind icates a grosser 
damage to the foot .  The bony prominences that may present  in  the 
sole a re (Fig. 4b): 

I. The in sert ion of peroneus longus i n to the base of the fi rst 
metata rsa l .  

2 .  The insert ion o f  peroneus longus i n to the 1 st cune iform .  
3 .  The tuberosity of t h e  navicular .  
The c l i n ical lesion i s  a series of ulcers, or a l i near ulcer from the 

base of the I st metatarsal to the med ia l  aspect of the hee l .  
The  fina l  s tage of tarsal d i sorgan i sat ion i s  represented by an  

indetermi nate ulcerat ion i n  the mid-sole (Fig .  5b  left foot) .  
The add i t iona l  p lantar ulcers that may appear as a result of 

major  damage to the bony a rch i tecture of the foot are represented 
in  Fig. 2. Note that in  extreme cases, there may be a pressure ulcer 
over the head of the proximal  phalanx of the second toe. 

Plantar Ulceration in Col/apse of the Longitudinal Arches of the Foot 
The d iagram l ists the s i tes of plantar u lcerat ion wh ich represent  col lapse of 

the longi t u d i nal a rches as fol l ows: 

FIG. 2 

2. 

J. Overlying the t u berosi ty of the c u boid. 
2 .  Over ly ing the anterior t u bercle (keel) of 

t he calcaneum.  
3. Overlying the base of the J st  metatarsa l .  
4.  Overly ing t h e  media l  cuneiform. 
5. Overly ing the t u berosi ty  of the navicular .  

P P H2 ( Proximal  Phalangeal Head 2) repre-
sents tbe u lcer that sometimes occurs over this  
bony p ro m inence when the second toe attempts 
to take over the wa l k i n g  function of the big toe . 
This  occurs when there is fai l u re of the i n t rinsic 
m uscu lature of the big toe.  

Ph lebo-thrombosis and Chronic Lymphoedema 

The patient  with a chron ica l ly swol len lower leg is a frequent 
s ight i n  leprosy sett lements,  and the infrequency with which th i s  
crippl ing compl icat ion i s  t reated suggests that i ts nature i s  not  
always recognised.  The les ions are d i sabl ing and permanent but  can 



FIG. 3 

Infection or Necrosis? 
The swel l ing over the 4th metatarsal head may be an infect ion or a deep 

necrosis blister. If a blister, it wil l  heal with simple rest and elevation. If infection, 
antibiotics and evacuation of pus are needed. The patient did not complain.  

The lesion subsided with rest and elevation after four days, without an 
antibiotic. It is a necrosis bl ister.  III-advised incision would have risked a chronic 
ulcer or subcutaneous banal infection. 



FIG. 4. Col/apse of the longitudinal arches 
(a) In col lapse of the lateral arch the abnormally presenting bony (b) In col lapse of the med ial arch, t he presenting 

points are the tuberosity of the cuboid, and the keel of the calcaneum bony prominences are the base of the 1 st metatarsal , 
(anterior tubercle). These lie in a line from the tuberosity on the base the tubercle on the medial cuneiform, and the tubero-
of the 5th metatarsal to the lateral tuberosity of the calcaneum .  sity of the navicular. 



FIG. 5. Ulceration from collapse of longiludinal arches 
Sa . Col lapse of the lateral arch resul ts  i n  u lcers along a l i ne 

from the base of t he 5 t h  metatarsal to the lateral half of t he 
heel. In this  case, the calcaneum is partly destroyed and t he 
u lcers overlie the tuberosi t y  of the cuboid and the keel (anterior 
t u bercle) of the calcaneum. 

5b. Right foot: The individual  u lcers of t he p revious i l l ustration may fuse into 
a l i near u lcer represent ing complete col lapse of the lateral  longi t u dinal arch. 
Left foot: When there is complete d isorganisation of the foot,  t he plantar u lcer 
i s  an i ndefi n i te lesion over the p resent ing pad of t i ss ues in the middle of the sole. 
( See left foot in Sa. ) 



ANTERIOR 
FIG. 6. The disastrous results of metatarsecfOmy 

The gross deformity of the foot makes the fit t ing  of footwear i m poss i b l e  
without  further operation ; a n d  i t  w i l l  b e  noted that the u lcer for w h i c h  t h e  
operat ion was performed is  s t i l l  presen t .  It i s  suggested that the operat ion be 
abandoned in the treatment of chronic plantar u lcer. 

LATERAL 
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be avoided or treated , i f  t he poss ib i l i ty of venous  o r  lymphatic 
blockade i s  kept in  m ind .  

The  usual cause i s  neglected septic i nfect ion of the foot .  
Secondary phleb i t i s  or lym phangi t i s  occur, at first  acute ly or 
subacutely ; but each recurri ng attack i s  less obvious c l i n ica l ly un t i l  
t he  gross les ion of ph lebo-t hrombosi s or chronic lymphoedema 
below the k nee is  establ i shed. 

Phlebo-thrombosis of the foot and lower leg starts i n  the vic i n i ty 
of the ulcer and spreads a long the deep channe l s  i n to the ca l f. The 
valves are i ncorporated in  the c lot ,  so that when the ve i n  i s  recana l i sed 
(as is usual after a year or so), the venous channe l s  lack val vu lar 
support . Chronic venous  stasis ensucs and the "post-ph lebit ic 
synd rome" i s  establ i shed (DeCamp et a l .  1 952). The acute attack of 
phlebit is may pass un noticed , but usua l ly there is pa in  and swe l l i ng 
of the ca l f  and sole .  There i s  fever. The oedema of the first attack 
may completely subside, but becomes more permanent with each 
fresh  attack unt i l  i t  hardens into a firm non-p i t t ing swe l l i ng of the 
lower leg. 

The sk i n  becomes i l l -nourished and i ndurated,  and may be 
eczematous. An i ndolent ulcer is not  uncommon above the media l  
mal leolus, and must not be mistaken for one which i s  leprotic in  
origi n .  The venous stasis of the sole hi nders normal hea l ing  processes 
and pred i sposes to a subseq uent i nflam matory phlebi t i s .  Lnfect ive 
embol i  are very uncommon .  

Chronic Lymphoedema, or chron ic  lymphatic blockade, i s  an 
ent i ty dist inct from ph lebothrombosis  and i s  much less common .  
During an acute attack ,  the oedema of the dorsum of the foot i s  
associated wi th  v i s i ble l i nes of tender lymphatic channe ls .  

Repeated attacks produce an i ncreasing indurat ion of the s k i n  
a n d  subcutaneous t issues, common t o  other forms o f  e lephant iasi s .  

The  venous c irculat ion i s  un impaired and the hea l ing  processes 
of the sole are relat ively unaffected . 

Both condit ions have been observed duri ng the course of chron ic 
plantar u lcerat ion i n  leprosy, and the importance of the ir  early 
recogni tion and treatment i s  stressed in order to avoid the cr ippl ing 
effects of permanent lymphatic or  venous damage. 

The lesions occur  in other d i seases and are descri bed more ful ly 
by Ann ing  (I 952), Monro ( 1 952), G i bson et a l .  ( 1 950), Cannon ( 1 950), 
Watson (I953) and Ochsner et al. (I  952). 

Chronic Oedema of Disuse 

The lower l imb  depends on act iv i ty, even more than the upper, 
to maintain lymphatic and venous c ircu lat ion .  A neuropathic foot 
often leads to an i nact ive shuffling gai t and this  i s  emphasi sed i f  there 
i s  plantar tenderness .  I t  is poss i b le that nervous i nvolvement of the 
autonomic system is superadded . 
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The total effect i s  a tendency to oedema of the foot, and th is may 
be l im i ted to the sole in  the early stage . The im portance of the 
cond i t ion  l ies in the decreased res is tance to i nfect ion and trauma 
that it encourages ; and the care of the neuropath ic  foot must 
include the recogn i t ion and treat ment of d i suse oedema. 

The les ion wi l l  be recogn i sed during rout ine exami nat ion of the 
feet, but w i l l  be mi ssed i n  the ear ly stages un less the sole i s  palpated 
and pit t ing  oedema sought .  There are no other early s igns ,  except 
for s l ight splay ing of the toes. The leprosy worker w i l l  be aware 
that a s im i lar cond i t ion  i s  noted on the sole of bot h feet i n  cases of 
lepromatous leprosy, but the s l ight swel l i ng  of the sole and sp lay ing 
of the toes i s  not accompanied by p i t t ing oedema . 

Recogni t ion of the cond i t ion ca l l s  for the i n st i tut ion of treatment 
a i med at i ncreas ing the c i rcu lat ion and decreas ing the debi l i tat ing  
effect of chronic oedema on the t i ssues of the sole .  

The Neuropathic (Charcot) Joint 

The neuropath ic  jo in t  of leprosy resembles the les ion seen i n  
d iabetes rat her t han  the  classical "Charcot jo i nt" of syph i l i s .  I n  the 
absence of rad io logical facj,l il ies, i t s  freq uency i s  underesti mated , but 
it  should be suspected i n  every case of anaesthetic leprosy present ing 
unexplai ned pa in l ess or moderately tender swel l ing i n  the tarso
metatarsal region (X at the ank le-jo in t .  Wal k i ng is  often unaffected . 

U n recogn i sed and untreated , the cond i t ion develops s lowly and 
progressively to d i sorgan i sat ion of the foot .  

A neuropat h ic jo int  i s  often associated wi th  p lantar ulcerat ion ,  
as i n  d iabetes ( M art i n  1 952). I n these cases, i t  may be d ifficult  i n  an 
anaesthet ic foot to determ ine  whether a tarsal swel l i ng  i s  due to 
spread ing  i n fection  or early neuropathy.  At the an k le the d ifficulty 
may be to d i stingu ish the les ion from i rritat ion of the ank le-jo int  in 
sep� mid- lateral ulcerat ion .  

1 n the neur6pathic les ion,  no s igns  of i nflammat ion or jo in t-fluid 
are present .  X-ray shows genera l i sed decalcifidlt ion  and loss of 
jo i nt-space with fragmentat ion of the adjacent bon� . 

New bone format ion  i s  m in imal ,  i n  contrast to the s imi lar les ions 
in syph i t i s .  The metatarsa l atrophies and may show spontaneous 
fracture .  As i n  d iabetes ( M art in  L9'53) ,  the les ion also occurs in the 
absence of seps i s  or any vascular cond i t ion .  

Those unfami l iar  wi th  the  cond i t ion should consu l t  papers 
descr ib ing the s imi lar les ion in d iabetes, Bolen ( 1 956), Bai ley et al. 
(J 947), Jacobs ( 1 958) .  There appears to be no l i terature concern i ng 
i ts  occurrence i n  leprosy. 

Metatarsectomy 

I t  i s  not usual  to de scri be surgical i n tervent ion as the compl icat ion 
of a les ion ,  bu t  the occas ion i s taken to draw attent ion to the 



STUDIES IN PLANTAR ULCER IN LEPROSY 1 03 

undesirable effects t hat fol low a high proportion of cases su bjected 
to th i s  operation .  

I n  general, partial metatarsectomy i s  performed in  an attempt to 
ach ieve hea l ing of a chronic plantar ulcer. The observation of a 
number of cases that have undergone th i s  treatment makes it 
doubtful i f  the mut i lat ion is  ever really j ust ified . 

The deformity caused (Fig. 6) is often severe and necessitates 
further surgical correct ion if footwear is to be fitted. The ulcer for 
which the operation is performed may not heal, or may recur (as the 
i l l ustrat ion shows) .  N ot uncommonly, anothet: plantar ulcer appears 
elsewhere on the foot after the intervent ion,  and even if the ulcer 
remains healed, the mechan ics of the foot are permanently disturbed . 

The most convincing argument against metatarsectomy is the 
knowledge that heal ing of a chronic ulcer can be achieved by other 
non-traumat ic methods. I t  is therefore suggested t hat control of the 
compl icat ions of plantar ulcer will be advanced by the suppression 
of what is  largely a useless and crippl ing procedure .  

Summary 

1 .  The compl icat ions of plantar ulceration are descr ibed. 
2. It  i s  recalled that plantar ulceration i s  i tself a complicat ion of 

a previous pressure necros is  of the sole. 
3 .  The serious outcome of several of t he complicat ions i s  described 

and the importance of early d iagnosis and treatment is stressed . 
4. Attention i s  drawn to those compl ications not commonly 

treated in leprosy settlements : phlebothrombosis, chronic lym
phoedema, d isuse oedema, and the neuropathic (Charcot) jo int .  

5.  It  is  suggested that metatarsectomy be considered an avoidable 
complicat ion of plantar ulceration .
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A REPORT ON THE USE OF CHLOROQUINE 
SULPHATE IN LEPRA REACTION 

K .  RAMANUJAM, M .B.B.S. 

Medical Officer, Go vernment Silver Jubilee Children's Clinic, 
Saidapet, Madras, India 

Int.roduction 

Chloroq uine su lphate, the latest and widely used synthetic 
ant i -malarial ,  had shown in recen t  years greater spheres of its useful
ness i n  the t reatment of amoebiasis ,  taen ias is ,  rheumatoid arthrit is  
and l upus erythematosus .  The poss i ble therapeutic u eful ness of this  
drug i n  lepra react ion was first reported from a hospital for tropical  
di seases i n  Paris ,  where a woman lepro y pat ient in  the gri p of lepra 
react ion was thought to be suffering from malaria , and treated with 
chloroq u ine .  The presence of malarial i n fect ion wa d isproved , but 
it  was observed that there was a rapid amel iorat ion of the symptoms 
of reaction on chloroq uine .  This observation was fo l lowed up and 
reported on favourably by other workers. THANGARAJJ using Cama
q uin  brand of amodiaq u in  hydrochloride ora l ly in a group of 
I I  lepromatous cases compared the result  with two other groups of 
pat ients,  one group of 1 3  cases treated with in t ravenous inject ion 
of potass ium ant imony tartrate, and another group of 14 ca es as 
controls .  As a resu l t  of this i nve t igat ion he came to the conclus ion 
that "Camoq u in  i s  effect ive i n  the control  of acute lepra react ion in  
lepromatous leprosy" and that " i t  achieve i ts effect in  less t ime  than 
potass ium ant imony tartrate". 

Another i nteresting  observation about the u efu lness of chloro
q uine  came from MERKLEN and RIOU2 who had reported that with 
concurrent  administrat ion of chloroq uine ,  the react ion could be 
control led without in terruption of u lphone therapy. They added 
that combination of chloroq u ine  and D DS was beneficial in bri nging 
up the dose of D DS and in  two i nstances chloroq uine could be 
substituted for d-cort isone.  They recommend a dose of 600 mgm.  
i n i tial ly and then a maintenance dose of 300-400 mgm.;  they 
considered that doses less than 200 mgm. a day were ineffective.  

RAMU3 reported symp�omatic rel ief in a l l  the 8 cases of lepra 
react ion he treated witl1 chloroquine d iphosphate. His dosage 
regimen was one tablet (equal  to 250 mgm . of the base) three t imes 
a day for one week and later one tablet twice a day for another 
2 weeks.  The t ime taken for rel ief to set i n  under this regimen varied 
from 4 days to 1 4  days. He came to the tentative concl usion that 
chloroquine is a usefu l  drug in the t reatment of lepra react ion . 

Object of the Study 

B�rring the oral admin istrat ion of cort icosteroids, the on ly 
effect ive treatment of acute lepra reaction has been the parenteral 
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ad min i stration of ant imony preparat ions .  With the extens ion of mass 
ant i - leprosy treatment in endemic areas, more cases of leprosy come 
under medical survei l lance and more cases of lepra react ion are 
bound to be detected.  The accepted l ine  of treatment for lepra 
reaction ,  namely the parenteral admin i stration ·  of antimony, offers 
certa in practical d ifficul t ies in rural areas .  Therefore t he favourable 
reports on the effect iveness of ora l ly  admin istered ant imalarial drugs 
i n  the control of lepra react ion have prompted t hi s  investigation . 

The object of the i nvestigation is two-fold : ( I )  To find out how 
effectively and in  what period of t ime chloroq u ine  su lphate i s  able to 
control lepra react ion and,  (2)  how far th i s  drug wi l l  be usefu l  i n  
contro l l i ng  the reactions which occur very freq uent ly in  a smal l  
n umber of cases, and so render almost impossi ble the i nst i tut ion of 
adeq uate anti- leprosy treatment. 

Material for Study 

Between March and Septem ber 1 959, 27 cases of lepromatous 
leprosy who reported with lepra reaction of vary ing grades of severi ty 
were accepted for the invest igat ion .  This  group i ncl uded 2 cases who 
were almost in a state of perpetual react ion ,  which made them 
incapable of tak ing  the leprosy treatmen t .  

The Method 

The cases for investigation were entered on a proforma along 
with the detai l s  of the pat ient's condi t ion-such as the drug he was 
on ,  whether i t  was the first reaction or one of several ; and a l so the 
symptoms and signs such as fever, jo int  pain ,  nerve pain ,  bodi ly pain ,  
presence of rose-spot nodules, subcutaneous nodules,  exacerbation 
of exist ing lesions, onset of new lesions, t urgescence of the nasal 
m ucous membrane and the condit ion of the ocular e lements .  
Detai l s  of treatment  given and the progress of the case from time to 
time was recorded. 

"N ivaq uine" brand of ch loroq uine su l phate was admin is tered 
ora l ly  in doses of 400 mgm. twice a day, equ ivalent to 300 mgm. of 
chloroqu ine  base. This dose was maintained til l  t he symptoms 
showed a tendency to abate, and then it was tai led off to 200 mgm. 
twice a day and later on to 200 mgm. a day. The drug was d i scon
t in ued once the symptoms and s igns of reaction completely dis
appeared . In some i nstances, where "experienced" patients asked 
for the potass ium ant imony tartrate i nject ions ,  ch loroq u ine  was 
g iven ora l ly  a long wi th  i n travenous i njections  of 2 m!. of pyrogen-free 
steri le d i st i l led water. This  c l i n ic being on ly  an outpatient department,  
no fou r-hour ly temperature charts were maintained; the patients 
carried away two days' supply of the drug at a t ime and when t hey 
reported aga in ,  an examination as to t he patients '  condit ion was 
made and an enq u i ry was a lso made with regard to any u ntoward 
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symptoms.  As far as possi ble no leading q uest ions with regard to the 
toxic symptoms due to chloroq uine were put to t he pat ient ,  but i n  a 
few i nstances it was necessary, because some of the pat ients as a 

matter of course attri buted any adverse sYll1ptoms to the chloroq u ine .  
In  a few i nstances, t he pat ients d i scont in ued tablets after  tak ing 
t hem for 2-4 days. H owever, when they turned up aga in ,  the ir  
condi t ion was noted although the ch loroq u ine  tablets had been 
d i scont in ued in the meant ime.  

Results 

For purposes of analysis of the results ,  the group of 27 cases of 
lepra react ion have to be sp l i t  into two sub-groups-one of the 
25 cases who had pure and simple lepra reaction and a smal l  group 
of 2 cases who were in  a state of a lmost cont in uous lepra reaction .  
The results  obtained in  these cases have been graded in to three 
categories-" Rel ieved",  " I mproved" and " Fai led". By " Rel ieved" 
it i s  mean t  cases where there i s  total rel ief from symptoms and signs 
of reaction; in the " Improved" cases al though there was considerable 
relief, some remnant  of  the react ion syndrome such as mild neur i t i s  
or arthri t i s  s t i l l  pers is ted . 

I. In A cute Lepra Reaction : Out of t he 25 cases treated with 
N ivaq uine brand chloroq u ine  su lphate, 4 cases d i scont inued treat
ment for no special reason.  Out of the balance of 2 1  cases, n ine  
showed complete rel ief. (42. 86%) and twelve showed improvement 
(57. 1 4%). 

The durat ion of treatment  varied from 2 to 14 days. I n  3 i nstances 
the patients discontin ued treatment after 2-4 days chloroq uine 
su lphate therapy; but when they were seen aga in  a week to 10 days 
after d iscontinuance, t hey showed cons iderable improvement .  On 
enq u i ry the pat ients said t hat t hey did not ask for the tablets again 
because they had considerably improved . The average period taken 
for the control of reaction  was 7 days . 

2. In Chronic Lepra Reaction : Two cases of lepromatous  leprosy 
who had been on oral DDS therapy for a cons iderable period with 
good resu l ts  entered a state of freq uent lepra reaction-a relentless 
recurrence of t he reaction, whether any specific ant i - leprosy treatment 
was employed or not .  I n  one case (case No. 3)  the react ion used to be 
qu i te severe and in the other case (case No. 1 4), apart from sl ight 
exacerbation of les ions and E.N. L .  phenomenon,  nerve pain  was 
q uite agon i s ing. Both these cases were given ch loroq u ine su lphate, 
beginn ing with 400 mgm. twice a day and then ta i l i ng  off to 200 mgm .  
a day. I n  the first case where the chloroqu i ne su lphate admin i stration 
lasted 1 I weeks ,  i t  was possible to admi n ister DDS also oral ly to a 
maximum of 50 mgm. per day, without any untoward sign or  
symptom. At the t ime when t he pat ient  was  real ly  gett ing stabi l i sed 
on D DS oral t herapy under ch loroqu ine protect ion ,  he d i scont in ued . 
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I n  the second case (case No. 1 4) one of a lmost cont in uous 
react ion,  the usual measures fai l ed to control the react ion .  He  was 
put on ch loroq u ine 200 mgm. twice a day and after 5 days there was 
complete subsidence of pa in ,  a l though E. N . L . spots cont inued to 
occur .  The dose was kept up  at the same leve l  and drug cont inued 
for a period of 7 weeks,  because the react ion signs and symptoms 
showed a tendency to recur.  At the end of th is  period, t he patient 
said he was feel i ng  "exhausted" and hence ch loroq uine was discon
t in ued. After a break of 5 weeks ,  the reaction  symptoms recurred and 
the pat ient  was once more put back on  ch loroqu ine  200 mgm. b .d .  
After 5 weeks '  treatment in  the second course, t here was  cons iderable 
re l ief and then the pat ient was started on small doses of DDS ora l ly, 
keeping h im on a maintenance dose of 200 mgm . chloroq u ine per day. 
To this date, t he pat ient  i s  cont in u ing su i  phone in  smal l  doses, 
without t he recurrence of lepra reaction .  The E. N .  L .  spots keep 
coming i n  smaller numbers, and there i s  freedom from the agonis ing 
neur i t i s  and arthri t i s .  

3 .  In Recurrent Reaction: I n  5 cases, chloroq uine  su lphate was 
admin i stered on more than one occasion ,  when t he reactions recurred 
-Case No .  1 had t hree courses, Case No . 2 two, Case No. 8 four  
courses and  Case No. 9 two and  Case No .  1 7  two . I n  cases Nos.  2 
and 9, the resu l t s  were good on both t he occasions .  I n  cases Nos .  I 
and 8, the drug fai led on one occasion i n  each and here rel ief was 
obta ined by the in travenous i nject ion of potass ium ant imony 
tartrate . In case No. 1 7 , d uring the second course of t reatment with 
chloroqu i ne ,  the patient developed troub lesome vomit ing and hence 
the drug was d iscontin ued . 

Toxicity of Chloroquine 

Toxic react ions attributable to t he drug were encountered in 
7 cases .  Tn the order of frequency they were, vomit ing i n  4 cases, 
nausea in I case, transitory giddiness in one and psychosis in 1 case . 
I n  on ly one i n stance, vomit ing was so severe as to necessitate with
drawal of the drug. I n  t he rest ,  the vomit ing was contro l l ed either by 
wi thholding t he drug for a day or two or wi th the admin istrat ion of 
"Avomine" .  

One case (case 22)  man ifested s igns of drug psychosis towards the 
end of chloroqu ine  therapy. The pat ient  had almost completely 
recovered from t he reaction but exhibited u n usual behaviour-he 
became apprehensive and d i soriented: chloroq uine was withdrawn 
and pat ient put on " Nevrovitamine  4-adults" and the symptoms 
passed off after about 1 0  days. 

The genera l  impression was t hat the toxic manifestations were of 
a mild nature, easi ly  controllable. 
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General Comments 

The mode of act ion of chloroq u ine  in the lepra react ion syndrome 
is  not clearly understood . PESTEL who considered lepra react ion a non
specific inflammatory process attri buted the beneficial effect of 
chloroq uine i n  th is  condition to i ts ant i - inflammatory propert ies .  
MERKLEN contended that lepra reactions are not pure ly  inflammatory 
s i nce he had observed "the occurrence of the typical nodu les of the 
d i sease".  H owever, he confirmed t he usefu lness of Camoquin  in  th is  
condi t ion and considered i t  to be "more effective than K . thrombyl 
and less dangerous than phenyl-butazone".  

Whatever may be the mode of act ion of ch loroq u ine i n  lepra 
react ion the drug seems to have a defin i te p lace i n  the treatment of 
th i s  condi t ion . Al though concurrent tr ia ls  with potass ium ant imony 
tart rate have not been undertaken side by side with that of chloro
qu i ne ,  i t  can be said without reservation that the in t ravenous 
ant imony therapy i s  qu icker by far and more complete i n  control l ing 
acute lepra reaction .  This  opin ion i s  expressed from the experience 
gathered in the use of this  preparat ion for the past several years. 
However, t he great advantage with ch loroquine su lphate i s  i ts easy 
administration ,  namely ora l ,  which makes i t  very handy in the 
treatment  of this complicat ion in  rural areas .  

Someth ing more important than j ust t he t reatment of acute lepra 
reaction with chloroqu ine  is the ass�ssment of the value  of the drug 
i n  the treatmen t  of recurrent ,  subacute, or  chron ic lepra reactions 
which make i t  impossib le for the pat ient  to catch u p  with his  d isease 
with adequate anti- leprosy t reatment .  Corticosteroids have been 
widely acclaimed as t he drug of choice under these condit ions .  But  
the prohibit ive cost  of the d rug and the none too favourable economic 
status of the leprosy patients necessitate the search for a cheaper, 
effective d rug. Could this be chloroquine ? From the results obtained 
in two cases it would be unwise to assess the efficiency of chloroquine 
i n  prolonged lepra reaction .  However, t he avai lable evidence, though 
meagre, ind icates its possib le usefu lness in t he treatment  of th i s  
condit ion .  This deserves further investigation .  

Summary 

The usefu lness of chloroquine sulphate in t he t reatmen t  of lepra 
reaction is reported . The resu l ts  i ndicate that t he drug i s  effective in  
contro l l ing  acute lepra reaction a�is ing i n  lepromatous leprosy. The 
easy admin i stration of t he d rug by the oral route enhances its value 
as a therapeutic agent  t hat is capable of wide app licat ion .  Chloro
qu ine  seems to hold out a possib l i i ty of contro l l ing  the "smouldering" 
lepra reaction and making the i nduction of sulphone t herapy 
possible .  
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EXAMINATION OF SMEARS FOR TUBERCLE 

BACILLI BY FLUORESCENCE MICROSCOPY 

ELSE HOLST, D. A. MITCHISON, and S. RADHAKRI SHNA 

(From the Tuberculosis Chemotherapy Centre*, Madras) 

Reprinted, by kind permission, from Ind. Jour. Med. Res. 47, 5 ;  
September, 1 959, pp .  495-499. 

I n  underdeveloped countries, laboratory faci l i ties for the bacterio
logical d iagnosis of tubercu losis are, at present ,  very l imited . 
Cultural methods are un l i kely to be used on a large scale for many 
years to come. It is ,  therefore, important to investigate the most 
economical method of examin ing smears for tubercle baci l l i .  
Fluorescence microscopy was introduced by  H agemann ( 1 937) and 
has since been described by many authors, incl uding Tan ner ( 1 94 1 ,  
1 948), Line and Shaughnessy ( 1 94 1 ), Lempert ( 1 944), Norman and 
Jelks ( 1 945), Clegg and Foster-Carter ( 1 946), Wilson ( 1 952), Von 
Haebler and Murray ( 1 954), and Needham ( 1 957). The great advan
tage claimed for th is  method i s  that stained baci l l i  can be detected 
using a much lower magnification than with the usual Ziehl-Neelsen 
method. Considerable t ime is  saved i n  examin ing smears and larger 
areas can be searched.  The method has not been widely employed for 
two reasons. I n  the first place, the l ight source must be very bright 
and many of the optical systems described previously have only 
supplied sufficient light if  the equipment was used in a darkened 
room. Secondly,  some workers (R itterhoff and Bowman, 1 945 ; 
Kuster, 1 939 ; Ho lm and Plum, 1 943) consider that false positive 
results can be obtained, s ince some smears may contain small 
natural ly fluorescent particles which can be confused with bacil l i .  

Equipment for fluorescence microscopy that can b e  used in 
normal daylight has been in  use at  t he Tuberculosis Chemotherapy 
Centre ,  Madras, for over two years. When it was first introduced, 
a comparison between this method and the . convent ional Ziehl 
Neelsen method was undertaken to test  their relative sensitivities, 
and to see whether fluorescence microscopy yielded false posi t ive 
results. The results  of this  comparison are described . 

Methods 

Fluorescence microscopy:  Equipment.-The l ight source was a 
Zeiss  mult i -purpose microscope lamp lIT and lamp holder containing 
an Osram maximum pressure mercury vapour  lamp, H B074, 
operating from a mains connecting device. A heat-absorbing  fi l ter, 

·Under the joint auspices of the Indian Council of Medical Research, the 
Madras Government. the World Health Organization, and the British Medical 
Research Council. 
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and an exci ter fi l ter, BG 1 2 , were fitted to t he microscope lamp. A 
mounted eyepiece barrier fi l ter, OG 5, was attached to t he draw tube 
of t he Olympus monocular microscope . The microscope was 
equipped with a Watson 1 6  m m .  X 1 0  semi-apochromatic objective, 
a 4 mm.  X 40 parach romatic object ive for "uncovered specimens",  
a X 10  compensat ing  eyepiece and a diamond objective marker .  The 
usual parachromatic 16 mm.  and 4 mm.  objectives suppl ied as 
standard eq u i pment for most m icroscopes could be used with on ly  
s l ight ly  less  sat i sfactory resu l ts .  

Staining (Lempert, 1 944) 
Auramine phenol. -Dissolve phenol crysta ls ,  30 g. in one l i t re of 

dist i l led water. Warm to 40°C.  and add auramine 0.3 g. , shaking 
vigorous ly .  Fi l ter and store i n  a dark bott le .  

Acid-alcohol,-Dissolve sod ium chlor ide ,  20 g.  and concentrated 
hydrochloric acid, 20 c.c. in 500 c.c. dist i l led water. Add 74 O. P. 
alcohol , 1, 500 c .c .  

Potassium permanganate.-O.I % (w/v) i n  water. 
Smears were heat fixed , stained for 6 m in utes with auramine

phenol  without heat ing,  washed , decolourized with acid-alcohol for 
2 minutes, washed and counter-stai ned wi th  potassi um permanganate 
for 30 seconds .  

Ziehl-Nee/sen microscopy .-The Ziehl -Neelsen procedure was a 
standard one (Mack ie  and M cCartney, (956) , in which malachite 
green was used as a counter-stain .  Smears were examined with a 
X 7 eyepiece and a 2 rom. X 1 00 oi l- immersion object ive. 

Culture .-Sputum was treated for 1 5  m inutes with about 4 times 
i ts volume of 4% sodium hydroxide. After centrifuging for 1 5  
min utes, the supernatant was d iscarded . Dist i l led water was added 
to t he deposi t  and after further centr ifuging two 5 mm.  loopfu l s  of the 
depos i t  were added, one to each of two s lopes of Lowenstein-Jensen 
med ium .  The cu l tures were incubated for 8 to 9 weeks  before being 
considered negative. 

Sputum specimens.-A consecutive series of 1 ,383  sputum 
specimens t hat were cultured were examined by both smear methods. 
Of t hese, 98 1 (70.9%) were from patients who were not receiving 
chemotherapy. The remain ing  402 (29. 1 %)  were from patients during 
their first 6 months of chemotherapy, almost a l l  wi th isoniazid and 
PAS.  

Comparison of fluorescence and Ziehl-Neelsen microscopy.
Dupl icate smears were made from each sputum specimen before 
t reatment with sod ium hydroxide.  One was examined by fluorescence 
microscopy and the other after Ziehl-Neel sen staining by different 
technic ians read ing  independently of each other. The resu l t  obtai ned 
by one method was recorded without knowledge of the resu l t  by the 
other method . The techn icians  who carried out the exami nations had 
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some experience of Zieh l - Neelsen sta ins ,  but l i t t le of fluorescence 
microscopy. The resu l ts  analysed are those obtai ned before check ing 
by a sen ior  member of the laboratory staff, and are,  therefore, typical 
of the standards that reasonably competept techn icians can obtai n .  

Pos i t ive smears were graded into three degrees o f  pos i t iv i ty, 
"scanty", "m oderate", and "heavy". No part icular attempt was 
made to ensure that t hese categories were ident ical for the two smear 
methods.  A smear was cal led posi t ive when i t  contained a min imum 
of 3 or 4 acid-fast baci l l i  of typ ical morphology. 

Results 

The smear and cu l ture resu lts on the 1, 383 sputum specimens are 
given i n  the Table .  Posi t ive cu l tures were obta ined from 655 (47.4%) 
of the speci mens,  and among these, 405 (29 . 3% of t he total spec imens) 
were posi t ive by both smear methods, 36 (2 .6%) by fluorescence 
microscopy on ly and 28 (2.0%) by Zieh l -Neelsen microscopy only .  
The remain ing 1 86 cu l ture-posit ive spec imens  were negative by both 
methods. Th us, fluorescence microscopy yie lded a s l ightly larger 
number of pos i t ive smear resu l ts  which were confirmed by cu l ture,  
but the d ifference is not  stati s t ica l ly  s ignificant .  

TABLE 
Smear and culture results on 1 , 383 sputum specimens 

SMEAR RESULT: SPECIMENS: 
Culture 
result. Fluorescence Ziehl -

m icroscopy . Neelsen Num ber. Percentage .  
microscopy. 

-----

r' 
Pos .  405 29. 3  

Positive 
Pos. Neg.  36 2 .6  
Neg. Pos .  28  2.0 
Neg. Neg. 1 86 1 3 .4 

r 
Pos . I I  0.8 

Negative 
Pos. Neg .  4 0.3 
Neg. Pos .  3 0 .2  
Neg. Neg. 68 1 49 . 3  

--
Contaminated . . .  . . .  29 2. 1 

Total . . . . . . 1 , 383 1 00.0 

Among the 699 cu l ture-negative specimens posi t ive smears were 
found in 1 8  ( 1 . 3 %  of a l l  specimens) .  Of these, the smears were 
pos i t ive by both methods in 1 1  (0 .8%) in stances, leaving 4 (0. 3%) 
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which were posi t ive by fluorescence microscopy only and 3 (0. 2%) by 
Ziehl-Neel sen microscopy only .  These resul ts  show t hat fluorescence 
microscopy did not y ield smear-posi t ive, cul t ure-negative speci mens 
(wh ich might ind icate fal se pos i t ive results) more freq uently than d id  
Ziehl -Neel sen microscopy. 

From these figures, it will be seen that d i screpant results with the 
two methods were more freq uent in positive smears from cul ture
negative specimens (39% of 1 8  spec imens) than from cul ture-posit ive 
specimens ( 1 4% of 469 spec imens) .  This  find ing suggests that the 
excess with culture-negative specimens may be d ue to false pos i t ive 
smear results with one or both methods. H owever, the chance of a 
d i screpant result was greater with a scanty pos i t ive than with a more 
heavily pos i t ive smear, and scanty pos i t ive smears were very m uch 
commoner in  culture-negative t han i n  culture-positive spec imens .  
The effects of this association may be taken i nto acco unt ,  and thus 
the possibi l ity that there were fal se positive smear results with 
culture-negative spec imens may be studied more preci sely, in the 
fol lowing manner: Consideri ng Ziehl-Neel sen microscopy first, 
there were 225 scanty positive smears i n  culture-positive spec imens ,  
and of these 27 ( 1 2 .0%) were smear-positive by th is  method alone .  
Apply ing the same proport ion to t he 14 scan ty positive smears in  
cul tu re-negative speci men s (all 14  of the  Zieh l-Neel sen positive 
smears were scanty pos i t ive), the expected n umber of smears positive 
by Ziehl-Neelsen microscopy alone would have been 1 . 7 ( i . e .  1 2 .0% 
of 1 4); the number actually found  was 3 .  A calculat ion on  s imi lar 
l i nes s hows that the expected number of specimens y ielding  smears 
pos i t ive by fluorescence m icroscopy alone would be 2.4, whereas 
4 were found.  The d ifference between the numbers found and expected 
are small ,  and s imilar for both smear methods .  Thus,  there is aga in  
no evidence that  false smear-posit ive results were being  found among 
the cul ture-negat ive specimens by fl uorescence microscopy. 

Among sputa which yielded positive cultures, the percentages 
yield i ng negative, scanty, moderate and heavy smear gradi ngs were 
33.9 ,  34.4, 2 1 . 5 and 1 0.2  by Zieh1-Neelsen m icroscopy, and 32 . 7 ,  
25 . 5 ,  29 . 5  and 1 2.4  by fluorescence m icroscopy.  These data  show a 
tendency for fluorescence m icroscopy to yield sl ightly higher grad i ngs.  
Considering these specimens which were posi t ive by only one of the 
smear methods, moderate gradi ngs were ass igned to 3 of the 36 
smears positive by fl uorescence m icroscopy only; and to I of t he 
28 smears positive by Ziehl -Neelsen m icroscopy only; the remainder 
were graded as scanty .  Thus,  tak ing  i n to accoun t  t he overal l  results 
of the grad ing  of all culture-positive specimens,  t here was a s im ilar 
di str ibut ion of smear posit iv i ty  among t hose pos i t ive by only one 
smear method . These results from specimens proved positive by 
cul ture suggest that  fluorescence m icroscopy i s  no more l i kely to 
yield fal se negative results than . i s  Ziehl-Neel sen microscopy. 
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Discussion 

Our comparison has shown that fluorescence microscopy reveal s  
posi t ive smears as often as  does Zieh l -Nee l sen microscopy. M oreover, 
there i s  no  evidence that i t  y ie lds any appreciable n u m ber of fal se 
posit ive or fa l se negative resu l t s .  The main advantage of fluorescence 
microscopy is a very great sav ing of t ime i n  the preparat ion and 
examinat ion of smears. The area of the s l ide included in one field i s  
about  50 t imes larger than wi th Ziehl-Neel sen microscopy, so that 
fewer fields  need to be examined.  Furthermore, t he stain ing  procedure 
is s impler, s ince no heat ing is req u i red, and there i s  no need to use 
immersion o i l  during microscopy. I n  practice, the preparat ion ,  
stain ing  and examination of 1 00 smears i s  less  t han a day's work for 
one technician and their  examinat ion a lone can eas i ly  be done i n  
2 hours .  T n  comparison,  t he  preparat ion and examinat ion of t he 
same number of smears takes at least twice as long if they are stained 
by the Zieh l -Neelsen method and examined with an oi l - immersion 
lens .  A second advantage i s  the saving in i ni t ial cost of equipment . 
A busy laboratory might requ ire two microscopes for Ziehl-Nee lsen 
microscopy but could examine the same n umber of smears by 
fluorescence microscopy wi th one .  The cost of the addit ional  eq u ip
ment for t he latter method is less t han the cost of a n  add i t ional  
microscope. The cost of replacing the mercury vapour  lamps i s  m uch 
less than the salary of a technician . 

Although fluorescence microscopy has the advantage of speed 
and cheapness, i t  requires more skill for its operat ion .  The optical 
equipment needs careful  adjustment to get maximum l ight trans
mission and i t  is ,  t herefore, advisable to clamp the lamp holder and 
microscope permanent ly  in  posi t ion on the bench . I f  the electrical 
supply i s  i nterrupted t he lamp cannot  be rel i t  for at l east 3 hours 
after; Thus,  i t  i s  necessary to have a spare lamp and to be able to 
change i t  easi ly .  Sk i l l  is also requ i red to dis t inguish with certa inty 
acid-fast baci l l i  from other sma l l  natura l ly  fluorescent  particles 
present  i n  some smears. When first us ing fluorescence microscopy, 
i t  i s  necessary to examine al l  small fluorescent objects seen both with 
the X 1 0  and x 40 objectives . Wi th  practice i t  becomes possible to 
d i st inguish baci l l i  with a fair  degree of certainty under t he x 1 0  
objective only,  s o  that almost al l  negative smears can b e  examined 
with this objective only. However, i t  i s  always necessary to confirm 
the bacil lary morphology with the higher power when the smears are 
scantily positive. Fina l ly ,  if  any doubt remains,  i t  i s  possible to ri ng  
i ndividual suspicious objects wi th  the  diamond objective marker, 
then re-sta in ,  over' t he fl udrescence stain ,  by t he Ziehl-Neelsen 
method, and examine with an oi l -immersion lens. When smears are 
being examined by techn icians, it is wise for a more sen ior  member 
of t he s taff to check t hose that are j udged to be posit ive. This on ly  
takes a few min utes each day,  whe.reas check ing of Zieh l -Neelsen 
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posi t ives would take m uch longer. 
Fluorescence m icroscopy can be recommended for t he larger 

laboratory that examines at least 40 direct smears a day and where 
some supervis ion of the work of technicians is possible .  U nder t hese 
c ircumstances, i t  saves time and t he in i t ial cost of equipment .  For the 
smal ler laboratory it cannot be recommended so freely, s i nce t he 
need for greater  sk i l l  in i t s  use might lead to poor resul ts .  

Summary 

The eq uipment and method for the examination of smears for 
tu bercle baci l l i  by fluorescence m icroscopy is descri bed . A comparison 
with the convent ional Zieh l -Neelsen method on 1 , 383  rout ine  sputum 
speci mens which were also cul tu red showed that fluorescence 
microscopy y ielded as many posi t ive smears and had no tendency to 
produce fa l se posi t ive or fal se negat ive resu l ts .  The met hod can be 
recommended for the larger laboratory as economical i n  t ime and 
in i t ia l  expense. 
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G RAV E R E LAPSE OF A L EPROM ATOUS 
L EPROSY PATf ENT TREATE D FO R SIX 

Y EA R S  WIT H T H E  SULPH ONE 1 . 5 1  

R .  CHAUSS I N A N D  and N .  BOURCART 

( This paper is reprinted in Eng/ish translation approved by the authors, 
by kind permission of the Editor, La hesse Medica/e. The article 

appeared 29 August, 1 959, 40, p. 1 534) 

'fll is  note i s  about a lepromatous leprosy pat ient  who had been 
presented as completel y cured to the Societe de Pathologie exot iq ue 
in 1 956 1 .  

I t  concerns M .  G . ,  a former ad min i strator i n  the colonies who 
was born in G uadelo upe in 1 896 and apparent ly contracted leprosy 
in I ndochina where he l ived from [ 924 to 1 946. The diagnosis was 
not made unt i l  1 948 in  Paris when the pat ient  had a l ready reached 
an advanced lepromatous stage. M .  G. was t reated wi th the su lphone 
J . 5 1 (Diatox argent ique) from 1 949 to [ 955,  i n  decreas ing doses of 
3 tablets of 50 mg. a day for t he first 2 years, to 2 tablets for t he next 
2 years, to 1 tablet for t he last 2 years. Treatment was final ly  stopped 
in 1 955  as the patient was considered completely cured . 

On 20th September 1 957  M.G.  had a re lapse. Considering 
himself cured, he d id not say he had had leprosy and his doctor 
thought he was dea l ing with an epidermomycosi s .  The pat ient was 
then t reated for 1 3  months for t rophic d isorders of the hands and 
feet of vascular origi n .  On 7th January 1 959 M .G .  had a new 
cutaneous evo lut ive react ion .  H istopathological examinat ion of 
biopsies taken from the hands gave t he fol lowing resu l t : 

The epidermis ,  in local i sed patches l ight ly i nvolved i n  hypertrophy 
of t he prickle layer, was hypo keratotic and th in ned out i n to d im in i
shing in terpapular prolongat ions ,  and separated by a th in  band of 
the fibrous dermis from a gran u loma with mu l t i - lobular fore ign 
bodies with hist iocytes and plasmocytes. There were asteroid bodies .  
There was neither angiomatosi s ,  nor  any change i n  the cap j l \ary 
permeab i l i ty. 

There were very n umerous Hansen's baci l l i  i n  the vacuoles and 
the h is t iocytes. (Z.N . )  

Lepromatous leprosy of t he k i nd  which sometimes shows 
gigantocytes (Dr. Destombes) . 

M . G .  was sent to us on 24th Jan uary. 
I n  the cl in ical exami nation, we observed n umerous cutaneous 

lepromatous les ions,  purpl i sh-bl ue i n  colour, more or less infi l trated , 
scattered over a l l  the body, except for the chest, and the face appeared 
somewhat leon ine .  According to the pat ient ,  t he cutaneous lesions 
were more considerable than those which had occurred before 
undergoing t reatment w i th  the su lphone J . 5 1 .  There was no  report 

Lep. Re v.  31 , 2;  Apr. 1960 
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of polyneur i t ic troubles. Bacteriological examinat ions  of the sk in  
and  of the  nasal mucus showed the presence of very numerous 
homogenous Hansen's  baci l l i ,  part ia l ly  grouped in  globi .  The 
M i tsuda react ion was negative. The case presented advanced 
lepromatous leprosy. 

. 

M .G .  was then treated with d iamino-dipheny lsu lphone (D DS) in 
a moderate dosage, slowly i ncreasi ng, wh ich d id not exceed t he 
maximum dose of 2 mg./kg . He  reacted favourably to t reatment 
without the least d i stu rbance being shown . 

This  observat ion i s  i n structive from several points of view : 
I t  is clear first of a l l  t hat many pract i s ing doctors experience 

great d ifficult ies in d iagnosing leprosy, and yet t h i s  i n fect ion i s  easy 
to recogn i se .  I n  effect, in  benign leprosy with few baci l l i ,  certa in  
distu rbances, more or less pronounced, of t he superficial sensation 
one always notes as far as the lesion of the sk in  i s  concerned .  It i s  
true that i n  t he early les ions these d i s turbances can be m in ima l .  
H owever, unfort unately i t  i s  rare for patients to  consult  a doctor 
at t h i s  stage of the infection .  Eventual ly ,  hypertrophy of a nervous 
trunk i n  the l imbs and the local anaesthesia of neurit ic origin can 
also faci l i tate the c l i n ical diagnosis .  With regard to mal ignant 
lepromatous leprosy, d i sturbances of the superficia l  s k i n  sensation 
in relat ion to the lesions are somet imes absent and occasional ly 
unimportant .  H owever, bacteriological examination a lways reveal s  
itself very clearly positive i n  the lesions o f  t h e  skin . Nasal mucus also 
contains  very n umerous Hansen's baci l l i ,  part ia l ly grouped in glob i ,  
except wi th  certai n  patients w hose lepromatous evolut ion is more or  
l e ss  recent .  

To diagnose leprosy, i t  i s  sufficient m in utely to seek out  pervers ion,  
lessening or loss of sensation to touch, heat, cold,  and pain with 
regard to sk in lesions,  and to take a l i t t le fragment of a les ion for 
bacter iological examinat ion . At the present t i me, when cu l tura l  and 
economjc ties between France and Overseas assume more and more 
importance it is essent ia l  that every pract i s ing doctor should be able 
to recognise leprosy. 

Moreover, it stands out from this observation that treatmen t  by 
the su lphone 1. 5 1  was clearly insufficient .  That is  not at  all surprising 
since Floch, working on  the levels of su lphone in the blood, showed 
that 200 mg. of 1. 51  sulphone is abou t  t he equivalent of 50 mg. of 
diamjno-diphenylsulphone (D DS)3. M.G.  would therefore only have 
received the therapeutic equivalent  of about 39 mg. of D DS a day 
for 2 years, then 26 mg. for t he next  2 years, and then 1 3  mg. for t he 
last 2 years. I t  is evident t hat no leprologist would dare to attempt 
the treatment of leprosy by administering such small doses of D DS .  

The slight toxicity claimed for the  sulphone 1 .5 1  i s  entirely due 
to the small  quant i ty of D DS l iberated in vivo w hich passes i n to the 
blood system4• To obtain a t herapeutic action comparable to that 
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of the su lphone J . 5 t  i t  i s  sufficient to admin i ste r a dose 4 t imes more 
feeble of DDS and i n  t hat case t he smal l toxicity of the 2 d rugs i s  
identica l .  Besides, t reatment of leprosy by t he su I  phone 1 . 5 t is  much 
more costly than the standard treatment by DDS. There i s  therefore 
no advantage to be gained i n  us ing this ' derivative of DDS in t he 
therapy of leprosy. 

It i s  however ind i sputable that t he state of M . G .  was improved 
by the su I  phone 1 . 5 1 .  This shows that DDS works in very smal l doses 
and that the use of that dosage, which one of us has advocated si nce 
1 95 1 ,  is perfectly j ust ifiable2 •  The dosage which gives us complete 
satisfact ion c l in ica l ly  and bacteriologica l ly  is the fol lowing : 

We always start t reatment with the oral admin i st rat ion dai ly 
of 25 mg. of DDS and on ly i ncrease th is  dose very s lowly, in steps of 
25 mg. In practice, we on ly arrive gradual ly at the maximum dose 
of 2 mg. jkg. after 5 months of treatment with patients with ben ign 
leprosy and only towards t he L Oth month with patients with the 
malignant lepromatous type who risk being disturbed by compl i 
cat ions with doses too strong or progressing too rapidly .  

Al though with the use of weak doses of DDS increased very 
lowly anaemia on ly occurs in  exceptional  cases, we use tablets of 

1 00 mg. DDS conta in ing 200 mg. of protoxalate of iron . These 
tablets can be broken into 4 equal parts, giving doses of 25, 50 and 
75 mg.  

As the t reatment of leprosy patients must be contin ued over 
several years i t  i s  recommended that the drug should be administered 
only 6 days out of 7 and that a week's rest should be prescribed 
regularly after 3 week s  of t reatment to avoid an eventual accumu
lation of DDS in  the  body. These ha l t s  of short duration shou ld not  
cause any inconven ience. 

The oral admin i strat ion of DDS dai ly  according to the dosage 
given above is without any doubt the best treatment for leprosy, 
probably because it  causes blood suI phone levels relatively weak , 
yet steady and constant enough . 

Many leprologists st i l l  actual ly use DDS i n  doses too strong and 
progressing too rapidly .  This increased dosage not only does not 
bring any more spectacu lar improvement than the one we advise 
but on the contrary brings about the freq uent occurrence of compl i 
cations, more or  less  serious (anaemia, reaction). 

Certain authors fear that the treatment by DDS in smal l  doses 
progressing slowly could bring about a resistance to sulphone in  the 
Hansen's baci l lus .  This fear has no  foundation, s ince from 1 948 no 
characteristic case of resistance to s ulphones can be found among 
the hundreds of thousands of patients who u ndergo, more or less 
regu larly, treatment by DDS. On this subject a lso the observation of 
M.G .  i s  of great interest. In  effect, this patient fol lowed a sulphone 
treatment for 6 years, actually equivalent to smal l and decreasing 
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doses of DDS (39 mg. to J 3 mg. a day). I n  spite of th i s  dosage, 
which should have ind uced the occurrence of res i stance to su lphones, 
the in troduction of a new treatment by weak doses of DDS st i l l  
produced i n  a short t ime a remarkable improvement i n  t he  cutaneous 
lesions caused by a serious lepromatous re lapse. 
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TH E PRO B L E M O F THE N ATURE AN D 
O F  THE SJ G N I F I CA N C E  O F  T H E M I TSUDA 

REACT I O N  TO L EPRO M I N  

R .  C H A USS I N A  D 

( Institut Pasteur, Paris ; this paper is reprinted in English translation 
appro ved by the author, by kind permission of the Editor, Ann.  de 
I 'lnstitut Pasteur. The article appeared August ,  1 959, 97, pp .  1 25- 1 34) 

The in terpretat ion of the nature and t he s ign ificance of the 
react ion to lepromin becomes more and more d ifficul t .  

Lepromin  i s  a fi l tered and autoclaved suspens ion of I g. of  
lepromatous nodu les, finely ground,  i n  30 ml .  of physiological sa l i ne, 
0 . 5% carbo l i sed . Th is  ant igen contains Hansen's  baci l l i  heatk i l led 
and some t issue debris .  The M i tsuda react ion is found by inject ing 
0. 1 ml .  of lepromin intradermal ly .  The resu l t  i s  posit ive when an 
erythematous infi l tration ,  wh ich reaches i ts he ight at t he end of 
3 to 4 weeks ,  forms at t he poin t  of t he inject ion .  Smal l  infi l trat ions  
of less  than 3 mm.  i n  d iameter are considered as doubtfu l .  In  strongly 
posit ive cases, the nodular i nfi l trat ion can u lcerate . Towards the 
30th day the histo logical aspect of the reaction i s  tubercu lo id i n  type. 

Twenty years ago i t  was considered that sen s i t ivity to leprom in  
was a lways a sign of a re lat ive state of immun ity aga inst leprosy . 
This op in ion  was based on the fo l lowing premises : 

Pat ients with tuberculoid leprosy, w i th  few baci l l i ,  usual ly react 
strongly to t he M i tsuda react ion,  whi le leprosy pat ients of the 
malignant  lepromatous k ind ,  whose body i s  rap id ly  invaded by 
H ansen's baci l l i ,  are insens i t ive to lepromin .  

Moreover, ben ign leprosy never changes to the mal ignant type, 
so long as the pat ient  reacts to lepromi n .  

F ina l ly, epidemio logical enq u i ries seem to show that those wi th  
a pos i t ive M itsuda react ion contract leprosy i n  contact wi th conta
gious pat ients less frequently than t hose i n sens i t ive to lepromin .  

I t  i s  admitted then q ui te  reasonably that sensit iv ity to lepromin 
was provoked by the i mpregnation or by t he i nfection of the body by 
the Hansen's baci l l u s  and that it was witness of t he presence of a 
re lat ive state of immunity, shown i n  a marked res i stance of the 
t i ssues to the m ult ip lication  and i nvas ion of the pathogen ic agent .  

Actual ly,  sens i t iv i ty to lepromi n ,  owing to t he attack on the body 
by the leprosy baci l lus ,  keeps wi thout any doubt all its prognostic 
value ; clin ical and immunological studies amply show this .  A posi t ive 
Mi tsuda reaction , determined by a primary leprosy i n fection ,  remains 
the s ign of an  immuno-al lergic state which i s  expressed i n  a resi stance 
of the body not only to superinfections but also to t he pr imary 
infect ion ,  by arrest ing evo lut ion to the mal ignant type. I mmuno
a l lergy in  leprosy i s  t herefore d ifferent from that observed i n  
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t u berculos is  wh ich protects the body against  fu rther i n fect ions,  but 
has no  act ion on the evo l ut ion of the primary infect ion .  

The immuno-al lergic state in  leprosy a l so shows other special 
features .  Thus in  a country where leprosy i s  strongly endemic the 
M itsuda reaction is rare ly  pos i t ive i n  the first two years of l i fe .  I t  i s  
on ly  from the age of three that the number of a l lergic subjects 
grad ual ly i ncreases with age. So uza Campos seeks  to explai n th is  
by a theory based on the exi stence of a rare, i nfant i le form of 
tuberculo id leprosy which, would cure i tse lf completely without the 
he lp of any therapy after t he u lcerat ion and scarr ing of the cutaneous 
lesions 1 5. Th is  author th i nk s  i t  i s  possi ble that the ch. i ld would benefit 
from an immun i ty t ransmi tted by i ts  mother during in t ra-uterine l i fe .  

We have never had the opportun i ty of observ ing cases of t hi s  
early abortive leprosy, but the study of the cases publ ished by 
Souza L ima,  Souza Campos, and Pess6a Mendes 1 6 , 1 4  confirms that 
the majori ty of ch i ldren suffering from this  special  kind of tuber
cu lo id leprosy have lepromatous mothers. Also it seems  i mprobable 
to us that these mothers whose bod ies show no resi stance to the 
i nvasion of the leprosy baci l l u s  should be able to t ransmit  to the i r  
ch i ldren a relat ive immun i ty which t hey t hemselves do not have. 
We consider moreover t hat the rarity of sens i t iv i ty to lepromin  in 
ch i ldren of less than 3 years could be due in part to t he long i ncu
bat ion of leprosy which seems to be on  an average of 2 to 3 years. 

Another poin t  i s  t hat th i s  i mmuno-al lergic state which ca n be
d iscovered by the Mi tsuda react ion i s  often vary ing i n  i ts  i n tensity 
and can even d isappear. At the t ime when chaulmoogra oi l  was the 
on ly  remedy for leprosy we were able to note on many occasions 
t hat pat ients  wi th  ben ign leprosy who reacted at first, often strongly ,  
to lepromin  would become anergic.  (At  t he present t ime, the 
treatment by su lphones, i f  i t  i s  regular ly cont i nued,  prevents a lways 
the malignant evol ut ion and that even in the originally anergic 
leprosy patien ts . )  The appearance of this i n sens i t iv i ty to lepromin 
did not show i tsel f i n  a weaken ing  of the general cond i t i on nor  i n  a 
c l in ical deteriorat ion (sometimes the cutaneous and neuritic les ions 
improved) nor  even i n  an  i ncrease i n  t he n umbe r of baci l l i  i n  t he 
les ions .  I t  was on ly later, at the end of  several months and someti mes 
after many years, that this benign anergic leprosy changed q u ick ly  
in to mal ignant  leprosy. The anergy then i s  not caused by a �trong 
i ncrease i n  baci l l i  i n  the lesions  as some authors c la im,  as i t  precedes 
the i nvasion of the body by the pathogen ic  agent .  I mmuno-al lergy 
in  leprosy does not depend on  the k i nd of i n fect ion,  on t he contrary 
i t  is the factor that determines the benign or mal ignant developmen t 
of the di sease. This  confirmation i s  extremely i n terest ing s ince i t  
provides an important  proof o f  the immunological a n d  prognost ic 
va l ue of the M i tsuda test .  

Rotberg1 7 be l ieves that sens i t iv i ty to leprom in  can o n ly  be 
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prod uced i n  a body wi th  a special power of re sistance, the natural 
N factor. This factor in the presence of leprosy or tubercu los is  
i nfect ion or of BCG vaccinat ion wou ld br ing about sensit iv i ty to 
lepromin ,  whi le  organisms without this  N factor would be i ncapable 
of react ing to thi s antigen . 

It i s  futile to say that factors which bring about the appearance 
and d isappearance of a l lergy i n  leprosy are not known .  Yet, every 
body has the i nnate faculty to react to i n fect ions ,  but seem ingly i n  a 
varil;lble manner ac�ord i ng  to the race, the fam i ly, t he age, t he sex, 
and the physio logical i nd iv idual i ty .  In leprosy, anergy does not  seem 
to depend on  the absence of a hypothetical N factor, but rat her on 
metabol ic phenomena capable of deprivi ng the body of the faculty 
to react to the i n fect ion ,  e i ther  temporari ly  or for good . 

So the resu l t  of our  resea rch done at Saigon showed t hat leprosy 
has a more serious  development i n  the male sex. Moreover, it seems 
that puberty br ings about an appreciable i ncrease i n  the number of 
malignant cases among boys whi le  i t  d im ini shes t he r isk of mal ignant 
development among girls .  This resistance of the female body to the 
bacil lary d isseminat ion and i nvas ion gives way i n  a marked man ner 
between 20 and 30 years, an act ive period concerned with gestat ion . 
C l in ical observat ions ind icate moreover that p regnancy and confine
ment often cause an i ncrease in the development of leprosy. Besides, 
this res i stance to infect ion weakens among the Vietnamese and the 
Chinese between 40 and 50 years, that i s  to say d ur ing the menopause. 
In  our op in ion ,  the original  anergy and the loss of the i mm uno
allergic state in leprosy cou ld be the resu l t  of modificat ions  in the 
metabol ism, partl y  determined by physiological changes or by 
pathological d i sturbances of the endocrine  secret ions4 •  5 .  

The immunological and prognostic value of the Mi tsuda reaction 
owing to the previous attack on the body by the leprosy baci l l us 
remains  indisputable. H owever, it i s  recogn i sed now that sens i t iv i ty 
to  lepromi n  can be i nduced, not  on ly  by a primary leprosy i n fection 
but also by tuberculosis or vacc inat ion by BCG and also, according  
to certai n  authors, by  repeated i n t radermal i njection  of lepromin ,  
that i s  to say  of heat-k i l led Hansen's baci l l i .  I n  these cases, may the 
Mitsuda reaction  be cons idered as the s ign of an immuno-allergic 
state equal in  value to that determined by a primary leprosy i n fect ion ? 
I t  i s  impossible to reply to th is  q uest ion with certai nty. 

As regards t u  berculosis ,  a mycobacterial i nfect ion related to 
leprosy as the haemagglut in ation of Midd lebrook- Dubos9• 18 showed , 
we are conv inced that a M i tsuda reaction ,  due to the impregnation 
or to the infect ion by the Koch baci l lus ,  is equal ly the sign of a 
certain state of res istance i n  the body to the Hansen's bac i l l us .  A l l  
the leprologists who have studied d ur ing epidemiological research 
the theory of antagon ism between tuberculos is  and leprosy which we 
put forward in 1 9441 have come to conclus ion s in favour of t hi s  



THE M ITSUDA REACTION TO LEPROMIN 123 

theory. rn effect, leprosy d i sappears gradual ly wherever tubercu los is  
great ly spreads and .i t  can on ly  flourish i n  those parts  l i t t le or 
recent ly  attacked by tuberculosis .  Bu t  has th i s  para-a l l e rgy brought 
about  by the K och bacillus the same immunological s ignificance as 
the al lergy released by a leprosy infect ion ? I n  fact  we do not know.  
I t  i s  however possible that the  eventual  relat ive immunity caused 
by the tubercu los is  i n fection is more feeble than that produced by 
the pathogenic  agent  of leprosy, s ince t he Koch baci l l us is an 
acid-resistant germ of a s imi lar kind, yet d ifferent even so from 
t he Hansen's baci l l us .  New epidemio logica l ,  c l in ica l ,  and immuno
logical s tudies wi l l doubtless br ing l ight on this  complex subject. 

Vaccinat ion by BCG determi nes i n  a very large percentage the 
convers ion of the M itsuda react ion among people  free from leprosy 
and tuberculos is .  For, if  tuberculos is  brings about a certai n state of 
defence in the body against  leprosy, vaccinat ion by BCG should have 
the same effect,  but seemingly to a lesser degree, BCG bei ng a germ 
of bovine origin and of very s mal l virulence which can on ly  maintain 
i t se lf  i n  a body for a relat ively short t ime7 •  

J f  i t  should come about t hat the para-al lergy set up by BCG was 
real ly the s ign of a certa in state of res istance to the Hansen's baci l lus, 
the problem of the prophylaxi s  of leprosy would be very largely  
so lved . But a l though n u merous publ icat ions on this subject have 
given favourable results ,  new experiments should be undertaken in 
t he course of which we shal l  see how the control group not vaccinated 
compares with the vaccinated group as regards exposure to the 
infection ,  age, sex, and notably the previous clinical examination .  
Moreover, periodic revaccinat ions seem essential as occurs in 
premuni t ion against tuberculosi s .  

I t  seems to  us that the fol lowing experiment, carried out  with 
children resistant to lepromin and to strong doses of tubercul in,  
could furnish usefu l  indications of the even tual prevent ive action 
of BCG against leprosy. 

G roups of control s and of those to be vaccinated would be 
formed according to the recommendations given above. Children to 
be vaccinated would receive 100 mg. of BCG oraLLy and would be 
revaccinated every year by the same method. FinaLLy, those vaccinated 
and the controls would undergo every year a thorough clinical 
examinat ion . 

The i nterpretation of the nature of the Mi tsuda reaction obtained 
after repeated injections of lepromin is very tricky. One m ust at once 
state that trials in man have been carried out in a way open to 
criticism. In  effect, this experiment had been carried o ut in t he first 
place on the children of leprosy patients and then on people 
apparent ly healthy, living in regions where leprosy and tuber
culosis were more or less endemic10• 1 1 •  It is therefore impossible to 
know if certain of these M itsuda reactions had been provoked by 
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t he repeated inject ion of lepromin  or by unk nown latent  i n fect ions  
due to Hansen's  baci l l us or Koch's baci l l us .  I t  wo uld seem bet ter 
to carry out  this experiment in co untries where leprosy has been 
unknown for many years. The subjects of th i s  research should be 
i n sens i t ive not  on ly  to lepromin but a l so to strong doses of t ubercu l i n .  
Moreover, these people should be  chosen from regions no t  exposed 
to the tubercu los is i nfect ion .  Final ly, among t hose who become 
sens i t ive to lepromin on ly  those remain ing  negat ive to strong doses 
of tubercu l in  should be taken into considerat ion .  

Can  we  c la im, at least theoretical ly, that i n  the absence of a l l  
leprosy or  t u berculos is  i n fect ion the repeated i nject ion of lepromin 
can assure a certai n  state of res istance to Hansen 's  baci l l us ? The 
s tudy of immuno-a l lergy in t ubercu los is  could t hrow some l ight on 
the subject. 

Thus, in a gu inea-pig, after a subcutaneo us i njection  of 0. 1 mg. 
of virulent Koch baci l l us ,  t he superinfections  produce after about 
10  days ulcerated les ions of developing tuberculos is .  However, as 
early as the appearance of sens i t iv i ty to tubercu l i n ,  which takes p lace 
about the 25th day, les ions of rein fection  appear at shorter and 
shorter i n tervals .  About 40 days after the primary inoculat ion i f  the 
animal i s  superinfected i n t radermal ly with a sufficient dose of bacil l i  
t he phenomenon of K och appears. 

In fact, one or  two days after this s uperi nfect ion one notes the 
formation of a necrosi ng  ecchymotic infil trat ion at  t he po in t  of 
i njection .  The injected bacil l i  are generally e l im inated with the scab, 
and there is no  glandular  les ion .  The superin fection  is arrested wh i le 
t he primary i n fect ion fol lows i t s  normal fatal evolut ion .  The Koch 
phenomenon consists of two superimposed reactions, one of 
hypersensi t iv i ty characterised by the ecchymotic and necrotic 
changes, the other of immunity,  expressed by the arrest of the 
tuberculos is  superin fection .  

H ypersens i tiv i ty can be  d i scovered and  even provoked j ust a s  
wel l  w i th  l i v i ng  baci l l i  as with dead baci l l i .  There i s  an  ant igenic 
sens itivity, analogous to t ubercul i n  sens i t iv i ty .  On the contrary, the 
state of res istance to superinfections ,  or premu ni t ion  can on ly be 
obtained after a primary infect ion,  that is to say after an i n oculat ion 
of l iving  Koch baci l l i .  So the normal guinea-pig, previously i njected 
with dead bacil l i ,  w i l l  become al lergic to t u bercul i n  and present a 
typical Koch phenomenon after a second  i nject ion of dead baci l l i ,  
given about 4 0  days later. However, i n  sp i te of the i nd i sputable 
Koch phenomenon,  the animal wil l  not be immune s ince an  i nocu
lation of l iv ing bac i l l i  w i l l  produce developing t ubercu losis ,  I t  
appears then from one poi n t  of v iew that the allergic test is not  the 
sign of a state of immunity but only of an acqu i red sens i t ivity, and 
from another that the immunity of superi nfection or  prem un it ion can 
only be induced by t he presence of l i vi ng baci l l i  i n  the body. More-
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over, i f  the superi n fection i s  carried out  at a feeble dosage, on ly  the 
phenomenon of resistance wi l l  appear. A state refractory to superi n
fect ion can therefore be prod uced without  being preceded by local 
or general  s igns of hypersens i t iv i ty .  

I t  i s  poss ib le  to concl ude that  a l lergy and i mmunity represent 
two react ional  capacit ies,  which,  even j f  t hey are habi tua l ly  joined 
and superimposed , remain separate, whether in spontaneous 
condi t ions of i nfectious  pathology or i n  experiment (Gastine l ) .  

I t  should also be stated that i n  1 944 we brought about for 
t u berculos is  a react ion s imi lar  to the M i tsuda one,  from which came 
the BeG test2 • 3.  6 .  The ant igen was composed of a suspens ion of 
vi rulent Koch baci l l i ,  heat-k i l led, in  0 .5% carbo l i sed physio logical 
sa l i ne .  The number of germs i n  the ant igen was app'roximate ly 
eq ual to the number of Hansen 's  baci l l i  contained i n  lepromin .  
We were ab l e  to show wi th tubercu lous  patients t ha t  the reaction 
provoked by t hat antigen was macroscopica l ly  and histologica l ly  
s im i lar  to that of M itsuda. Moreover, the phenomena of hyper
sens i t iv i ty were more marked and the i r  evo l ut ion was more rap id .  
r n effect, the height of the  reaction ,  which showed i t se lf  by u lcerat ion ,  
was obtained as ear ly  as at I or 2 weeks .  

Now we had to prove on guinea-pigs that th i s  reaction  s im i lar to 
that of M itsuda in leprosy was not a lways accompan ied by an 
immune state, s ince an imals  inoculated with dead baci l l i  and 
sensit ized to th is  react ion ,  d ied after a later i nocu lat ion of v iru lent  
K och baci l l i .  On the contrary, the gu inea-pigs with a posit ive 
reaction after a pr imary i n fect ion of tubercu losis resisted super
i n fect ions .  I n  t u berculosis  the react ion to the antigen prepared with 
heat-k i l led K och baci l H  i s  only,  l ike the Koch phenomenon ,  a 
hypersens i t iv i ty reaction .  I t  on ly  acqu i res an immunological sign ifi
cance in  a body previous ly impregnated with l i v ing germs.  

The nature of the sens i t ivity to lepromin of a body i mpregnated 
or  i n fected by Hansen 's  baci l l u s  seems to be close to that of the 
Koch phenomenon and to the react ion that we have suggested for 
tuberculosis .  I n  effect ,  the Mitsuda reaction is equally shown by a 
hypersens itivity, accom panied by an immune state. However, the 
signs of hypersensitivity are less pronounced, while the relative 
immun ity shows i tself more powerfu l  s ince it h inders the malignant 
evo lut ion of the primary i n fection .  Nevertheless, t hi s  immuno
al lergy can d iminish in intens i ty and even d isappear completely. 
M oreover, the M itsuda reaction usua l ly  begins  1 or 2 days after the 
i nject ion of the antigen (early reaction of Fernandez), but  i t s  final  
development i s  less acute and of longer durat ion .  Final ly,  to the 
lepromin ic  al lergy properly so cal led i s  jo ined a foreign body 
reaction . The ant igen contains in fact tissue debris and Lopes de 
Faria showed i n  1 953  that an  inject ion of 0 . 1 ml .  of a suspension of 
normal cutaneous t issue, crushed and fi l tered , i n  physiological sal ine  
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(1 :20) cou ld  provoke a weak react ion ,  but macroscop ical ly and 
h i stological ly ident ical to that of M i tsuda 1 2 , i n  lepromin  sens i t ive 
subjects .  I t  i s  a lso known that t he bac i l lary antigen of Fernandez, 
which no longer contain s  tissue debris, in practice gives late Mitsuda 
react ions clearly more feeble than lepromin  prepared accord ing  to 
the H ayashi-Wade techn ique .  

I t  appears from t he study of i mmuno-al lergy i n  t uberculos is ,  
a mycobacterial  i n fect ion related to  leprosy, that it  i s  very un l ikely 
that the repeated i nject ion of lepromin ,  t hat i s  to say of dead 
Hansen 's  baci l l i ,  could bri ng about the appearance of relative 
immunity .  This proceed ing could more or less determine  a hyper
sens i t iv i ty, bound to a foreign body reaction .  Besides, the c l i n ica l 
and typical histological aspect of a Mitsuda react ion is not  always 
witness of an immune state. 

Thus, Convit ,  Lowe, and t he ir  col laborators cou ld  note that 
in t radermal BCG vaccinat ion brought ·about in 1 1  to 4 1  % of 
lepromatous patients a s l ight sensi tivity to lepromin8, 13 .  Now it 
seems improbable that this sensit ivity could be in terpreted as t he 
sign of an  immune state. One wi l l  hardly bel ieve that a BCG inject ion 
can cause such an immunological change in  t he body of pat ients very 
strongly bacil l iferous and anergic to t he H ansen's baci l l us, s ince one 
knows that a lepromatous pat ient ,  ulteriorly impregnated or i nfected 
by the Koch's baci l lus ,  always remains i nsensitive to lepromin .  Lowe 
has also shown t hat these weakly positive Mitsuda react ions noted 
in  lepromatous cases vaccinated with BCG are of short duration and 
are not fol lowed by c l in ical or  bacteriological improvement in  spite 
of co:nt inued treatment .  I t  can only be i n  t hese cases a transitory 
cutaneous sensitivity without immunological sign ificances. 

From this i t  seems that sensit ivity to lepromin can be considered 
as an a l lergic phenomenon,  l i nked to a foreign body react ion .  It w i l l  
not  be ipso Jacto witness of an immune  state and wil l  on ly  assume an  
immunological value w i th  subjects a lready impregnated by  l iv ing 
Hansen's  baci l l i .  The present theory, which is  to interpret the early 
reaction of Fernandez as a phenomenon of hypersensitivity and the 
late Mitsuda reaction as a test of immunity, will  have to be revised . 

Tuberculosis  and leprosy are related mycobacterial infections  and 
i t  i s  therefore possible that the para-al lergy to the Hansen 's  bacil lus 
of subjects attacked by tuberculosis or  BCG vaccinated i s  a lso bound 
up with a certain degree of resistance in the body to the leprosy 
infection.  However, only clin ical observat ion will final ly give us 
grounds to affirm this .  

As regards t he al lergic Mitsuda reaction ,  provoked by the 
repeated injection  of lepromin ,  i t  is  apparent t hat i t  only represents 
a cutaneous sensitivity wi thout immunological significance. 
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Summary 

The author  attempts to def ine the nature and sign ificance of the 
M i tsuda react ion by studying the c l in ical and immunological data 
on leprosy and tuberculos is ,  which are related mycobacterial 
i nfect ions ,  as evidenced by the M iddlebrook-Dubos haemagglut i -
nat ion react ion . 

The author considers sens i t iv ity to lepromin as an al lergic 
phenomenon,  associated with a foreign body reaction .  Th is  sensit ivity 
does not  necessar i ly prove immuni ty ,  and should only have immuno
logical s ignificance i n  i ndiv iduals  a l ready contaminated by l i v ing  
H an sen baci l l i .  The current theory, considering  the early Fernandez 
react ion as a s ign of sens i t izat ion and the late Mitsuda react ion 
as an immun i ty test, shou ld then be rev i sed.  H owever, the para
a l lergy to  Hansen baci l l i  observed in t ubercu lous  or BeG-vacc inated 
ind iv iduals  m ight be related to a certai n  degree of resistance to 
leprosy i n fect ion :  Only  cl in ical study w i l l  allow a concl us ion .  

M itsuda al lergic react ion i nd uced by  repeated i nject ions  of  
lepromin ( i . e .  dead Hansen baci l l i) seems to  be  d ue exclus ively 
to cutaneous sens i t izat ion without immunological s ign i ficance. 
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A BSTRACTS 
(On mela nosis and hypermelanosis ; cytoplasm structure in M. leprae : e l ongat ion 
of M. lepraemurillm in  a cel l -free medium ; i n i t iat ion of a tr ia l  of BeG vaccine for 
leprosy ; i nocu lat ion of golden ha msters prod ucing h ist iocyt ic  granulomatous 
leprosy- l i k e  lesions ; pre l i m i nary report of the effect of D DS on malaria in  

N.  N igeria) 

Melanosis, a Peculiar and Rare Dermatosis seen in the African of 
Mashonaland. M .  GELFAN D. The Central African J .  of M ed . , 5, 
1 1 ;  N ov .  1 959, pp.  595-598 : 5 i l l u strat ions .  

Dr .  Gel fand records an important observat ion of h i s  of the  
occu rrence of black , -ova l ,  or circular macules of hyperpigmentation 
o r  melanosis in  adult Shona of both sexes .  He  descr ibes 3 cases, wi t h  
clear photograph s .  T h e  macu le has an average d iameter of 2 cm.  
and a few or  many appear widely on the body, the t runk being the  
most  typical s i te .  The on ly d ifference between macule and healthy 
sk in  i s  i t s  deeper black co lour, and sk in  biopsy shows no apparent 
abnormal i ty except for the excess of melan in  pigment i n  t he sk i n .  
The  patches seem to be  permanent,  though the  pat ients say tha t  they 
fade away and are fol lowed by others. ]n addit ion to t he apparent ly 
more permanent les ions,  the pat ient may describe a much more 
t ransitory erupt ion cons i s t ing of reddish papules which fade after 
several days only to be fol lowed later by the black les ions at a fresh 
s i te .  Most cases also have attacks of abdominal  pains  of a few days 
du rat ion which may be so severe as to end up i n  laparotomy. This  
pain  may be fe l t  in  any part of the  abdomen and end up i n  vomit i ng. 
The prognosis as to l i fe appears to be exce l lent .  Gelfand has 
occasional ly seen cases with t em porary non-recurring black c i rcu lar 
macules as described by M. R ose ( 1 958)  i n  Med .  Proceed ings, 
Baragwanat h  Hosp. ,  Johannesburg 4, 3 1 4, in which the skin i s  
l ustreless a n d  sooty i n  appearance a n d  after 3 to 4 days t h e  pigmented 
areq. begins to shri n k  and peel ,  leaving a paler sk in  underneath .  

I n  t he i l l ustrative cases described b y  .Dr. Gelfand,  some further 
in te rest ing points emerge :-(a) In t he first pat ient ,  a male, t here 
were crops of melanotic macules a l l over the body.  When they were 
young, t here was itching i n  t hem.  Before the macules appeared t here 
would invariably be s e vere pains in the abdomen and chest, i m med iately 
fol l owed by p ink  papules ,  which i tched, could appear anywhere ,  
and d i sappear after about 3 weeks .  The pa in  could be independent 
of the papules .  There was no  fever at any t ime, and he was fit and 
wel l -nour ished . Laboratory invest igat ions were negat ive .  Skin biopsy 
showed only f1 difJuseftbJ'osi� in the corium. No u robi l in s  or porphyri ns 
in  the urine. A' second sk in biopsy showed slight hyperkeratosis , 
and perivascular accumulations of pJgm.ent i n t he cut is ,  but no  s igni
ficant les ion .  (b) The second pat ient was at:J ad ul t  African Shona 
female,  aet . 26 years. S ince 1 95 1  she complained of lower abdomina l  
and vague upper abdominal  pa in  for which no  cause could be found .  
T here was occasional vomiting. In 1 955  black c i rcu lar  hypermelanotic 
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macules first appeared on the lower abdomen and cont in ued to 
appear there un t i l  June ,  1 958,  when they also turned up on her legs. 
The early macules  were preceded by loca l i sed i tching, and the early 
macules were fi rst of reddish colour, but very soon became black .  
Latterly pa in  i n stead of an i tch has preceded the  appearance of a 
macule ,  and the lower abdominal pain s  have become more severe 
and i n termittent ,  wi th  no fixed t ime relat ionship to anyth ing .  A l l  
examinat ions were negati ve,  a n d  t h e  patient cont in ues t o  l o o k  fi t  
a n d  wel l ,  except for the black c ircu lar patches on the s k i n ,  which 
remain unal tered . (c) The th ird pat ient was an African male aged 
about 50 years. I n 1 958 he first began to complain of painful  ulcers 
on his tongue and gums, and at t he same t ime dark c ircular patches 
appeared on his arms, chest, and right leg. There was an occas ional  
r i se of temperature to 99°F. (37 .3 C.) ,  and he took I aspir in  tablet  
at the beginn ing. The temperature soon returned to normal and 
remained so .  H is B .P. was 1 70/ I 00. After several days the black 
patches began to crack and the dead sk in  peeled off i n  t iny fragments, 
leaving a hypopigmented but otherwise healt hy-look ing sk in  
underneath. Dr .  M.  Rose has  recorded a s imi lar  case to th is ,  i n  
which the  rash peels  after a whi le ,  and attributes i t  to the  tak ing  of  
phenol phthalein  previous ly a s  a purgat i ve .  The rash in t he  fi rst 
2 cases i s  ent i re ly  d ifferen t  and req u i res explanation .  ( I n  con nect ion 
wit ll Dr.  Ge lfand's  paper, see letters by B .  N I C HOLSON and S .  G .  
B ROWNE i n  Leprosy Review, 30, 4 ,  and 3 1 ,  I ,  o f  Oct. 1 959 and 
Jan .  1 960 respectively ; a l so the two Abstracts wh ich fol low here 
immediately. EDITOR). 

A Hypermelanotic Rash Complicating Sulphone Therapy: S. G .  

BROWNE. Trans .  Roy. Soc. o f  Trop. M ed .  & Hyg. , 53, 6 ;  
Nov.  1 959, pp.  495-505 .  

The author descri bes and d i scusses a l i t t le-recogn i sed compl icat ion 
of su i  phone therapy i n  leprosy, namely hypermelanot ic macules in  
the sk in  and m ucosae of leprosy pat ients ,  who were a l l  deeply
pigmented Bantu of the Belgian c<mgo . Apart from drug therapy, 
no cases were observed . Apart from su lphones, only 2 cases were 
observed, 1 with su lphaguan id ine  and 1 with su lphathiazole .  Bantu  
are known to respond excessively to s t imul i  caus ing hyperpigmen
tation ,  m uch as they do to  factors causing a fibrotic and  keloid 
response .  In al l ,  1 60 cases of the hypermelanotic macules were 
observed in a populat ion of .43 ,035 persons ,  of whop1 5 ,349 were 
under treatment for leprosy. Rounded , black,  or pu�sh-bla�k 
macules appeared sudden ly  in the skin or mucosae, typical ly  1 cm . 
i n  d iameter, but varyillg from 0. 5 cm. to a less wel l-defined d iffuse 
larger type. Crops of macules may appear over months or years. 
After su lphone therapy ceases ,  the macules tend t6 d i sappear in 
9 to 1 8  months .  Scratching may modify tne cou rse and even in t rod uce 
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areas of l ight bl ue co louration .  There are a few cases of  acute 
severe onset, with i rritat ion ,  ves icles, bul lae, and oedema. Sometimes 
there is  desq uamation . There has been no fami ly  incidence. The 
suI phone therapy was e i t her Dapsone with i ron by mouth ,  or 50% 
Solapsone by i njection ,  or Dapsone in  25% suspension in  hydno
carpus oi l .  The i ncidence of the rash was a b i t  lower with the oral  
than t he i njection treatment ,  but a l l  t h ree methods cou ld cause i t. 
The t ime before the  rash appeared under su I  phones varied consider
ably, average 1 8  months  to 2 years. Distribut ion of macules on the 
body was apparent ly  haphazard, even in re lation to the form of 
leprosy and to the existence of a les ion o'r not  i n  the site of appearance 
of the macules, nor i s  there any re lation to the occurence or speed of 
the c l in ical arrest of the leprosy. The fad ing out of the hypermelanot ic 
macules seems to be independent of the form of sui  phone given .  
Of the 1 6Q patients ,  48 had  symptoms which cou ld  be attri buted to 
the macules, mostly moderate or severe skin irritat ion . A few had 
pain which i n terfered wi th sleep, or a general ized prurit is ,  or a local 
burn i ng  sensation with objective heat .  Hi stological ly i n  the macules 
there i s  remarkably l itt le change. There i s  an i ncrease i n  melanophores 
and pigment ,  and the suggestion is of a d is turbance in the functional  
act iv i ty of the melanoblasts, perhaps a d i rect toxic act ion by DDS 
on areas of sensit ive melanoblasts,  wi th conseq uent a l terat ion in  the 
mechanism of format ion or  storage or  t ransport of melan in .  

Hyperrne/anotic Rash Associated with Sulphonamide Therapy: 
S. G .  BROWNE. Br i t .  Med . J . ,  Feb. 27,  1 960, p. 62 1 .  

He describes an  erupt ion ident ical to that observed by h im in  
su lphone therapy, i n  2 cases i n  the  Belgian Congo where sulpha
guanidine had been taken , in the one for d iarrhoea and in the other 
for pustular dermati t i s .  There was widespread sk in  i rr itat ion ,  smal l  
bul l ae ,  macules coming out in  crops which were hypermelanotic 
and faded s lowly . 

Cytop1asfJI Structure in Mycobacterium leprae. E. M .  B R I EGER ,  

AUDREY M .  GLAUERT, a n d  JEN N I FE R  M .  A LLEN . Experimental  
Cel l  Research, 18, 1 959, pp.  4 1 8-42 1 .  1 p late. 

The authors earl ier had noted laminated structures in e lectron 
microgrl).phs of Mycobacterium avium but could not ident ify them 
nor assign a function to them. These round or oval bodies lay in the 
cytoplasm and resembled the un ident ified bodies seen in B. subtilis 
by Ryter and col Jeagues .  Later Shinohara and col leagues described 
laminated structures i n  avian tubercle baci l l i  and t hought that they 
might be related to the n uclear apparatus and .-to mitochondria .  
Later G lauert and Hopwood found a remarkable system of in tracyto
plasmic membranes in study of th in  sect ions of hyphae of Strepto
myces coe/ic% r, which seemed to be cont inuous  with the p lasma 



A BSTRACTS 1 3

mem brane .  The presen t  authors have now seen systems of mem brane
in  the cytoplasm of human leprosy baci l l i  obta ined from Africa
( fi xed in a standard buffered osmium tetroxide sol ut ion in Africa and
t hen stored in  70% alcohol un t i l  t hey were embedded i n  n-butyl
methacrylate i n  Cambridge many weeks  later. Good sections  wer
obtained by a th in-section ing  m icrotome designed by A. F. H uxley).
These membranes are sometimes seen i n  paral le l  arrangement,  an
someti mes form stacks at the poin t  of cel l d iv is ion of the myco
bacteri um .  The membranes are often connected with the plasm
membrane, which appear s as a "dou ble" structure made up o
2 dense layers, each about 3 mIL th ick ,  separated by a less dense
layer about 4 mIL th ick . The membranes in the cytoplasm are abou
the same thickness, and sometimes they form structures whic
resemble those noted earl ier in avian tubercle baci l l i .  These pecul ia
cytoplasmic mem branes seem common to Streptomyces and Myco
bacterium, but it is not known whether they are pecu l iar  to them ,
nor whether they appear on ly  at certa in  stages of development .  I
may be that  their presence i n  leprosy baci l l i  i s  a n  indication o
growth .  There are morphoiogical s imi larit ies between them and the
endoplasmic reticu lum of mammalian cel l s  and of the plast ids o
plant cel l s .  A complete ident ification awaits a k nowledge of the
function of this cytoplasmic system i n  t he bacterial cel l .  

Elongation of a Leprosy Bacillus ( Mycobacterium lepraemurium) in 
Cell-free Medium . P. D'ARCY H A RT and R .  C. VALE!"TrNE
N ature, 185, No. 4705, Jan . 1 960, pp.  58-60. 

Though M. /eprae was one of the first bacteria to be identifie
as the causative organism of a d i sease, ful l  success in its culture l ag
far behind,  and t hi s  has led to  much study of t he only other closel
rel ated organism, which is M. lepraemurium, which i n  rats and m ic
causes a disease with some of t he features of human leprosy. Lik
M. leprae, it i s  unusually s low-growing in  the body, with 10 day
generat ion time. In ] 958 there was an important advance when Ree
and colleagues, Garbutt and col leagues, Wallace and c€ll league
observed l imi ted multipl icat ion of M. lepraemurium i n  tissue cu l ture
but so far i n  a cel l -free medium i t  remains  uncultivated, and i n  i t
respiratory metabolism it s hows an a lmost  complete lack of respons
to many substances (Gray, 1 952). A completely degenerate ,form o
M. lepraemurium has been dist tnguished by electronmicroscopy b
McFadzean ,and Valentine ( l 959, 1 960). This form is non-viabl
and is unable to  produce d i sease. I n  conventional cult.ure media i
appears . after incubation of a few weeks  at  37°C. I n  one experimen
where t h e  medium was a l i quid n utrient with 20% added sucrose
electron-microscopy showed at 2 months that among the degenerate
bacil l i  there were some which looked, unusual ly long, as if som
limited growth had occurred before death  of the bacill i .  Therefor
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the authors i nvest igated the freq uency d i stri but ion of lengths after 
varying t i mes of incubation of M. lepraemurium in  d ifferent  med ia. 
The baci l lary suspensions were added to 6 d ifferent med ia  and 
incubated at 37 °C. The lengths  of 1 00 or more baci l l i  from each 
subsequent sample were measured at X 1 0,000 under the electron 
microscope, and the proport ions also est imated of completely 
degenerated baci l l i .  I n  3 non-n utrient media t here was no e longation 
of baci l l i ,  and degenerat ion was rapid .  r n  the ord inary n utr ient 
cu l ture media a smal l  amount of lengthen ing occurred . But  i n  t he 
same med ium wi th  1 0% sucrose or 8% gl ucose the mean length 
nearly doubled and for baci l l i  longer t han 2 . 51-'- t he proport ion rose 
from 6 to 67% with  the added sucrose and 5 1  % with the added 
gl ucose, the greater part of the increase being in  t he first 2 weeks .  
There was also greatly s lowed degenerat ion .  I N H was i ncorpo rated 
in one of the med ia and had the effect of prevent ing the lengthen ing 
of baci l l i ,  wh ich  means  t hat the  lengthen ing i s  not  d ue to a passive 
stretch ing .  The long baci l l i  showed no change in  electron dens ity : 
t here was a s I lght i ncrease i n  width. This  points  to a real increase i n  
bacteriat protoplasm i n  t he cul tures .  Thus M. lepraemurium i n  
cul ture med ium has  not  a complete inabi l i ty to metabol ize and grow . 
M ul t i p l icat ion fai l s  because i t  fai l s  to d iv ide. I f  means could be found 
to encourage d i vis ion their  cu l ture in cel l-free media m ight at l ast 
become possib le .  

The basal n utr ient med ium used contained : 
2 . 5  g. of Difco "Casamino" Acids 
0. 3 g. of asparagine 
2 . 5  g. of Anhydrous d i sod i u m  hydrogen phosphate 
1 .0 g .  of potass ium d ihydrogen phosphate 
1 . 5  g. of sod ium citrate 
0.6 g. of crystall i ne  magnes ium su lphate 

25.0 ml. of glycero l 
1 000.0 m \ .  of aqua dest .  

added to 0 .25% of bovine plasma a lbumin  fraction ( V )  
added 1 to 20% of sucrose 

or added 0. 5 to 8% of glucose 

The initiation o/a Trial o/BeG Vaccine/or Leprosy: J. A.  McFADZEAN 
and R. BHAGWAN SINGH. , Trans .  Roy.  Soc .  Trop. Med . & 
Hygiene, 54, 1 ;  Jan . 1 960, p .  8 .  

These authors i n  a Laboratory M eet ing descri bed th i s  tr ial  going 
on  i n  a static populat ion of 7,500 Chinese on  an i s land off t he coast 
of Malaya .The population from birth to 25 years of age has been 
examined for cl in ical signs of leprosy and tubercul in-tested . Those 
reacti ng  with 9 mm. or less to the t ubercu l i n ,  which was 5 T. U.  of 
R .T. 22, have been grouped at random.  One group was given freeze
dried BCG and the other left as a contro l .  The population is to be 



A BST RACTS 1 33 

fol lowed for 1 0  years and examined at i ntervals for leprosy . [ t  was 
found that the i n take of new born chi ldren would be too low, and 
th i s  part  of t he tr ia l  has been abandoned, but the presen t  popu lat ion 
should be enough to demonstrate a level of protect ion by the BCG 
of 50% .  

Histiocytic Granulomatous Mycobacterial Lesions Produced in the 
Golden Hamster ( Cricetus Aura/us) Inoculated with Human 
Leprosy. Negative Results in Experiments using Other Animals . 
C H A PM A N  H .  B INFOkD, " Laboratory I n vestigat ion",  Washing
ton, 8, 5 :  Sept .-Oct . , 1 959, pp.  90 1 -923 . 

Dr. B inford reports on h i s  comprehensive project in an i mal 
i noculat ion with human leprosy, begun i n  ) 956 w i t h  the ult i mate aim 
of producing lesions d ue to M. /eprae wh ich could be reprod uced 
wi th  regularity in an an imal .  The fi rst step was to prod uce loca l 
progress ive les ions at the s ite of inoculat ion .  On about 1 , 500 smal l  
animals  35  inoculat ion experiments were u ndertaken ,  and a lso on  
3 1  monkeys , and  several methods for reducing hos t  resi stance were 
used , especia l l y  i rradiation of the whole body and admin i stration 
of cort isone.  The factor of temperat ure of body sites was taken into 
considerat ion ,  for i t  i s  known that a temperature re latively lower 
t han t hat of t he i n ternal organs i s  a common factor i n  all body sites 
preferred by M. ieprae. Therefore the cooler parts of animals  were 
selected for i noculat i0I'!,  such as the extermlt ear, tai l ,  foot, test is, . 
scrotum, and sk in ,  and the hair kept c l ipped on hairy sites ' of .
inoculat ion.  Feldman with M. ulcerans found this i nfluence of low 
temperatu re of sk in  was important .  B inford s tud ied t he average 
temperatures of body surfaces in golden hamsters and found ,  for 
example,  that at room temperature of 6 1 ° F . ( 1 5 .  1 °C . )  the ear tem- · 
perature was 72.4°F .  (20 . 5°C. ) .  I n  monkeys the u l nar  and femoral 
nerves were i nocu lated, because M. /eprae. has a predi lection for 
peripheral nerves. I n  other an imals  t he inoculat ions were made' by 
mul t ip le  punctures,  scarificat ion ,  and in t racutan�ous routes, in t he 
hope that bac i l l i  might gai n  access to the terminal  parts of t iny �k in  
nerves .  H uman material for i noculat ing the animals was derived 
from 3 sources, Ph i l ippines,  Carv i l le,  and Washington .  The specimens 
were h omogenized and the concentrations of the baci l l i  "in t he 
Oil-Imm ersion field varied from 1 0  to 1 00 baci l l i .  Heat-treated 
inocu lum was u sed in controls .  H i stological studies of t he i noculat ion 
s i tes were made regularly .  H i st iocytic gra n ulomatous les ions appeared 
about 1 8  months after the inoculation in the testes and ears of the  
golden hamster. These lesions resembled human lepromatous 
leprosy i n  their histological picture, in t he n umber of in t racel l u lar 
acid-fast baci l l i ,  and i n  the presence of baci l l i  within nerves. Even 
with sk in  specimens that had been frozen with solid carbon dioxide 
and stored for 10 months ,  a heavy growth was produced i n  the ears 
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of hamsters when inoculated . Total  body i rrad iat ion prod uced no 
evidence of i nfluence on t he infection . The an imals  treated wi th  
cortisone d ied too  early to  perm it  of an assessment of  i t s  influence. 
Transfer of t he infection to other hamsters seems  indicated by 
5 months  of pre l im inary work on this  aspect. Further studies of the 
mycobacteria and further d i rect inoculation trial s w i l l  be needed 
before final conclusions can be arrived at .  

A Preliminary Repor! on the Effect oj Diamino- Diphenyl SuI phone on 
Malaria in Northern Nigeria . H .  M .  ARCH I BALD and C. M .  Ross, 

Journ .  of Trop. Med .  & Hyg. 63, 2 :  Feb . ,  1 960, pp. 25-27.  
For the past  7 years DDS has been extensively used for the 

treatment of leprosy in  Northern N igeria, reacrung 1 95 ,000 cases 
at t he present t ime.  There has been widespread and rapid sUbjective 
c l i n ical improvement and sol id and steady amelioration of the 
disease itself. The authors wondered if there were an effect on malaria 
which might explain the early c l in ical improvement. They conducted 
a prel iminary investigation to determine the comparative prevalence 
of malaria i n  leprosy patients under treatment and in  the heaithy 
subjects at 4 centres i n  Zaria Province. I t  was found that P. malariae 
parasitaemia had d isappeared from those tak ing D DS and t hat 
P. Jalciparum t rophozoi tes occur about one tenth as often compared 
to the corresponding u ntreated . There are also lesser parasite 
densities in those of the D D S  group who sllow infections,  and less 
pronounced splen ic enlargement.  The suppression in t he D DS group 
i s  incomplete. Activity of DDS was  compared wi th chloroquine 
phosphate, and i t  was found to be posi t ive and considerable, but 
s lower t han chloroquine (200 mgm. of D DS was compared with 
300 mgm. of chloroqu ine. base). DDS achieves trophozoite clearance . 
There are very few toxic effects from 800 mgm. week ly of D DS as 
used in leprosy and i t  is cheap, and CQuid be used as an active 
prophylactic or  a valuable synergist with other ant imalarial d rugs. 
If, as i s  probable, D DS acts on the metabolic processes of the 
parasites at a point different from proguanil or  pyrimethamine i t  
may be able to combat the su rvival of strain s  resistant to a s ingle 
drug. 
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REPORTS 

Report from Brazil, k ind ly  sent  by DR . H .  C. DE SOU ZA-A RA UJO. , 
The attempts to cu l t ivate Mycobacterium leprae in Sao Pau lo 

( Brazi l )  fai led .  
Dr. Orestes Din iz, D irector, Servic;o Nacional de Lepra, was 

official ly inv i ted to attend t he demonstrat ion  in Sao Pau lo  of the 
cu l ture of M. /eprae. The meet ing, which was put  out  on television 
and presided over by t he Secretary of Heal th of the State, Dr. Fauze 
Carlos, took p lace at the I n st i tuto Adolfo Lutz, on 1 0th Novem ber l 959 .  

Drs .  M uri lo  P.  de Azevedo,  Pau lo Rath de Sousa and M aria 
Pereira de Castro stated that they have cu l t ivated M. /eprae in  t i ssue 
cu l t ure,  us ing biopsy of a sk in  les ion of a woman suffer ing from 
mycosis fungoides associated wi th lepromatous leprosy. The 
commun icat ion was i l l ustrated wi th  colour s l ides of smears of the 
cu l ture,  showing ce l l s  parasit ized by globi . A tube of the cu l ture was 
shown.  

1 n  conclusion, the authors claimed to have cul t ivated M .  leprae 
in human t issue in vitro, for the first  t ime i n  the world . 

A summary of the communication was publ i shed on l I th 
November, by the period ical 0 GWBO of Rio de Janeiro ,  which 
becau se of the importance of the matter has been cabled all over 
the world . 

On J 2t h  Decem ber, 1 959, the three above n amed techn icians of 
the Department of Control of Leprosy of Sao Paulo came to Rio and 
spoke at  the meet ing of the Associac;ao B rasi leira de Leprologia, 
under the chairmanship of Dr.  Orestes Diniz .  Their speech may be 
summari sed as fol lows :-

1 .  The t i ssue culture was made with a biopsy of sk in  lesion from 
a woman suffering from mycosis  fungoides. associated with lepro
matous leprosy. 

2 .  Unt i l  the 40th  day, smears of the cu l ture,  stained by Ziehl
Neelsen method, showed many cel ls  with globi of typical aspect .  

3 .  From the 80th to 1 20th day,  the acid-fast baci l l i  decreased in 
number progressively unt i l  d i sappearing  in  the cul ture,  without 
leaving detri tus  and granulat ions ,  i n  contrast wi th  the i ntense 
m ult ipl icat ion  of the cel l s .  

4 .  New fresh cel l s  were not  added to the cul ture ,  which was 
transplanted on to artificial media of the type used for mycobacteria, 
with negati ve result .  

5 .  The authors said that they were not  sure that t he bacil l us seen 
was real ly the M. leprae, which did not m ult ip ly in the culture .  

In  conclusion, the authors denied the i r  statement made in Sao 
Paulo on  1 0th November, and said that they have the intention to 
repeat the experiment using t i ssue culture from another case of 
mycosis fungoides not associated with leprosy. 

Rio de Janeiro, 2 1 st December, 1 959. 
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Teaching i n  Leprology 

The Facu ldade de Ciencias Medicas ( U n i versity of R io  d e  
Janeiro)  s ince April J 936 has g iven regular cou rses on lepro logy. 
Two co urses were given in  1 959, each of. 40 theoretic and pract ical 
lectures, from March to June  and from August "  to November, 
lect ures being  given by Professor H .  C. de Souza-Araujo and h is  
Assistants,  Drs .  Ave l ino  M iguez Alonso and Joao Bapti sta R i s i .  
The Facul ty gave d ip lomas in  leprology to 9 1  a lumni  of t he 6th year 
of the medical course. 

Spectacular Efficacy of Ciba 1 906 
E .B . ,  a white man of 37  years, had his leprosy c lass i lif.d as 

tuberculoid in  1 942 ( Dr. H.  Portugal) ,  which progressed to .epro
matous in  1 945 ( Dr. H .  Portugal) .  From 1 947 t i l l  1 959 he took ,  
i n t ravenously, about 1 5  l i t res of su lfones (6 kgs. D DS), most ly  
Promin .  H i s  treatment was i nterrupted on various occasions due to  
mi ld lepra react ions, but from May 5 1 959 he  has  had a severe L R . ,  
i n  which his sk in  i s  covered b y  lepromata and plaques. Nasal mucus 
shows innumerable in t race l l u lar  g lobi .  From 5/5 t i l l  1 1 /8 he was 
subjected to  4 sk in  biopsies and t he nasal secret ion was col lected for 
i n oculat ion in muri nes. 

From July 1 st to Dec. 1 7t h  he took 720 tablets of C iba 1 906 
(360 g.). I n  October his lepromas started softeni ng. Fro m  November 
7th to December 1 7th  many smears of skin lesions and nasal mucosa 
were examined. After 44 years experience in t he t reatmen t  of leprosy 
I never had reason to  be too optimist ic of h is  cure, but now I was 
surpri sed with the rapid amel iorat ion of this pat ien t ,  whose smears 
are showing mostly pale acid-fast bac i l l i ,  detri tus ,  absence of granu les, 
and most ly broken down globi  i n  the mucus .  If this case cont inues 
in such manner and be confirmed in  other lepromatous cases for 
whom 1 prescribed the new med icine 1 wil l  proclaim t hat C iba 1 906 
is su i table for mass t reatment .  Unfortunately it is too expens ive here 
(ten t imes more than U l fasone). (The price has been reduced, and 
in  England at present  it is £3 per 1 ,000 tablets to hospitals .  Editor .)  

Leprosy Report, Western Australia; DR. W.  S .  DAVIDSON, 
Deputy Commissioner of Health, has k i ndly sent a report on t he 
leprosy work there wh ich i s  of great i n terest. I t  w i l l  appear i n  the 
1 958 Annual Report of the Commissioner of Publ ic Heal th ,  and 
in  t he meant ime permission has kindly been given for this summary 
of t he Leprosy Report to appear in  Leprosy RevielV. 

Leprosy was in troduced to Western Austral ia about t he turn of 
the century, and i s  therefore a comparatively new disease among the 
aboriginal non-immune population .  The picture of leprosy is there-
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fore proba bly a t ruer one than in long-endemic count ries. There 
appear to be a t  leas t  three lepromatous cases for every one t uber
cu lo id case. Neura l  i nvo lvemen t  is an a l most inva riable featu re of 
the lepromatous and proceeds step by step with the evol ut ion of t he 
d i 5ease to a degree of t i ssue destruct ion rare ly seen i n  t he t uberculoid 
cases t here. Another feature of West Austra l ian leprosy i s  i t s  lability. 
Cases that have been regarded as t ubercu lo id have broken down 
after a number of years, and have become frank ly  lepromatous, w i th  
demo:1 st rab le acid-fast baci l l i  and  a negative lepromin  react i on .  
U nder t reatment  the cbnverse i s  a lso t rue, i n  t hat lepromatous  cases 
have become leprom in  posi t ive para l lel w i th  a rapid c l in ical im prove
ment .  It has become natura l  t herefore in Western Austra l ia  to regard 
leprosy classificat ions as apply ing on ly  to the  resi stance being 
d i splayed to the i nfect ion at  the  t ime of examinat ion .  There i s  a l so 
in age i ncidence no suggest ion t hat  t he d i sease i s  acq u i red in  i n fancy, 
but there i s  a broad spread of suscept ib i l i ty  t hrough age groups .  
Contacts who were of white race have developed t he d isease after 
apparent ly very brief or cur�ory contact. The number of wh i te 
persons who have acq u i red leprosy i n  Austra l ia  is remarkably high, 
bear ing i n  mind the  few who are at r isk and t he few opportun i t ies for 
infect ion ,  and the lepromatous cases are 2 to 1 aga inst t u bercu lo id .  
I t  seems as i f  suscept ib i l i ty  must be l i n ked to some in t rin sic factor .  
"With such a hypothesis ,  i n fect ion may be acqu i red by brief contact ,  
but  prolonged contact wi l l  great ly i ncrease t he chance of the two 
factors being  available at the same t ime ."  

In treatment the i r  experience i n  Western A ustra l ia  began w i th  
Diasone and Promine i n  1 947, and la ter  Su lphetrone by  i nject ion ,  
Thiacetazone,  and DDS by mouth ,  I N H ,  C iba 1 906, and Et i su l  were 
t ried . These drugs have had a dramatic effect on the d i scharge rate 
from Derby Leprosari um .  I n  the early days of t he drug t herapy 
pat ients were d ischarged too soon : now it is  on ly  after 2 years of 
negat ive smears. Combinat ions of drugs are now used . For neural 
cases surgery has been used, but t he infl uence of chemotherapy has 
been d i sappo in t ing  unti l  recent ly ,  when Ciba 1 906 has brought  more 
promis ing resul ts ,  and the use of i n t ra-neural hydrocortisone i s  
be ing  t ried as an adj uvant. Ciba 1 906 a l so  has  a very sat i sfactory 
effect on the general wel lbeing and mental att i t ude of t he pat ient .  
D DS,  on  the o ther hand, has seemed to have a low-grade toxicity 
which i s  ant i -euphoric. They t hi nk  a good plan of t reatment would 
be to  start  wi th C iba 1 906 for the first  year poss ib ly with Et isul  
added dur i ng the early months.  Later DDS may be used w i th  
Promace t in  or I N H  p l us Thiacetazone as a l ternatives for DDS when 
the l atter i s  bad ly  tolerated . 

The social and epidemiological effects of t he new t herapy are 
good . Pat ients come vol un tari ly for treatment and cases are seen 
much earl ier .  The need for isolat ion  i s  not considered to be abol i shed, 
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but greater survei l lance in the field i s  being developed . A medical 
officer has been appoin ted to help control t he endemic d iseases of t he 
aboriginals and he wi l l  examine a l l  persons i n  order to detect leprosy 
at an early stage, and to supervise contacts, and the aim is  complete 
eradication of l eprosy, perhaps in t he next decade .  For whites,  
segregation may be in  home conditions after a period of stabi l i sation  
i n  hospitals. The low toxicity of Ciba  1 906 makes this  p lan  quite 
practica l .  Prophylactic BCG has been confined to infants born in 
the leprosarium.  They are removed at birth to t he care of Mi ssion 
bodies or  foster parents .  

In the leprosari um,  which dates from 1 935 ,  in 1 952 for t he first 
time in  its history there were more discharges t han admissions, 
and that has remained so ever since. In ] 95 I there were 333  pat ients 
at the end of the year, and in 1 958 there were ] 50, and di scharges 
had risen to 65 .  

Western Nigeria Campaign to  Eradicate Leprosy: Go vernment's New 
Battle to Remove Public Fears of the Disease. "News from 
Western Nigeria" , 1 0, Bruton Street, London,  W. l ,  has sen t  
the fol lowing i nformation :-

At Ossiomo, a Centre of the Leprosy Service of Western N igeria, 
following on  the pract ical experience of the curabi l i ty of leprosy, 
they have begun to t ry to change the social prej udice against  the 
disease. Ossiomo leprosy hospital was opened by the Ben in  Native 
Administration i n  1 930 under t he d i rect ion of a woman doctor, 
Dr. L.  M. Lengauer. It i s  a model vi l lage, containing not on ly a 
hospital of 1 60 beds, but ful l  civic features and welfare and recreative 
faci l i ties. When posit ive cure of t he d isease approaches the patients 
are apt to be apprehensive about their welcome when they leave and 
enter civic l i fe .  There i s  the fear of ostracism and public indignity 
and the application to them by the publ ic of the st igma of having 
been i n  the leprosy "colony". The Health Minister, Mr.  J. O. Adigun, 
analyses the task of eradicating  the fear and st igma of leprosy as an 
educational job in t he main .  The subsidiary leprosy t reatmen t  centres 
which have been set up  i n  every town and village in the area help 
considerably in the d iffusion of the knowledge and understanding of 
leprosy which combats irrational prejudice. They have already made 
some impact on  the tendency for leprosy patients to  consult  " bush 
doctors" whose only remedy i s  to  apply a corrosive fl uid to the 
lesions of leprosy. They also hope to  persuade more and more 
pat ients to come forward, by a policy of rehabilitation as well as 
cure of the disease. Western Nigeria aims at nothing less than 
eradication of leprosy. 
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