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Chun g-kuei, demon killer.

Early rationale. The main progress in the
unders tanding and trea tment of leprosy has
occurred chiefly within the century just
passed. Since, however, leprosy involves
predominantly the skin and peripheral
nerves, its manifestations were in considerable measure readily evident and empirically documented long before pathologic
understanding of disease processes b egan
to develop. Thus, in China, th e Nei Ching
Su W en (225), the authorship of which is
traditionally attributed to the Emperor
Huang Ti ( trad. B.C. 2698-2598) but now
regarded as hav.ing b een compiled in about
B.C. 500, in its description of leprosy using
the term li-feng ("severe paralysis") notes
loss of eye-brows, nodules, ulcerations , "and
b ecause of the stagnant movement of the
wei-chi ('defensive force~') numbness results ... . The vital spiril ; degenerate and
tum cloudy causing the bridge of the nose
to change color and rot, and the skin to ulcerate:" In India the Su.' hruta samhita (56),
compiled in about B.c. 600, under the
terms vat-rakta and vatsonita described hyperesth esia, anesthesia, formication and deformities. Under the designation kustha it
recognized two kinds of skin manifestations.
In one, th e prominent symptoms and signs
'0. K. Skinsnes, M.D., Ph . D., Professor of Pathology. ALM Leprosy Atelier, Department of Pa·
th ology, University of H awaii School of Medicine.

were local anesthesia and deformiti es. In
the other, the features were ulceration, falling off of fin gers and sinking of the nose.
In about 150 A.D., Aretaeus (2), prominent
Greek physician presented the first comprehensive medical description of leprosy from
Europe. H e described changes similar to
those just noted and spoke of leonine faci es.
Remarkably, he did not record anesth esia
or numbness or give other evidence of specific awareness of neural involvement. In
China his contemporary, Hua To (102),
wrote, "The symptoms of leprosy may first
appear on the skin, but th e poison is actually stored in internal organs. The skin is
first numb without sensation, gradually red
spots appear on it, th en it is swollen and
ulcerated without any pus. And later the
disease develops to such an extent that the
eyebrows fall, the eyes may become blind,
the lips deformed and th e voice hoarse.
The paticnt may also experience ringing in
his ears and the soles of his feet develop
rotted holes; his finger jOints may become
dislocated and the bridge of his nose flattened." Soon th ereafter, again in China,
Ko Hun g (121)) wrote, "The first symptoms
of lai-ping ("leprosy") is numbness of the
skin , or a sensation of worms creepin g."
Thesc Oriental writings \yjth respect to
leprosy were not known or recognized in
western medicine. Andersen (3) reviewed
th e Greek and Latin writings regarding leprosy in extensio, but does not record from
them any significant description of numbness, paralysis or anesthes,ia as related to
leprosy. His brief summary of the Arabic
literature is equally sterile with resp ect to
neural symptoms, though mutilation of the
extrem ities was clearly recognized. It was
first in the writing of Gi lbertus Anglicus (c.
J 290 A.D.) th at he encountered mention of
anesthesia, ". . . anaesthes·ia of the little fin ger side of the hand and for earm is for the
first time mentioned as a diagnostic sign;
... " and in the work of Johannes de Gaddesden (c. 1305 A.D. ) he found reference
329
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to loss of sensation in the individual skin
lesions. Paracelsus (1493-1541 A.D.), Andersen noted, mention ed loss of sensation
and paralysis of the face, and Conradus
Gesner (1516-1565 A.D.) noted deprivation
of sensation as being extensive at tim es and
described failure to feel the "prick of a
needle."
This sparse reference to anesthesia,
numbness and related symptoms in th e
writings of western medicin e is remarkably
reflected by a similar sparsity of reference
in literary works dealing with leprosy (184).
Though mutilation and all the other characteristics that could be cited in support
of the p ervasive opprobrium relating to leprosy are widely used, there is striking mutescence regarding anesthesia and its analogs.
Thus stood the understanding of the
pathology of leprosy at the dawn of the
"century" of its flowering-a "century,"
however, which b egan more than 25 years
before this commemorative century of Hansen's discovery of Mycobacterium leprae.
Real advance in pathologic understanding
began with the publication of the Atlas
Colorie de Spedalskhed and Om Spedalskhed by H ansen's father-in-law, Danielssen, and th e latter's collaborator, Boeck, in
1847 (25. H). Virchow termed this the beginning of the biologic knowledge of lE;! prosy, and so it was. Their work was based

on both dinical and n ecrop sy studies and
illustrated lesions both external and internal. Understandably, in the absence of
knowl edge concerning etiologic agents of
disease, many of the gross internal lesions
they illustrated were evidently due to concommitant tuberculosis. They illustrated a
variety of skin manIfestations common to
leprosy and showed also bizarre, piled up
epidermal lesions evidently caused by
scabies, the mite of which th ey also depicted. They showed mutilations and deformities of hands and feet, including muscle
atrophy, and made note of neural involvement. Histopathologic tissue staining technics were not yet available, but they presented unstained skin sections and outlined lepromas on gross section by intravas cular dye p erm eation. Nasal, laryn geal and
tracheal lesions were noted and illustrated.
Their classification of the disease types was
anatomical : "tubercul ar" (skin nodules)
and "neural." This was the classification
that was to remain in effect through long
debate until the Havana Congress in 1948
officially accepted the concept of the two
immunopathologic polar types, "lepromatous" and "tuberculoid" with an intermediate spectrum later appropriately designated
"intermediate" and early, indefinable lesions
te rmed "indeterminate." Before that concept could emerge, extended histopathologic studies related to clinical findings
were needed, together with some understanding of the immunology of the disease.

2 All illustrations accompa n yin g thi s rev iew, save
th e first and lasl and lh al allribuled lo ViI'chow,
are from lhe a lIas by Danielssen a nd Bocck.
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"Brown bodies"

Dye outlined leproma

Development of understanding through
clinically related histopathology. Danielssen found some odd-looking granular
masses resembling frog sperm in biopsy
material. H e showed these to Rudolph Virchow when that renowned pathologist visited him in 1859 and Virchow expressed
the opinion that these were degenerate
cells showing hydropic degeneration (208).
These observers were working without the
advantage of stained tissue preparations
for it was not until 1862 that Beneke initiated a revolution in the practice of histopathology by introducing the use of aniline
dyes as tissue stains. It was not long b efore
these granular masses were found to be
made up of large, vacuolated cells which
came to be variously known as "Virchow
cells," "foam cells," or "lepra cells" and to
be recognized as b eing macrophages. Unna
suggested that the vacuoles contained fat
and Neisser's application of the new stain~
ing methods to leprous tissue sect-ions
showed that they were filled with bacilli.
Neisser also regarded the cell vacuoles as
containing fat as early as 1879, but regarded its presence as indicative of fatty
degeneration of the cells thems elv.es. By
1918 the lipid nature of these vacuoles had
been well demonstrated by Cedercreutz
(39) and by Mitsuda (146) as well as by
others. Investigators have held varying
opinions as to the origin of the stored fat,
some holding that it is derived from fatty
phanerosis of the phagocytosing macro-

o
Virchow'e sketches of lepra
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phages, others that it comes from pinocytosis of fat derived from degenerating tissue fat, while others contend that it consists
of lipid res-idues from dead, engulfed bacilli. It now seems reasonable to hold that
in large measure, if not in toto, the stored
lipid is bacillar and reflects the difficulty
that the lepromatous host macrophages
have in disposing of this pathogen (174,175),
The sequential development of lipid storage in the lepra cell was studied by Harada
(!J I , !l ~) . In its early stages th e lepra cell, in
addition to bacilli, was found to contain
fatty acids, phospholipids and unsaturated
lipid while neutral fat was slight or absent.
The well-developed foam cell, on the other
hand, in addition to acid-fast granules and
debris with only occasional bacilli , contained primarily neutral fat and acidic lipid.
Many morphologic studies and reports
( 179 ) over the years have led to the understanding that th e tissue response in lepromatous leprosy consists essentially of an
3
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outpouring of histiocytes or macrophages
which apparently have effective phagocytic
ability and readily engulf large numbers of
bacilli. Whether or not bacilli proliferate
within the macrophages has not b een firmly
established, though apparently they do,
and few bacilli are seen outside the cells.
Hanks ( 86 ) found an average of 2.5 x lOll
bacilli per cubic centimeter of tissue in six
lepromas. This profusion of intracellular
bacilli led Suter (200) to discuss the problem in terms of "intracellular parasitism,"
an d it is not uncommon to find expression of
the view that M. leprae is an obligate intracellular parasite, though this has not been
proven. The same concept has long been
held regarding M. lepraemurium but it has
recently been shown (57. 168) that this mycobacterium can achieve multiplication in
the absence of cells within millipore chambers implanted in the p eritoneum s of mice.
It is not inconceivable that M. Teprae may
be shown to have the same capability, in
which case their intracellular status in leprom atous leprosy may stand as witness to
remarkably effective phagocytic ability on
the part of responding macrophages. Recently, extracellular bacillary globi have
been found in tissues of an armadillo infected with M. Teprae (121). This is suggestive though it does not prove extracellular
bacillary proliferation.
It was early recognized that some cases
of leprosy presented a variant histopathologic expression in which tubercle-like
structures without caseation were characteristic and in which bacilli were extremely
scarce and often not demonstrable in histopathologic sections. Jadassohn (106) seems
to have been the first to describe this tissue
expression as "tuberculoid." The concept
was elaborated by Klingmuller (122) and
others. Subsequently Wade (210), in an extended series of studies delineated the tuberculoid pole of the leprosy spectrum on a
histopathologi c basis. Its fundam ental characteristic, hi stopathologically, came to b e
recognize d as the development of distinct,
tubercle-like structures without caseation
in which macrophages transformed to epithelioid morphology are the characteristic
cell while foamy macrophages are not in
evidence. The epitheliod cells exhibit vir-
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tually no lipid in their cytoplasm (8. 50 ).
This response is morphologically a granuloma rather than the agglomeration of
masses of foamy macrophages which characterizes the response in lepromatous leprosy and which is better designated as a
leproma (188 ).
With the established recognition of these
polar types of histopathologic response in
leprosy and the fact that the tuberculoid
patient also gives a postive lepromin tes t
while the lepromatous does not, vide infra,
it was also recognized that many patients
did not fit into either distinct category and
that there were variations on the polar
types. Thus there were atypical tuberculoid
and atypical lepromatous variants lying
close to the polar types both clinically and
histopathologically, as well as a broad spectrum of others which came to be recognized as "interm ediate" in type. In part,
this recognition revolved around the controversy over whether or not either of th e
two polar types can transform into its opposite. This discussion was warmest with
resp ect to the question of whether or not
th e tuberculoid type could downgrade
toward the lepromatous pole. In addressing
themselves to this problem, Wade and Rodriguez (211) employed the term "borderline
tuberculoid" in the presentation of a series
of cases which would probably be included
in the present cl assification as "borderlin e,"
"intermediate" or "dimorphous." In recent
years , type movement within the intermediate portion of the leprosy spectrum has
been generally accepted as occurring in
some instances and movement toward the
tuberculoid expression is spoken of as an
"upgrading reaction" while th e converse is
referred to as "downgrading."
An inordinate amount of discussion and
publication was devoted to the problem of
classification during the first half of the
century followin g Hansen's discovery of the
leprosy bacillus. There developed a Panamerican classification , a South American
classification and an Indian classification,
among others, and vestiges of these strongly
held concepts still intrude into, or are used
to expand on the presently established classification in occasional publications. At the
time of the IVth International Congress in
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Cairo in 1938, the official classification still
was based on the earlier anatomical basis
of lepromatous, L, and neural, N, with also
a mixed or LN group. Varying degrees of
severity of skin or nerve involvement were
indicated by numbers affixed to the designating letter. By the Vth International Leprosy Congress in Havana in 1948, immunopathologic understanding and agreement
had advanced to the stage where a viable
and reasonable classification could be
adopted. This was simply the recognition
of the tuberculoid and lepromatous poles,
representing relatively high and low tissu e
resistance to M. leprae, with an interlying
spectrum of manifestations grouped as "indeterminate." This classification included
an understanding of th e response to lepromin in the various classification categories. At the next congress, held in Madrid
in 1953, Khanolkar and Cochrane ( 118)
used the designation "dimorphous" and this
congress officially adopted the term "borderline," with "dimorphous" as an alternate, for the Havana Congress ado'pted
"indeterminate," thus leaving three designations in use for the same conccpt. Of these,
"interm ediate" suffers from being frequently confused in usage with the term "indeterminate," and "borderline" seems a relatively poor designation in the light of pres-
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ent understanding since the broad immunopathologic spectrum it covers is neither a
border nor a line but a fluctu ant spectrum.
The term "dimorphous" is descriptive in its
connotation that the various manifestations
of this intermediate group of cases present
varying combinations in intensity and proportions of the morphologic and immunologic manifestations that are characteristic
of th e polar types.
In 1961 Cochrane (45), on the basis of
long effort, tabulated and correlated the
histopathologic morphologies of th e various
classification types of leprosy with their
clinical characteristics and in 1962 Ridley
and Jopling (166) presented a similar, codified summary and standardization of terminology that has b een widely accepted. The
latter utilizes the notations, TT = tuberculoid, BT = borderline tuberculoid, BB =
borderline, BL = borderline lepromatous,
and LL = lepromatolls, retaining the term
"indeterminate" for thuse instances not readily classifiable on th e TT to LL scale. Essentially, the BL designation corresponded
to the older "atypical lepromatous" and th e
BT designation to the "atypical tuberculoid" groups. The system was further upgraded in 1966 (167).
Variant morphologies in leprosy. There
are several variants in the manifes tations of
leprosy that are not clearly consonant with
the classical rnorphologies of the major
classification groupings. The pathogenic
bases for these variants are not clear. The
following three are illustrative and most
striking.
Lucio leprosy is also variously known as
"diffuse leprosy of Lucio and Latapi," "la
lepra bonita," "diffuse lepromatous leprosy," and "spotted leprosy" and has at times
had, confusingly, the term "Lazarine leprosy" as a designation. First described by
Rafael Lucio in 1851, it was rediscovered
and extensively studied by Latapi and his
colleagues (70.128 . 205) in the 1940s and subsequently. Reported primarily from Mexico, where it is not un common, this variety
has been seen in only a few instances in
other parts of the world. It is now recognized as being essentially a diffuse lepromatous leprosy characterized by its relatively slight inflammatory response and by
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a vasculitis which results in thrombosis of
cutaneous vessels with resulting ulcerative
infarcts in the skin. This ulcerative phenomenon is referred to as the "Lucio phenomenon" and is analogous to erythema
nodosum leprosum. Since vasculitis is commonly seen in other forms of leprosy (68)
and is a prominent feature of erythema
nodosum leprosum, but is generally not accompanied by thrombosis. The characteristic thrombosis in the Lucio phenomenon
presents an intriguing puzzle for which no
satisfactory explanation has been presented.
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th e designation "Lucio phenomenon" as is
often done and, despite the historical association of the term "lazarine" with Lucio
leprosy, reserve this term for severe ulceration associated with other pathogenic
mechanisms, particularly with severe debilitation since this also has historical validity
and since th e term "lazarine" has its origin
in th e account of a presumably malnourishe d individual.

Lazarine ulceration

Lazarine leprosy . The designation refers
to manifestations of marked ulceration seen
at times in association with leprosy. It derives from the Biblical account (Luke 16:
19-31 ) of the beggar Lazarus who, covered
with sores, sat at the door of the rich man,
Dives, vainly begging for the crumbs that
fell from the latter's table. Medieval tradition held that Lazarus suffered from leprosy though the Biblical account carries no
such implication. Lucio associated the term
"lazarine" with Lucio leprosy and this
practice was continued by Latapi and other
students of the Lucio phenomenon. Other
literature, as exemplified by Klingmiiller
(123) and Wade (213), presents many discussions of ulcerative phenom ena in association with both tuberculoid ("neural")
and lepromatous leprosy and often describes small vesicles or bullae as preceding
ulceration. Skinsnes and Higa (178, 180) have
noted similar vesiculation followed by severe and extensive ulceration in association
with marked protein malnutrition in leprosy and suggest that such ulceration may
result when, as a result of malnutrition, the
host defense mechanisms break down.
There is presently no consensus of opinion,
but it mi ght be reasonable to recognize the
unique ulceration in Lucio leprosy under

?Histoid leprosy

Histoid leprosy. This histopathologic infl ammatory pattern in leprosy was first described by Wade (215 ) in 1963, well into the
era of sulfone th erapy. Essentially these
cases are distinguish ed by an inAammatory
response consisting of spindle-shaped histiocytes associated with fibrosis as the lesions age. They contain abundant bacilli
which are reportedly distinctly longer than
in lepromatous leprosy and which do not
form globi though they may be arranged
in packets. Wad e noted that these patients
did not have episodes of ENL, but subsequent reports have not confirmed this as
a salient characteristic. Rodrigu ez (171)
found histoid tissue response also in borderline lepromatous ( BL ) patients and noted
that most frequently the histoid response
was to be found in treated but relapsed
cases. H e suggested that the response
might b e due to mutant, drug-resistant M.
leprae, presumably due to some metabolic
change in these organisms. Des ikan and
Iyer (54) , in contrast, point to the possibility that the cell ' population of histoid
lepromas may be derived from biologically
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distinct histiocytes which do not exhibit the
classical behavior of macrophages when
confronted with large loads of M. leprae.
Fite ( on ) noted that in early leprosy lesions
many of the cells are simply large phagocyti c cells of unidentified origins while others are elongated or spindle-shaped and not
distin guishable from fibroblasts except that
they lack fibril s. Any possible correlation
between the histoid response and possible
tendency on th e part of these subj ects to
keloid form ation has not been reported and
seems not to have been considered. Thus, it
has not bcen reported wh ether or not there
is an increase in mucopolysaccharide ground
substance in these lesions as is characteristic for keloids (2 1). Ciaccio ( 100) did review th e subj ect of keloids in leprosy in a
p aper not available at this writin g. Some
indication of the possible frequency of thi s
response is given by Sanchez ( 176) who in
a revi cw of more than 5,000 tissue slides
from cases of leprosy in Mexico, found
seven th at fulfill ed the crite ria for this reaction. One wonders if Malassez ( 140) encountered this reaction since he regarded
leprosy as a sarcomatous process.

t

Visceral involvement in leprosy. Several necropsy series ( ' 6 , 20,53 ,9 0,11'1, ' 2 -1, 117,16 '1, 198 )
have been reported, the earliest of which
was th e report by H ansen and Looft in
1894. These are additi onal to the atl as presentation of D anielssen and Boeck already
alluded to. Mitsuda is reported to have perform ed over 1,000 autopsies on persons
with leprosy and many of his findin gs are
contained in a five volum e collection of his
papers in Jap anese. His Atlas of L eprosy
( 148) in En glish , volume VI in th e series,
presents color plates which illustrate some
of hi s findin gs.
Modem understandin g of disease has its
roots in pathologic anatomy, gross and
microscopic. It follows that morphology is
evidence. Like all evidence, it requires judicious, comparative evaluation and its interpretati on is, of course, advanced and enhanced by any other technics that are de veloped and b ear on th c problems revealed
by morphologic studi es. It is on the bas is
of such evidence, often questioned, that despite its evident involvement of skin and
nerves, leprosy has slowly been accepted as
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being a systemic infecti on with the heaviest
concentration of lesions (ap art from those
in skin and nerves) being in the organs
representin g the reti culo-endotheli al system, but also with widespread deposition
of bacilli, and sometim es of lesions of generally lesser intensity, in most tissues. Not
all workers will agree with this assessment,
for some hold that th e presence of b acilli
in organs such as lymph nodes, spleen and
liver merely represents clearance of bacilli
fro m the blood circulati on and , believing
that M. Zeprae can sttrvi¥e and proliferate
only at temperatures lower than 37 °C, furth er hold that th e bacilli in these location s
will not lon g survive and do not th ere proliferate. Th e questi on remain s unresolved
since the demon stration of viable bacilli in
th ese organs is subj ect to either interpretation . Similar morphology for virtually any
other bacterial or mycotic infecti on would,
however, probably be accepted as evidence
of active infection.
On th e basis of morphology it was recognized at the time of the lInd Intemational
L eprosy Congress ( 1909 ) that there probably was he matogenou s spread in leprosy
and bacillemi a was demonstrated by Rivas
( In!!) in 1912, well established by RhodesJon es ( !fIn) in 1963 and found to be virtually continuous in untreated lepromatous
p atients by Drutz and associates (59) in
1972. Manja and collaborators ( 141) demonstrated th at bacilli in the blood are viable. Bacillemia havin g been well demon-
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strated for lepromatous lcprosy, confirming prior interpretation of morbid anatomical findin gs, the similar lesion di stribution
in other forms of leprosy then indicate th at
bacilli in all forms of leprosy, though not
necessarily in all instances, gain access to
the blood circulatory system, and tend to
be removed by the reticulo-endothelial system though presumably they may be deposited also in any locale reach ed by the
circulation . Whe th er or not they produce
signi ficant lesions in such areas depends on
many factors, dominant among which presumably are the size of the inoculum introduced into th e area and/ or th e suitability
of the area for M. leprae proliferation .
Lepromatous lesions of the viscera are
the most pronounced and extensive. The
liver often shows numerous scattered miliary lepromas composed of lipid-laden foam
cells containing many acid-fast bacilli . Thc
lepromas are promincnt in the paraportal
areas but are also prcsent as smaller focal
lesions in the lobules, both as small lepromas and as bacillary presence in prominent
Kupffer cells and sinusoid linin g endothelial cells (5H. 207). The spleen and lymph
nodes, likewise, may show similar miliary
lepromas but, presumably because of th e
lack of intervening parenchymal tissue,
often show diffuse involvement with broadly spread foam cclls. Mescnteric and thoracic lymph nodes usu all y are not involved ,
apparently because they drain organs ( intestin es and thoracic visccra) which do not
harbor leprous lesions (5~. 71 . 177). Testes
and epididymides, as noted long ago by
Hansen and repeatedl y sin ce, are involved
in most instances of lepromatous leprosy,
almost all testes showing lepromatous infiltration and atrophy at necropsy. Acidfast bacilli have been reported in semen.
The adrenal glands also frequently contain
lepromas and Mitsuda stated that th ey
were always involved if both the liver and
spleen showed lesions. Other endocrin e
glands do not commonly show leprous inflamm ation . Th e larynx may be involved
and in th e pre-sulfone era indwelling
trach eostomy tubes were not un common
in man y leprosaria. Li e ( 1H2), amon g others , reported tracheal and bronchial leprous infection with local nerve involvement.
Tuberculoid and dimorphous visceral le-
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sions are less well known , in part because
these forms of leprosy arc often self-h ealing. The general absence of cascation in
leprous lesions, in contrast to those of tuberculosi s, permits healing without distinctive scarring. Biopsy studies (:n. :\8. 11 3. 135.
1 57. 189) indicate that les ions having granulomatous morphology and epithelioid cells
are sufficiently frequ ent in visceral distribution to be encountered by th e biopsy
necdl e and in sternal puncture. Their morphologies correspond with th c skin manifestations in the samc patients. Bacilli are
scarce or not demonstrabl e by the relatively insensitive histopathologic technics. At a
concentration of 10" bacilli p er gram of tissue, bacilli are not likely to be found in
acid-fast stained paraffin section.
Reports on leprosy in lymph nod es are
more limited. In a series of nod es examined
by Turk and Watcrs (204) no specific leprous lesions were dcmonstrated in tuberculoid nodes but les ions were found in dimorphous lymph nodes whose morphologies
ran ged from epithcliqid granulomas near
the tuberculoid end of th e spectrum to lesions with more foam y macrophages toward
the lepromatous end. A similar picture
seems to obtain in th e bone marrow with
perhaps rclatively fewer lesions being present. Significant lesions of testis and adrenal
gland seem not to have been reported in
tuberculoid leprosy, thou gh Job and Macadan (IO!)) found cpithclioid granulomas
in dimorphous cases in reaction. Arning (6)
claimed to have demonstrated visceral tuberculoid lesions from 11 of 17 post-mortem
exa minations as early as 1898, but it seems
that this was not generally accepted, p erhaps because th ere was some caseation necrosi s in lesions demonstrated .
Significance of visceral lesions. In reviewin g the findings up to 1955 with respect to
liver function test results in leprosy, Ross
e7~) concluded that they showed little or
only marginal abnormalities. Bechelli and
Supuppo e~) concluded that though liver
lesions are to be found at autopsy in nearly
all leproma tous cases, hepa tic function is
little affected, probabl y because leprous lesions are predominantl y paraportal and
les ions in th e parenchyma are usually too
small to adversely affect function . The fact
that caseation necrosis is not a character-
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istic of leprous lesions and that M. leprae
apparently does not exert any direct toxi c
effects are perhaps also fa ctors. More recently Verghese and Job eO,), in a correlative study of liver les ion morphology and
liver function , noted diminished liver function as estimated by the bromsulfalein tes t
in 6 of 19 cases but found that this was not
related to the Bacteriologic Index, the duration of the disease or the presence of lepromas. No study of liver fun ction in instances of erythema nodosum leprosum are
availabl e. Such study might be rewarding.
Gynecomastia is reported to occur in
from 6% to 19% of lepromatous, but not in
tuberculoid, patients. Kinn ear and Davison
(1 20) studied estrogen, gonadotropin and 17ketosteroid excretion levels as well as liver
[unction in 18 lepromatous patients with
gynecomastia, 20 lepromatous cases without gynecomastia, 20 tuberculoid cases and
20 normal control subjects. They noted
marked liver dysfun ction in lepromatous
cases whether or not they had gynecomastia, but could find no correlation b etween
gynecomastia and liver dysfunction or estrogen excretion, or between liver dysfunction and estrogen excretion.
Renal change, usually designated as nonspecific pyelonephritis, is frequently reported in association with leprosy (218) and renal failure is reported as a leading cause of
death in leprosy. In Oriental populations it
is exceeded by tuberculosis as th e cause of
death, but in Occidental leprosy groups it
ranks first, b eing of higher incidence because of the marked tendency to amyloid
involvement in the latter group (17. 104).
Amyloidosis, b eing a secondary effect and
not a part of direct leprosy change, will not
be considered furth er in this review.
Studies on possible pathogenetic mechanisms for renal change are noted b elow in
the discussion on the nature of erythema
nodosum leprosum.
Severe laryngeal stenosis in leprosy has
been referred to above. Blockage of such
stenotic orifices has been reported as a
cause of death.
As was pointed out at the VIlth International Leprosy Congress (1 80), leprosy pati ents, especially when the disease is severe or in reaction, present many clinical
evidences of being markedly indisposed, in-
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eluding fever, malais and loss of appetite.
These signs are nonspecific with respect
to any measurable organ function bu t are
summational in response, not only to skin
and nerve lesions, but also to visceral insults. The biological entity that is the patient is expressing an awareness of illness,
and this expression through loss of appetite
and fever, for example, may b e re fl ected in
increasing malnutrition which may itself
lower th e resistance of the patient to his
infection.
Pathology and pathogenesis of neural involvement. During the century just passed,
neural involvement in leprosy has b een a
cardinal recognition, so much so that it is
not uncommon to read statements to the
effect that "leprosy is a neural disease."
Bacilli have b een demonstrated in virtually
all parts of the nerve fib er. Vater-Pacini
and Meissner sensory corpuscles have been
shown to b e invaded and, in time, to b ecome atrophic or to be obliterated (199.201).
It has been recognized that sensations of
heat and cold are lost before those of touch
and pain, but the anatomical basis-if such
there be-for this differential remains unclear.

Claw hand
Th e histopathologic morphology of cutaneous nerves in the various types of leprosy has been described repeatedly (48, 51,
7~). In tuberculoid leprosy the typical active
cutaneous nerve lesion can best be described as a granulomatous replacement of
the nerve. Occasional remnants of nerve
fibers can be seen, but predominantly there
is nodular accumulation of epithelioid cells
surrounded by varying intensities of lymphocyte infiltration. Acid-fast bacilli are
rarely demonstrable. In lepromatous lep-
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rosy the inflammatory process develops
more slowly with initial infiltration by acidfast baciIli and by phagocytic cells. These
phagocytes soon become typically foamy,
and together with bacilli are found not
only in perineurium and endoneurium but
also between nerve fibers. Concomitantly
there develops a slow fibrous thickening of
perineurium and endoneurium, eventually
proceeding to complete replacement fibrosis with disappearance of nerve fibers.
Often this fibrosis assumes an "onion-skin"
pattern. .
As might be expected, dimorphous nerve
lesions present varied morphologies reflecting the morphology of their associated
skin lesions. In early, indeterminate cases,
on careful search, occasional acid-fast bacilli may be found, particularly in Schwann
cells.
These cutaneous nerve changes are of
notable importance in establishing biopsy
diagnosis of leprosy and no biopsy report
on a skin specimen relating to the problem
of leprosy should be regarded as complete
if it does not contain reference to the status
of the nerves. The tuberculoid pattern of
nerve change is of particular importance
in the identification of leprosy among the
epithelioid cell granulomas of the skin as
has recently been lucidly detailed by Wiersema and Binford (223).
Brand (27), on the basis of a clinical study
of over 1,000 cases of paralysis involving
the upper extremity, compiled the following pattern of muscle paralysis in these extremities as being characteristic and quite
specific.
COMMONLY PARALYZED
All the intrinsic muscles of the hand:
lumbricales, interossei and of the
thenar and hypothenar eminences.
Flexor carpi ulnaris.
Flexor profundus to 5th finger (less
commonly).
Flexor profundus to 4th finger (rarely) .
SOMETIMES PARALYZED (less than
1%)
All the extensors of the wrist.
The long extensors of the fingers and
thumb.
Abductor pollicus longus.
VERY RARELY PARALYZED

Flexor digitorum sublimis, all fingers.
Flexor profundus, index and long fingers.
Flexor pollicis longus.
Flexor carpi radialis.
Palmaris longus.
All upper arm and shoulder muscles.
This translates into a recognition that the
involvement is primarily and most severely
of the ulnar and median nerves, particularly in their branches in the hand, and that
the extensors (innervated by the radial
nerve) are more commonly involved than
the flexors (from the median and ulnar
nerves).
No similar evaluation of muscle paralysis
in the lower extremity has come to attention. Even without such, the pattern can
readily be seen to be similar, with most
extensive involvement of the muscles in the
feet and of fl exor and extensor muscles innervated by the posterior tibial and common p eron eal nerves.
A singular peculiarity of lesion distribution in the p eripheral nerves has been
noted by many observers (28. 29. 63. Ill). In
the words of Job and Desikan (111):
It is well knDlI'n th a t certain sp ec ific sit es ' in the
p eriph eral nerve trunk s ar e vulner abl e to leprosy
les ion s. Th e ge neral p a ttern of par alysis' m a nifes ted
in leprosy su ggests th a t the lesions are la'rgely co n:
fin ed to th ese sites o f predil ec ti on , whi ch ar e as
foll ows: uln a r n erve a t th e region of the medial
epi cond yle, and at th e wri st ; m edi an nerve just
a bove th e ca rp al tunn el; radi a l nerve a t the wrist
and sli ghtl y a bove th e clboll' ; posteri or tibi al n erve
a t th e fl exor retin ac ulum ; common p eron eal nerve
as it turn s around t he neck of the fibul a; fac ial
nerve as it crosses th e zygom a tic process of th e
m axill a; a nd great auri cul ar n erve as it crosses over
th e sternom astoid mu scl e.

The question early arose as to whether
involvement of these p eripheral nerves was
due to centrifugal or centripetal spread of
the infection. Hoggan and Hoggan (99),
noting the marked involvement of the ulnar nerve at the elbow, held that the primary affection was in the nerve trunk and
the above quotation seems, in part, to reflect this view. The weight of observation
and opinion, however, was contrary and
Neisser (1 54) as well as Lie l t ) found for
primary involvement of nerves of the skin
with slow extension up the major trunks
with areas of particular localization as
noted.
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From this question there followed the
presently still unresolved question as to the
manner of extension of leprous inflammation in nerves. This process, according to
Lie (131) is concentrated in the nerve
sheaths. On the basis of Gerlach's study of
peripheral nerves in a maculo-anesthetic
case (74), Dehio, his mentor, made the following summary statement at the First International Leprosy Congress in Berlin
(1897):
At first a small area of the skin becomes diseased.
and a leprous macule is formed . This area loses its
sensitivity. not on account of affection of the corresponding nerve trunk but because the terminal
sensory branches in the skin are destroyed. Next
there is an ascending degeneration above the macules. Ascending still further this degenerative process involves the mixed nerve trunks. The process
develops slowly. and in its course there appear
round- and epithelioid-cell infiltration . The mus cular branches soon become involved. and finally
the process reaches the terminal areas, as for example the bend of the elbow in th e ulnar nerve. This
leads to degeneration and atrophy of all the nerve
branches situated below, though they themselves
may be free from the leprous process, and as a
result there develop atrophies and mutilations, and
anesthesia of cutaneous areas which formerly had
not been affected. (52) .

Ermakova (63) recognized the difference between nerve lesions in lepromatous and
tuberculoid (maculo-anesthetic) leprosy as
early as 1936, noting that the numbers of
bacilli in nerves correspond roughly to the
numbers in the cutaneous lesions of the
same patients, that the infiltrate in lepromatous leprosy is of foam cells while that
of tuberculoid leprosy is of epithelioid
cells, and that the greater rapidity and intensity of inflammation in the latter leads
to early and quicker evidence of impairment while in the lepromatous type the
slow organization of the fibrosis results in
slower increase in clinical expression.
Leprous nerve abscesses have been found
to be relatively uncommon but have been
reported as occurring most frequently in
the following nerves: ulnar, median. cutaneous of forearm , great auricular and sural.
They consist of elongated caseous masses
within the perineurium, through which
they may occasionally rupture. Histopathologically they present a great amount of
caseous matter surrounded by typical tuberculoid granulomatous tissue (since they
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occur in tuberculoid or near-tuberculoid
leprosy) with large epithelioid and giant
cells. Bacilli are usually not detected.
Discussion continued as to the manner
of extension of the infection to nerves, or
centripetally in nerves. In the presence of
demonstrated bacillemia, the possibility of
hematogenous, metastatic foci of infection
has riot been overlooked. The locales of
heaviest involvement in the nerves, as noted
above, are areas where the nerves lie closest to the skin and are potentially most exposed to varying degrees of insult or injury.
These have been regarded by some as
areas of locus minoris resistentia (36.100)
where hematogenously transported bacilli
may be more readily localized. Though
such mechanisms are probably operative,
they are not adequate for explanation of
the slow. progressive extension of infection
up nerve trunks. Nor does, for example, the
establishment of nerve infection at the elbow level by such a mechanism account
for the initial peripheral sensory and motor
manifestations with following broadening
of involvement. Fite (69) was of the opinion that macrophages containing bacilli,
for the most part infiltrate the nerves along
vascular pathways and along clefts between
nerve fibers. Ermakova's description (63) is
suggestive:
The nllmber of bac illi found in these nodular cases
(referring to lepromatous nerves) is very great.
They fill th e cytopl asm of th e foamy cells and litterally clog the lymphatic spaces, forming dense
clumps th at appear as globi. In prepara tion s along
the length of the nerve it is clea rly seen how the
bacilli disseminate towards th e center from the
place of the lesion , especially in the case of lesions
in which the presence of bacilli has not yet caused
any reaction .

Job and Desikan (111) presented a detailed
histopathologic evaluation of upper extremity nerves from four lepromatous necropsies. They were impressed with the preponderant nerve involvement at the above
noted sites of most intense involvement and
it seemed to them that the lesions in nerves
are produced by a blood borne infection
with localizaton in these areas because
they postulated, following Binford's hy~
pothesis (19), M. leprae is probably a temperature dependent organism with an optimum temperature for proliferation lying
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slightly lower than the normal body temperature. Brand (28) had earlier followed a
similar path of thought. Whether selective
localizaton be due to factors in locus minoris resistentia, optimum bacillary growth
temperature, or both, the assumption of
primary pre-eminent development of lesions in the locales noted does not readily
explain the usual pattern of extension of
sensory and motor manifestations centripetally from the periphery. In our own
study (J85) of 24 ulnar nerves from 14 necropsies, 'we found considerably more involvement of nerves in deeper lying areas
of the forearm than is usually regarded as
being present, and noted extensive spread
of infection in both perineurium and endoneurium as well as between nerve fibers.
Ermakova (65) noted similar involvement
of nerves, albeit in other areas. Fite (69)
dismissed the probability of a lymphatic role
in dissemination of infection in peripheral
nerves on two counts. His first objection
was a quotation from Maximow to the effect that nerve trunks do not have lymphatics. However, though nerve trunks have
not been shown to have lymphatics, such
vessels seem to be present in perineurium
and possibly in endoneurium. Fluid in
spaces between nerve fibers may drain into
such lymphatics. In any case, bacilli and
bacilli-laden cells may well be disseminated by lymphatics and thus localized in
perincurium and endoneurium, from
whence bacilli may spread directly into
tissue spaces or areas or lesser mechanical
barrier. The kneading action of muscle
movement might help such spread. Fite's
second objection was that the perineural
spaces are obliterated by fibrosis in leprosy and hence not available for bacillary
dissemination. Fibrous obliteration, however, follows on inAammation and inAammation derives from the presence of bacilli.
In other words, dissemination occurs before
the fibrosis , and the objection seems inapplicable.
Weddell ( 220) reported that even in
healthy skin there is a constant process of
nerve degeneration and regeneration. He
found that such changes are most marked
in the growing child and in areas of skin
which are subject to friction or mild trau-
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ma, such as the skin of the buttocks, back
face, knees and elbows. Khanolkar (116 ;
eited these observations in postulating, on
the basis of his own studies, that M. leprae
have a predilection for migrating toward
degenerating and regenerating nerve fibers.
There follow, he stated, accumulations of
histiocytes around these foci of bacillary
aggregation with invasion and fragmentation of nerve fibers , and from this follows
the pigmentary, sensory and related local
skin changes. In other publications Khanolkar (115 . 11i . 1lfi) extended his observations
and interpretations into the concept that M.
leprae are taken into the axoplasm of sensory nerve fibers through the growing tip
(growth eone) of a regenerating axon. The
bacilli are then transported along the nerve
axons, almost as if in a stream, and in this
fashion reach the dorsal root spinal ganglia.
They may break through the axon and be
taken up by adjacent Schwann cells and
also by histiocytes which invade in response
to their presence. Type-typical skin and
nerve lesions then develop depending on
the host's immunologic capacity.
Weddell (219) and Lumsden (138) have
also conducted extensive studies on nerve
involvement in leprosy, and entertain similar concepts regarding the prime importance of Schwann cells in this neural engagement. Lumsden argued that, aside
from the skin the bacilli arc cnormoush
preponderant in p eriph eral nerves as co~
pared to tissues (questionable in the ligh
of the above review of visceral involve
ment) and that this predilection for pe
ripheral nerves reflects centripetal neura
spread, as opposed to hemic dissemination.
He further held that the bulk of bacillary
spread and multiplication occurs along the
columns of Schwann cells enveloping the
individual nerve fibers, and not inh'aaxon ally as suggested by Khanolkar. He indicated that lepra cells in nerve trunks are
altered Schwann cells, as has been held
also by others though many will probably
not agree that they are only of Schwann
cell derivation and that Schwann cells investing the no~-myelinated filaments of the
sensory cutaneous plexus provide the main
reservoir of maerophagcs forming the dermal lepra cells. He carried the hypothesis
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SkillSll (,S: IIllIlIlJll o- patllO!oi!,Y of L epl'osy

to th t' point of spec ulatin g that possibly
durin g tht' in l'ubation period of leprosy
thert' arc ''sporadi c l'a ravans of Sl'hwann
cells mi gratin g throu gh th e epidermis to
the nerve plexuses, transporting their modest burdens of innocuous bal'illi destined
eventually to devas tate th e p eriph eral ne rvous system b y growin g within Schwann
c("lls and bei n g hand ed on from Schwann
cell to Schwann cell." \'V eddell and Palmer
(~ ~I ) also concentra ted attention on the
role of Schwann cells hut hypothesized
that :
M , /r /nl/(' illv;,,1e Ih e hod y h y Ihr hlood Slre;lIll, h I'
illOClilatioll throll g h Ihe skill :l lld, althollgh ,,'C han,
110 c\'idcllcc fo r Ihis , throll g h Ih e IlIllgS alld Ihe
illi es lillal ,,'ails,
Ollce ill th e bl ood stream Ih e
orgallisms arc ca rried 10 Ih e ir targe t orgall, the
ScllI\'allll cell of th,' sC ll so ry ll erVCS, in which the\'
lic prot ec ted hy th t' ha sc m ~ llt memhrall e
, all:1
mllltiplv.
' Those Sdll\'a llll cells which lose their
pro tect i I 'C ha st' mell t Illelll hr;lIlc a lid aSSllnll' t he role
of pha goc v((', proceed 10 rt'nlOYl' hot h th e Il Cllra I
dehris alld microorgalli slll s fmlll th c Sc h,,'allll cells
related 10 tht' deg'l'l llTatili g IIlTH'S, If th e Illlmhcr
of organisms they cO lltaill is [cll' th c lI 1\,1' can as SUIllC that the pha gon-tes will he ah le to di ges t
th c m alld d ispose of thclll a nd th c reby acqllire fur th er antibod y, if natural illlmunity is prcse llt. Thi s
l\'ill prcs llmahl y rcslIlt ill th e SlIhi cct heco mill g lepromill positivc alld th ey will cxhibit 11 0 IesiOIl S, _ ..

These views of the rol e of th e Schwann
cells are p erhaps a little too exuberant for
general acceptance, but th ere is no denying
th e increasin g recognition of th e fact that
Schwann cells play a significant role in
nerve involvement by M, l r pl'a e as is bein g
brought forth by electron mi croscopic studies, too many and detailed for review in
this presentation .
Neural involvem ent occurs in ex perim ental mouse foot pad infection with M. l eprae
and also in th e armadillo infection. The involvem ("nt, however, is relatively late in the
coms(" of the infection and relativ("ly mild
as compared to tl1(" gen eral involvement,
particularl y in th e armadillo, It would seem
that in tl1("se animals, thou gh Schwann cells
are in volved , their 1'01 (" is not as dominant
as claime d in the above hypotheses. Likewise, th e heavy involvem ent of lymph
nodes , liver and spleen in lepromatous leprosy speaks to histiocyti c maerophage involvement rathe r than a dominant Schwann
cell milieu,
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Invo lvl' llll'nt of thl' nl'l'VOUS system other
than that of th l' peripheral IWITes ha s occas ionall y been reported, At th e beg inning
of the century under review there was considerable di scussion conccrnin g th e possibk
rel ation between syrin gomye lia and leprosy
but this concept was discarded. Another
di scussion concern ed th e reported findin gs
of degl'nerati on in the posterior columns of
' the spinal cord , but this was in due COllrSI'
n 'cognized as probably bl'ing due to conco mitant sy philis. Th e OCClllTt'nCe of ha cilli
in the spinal, C,asserian and other gangli a in
cases of heavy infecti on has b een t'stabli slwd. Tlw cen tral nervoll s svstcm, how ever, is not signifi cantly invol\' cd though
occasonal findin gs have been reported.
Thll s. d(, Belll'mann and associates ( t ~) reported a n instance of leprous menin g itis
and pl <'!. riti s, and Hirai <lndco-workers ( W.)
i
rt' l'l'nth reported an in stan ce of fatal le proIlS hulhar palsv.
Pathology and patll'Jgenesis of deformity,
Th e crippling and III ttilating t'ffects of leproS\' in gt' n t'l'a I , rq'>:,lrdkss of class ificati on
type, h ave lon g b< en recognized and several arc illu strated in th e atlas by Danielss('n and Boeck.

D r forllli/1} of foot

Thl' pathogenes is of scar formati on and
its eflects is not diffi cult to und erstand , nor
is th e pass age of th e p athogen to tissu es
whert' such e ffects may be important wh en
th e mode of passa ge is hematogenous or
lymphatic. Th e same is generally true for
scarring and damage secondary to loss of
fun ction su ch as nerve dama ge para lys is of
eyelids and the effects of entropion and lagophthalmos, as w ell as the effects of foot
drop, claw hand and other sequelae of
motor p aralysis .
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Less easily explained is the presence of
leprosy bacilli in nonvascular tissue such
as portions of the eye. Here characteristics
of M. leprae provide a clue, though experimental verification is lacking. An organism
of generally agreed low virulence, it is also
an organism which, except when developing or developed hypersensitivity and immunity is a factor, also incites only low
grade inflammation and thus low grade obstruction to its passage. This is in marked
contrast to th e response, for example, to
pyogcnic staphylococci where mechanisms
such as the development of a "pyogenic
membrane" and local vascular thrombosis
as well as tissue destruction and extensive
death of inflammatory cells are striking features. In all probability factors such as the
massaging effect of muscle and other tissue
movement on intercellular fluid , as well as
otherwise induced tissue and organ fluid
movement, may facilitate spread of the bacillus. Additionally, this pathogen sheds,
with or without enclosing cells, from surfaces such as the palpebral conjunctiva, the
endothelium of D escemet's membrane of
the eye, the retina (148. plntes 17 and 18) and
possibly the epidermis. Bacilli may wen b e
moved about, for example, by motion in the
vitreous body.
In the face, eyes and extremities deformities have in general b een found to be due
to direct leprosy infection, secondary infection , and to the sequelae of loss of nerve
function , both sensory and motor. Implicit
in direct leprous infections are the consequences also of inflammation enhanced by
either immediate hypersensitivity, delayed
type hypersensitivity, or both. Generally
speaking, the consequences of immediate
type hypersensitivity are most pronounced
in lepromatous infection , and of delayed
type hyp ersensitivity in tuberculoid leprosy,
while both types of hypersensitivity seem
to be operative in dimorphous leprosy in
varying proportionalities (vide infra) .
D etailed understanding of these processes
in the various affected parts of the body is
now too extensive to b e here reviewed,
apart from a brief assessment.· The effects
of motor paralysis are illustrated by lagophthalmos and its sequelae as well as by
paralysis of lower extremity muscles with
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resulting foot drop and pes abductus or adductus with their instabilities and deformties. Complications of anesthesia are evident in injuries to feet by nails or stones
and to hands by cigarette burns or work
abrasions, from all of which ulcers with
localized or spreading secondary infection
may develop. Less apparent, but of considerable significance, are pressure atrophies
and ulcerations that may occur from too
long standing in one position on insensitive
feet, or from the intense pressure that insensitive hands may exert in the holding
and handling of tools.
Many of the pathogenic mechanisms of
deformity are well illustrated by bone
changes in leprosy. Moll er-Christensen (151)
discovered and worked on what is probably
the oldest leprous material available when
he found and studied skeletons in a leprosy
graveyard at Naestved, Denmark, dating to
th e 13th and 14th centuries. Making a diagnosis on the basis of the well-known and
characteristic osseous changes in hands and
feet, Moll er-Christensen (150) called attention to skeletal changes which he designated as facies leprosa. These changes are
characterized by atrophy of the anteriornasal spine, either alone or combined with
central atrophy of the central maxillary
process, and always in addition, inflammatory changes in the superior surface of the
hard palate (20n). Hjorting-Hansen and associates (fiB) reported the presence of intraosseous leproma in such a case, suggesting
that specific leprous osteomyelitis may be a
pathogenic mechanism in addition to the
previously postulated pressure effect of adjacent tissue inflammation (209). Additionally, in lepromatous leprosy there may de-

Leprosy of nose with septal perforation
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velep a "saddle nose." Antia (") noted that
lepromatous infiltration of the nasal mucous
membrane ulcerates , leading to exposure
and loss of blood supply to the underlying
cartilage and bony fram ework of the air
passages. This is aggravated by secondary
infection, th e combined processes leading
to "exposure necrosis" of cartilage and bone
with perforation and complete collapse in
more advanced cases. What contributing
effect neural involvement may have is not
known.

"Saddle nose"

The pathogenes is of skeletal deformity of
hands and feet in leprosy was studied as
early as 1886 by H eiberg (no) who assum ed
that the changes were due to neurotropic
disturbances, as indeed they are in major
measure. The term "neurotropic" has been
widely used in leprosy studies but has
never had any specific pathogenic explanation, and the road to reasonably approximate understanding was . 0 be a long one.
Concentric atrophy of Lones, mainly of
phalanges, was described by Harbitz (93)
in 1910. He attributed the change to nerve
implication. It was thought by many that
there was no actual leprous infection of
bones but in 1948 Erickson and Johansen
(G2) reported leprous bone infection with
cyst formation and leprous periosteitis and
in 1963 Job (108) demonstrated that the
roentgenologic bone "cysts" were due to
destruction of bone trabeculae by lepromas.
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Paterson ( 161) and Lechat (J30) each published reports of comprehensive roentgenologic studies from which classifications
were derived of the multifaceted factors
which playa role in the observed changes.
By angiographic studies Paterson (160, 161 )
additionally demonstrated marked vascular
dilatation and other changes associated
with ·bone resorption. John son (11 2) in 1964
suggested that such vascular changes are
probably basic to the neurotropic effect on
bone changes and Skinsnes and associates
( 187) have supported this conclusion on the
basis of morphologic study of whole specimen large histopathologic cross-sections
of a number of amputated extremities.
The didionary definition of neurotropism
as relating to "the nutrition and maintenance of tissues as regulated by nervous influ ences," thus takes on meaning as relating
to vascular changes secondary to change in
the vascular neural reflex arc. Passive hypercmia with its hi gh tissue fluid protein
and low oxygen tension associated with
slow flow rate induces osteoblastic activity
'whereas active hyperemia with its high oxygen tension and elevated metabolic activity supports and induces osteoclastic activity and bone resorption, In normal bone
metabolism both processes are in balance,
this balan ce being maintained by neurovascular control. With the' loss of such control and the resulting dilation of supplying
arterioles in leprosy, the balance is thrown
to th e side of osteoclastic resorption. Of
course, this balance is also influenced by
th e other fa ctors of local inflammation, secondary inRammation, abnonnal pressures
and strains as alluded to above.
IMMUNO-PATHOLOGY
In large measure, th e und erstanding of
immunologic mechanisms in leprosy has its
basis in the development in understanding
of morbid anatomy just reviewed. This has
come ehieRy from comparisons b etween the
manifestations of th e contrasting polar tubcrculoid and lepromatous types.
Lepromin and the search for immunity.
Yoshinubu Hayashi, then first assistant to
Kensuke Mitsuda at th e Z ensei-en prefectural leprosarium n ea r Tokyo, in attempting to grow leprosy bacilli by incubating
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thin slices of lepromas in Ringer's solution
produced a suspension of baci lli so obtained. H e sought a test analogous to the·
tuberculin reaction and expected to obtain
a strong reaction in lepromatous patients
and weakly positive reaction in neural-typ e
cases. The results were completely opposite,
the lepromatous patients giving few positive and many negative responses. H e published these results in 1918 (n5). Mitsuda
took up the matter, developing the prototype of lepromin as it is usually made, and
observed ' the reactions durin g the first few
days and in subsequent weeks. Thus he discovered the delayed reaction which appears at three to four weeks in what are
now known as tuberculoid cases-the reaction which bears his name and which he
reported in 1919 ( J4n) and not in 1916 as
later erroneously stated, and subsequently
widely quoted , by a then junior assistant
Fumio Hayashi (\)4). This work was unknown outside of Japan until Mitsuda reported it at the Strasbourg Conference in
1923. In the followin g three years there app eared four reports of similar work by
Mariani ( 142, 143) and Bargehr (11, 12), They
did not ment,ion Mitsuda's report and it is
not known if th ey were influenced by it.
Mitsuda considered th e possible use of
lepromin in the diagnosis of L. nervosa
(high resistance leprosy) as it was then
designated, but found against it because he
found also that some p ersons not having
leprosy gave a positive reaction. He also
considered its possible value as an immunizing agent, bnt there is no evidence that
he pursued the matter. Bargehr (11) in Indonesia, with whom th e term '1epromin"
originated, undertook to immunize nonreactive p ersons by repeated inoculations.
H e induced lepromin reactivity in most of
his subjects, with more success among
adults than children. Subsequent studies
were sporadic with equivocal results and
handicapped by the difficulty of obtaining
an adequate amount of lepromin for a mass
trial. The long incubation p eriod of leprosy
also presented a serious handicap to evaluative study. Attention shifted to studies in
children, centered about the possibility of
achieving lepromin conversion to positivity
by rep etitive lepromin inoculation. A num-
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ber of studies were carried out ( 103 ,1 27, 100,
10l) but the results were inconclusive there
bein g some who became lepromin positive
but many who remained negative. Theoretical considerations also militated against
the use of lepromin for immunization since
it is difficult to see how p atients prone to
develop lepromatous leprosy and who th en
are incapable of developing lepromin-type
reaction in the presence of large quantities
of bacilli and bacillary products in their tissues can be expected to develop hypersensitivity or resistance to the relatively minute quantities of materials, heat altered as
well , present even in repeated injections of
lepromin . Lepromin thus fail ed to reveal
itself as a useful and practical immunogenic
agent.
In th e meanwhile anoth er concept came
to th e fore when F ernandez (67) in 1939
reported vaccinating with BCG a group of
orphanage children, who were negative to
both tuberculin and lepromin and who had
had no contact with leprosy. Of the 123
children only ten (8%) remained lepromin
negative one month' later while 113 (92%)
were positive to some extent, 87 (71%) being definitely so. Many investigators, prominent among whom were Ginez and Poletti,
Souza Campos, Chaussinand, Floch and
Camain, and Azulay, took up the study.
These earlier studies were well, though
briefly reviewed by Wade (214) and by
1953 Souza Campos (l!l2) who cited 81
pertinent references in his review. Doubts
remained as to the effectiveness of BCG vaccination, some workers being un able to see
any strong correlative relationship while a
strong school of supporters, particularly in
South Am erica, found hope in the possibilities of BCG and strongly urged its use. Low
and McNulty (136) posed the question,
"Can BCG b e recommended in the prophylaxis of leprosy? The evidence is incomplete
and some of it appears contradictory. There
still remains doubt in the minds of some
workers whether a positive lepromin test
( particularly if induced by BCG) real1y
indicates immunity." A major problem lay
in th e lack of adequate controls in most of
the studies and another problem related
to the absence of a suitable animal model
in which controlled studies could be carried

41, 3

Skinsnes: Irnmuno-pathology of Leprosy

out. H anks and F ernandez ( 88 ) improvised
such a model by using murine leprosy. This
model also posed the dilemma, as Hanks
( 89 ) later summarized it, "The most. significant point in regard to immunization against
murine leprosy is the fa ct that, even after
using an effi cient method for elevating immun e response, the most susceptible animals remain so incompetent. Once disease
was detected, these animals developed fulminating infections. D espite some delay in
onset of the disease, they did not p erform
as well as th e more cap able individuals
which had received no prior immunzation."
In this resp ect the animal model reHected
significantly the problem of attempting to
immunize a potentially lepromatous individual.
In 1955 Chaussinand (4 1) , while one of
the originators of the theory that tuberculosis gives some immunity to leprosy (40),
call ed for controlled studies that would
solve the problem. Three fi eld studies, designed with controls, were initiated: one
was begun in Uganda in 1960, the second
in Eastern New Guinea in 1962 and a third
in Burma in 1964. These studies have not
yet run their course, but the preliminary
results do not suggest that BCG will have
substantial immunizing effects and the
WHO Expert Committee on Leprosy (222 )
judged in its report of 1970 that it was premature to recommend general use of BCG
vaccination and recommended that the
studies be continued for at least ten years.
Understanding of the lepromin reaction
was proceeding apace. F ernandez (66)
studied and described the early 24-hour
reaction to lepromin which bears his nam e
and which is analogous to the tuberculin
reaction. Dharmendra (55) prepared a purifi ed lepromin , or leprolin, by chemical fractionation of M. leprae and isolated a protein antigen which gave the early (Fernandez) delayed type of reaction. It soon became evident that the Fern andez. reaction
was an expression of already existing delayed type sensitivity whil e th e Mistuda
reaction, occurring either in non-hypersensitive persons or in persons already hypersensitive, provided a measure of the potential ability to develop hypersensitivity ( 212),
and presumably associated immunity. This
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di stinction is not always recognized or utilized in research work and publi cations
often fail to mention which type of lepromin and reaction is being utilized. The
classical Mitsuda typ e antigen and the Mitsuda reaction is that most commonly utilized and has b een shown to have prognos~ic significance (19~).
There was a great deal of debate about
th e lepromin reaction and lepromin, many
decrying lepromin as being an unreliable
suspension of bacillary products and tissue
debris. Dharmendra's work and lon g practical use and study by many has demonstrated that the lepromin test has biologic
signifi cance. Thou gh there was disappointment that it was not a diagnostic test, because it was negative in lepromatous leprosy the most mali gn form of the infection,
it has come to be recognized that the reason th e test can not be diagnostic is that
a segment of the leprosy immunologic spectrum is virtually pathognomonically characterized by an inability to develop celImedi a ted immunity and delayed type hypersensitivity (181). Through this identification, wh en accepted and understood, the
lepromin test lays the foundation for an
understanding of th e immunologic dichotomy in leprosy.
The immunologic dichotomy in leprosy.
When contempl ating the immunologic diversity of manifes tation .in leprosy one
might be surprised by the perceptiveness of
Leloir who in 1885 stated, "There is only
one leprosy, variable in evolution," were it
not for th e fact that even in primitive societi es there seems to have b een no diffi culty in
recogni zing leprosy as leprosy regardless
of its variance. This is probably so because
of th e unifying involvement of peripheral
nerves and attendan t deformities, which is
characteristic of all leprosy, whether Or not
skin lesions are present, absent or variable
in appearance.
The morphologic expression of this dichotomy has been traced, in part, in the
above description of the evolution of the
classification of leprosy and the recognition
of th e morphologic distinctions of its polar
types. Recognition ·of the immunologic
basis for this morphologic dichotomy was
slow in evolving, in large measure b ecause
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TABLE

1. Characteristics of immunologic dichotomy .

Tuberculoid

Le promatous

Localized , weIl-defined, circumscribed
lesions
Few bacilli d emonstrable
Intense macrophage (epithelioid) ceIl
response with effective phagocytosis
and disposal of bacilli
Lepromin reaction (ceIlular hypersensitivity) positive
Gran ul omatous inflammation
Circulatin g' ( humoral) antibodies
insignificant or poorly d emonstrable
Immunologi c "reactional" exacerbations
characterized primarily by reactions
of cellular hypersensitivity
Effective accelerated therapeutic response
to specific therapy

Extensive, diffuse, poorly-d elimited
lesions
Myriads of bacilli
Abundant macrophage ( foam cell) resp:mse, with effici ent phagocytosis but
ineffectual disposal of bacilli
Lepromin reaction negative
True granuloma generally absent
Humoral antibodies ( to polysaccharides)
readily demonstrabl e
Immunologic "reactional" exacerbations
(e.g., erythema nodosum leprosum)
characteri zed primarily 'by the reactions
of immediate type (anaphylactoid)
hypersensitivity.
Sluggish therapeutic response

immunologists on the whole, until the
1950's and 1960's, in ~aior measure thought
of biologic immunity largely in terms of
humoral antibodies. The manifestations
now regarded as cell-mediated immunity
were generally thought of in concepts of
antibodies adherent to cells or possibly
held within cells.
Lowe (137) in 1955 first delineated the dichotomy in pointing out the then remarkable observation that in lepromatous leprosy, though antibodies were abundantly
demonstrable, the body is unable to dispose of the leprosy bacilli, whereas in tuberculoid leprosy bacilli are readily overcome in the absence of demonstrable
humoral antibodies. The tuberculoid manifestation thus is similar to the situation
which was well-known in tuberculosis but
in tuberculosis there is no counterpart to
the situation in lepromatous leprosy (181).
Wilson (224), at about the same time, pointed to a similar immunologic dichotomy in
coccidioidomycosis and other systemic fungal disease. Hanks (89), in discussing this
dichotomy in leprosy, noted, "The fact that
both types of immune response are exaggerated by lipo-polysaccharides, and tend
to be sequential, is small reason for a persistent faith that cellular allergy must be
explained in terms of 'anti-body precursor'
or 'intracellular antibody'. Such conviction
implies that the varied systems in tissue
cells exist solely in order to embroider the

hems of globulin molecules."
The main manifestations of the immunologic dichotomy may be succinctly summarized as in Table 1 (18G) .
Namba and Fujiwara.(1 r,2), Hoxter et al
(101), and Ishihara (105) reported on electrophoretic studies of serum proteins and,
in general, agreed that there was an increase in gamma globulins in lepromatous
leprosy but a normal pattern in nonlepromatous cases, and that in the former the
albumin/ globulin ratio was below 1.0. Several quantitative studies of immunoglobulin
fractions have been reported (32.107.133).
The findings varied and are difficult to
compare because of differences in experimental design, including duration of treatment of the subjects. In general, Lim and
Fusaro (133) found elevation of IgG and
IgM in lepromatous patients while in tuberculoid cases there was elevation of IgG
and IgA. They concluded that the patterns
were "distinctively different" in the various
forms of leprosy. Jha and associates (107)
noted elevation of IgG and IgA but not of
IgM in lepromatous cases whereas in tuberculoid only IgG was elevated. Bullock
et al (H2) reported elevation of all three
fractions in lepromatous patients with a
tend ency for IgM to decline signi6cantly
under prolonged therapy, but found no
elevation in any fraction in tuberculoid
leprosy.
Evidence for the major role of cel1-medi-
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ated immunity in tuberculoid leprosy was
slow in recognition. Initially th e understanding was based largely on histopathologic morphology compared wi~h that of
granulomata such as tuberculosIs, and by
contrast with the histopathology of lepromatous leprosy. The contrast in the lack of
demonstrable humoral antibodies in tuberculoid as compared to lepromatous leprosy
played a role. The first experimental demonstration reported, though too early to be
placed in the context of cell-mediated immunity, was the tissue culture demonstration of variant tuberculoid and lepromatous fibroblast response to leprosy bacilli
by Hanks (87) in 1947. Davey (49) in his
1946 review spoke of the significance of
allergy in tuberculoid leprosy but thought
of allergy in terms of antibodies and stated,
"Clinical tuberculoid leprosy arises when
th e original concentration of antibody in
th e skin has fallen to an ineffective level."
Lowe (m) in presentin g the concept of
the dichotomy in leprosy at a joint tuberculosis and leprosy symposium in 1955, while
rejecting the role of circulating antibodies
to polysaccharides as significant in the defens e against leprosy, spoke of sensitization
of cells by whole bacilli as constituting the
main factor in the resistance to M. leprae.
Hanks (89) in 1961 disavowed th e rol e of
antibodies and defin ed cellular all ergy as
an antigen-specific, physiologic alteration of
mesenchymal cells which improves their
capacity to hydrolyze bacterial cell walls
and is associated with the synthesis of factors which create and transfer tuberculin
type hypers ensitivity. H e further postulated
that, "The apparent dichotomy between
skin reactivity and serological reactivity in
leprosy disappears th e mom ent it is recognized that skin reactions titrate response to
protein moieti es [It will b e recalled that
Dharmendra (55) found a protein to be responsible for the lepromin reaction-author]
of th e microbe whereas the serological reactions studied' to date seem to b e the titrati ons of antibodies against polysaccharides."
Navalkar (15~) recently demonstrated two
polysaccharide antigens, designated beta
and delta , and the probability of a protein
antigen derived from M. leprae or BCG
and which elicted F ernandez reactions in
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leprosy patie nts. This protein gave evidence
of leprosy bacillus derivation.
,
By 1964 a review of the immunologic
spectrum of leprosy (l7B) was able to de- 4
lineate and present postulates regarding the
dichotomy found in leprosy in terms of
"cellular immunity" and "humoral antibody
immunity."
The dichotomy in polar type lepra reactions. Exacerbations and reactions in leprosy were repeatedly referred to in the
older literature as being the result of allergy or immune reactions, but th e nature of
these were obscure. The advancement in
understanding of the morphologic manifestations of hypersensitivity reactions due
to antigen-antibody reactions, received
much impetus fron'll-l:he study of hypers ensi~
tivity reactions to sulfa drugs and of "serum
sickness" and related processes, and was
complemented by developing understanding of thc morphologic characteristics of
delayed type hypersensitivity. In general
these characteristics are as outlined in
Table 2.
On the basis of comparative histopathologic morphology (64 , 110, 139), clinical characteristics and analogy with the histopathologic morphology of the Mitsuda reaction,
it was possible by 1964 (17ll) to venture the
opinion that e rythema norlosum leprosum
and other evidences of immunologic reactions in leprom atous leprosy are an expression of anti gen/ humoral antibody ,reaction
or, in present day parlance, an "immunecomplex" reaction, while th e reaction in
tuberculoid lcprosy is an expression of d elayed type hypersensitivity. It was fUJih er
postulated that reactional states in dimorphous leprosy are difficult to analyze histopathologically becaus e they probably represent various admixtures of immediatc
and delayed type hypers.ensitivities. Recently Bonomo and associates (26) demonstrated the presence of the mixed IgMIgG globulin type in lepromatous serum,
and owing to th e antigammae;lobulin activity consistently detected in th e IgM fraction, such cryoglobulins were considered
to bEl immune complexes of the IgG/ antiIgG typc. Waters et (/1 (217) by immunoAuorcscent studics of erythema nosoclum
leprostlm found , in skin biopsies from 2
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2. Histopatholo gic characterization of immediate and delayed type hypersensitivities.
1m mediate type hypersensitivity

Vascular endothelial d amage
Necrotizing infl ammatory vasculitis
Focal necrosis from arteriolar an d
capillary thrombosis
Focal degeneration of collagen
Purpura
Tissue eosin ophilia
Polymorph onuclear response
Often the presence of plasma cells

of 38 ENL pati ents, that the lesions contain ed both immunoglobulin and complement (BIC/ BIA globulin) , whereas control biopsies from 13 lepromatous pati ents
not suffering from ENL were uniformly
negative. Previou sly Azevado et al ( 7 )
h ad demon strated significant reduction in
serum complement during ENL reaction's.
Waters et al (217) in studies of lymph
nodes obtained from 15 dimorphous patients undergoing reaction found paracortical area changes which they considered
compatible with changes in cell-mediated
immunity. Findings such' as these have recently rai sed speculation as to th e possihility of "immuno-complex" reactions playg a rol e in th e pathogenesis of renal disease in leprosy, but no published evidence
of this is presently available.
Genetic relationship in immunity. The
'studies on possible familial and racial susceptibility or resistance to leprosy are too
num erous to revi ew here, save for a brief
mention of some seemin gly accepted relationships. Danielss en and Boeck in 1848
noted that of 68 patients with anesthetic
type leprosy, 58 were related to others havin g the same type; of 145 who had what is
now term ed lepromatous leprosy, 127 had
relatives having the same type. One hundred and twenty-five years later Balina and
associates (!l) reported statistically significant correlation between lymphoblast trans(ormation response to PHA (phytohemag-

D elayed tlJpe hypersensitivity
Accumulation of lymphocytes and macroph ages around vessels in close relation
to antigen containing tissues
Further in crease of these cells by proliferation or accumulation
T end ency for macrophages to become
epith elioid
Direct destruction of antigen contai nin g
elements by macroph ages
D evelopmen t of granulomatous type of
inflam matory response and death of
sensitive cells with resultant tissue
necrosis, which ma y be caseous in some
in stan ces
Sparsity of plasma cells
Often an accumulation of lymph ocytes

glutinin) and lepromin in lepromatous patients and their healthy consanguinous offspring (sons and grandsons). The authors
recognized that th eir suggestion that this
finding supports the concept of a genetic
basis for susceptibility is tentative. Cochran e (43) in 1935 noted that Africans living
in th e West Indies developed forms of leprosy characteristic of Africans living in
their native land and similarly Indians and
Chinese showed forms of leprosy found in
the native populations of India and China.
In 1947 he stated (44) that Europeans and
Mongoloids are more likely to contract the
lepromatous form of the disease than are
Indians or Africans. These subjects seem
not to have received as much study in recent years as previously, but there seems
to be a general recognition that th ere is
probably a genetic basis for susceptibility
to leprosy. Thus far no significant relationship has been shown with genetic markers
such as th e various blood groups. The reader is referred to the reviews by Spickett
( 1!l4. m.I9r.) . H e concluded (107) that, "it is
now apparent that resistance and susceptibility to leprosy are, in part, attributable
to geneti c variability in the human host. It
has been shown that a single irregularly
dominant gene cQntrols susceptibility to
leprosy and that penetran ce of , thi s gene
varies between p opulation . Although the
main effect is du e to a sin gle gene, irregular dominance and variation in penetrance
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between populations implies a strong possibility of there being other genes influencin g susceptibility."
The immunologic defect in leprosy. In
1965 Wade (216), in his last but two editorials, demonstrated his continuing perspicacity by reviewing the concept of lysosomes, relating th ese to possible significance
in leprosy, and introducing this concept to
the pages of this JOUHNAL for the first time.
In the meantime Brieger and All en (30) in
electron microscopic studi es of lepra cells
had noted in these cells well-defin ed osmiophilic cytoplasmic inclusions closely resembling the lysosomal bodies described previously by Novikoff and Essn er in Kupfer
cells in th e liver, and Nishiura (155) and
Imaeda and Convit (104) had described
similar structures under the designation of
opaque bodies. The study by Brieger and
All en C~O), though conducted in part on the
electron microscopic, in-so-far as it related
to localization of acid phosphatase in the
lepra cell was less precise in that it was carried out at th e light microscope level. Subsequently Aquino and Skinsnes (5) utilized
a cytochemical method to determine th e
ultrastructural localization of acid phosphatase and concluded that the degeneration
of bacilli in globi and in foam cell lepromatous inclusions is not due in major part
to enzym atic digestion. Some slight lysosomal activity noted was compatible with
th e concept of probable cellular activity
compatible with inherent immunity but not
what might be expected if enhanced cellular immunity includes an increase in lysosomal activity. Similar tuberculoid epithelioid cell studies have not b een completed.
Yan g and Skinsnes (227) , however, utilizing
murin e leprosy in mice as a model, found
that peritoneal macrophages of immunized
mice responded to infection with greater
intracellular acid phosphatase, lipase and
esterase activity than did non-immunized
and protein-starved animals. The macrophages of the immunized animalS, as
studied by electron microscopic, radioautographic techni cs. incorporated isotope labeled amino-acid into protein which had
th e lysosomal enzyme distribution pattern
and which follow ed th e same path as lysosome transportation leading to phagocytic
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vacuoles. Hadler ( 80) utilized guinea pig
and rabbit response to M. leprM and M.
lepraernuriurn to simulate tuberculoid leprosy, and a similar rat model to simulate
lepromatous leprosy. The form er responded
with epithelioid cells which were able to
lyse th e phagocytosed mycobacteria and
displ ayed a high degree of alkaline and
acid . phosphatase activity. These cells
quickly split off lipids, reflecting a high degree of lipase activity. In the rate the macrophages were unable to lyse the phagocytosed mycobacteria, showed feeble alkaline
and acid phosphatase activity, and the cells
transform ed into lepra-like cells containing
a great amount of b acilli and lipid droplets within the cytopl asm.
Barbi erri and Correa (]O), utilizing tissue
cultures of human white blood cells, 35 of
which were from tuberculoid leprosy, 40
from lepromatous patients and 50 from
healthy p ersons, found that macrophages
from tuberculoid and from lepromin positive healthy p ersons showed lytic aCtivity
against autoclaved M. leprae whereas those
from lepromatous and Mitsuda negative
healthy p ersons did not. Beiguelman (14. 15)
showed similar results with macrophages
from tuberculoid and lepromatous patients.
Godal and Rees (75) in a study of five tuberculoid and five lepr9matous patients
were unabl e to confirm th ese findings .
Nevertheless, Pisani and associates (163),
from similar contin{ling studies involving 10
lepromatous, 10 tuberculoid , 10 dimorph ous, 17 indeterminate and 7 cases of uncertain classification and utilizing a refined
techni c, report that tuberculoid macrophages showed lytic activity while lepromatous macrophages did not, and that dimorphous macrophages were predominantly weakly lyti c while indeterminate type
macroph ages were represented by all three
types of reaction.
General interest in the concept of cellmedi ated immunity and delayed hypersensitivity received considerable stimulation
from th e promulgation of the clonal selection theory of acquired immunity by Burnct ( :15 ). This was followed rapidly by recognition of some disorders of the immune
system and the discovery of the essential
rol e of the thymus in developmental im-
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munobiology (79) . The earlier discovery by
Landsteiner and Chase (120) that delayed
hypersensitivity can be transferred by cells
from sensitive to non-sensitive animals, and
the demonstration of the transfer factor by
Lawrence (129) were highly provocative.
This burgeoning interest in, and understanding of, cell-mediated immunity and related phenomena has swept into the field
of leprosy research and many have come to
rcalize that in leprosy there is a unique
immunologic spectrum covering both humoral antibody immunity and cell-mediated immunity, all in a single host species
as a response to a single pathogen. Already
the literature is ·too vast for comprehensive
review in this presentation. Thus, concepts
and technics relating to autoimmunity, immunologic unresponsiveness ( tolerance) ,
transfer factor, transplantation immunity,
immunologic injury, immuno-suppression ,
immunologic reconstitution, lymphocyte
factors , are all being examined and increasingly utilized in the investigation of the
immunologic defect in leprpsy. Only a few
indicative lines of approach can be here
touched on for the answers are not yet in,
and despite hypotheses postulated, the nature of the defect is not yet evident.
A considerable number of recent reports
provide evidence that in lepromatous leprosy as compared to tuberculoid there is a
significant failure to develop contact hypersensitivity ( 3 1 ), a defective lymphoblast
transformation ( 58, 85,1 59,2 26 ) , prolonged survival of skin allografts ( 82 ), defective capacity to induce the lymphocyte transfer
reaction ( 83), limited capacity to produce
lymphotoxin in response to both the specific antigen leprolin and the nonspecific
agent PHA-M (84), as well as depressed
production of the macrophage migration
inhibitory factor ( 81). The persistence of
hepatitis-associated antigen, Australia antigenx ( 23, 2" ), in lepromatous leprosy has
also been associated with a depression of
cell-mediated immunity.
The possibility of increased risk of cancer morbidity in leprosy as a possible expression of impaired cell-mediated immunity has been examined. An early study of
the relationship of cancer to leprosy by
Soegaard (188) in 1910, found only 19 cases
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of cancer in 2,269 leprosy patients in Norway. He concluded that leprosy patients
were relatively immune to cancer, and the
findings of Toyama (202) in Japan in 1913
seemed to confirm this concept. The concept that leprosy confers some degree of
immunity to cancer was generally held, despite contrary reports to the effect that cancer in leprosy did not occur to a lesser extent than in the normal population, until
1937 when Martins de Castro and Martins
de Castro, Jr. (144) published the highest
seri es of leprosy associated cancers thus far
recorded. In a review of the relationship of
malignant tumors of the skin and leprosy
Michalany (145) in 1966, reported 539 skin
malignancies among 60,000 histopathologic examinations, the greater part of
which were for leprosy diagnosis and follow-up. He did not record the total number
of patients represented by the examined
material, but did note that 37.5% occurred
in lepromatous leprosy. Rodriquez et a1
( 170) reported six cases of leprosy developing mali gnant lymphomas 10 to 20 years
after the apparent onset of leprosy and suggested that this association may be frequent. That, however, is not borne out in
the necropsy studies noted above. Oleinick
( 158) did not find such an association in
his review of cancer morbidity in patients
at Carville and concluded that there was
no significant excess of cancer mortality
among leprosy patients.
Correlative concepts relating to the immunologic defect in leprosy, Godal and associates (77), accepting the lymphocyte
transformation test as a measure of immune
response to M. leprae, found similar test
responses in healthy leprosy contacts and
tuberculoid cases and wondered at why,
since t he test results were similar some
p ersons developed the disease Whil e' others
did not. Hypothesizing from this and related
information they postulated that the eventual result of contact with a challenge dose
of M. leprae is a function of the time required by th e host to initiate th e immune
response. If th e response is early, bacilli
are eliminated and no lesion occurs. If the
host responds late (say 2-3 years) the bacilli will have tim e to multiply to such an
extent that when the immune response is
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triggered, a lesion will appear. The longer
th e time taken before the immune response
is establish ed, the closer the leprosy type
will be to the lepromatous pole (say 5-20
years) . In another publication (78) it is
held that lepromatous leprosy, when developed, represents a state of immune tolerance ('Central failure'). Possibly p ertinent
literature on leprosy in children and infants
is diffi cult and not extensive. Nolasco and
Lara (1 56), however, reported an autopsy
on a 17 month old infant in whom lepromatous lesions were found in skin and one
lymph node. They reference other cases
which may have a bearing on th e hypothesis. In any case, furth er information from
leprosy in young children as well as other
early cases of leprosy would seem desirable. Interestingly, Ryrie (173), 24 years
earlier considered a similar time relationship, expressed in different terminology
and utilizing the first lesion as a starting
point, came to a virtually opposite conclusion on the basis of considerable long clinical experience.
Turk and Waters (204) presented a widely quoted report on 77 lymph nodes garnered from 62 leprosy patients representing
the whole spectrum of leprosy immunity.
They found that in lepromatous patients
the paracortical areas were infiltrated by
macrophage-like cells which failed to eliminate bacilli. Increasingly, toward the tub erculoid pole, histiocytes were more differentiated, eventually appearing epithelioid and this was paralleled by increasing
numbers of 'small lymphocytes, while in
tuberculoid lymph nodes the paracortical
areas were well developed and populated
with lymphocytes and immunoblasts. The
lymph nodes thus reRected the well known
hi stopathologic morphology found in the
skin across the leprosy spectrum. This is,
of course, not unique to the lymph nodes.
In-so-far as autopsy and biopsy evidence is
available, the immunologic spectrum is reRected morphologically in the leprous lesions in the viscera generally. The significance of the lymph node involvement ( 203 ),
th e authors postulated, lies in the role of
lymph node cortical lymphocytes in cellmediated immunity. They suggested that
when leprosy develops in patients having a
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geneticall y determined intrinsic constitutional defect th e pathogen is allowed to
proliferate to such an extent that a state of
specific immunologic tolerance develops.
This state affects the cell-mediated immune
process only leaving humoral antibody producing mechanisms intact. Nonspecific
impairment of cell-mediated immunity (e.g.
hypersensitivity to DNCB; 2-4 dinitrochlorobenzene) would then b e a secondary
rather than a primary event, and would be
th e result of th e replacement of those parts
of th e lymphoid tissue where lymphocytes
proliferate during the development of a
cell-mediated immune response, b y macrophages containing mycobacteria. This
would explain the continuing antibody formation in lepromatous leprosy and therefore the occurrence of erythema nodosum
leprosum. A problem arises in this interpretation in its apparent assumption that
the findin gs in biopsied lymph nodes from
areas usu ally draining leprous lesions is
representative of th e lymphoid tissue generally. As noted above, th e available autopsy studies on leprosy patients indicates
that, even in advanced lepromatous leprosy,
the thoracic and mesenteric lymph nodes
are usually not involved. This being the
case, certainly th e less heavily infected and
probably cven advanced cases, may well
have suffici cnt uninvolved lymphoid tissue
to vitiate the hypothes is. Additionally,
though the morphology of lymph node lesions re Rects that of th e skin lesion type, it
does not follow that th e quantitative extent
of lymph nod e involvement is similarly titJ'ated or graded across the immunologic
spectrum nor even reRected in a given case.
Examination of a single lymph nod e, or
even two, per case does not yield quantitative information that p ermits confidence in
the additional hypothesis required, namely
that th ere is indeed a total lymph node
lymphocyte depl etion.
The possible presence of a defect in thymus type lymphocytes (T cells) and in
lymphocyte/ macrophage interaction is, at
the present, the most actively pursued area
of investigation relating to the immunologic
spectrum of leprosy. Experimental evidence
for this has already b een referred to. Supportive evidence is accruing. Thus, Codal
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and co-workers (71;) reportcd in vitro studics in which blood derived macrophages
from tuberculoid patients wcre stimulated
to proliferate in th e presence of killed M.
leprae if their lymphocytes were present,
but not in the absence of the lymphocytes.
The same change did not occur in lymphocyte rich cultures of macrophages from
lepromatous patients. Bullock and associates (34) noted th at delayed hypersen sitivity reactions, of a transi ent nature, to M.
le prae cOllld be achieved in lepromatous
p ati ents with lymphocytes or transfer-factor
derivative obtained from normal donors
who had delayed skin reactivity to antigen
of M. leprae. Additionally, Lim et al (IH4)
have claimed remission of clinical, histologic and bacteriologic findings in four leprosy patients treated over a period of three
to four months with intravenous infusions
of leukocytes from normal blood donors.
They did not, however, support their findings with Bacteriologic Index or Morphologic Index determination s. It is recalled
that in 1940 considerable newspaper publicity was given to reports from Pretoria,
South Africa relating to th e beneficial results in seven leprosy patients subjected to
a course of six blood transfusions over a p eriod of several months. It was thought that
thc method , if it should not have a curative
cffcct, would at least provide considerable
relief for th e patients (22). Curiously, a report (46) of a subsequent two day confercnce on leprosy, also held in Pretoria, four
years later made no furth er mention of
blood transfusions. But th en, that early
work was not supported by the sophisticated th eoretical formulation accompanying
the present attempt. Finally, just as this review goes to press, two reports (60.72) ,
published simultaneously in the same journal , report a significant increase in bonemarrow-derived (B) lymphocytes (60. 72)
and a significant decrease in the absolute
num bers of thymus-d erived (T) lymphocytes (flO) in th e peripheral blood of leprom tous patients.
Inherent in all studies of immunity in
- leprosy is the necessity of recognizing the
presence of an apparently inherent defect
in the cell-mediated immune system which
relates primarily to the inability of the lep-
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romatous macrophage, and to so me degree
dimorphous macrophagcs, to effectively
dispose of the leprosy bacillus. This defect
is furth er defined to include a marked sluggishness in metabolizing the leprosy bacillary debris. Whatever abnormality may be
involved in the lymphocyte-macroph age relationship, be it of primary or secondary
import, there remains th e possibility of an
inherent macrophagc dysfunction or defect
to be accounted for. Thus, whatever th e
fin al analysis be it seems that it will be one
involving immuno-ezymology.

Cosmic balance of contrasts

The past century has seen leprosy emerge
from the mists of misunderstanding, pass
through pathologic anatomic and histopathologic analysis to an understanding of its
nature and immunologic spectrum, and finally to stand out as a uniqu e immunopathologic model which tes ts the ingenuity
of th e dynamically developing technics of
immuno-pathology and immuno-enzymology for its solution. Leprosy remains the
single known disease model with a single
host and a single pathogen which titrates
and merges th e spectrum of immunologic
understanding from cell-mediated to humoral antibody mediated immunity; an immunologic microcosm. It presents a shading
of apparent opposites and contradictions
into a modulated whole which is not just a
sum of contrasts but which is, by force of
biologic and social response a unique ind?
vidual in history-the leprosy patient/

REFERENCES
1.

ABE, M. , MI NAG AWA , F., YOSIIlNO, Y.
and OKA~IURA , K. Studi es 011 th e antigenic specificity of MycoTJacteriu1I1 /ep-

Skinsnes: Immuno-pathology of Leprosy

41, 3

rae. II. Purification alld immunological
ch aracteriza tion of the soluble antigen in
leprosy nodules. Internal. J. L eprosy 40
(1~72)

107-117.

2. ADAlI'fS, F. Th e Extant Works of Aretaeus, th e Capadocian. London : The New
Sydenh am Society. 1856. pp 368-372.
3. ANDERSEN, J. G . Studies in the M ediaeval
Diagnosis of L eprosy in Denmark. Copenha gen : Cos tel's Bogtrykke ri , 1969.
4. ANTIA, N. H . Reconstructive surgery of
th e fa ce. 111 : L eprosy in Th eory and
Practice. R. G . Cochrane and T . F .
Davey, Eds. Bristol : John Wright &
Sons, Ltd. ( 1964) pp 479-509.
5. AQUINO, T . I. and SKINSNES, O. K. Pathobiologic significance of th e subcellular
organ elles of le pra cells. Intern al. J. Leprosy 38 (1970) 134-148.
6. AR NINC, E. Tuberculoid chan ges in the
viscera. Internat. J. L eprosy 4 ( 1936 )

102-103.
7. AZEVADO, DE, M. P. and H Ol\fEM, DE
MELO, P . A. A compara tive stud y of the
complementary activity of serum of the
p olar forms of leprosy and in the leprosy
reaction. Inte rnal. J. Leprosy 34 ( 1966)

34-38.
8. AZULAY, R. D. and CEZAR DE ANDRADE,
L. M. The di agnos ti c value of lipoid in
the various structural types of leprosy.
Observation of 1,053 cases. Internat. J.
L eprosy 20 (1952) 479-483.
9. BALI NA, L. M ., FLIESS, E .L. BACHMANN, A., CARDAMA, J. E . and GATTI,
J. C. Similar alterations of th e lymphoblastic d edifferentiation in lepromatous
lep rosy patients and th eir h ealthy lepromin negative consanguineous offspring.
Intern at. J. Leprosy 41 ( 1973) No. 1.
10. BARBIEHI, T . A. and CORRIA, \ <\T. M. Human macrophage culture. Th e leprosy
prognostic test (LPT) . Internal. J. L eprosy 35 (1967) 377-381.
11. BARCEHH, P . Kunstliche lepraspezifisch e
Allergic und aktive Immunisierun g gegen
Lepra. Ztschr. Immun . n . Exp. Theraf.

49 ( 1926 ) 346-353.
12. BARCEJ-IH, P. Spezifische H autreaktionen
b ei Lepra. Ztschr. Immun . u . Theraf. 49
( 1926) 529-531.
13. BECHELLI, L. M. and Supuppo, R. Explora9ao fun ctional do figado nos doentes
lepromatosos com a prova da galactose,
rea9ao d e T akata, rea9ao d e TakataUcko, rea90es do Hijmans, v. d . Bergh e
Prova da santonina. Rev. Bras. Lepra!.

11 (1943) 221-236.

353

n. Leprosy and geneti cs.
A review of past research with remarks
concerning future investigations. Bull.
WHO 37 (1967) 461-476.
15. BEICUE LMA N, B. Some remarks on the
genetics of leprosy resistance. Acta
Genet. Med . et Gemellol. ( Roma ) 17

14. BElcuELI"rAN,

( 1968) 584-594.
16 . . BERNA RD, J. C . Resultados del estudio
anatomopatologico d e 40 autopsias d e
enferm os de lepra. Re v. Argent. Leprol .

3 (1966) 71-76.
17. BERNARD, J . C . and VAZQUEZ, C. A. J.
Visceral lesions ill leproma tous le prosy.
Study of sixty necropsies. Interna t. J.
Leprosy 41, No . 1. In press .
18. BEURMANN, M. , DE GOUGE ROT, 11, and
LAROCHE, G. Lepra 2 ( 1910 ) 177 & 186.
19. BI NFOHD, C. H. Comprehensive program
for inoculation of human leprosy into
laboratory animals. Pub I. I-Ilth . Rep . 71

( 1956 ) 995-996.
20. BLACK, S. I-I. Th e pathology of leprosy.
111: Tuberculosis and Leprosy, th e M ycobacte rial Diseases. Symp:)sium Series,
Vol. 1, Amer. Ass. Advan cement Sc.,
Lan caste r, Pa.; The Scie nce Press Printin g Co., 1938, pp 97-105.
21. BLACKBURN, W. H. a nd GOSSMAN, ' B.
Differentia tion of keloid and h yp erplas tic
scar. Arch . Path . 82 ( 1966) 65.
22. Blood transfusion s in Pretoria. Internat.
J. Leprosy 8 ( 1940 ) 380.
23. BLUMBERC, B., S., MELAHTI N, L. LECHAT, M. F. and GUINTO, H. S. Associati on b etween lepromatous leprosy and
Australia an ti gen. Lan cet 2 ( 1967) 173-

176.
24. BLu MBEHc, B. S. and MELARTI N, L .
Australia antigen and leproma tous lep rosy studi es in South India and elsewhere. Internat. J . Leprosy 38 ( 1970 )

60-67.
25. BOECK, C. 'vY. and DA NIELSSEN. Om
Sl1edalskh ed . Christiania, 1847.
26. BONOMO, L. , DAMlI,rAcco, F. , MENECIIINI, C. and LOSPALLUTO, M. Cryoglobuline mia in lepromatous leprosy: an
immun e complex phenomenon. Intemat.
J. Leprosy 39 (l971) 554-555.
27. BHA ND, P. W . The reconstruction of the
h and in leprosy. L eprosy Rev. 24 ( 1953)

104-116.
28. BHAND, P. W . T e mpera ture va riation an d
leprosy deformity. Internat.

J. Leprosy

27 _( 1959) 1-7.
29. BHAND, P. 'vY. D eformity ill leprosy. 111:
Leprosy in Theory and Practice. R. G.

354

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

I nternatiol1ol Journal of Leprosy
Cochrane and T. F. Davey, Eds. Bristol :
John Wright and Sons. Ltd. 1964. pp
447-496.
UHlECEH, E. M. and ALLEN, J . M. Cytopathological changes in lepra cells.
Expel'. Cell Res. 28 (1962) 438-440.
BULLOCK, W. E. Studies of immune
mechanisms in leprosy. 1. Depression of
delayed allergic response to skin test antigens. New Eng. J. Med. 278 (1968)
298-304.
BULLOCK, W. A., Ho, M. F., CHEN,
M. J. Studies of immune mechanism in
leprosy. II. Quantitative relationships of
IgG, IgA and IgM immunoglobulins. J.
Lab. Clin. Md . 75 (1970) 863-870.
BULLOC K, W. E. and F ASAL, P. Studies
of immune mechanism in leprosy. III .
Th e role of cellular and humoral factors
in impairment of the in vitro immune response. J. Immunol. 106 (l971) 888899.
BULLOCK, W. E., FIELDS, J. P., and
BnA NDHlss, M. "V. An evaluation of
transfer factor as immunotherapy for patients with lepromatous leprosy. New
Eng. J. Med . 287 ( 1972) 1054-1060.
BUHNET, Sill MACFAHLANE. Th e Clonal
Selection Th eol'Y uf Acquired Immunity .
The Abraham F lexner Lectures, 1958.
Nashville: Vanderbilt University Press,
1959.
BUHHows, H. Some Factors in the Localization of Disease in the Body. New
York: W illiam Wood & Co., 1932.
CAJ\(AIN, R. , KEHBAsTAnD, P. and DEVAUX, J. Ponctions-biopsies hepatiques
chez des lcpreux non traites et des "contacts d e lepreux". Bull. Soc. Path. Exot.
40 (1957) 351-355.
CAMPOS, R. DE C., J . and MOLINA, S. M.
Visceral tllberculoid leprosy. Internal. J.
Leprosy 18 (1950) 351-358.
CEDEHCREUTZ, A Finska Uiksallsk, HId.
60 (1918) 1.
CHAUSSINAND, R. Tuberculose et Lepre,
Maladies Antagoniques. Internal. J. L eprosy 16 (1948) 431-438.
CHAUSSINAND, R. A propose de J'experimentation de la vaccination par Ie BCG
dans la prophylaxie de Ia lepre. Internal.
J. Leprosy 23 (1955) 270-279.
CIACCIO, I. (A review of the subject of
keloids in leprosy. G. Ital. D ermatol :
S.P. Sif. 80 (1939) 877.
COCHHANE, R. G. Observations in the
West Indies. Internal. J. Leprosy 3
(1935) 3.

1973

44. COCIIHANE, R. G. A Practical Textbouk
of Le prosy . London: Oxford Univ. Press,
1947.
45. CocHnANE, R. G. The correlation of th e
histopathological picture in leprosy with
the clinical signs. Ciba Symposium . 9
(1961) 238-247.
46. Conference on leprosy h eld at Pretoria
Leper Institution on September 18-19,
1944. Minutes. Internal. J. Le prosy 12
(1944) 105-113.
47. DANIELSSEN, D. C. and BOECK, C . "V.
Atlas Calorie de Spedalskh ed . Bergen :
Norwegian Government, 1847. Heprinted
with black and white illustrations by
Souza-Araujo, H. C. Hio de Jan eiro:
Instituto Oswaldo Cruz, 1946.
48. DASTUR, K. D . Cutaneous nerves in leprosy: The relationship b etween histopathology and cutaneous sensibility.
Brain 78 (1955) 615-633.
49. DAVEY, T . F. Some observations on the
role of allergy in leprosy. Leprosy Rev.
17 ( 1946) 42-62.
50. DAVISON, A. R., KOOIJ , R. and WAINWHICHT, T- Classification of leprosy. II.
The value of fat .staining in classification.
Internal. J. Leprosy 28 ( 1960) 126-132.
51. DECOUl D, C. A comparative study of the
nerve branches of th e skin in tuberculoid
and lepromatous leprosy. Internal. J.
Leprosy 16 ( 1948) 451-458.
52. DEmo, K. Mitth . u . Verhandl. internal.
wissesch. Lepra-Conferenz. Berlin , 1897.
53. DESIKAN, K. V. and JOB, C. K. A review
of post-mortem findings in 37 cases of
le prosy. Intemat. J. Leprosy 36 (1968)
32-44.
54. DESIKAN, K. V. and lYER, C. G. S. Histoid variety of lepromatous leprosy. A
histopathologic study. Internat. J. Leprosy 40 (1972) 149-156.
55. DHAnJ\lENDHA. The immunological skin
tests in leprosy. Part 1. The isolation of
a protein antigen of Mycohacteritllll fe prae. Ind. Jour. Med . Hes. 30 (1942)
1-7. Part II. The isolated protein antigen
in relation to th e classical Mitsuda reaction and the early reaction to lepromin.
oJ) cit pp 9-22.
56. DHAHl\fENDRA. Leprosy in ancient Indian medicin e. Internal. J. L eprosy. 15
( 1947) 424-430.
57. DIIOPLE, A. M. and HANKS, J. H . The
energetics ( ATP) of M ycobl/cterium iepraemurium in diffusion chambers incubated in vitro and in rJiw . Internal. J .
Leprosy 40 (1972) 465-466.

58. DIERKS, R. E. and SHEPAIID, C. C. Effect

rosy. Intemat.

of phytohemagglutinin and various mycobacterial antigens on lymphocyte cultures
from leprosy patients. Proc. Soc. Exp.
BioI. Med . 127 (1968) 391-395.
59. DRUTZ, K. J., CHEN, T. S. N., and Lu,
W. H . The continuous bacte remia of
lepromatous leprosy. New Eng. J. Med.

38.

J.

Leprosy 22 ( 19.'54) 31-

74. GERLACH, W. Virchow's Arch. f. path.
An at. 125 (1891) 126.
75. GODAL, T. and REES, R. J. W. Fate of
Mycobacterium /eprae in macrophages

1036-1039.
61. Editorial. Cellular immunity in infectious
diseases. Lan cet 2 ( 1969) 253-255. Abstrac t IJL 38: 106.
62. Em c KsoN, P. T . and JOHANSEN, F . A.

of patients with lepromatous or tuberculoid leprosy. Internat. J. Leprosy 38
( 1970) 439-442 (Correspondence ).
76 . . GODAL, T. , REES, R. J. W. and LAMVIK,
J. O. Lymphocyte-m ediated modification
of blood -d erived macrophage fun ction in
vi//'{); inhibition of growth of intracellular
mycob acteria with Iymph okines. Clin.
Exp . Immuno!. 8 (1971) 625-637.
77. GODAL, T ., LOFGREN, M. and NEGASSr, K.
Immune response to M . leprae of h ealth y
leprosy contacts. Internal. J. Leprosy 40

Bon e changes in leprosy under sulfone
treatment. Intemat. J. Leprosy 16 (1948)

(1972) 243-250.
78. GODAL, T ., MYRVANG, 8. , FHOLAND, S. S.,

147-156.
63. Em,rAKovA, NINA. Studies on leprosy.
J. The central sympathetic and periph-

SHAO, J. and MELAKU, G . Evidence that
th e mechanism of immunological tolerance (,Central failure') is operative in
the lack of host resistan ce in lepromatous leprosy. Scand. J. Immunol. 1

287 (1972) 159-164.
60. DWYER, J. M., BULLOCK, W . E. and
FIELDS, J. P . Disturbance of the blood
T: B lymphocyte ratio in lepromatous
leprosy. New Eng. J. Med. 288 (1973)

eral ne rvous systems. Internat. J. Leprosy
4 ( 1936) 325-336.
64. ERi\[AKOVA, N. I. The histopathology of
th e reactive phase of leproma tous leprosy. Internat. J. Leprosy 8 (1940) 150-

166.
65. ERMAKOVA, N. E . Injury of nerve elem ents of the tongue root in lepromatous
leprosy. Internat. J. Leprosy 15 (1947)

15-20.
66. F ERNANDEZ, J. M . M. The early reaction induced by lepromin . Internat. J.
Leprosy 8 (1940) 1-14.
67. F ERNA NDEZ, J . M. M. Estud io comparativo de la reaccion de Mitsuda con las
reacciones tuberculinica. Rev. Argentina
D ermatosif. 23 (1939) Abstract, Internat. J. Leprosy 8 (1940) 133.
68. FITE, G. L. The vascular lesions of leprosy. Internat. J. Leprosy 9 (1941) 193-

202.
69. F ITE, G. L. Leprosy from the histologic
viewpoint. Arch. Path. 35 ( 1943) 611644.
70. FRENKEN, J. H. Diffuse Le prosy of Lucio
and La/api. Oran gestad, Aruba , Netherlands Antilles: D e Wit Inc., 1963.
71. F URNISS, A. L. Lymph glands in leprosy.
Indian J. Med . Sc. 7 (1953) 475-481.
72. GATL-PECZALSKA , K. J., LIM, S. D .,

•

355

Skinsnes; Immuno-pathology of Leprosy

41, 3

JACOBSON, R. R. and GOOD, R. A. B
lymphocytes in lepromatolls leprosy. New
Eng. J. Med . 288 (1973) 1033-1035.
73. GASS, H . H . and BALASUBRAHMANYAN,
M. Changes in cutaneous n erves in lep-

(1972) 311-321.
79. GOOD, R. A. and GABRIELSEN, A. E.
( Eds.). Th e Thymus in Immunohiology .
New York : Harper & Row, 1964.
80. HADLER, W . A. Some cytoch emical and
cytophysiological properties of cells from
tuhe rculoid and lepromatous lesion s. L eprosy Rev. 36 (1965) 171-VB.
81. HAN, S. H., WEISER., H. S. and T SENG,
J. J. Inhibition of macrophage migration
by lymphocytes from leprosy patients in
the presence of PPD and extracts of M .
leprae . Intemat. J. Leprosy 38 ( 1970)

356.
82. HAN, S. H., WEISER, R. S., and KAU, S.
T. Prolonged survival of skin allografts
in leprosy patients. Internat. J. L eprosy

39 (1971) 1-6.
83. HAN, S. H., WEISEH, R. S., TSE NG, J. J.
and KAU, S. T . L ymph ocyte transfe r reactions in leprosy. Internat. J. Le prosy

39 ( 1971) 715-718.
84. HA N, S. H., WEISER, R. S., TSENG ,

J. J.
and KA U, S. T. Lymphotoxin production
hy lymphocytes from le prosy patients.
Internal. T. Leprosy 39 (1971) 719-725.
85. HAN , S. H. , WETSEH, R. S. and LIN, Y. C.
Transformation of leprous lymphocy tes
hy leprolin , tuberculin and phvtohe magglutinin . Intern at. J. Leprosy 39 (197 1)

789-795.
86. HA NKS, .T . H. A note on the numbers of
leprosy bacilli which may occur in leprous

356

87.

88.

89.

90.

91.

92.

93.

94.
95.

96.
97.
98.

99.

100.

International Journal of Leprosy
nodules. Internat. J. Leprosy 13 (1945)
25-30.
HANKS, J. H. The fate of leprosy bacilli
in fibroblasts cultivated from macular and
tuberculoid lesions. Internat. J. Leprosy
15 (1947) 31-47. The fate of leprosy
bacilli in fibroblasts cultivated from lepromatous lesions. Ibid . 15 (1947) 48-64.
HANKS, J. H. and FERNANDEZ, J. M. M.
Enhancement of resistance to murine leprosy by BCG plus specific antigen. Internat. J. Leprosy 24 (1956) 65-73.
HANKS, J. H. Immunology and serology.
Implication of skin and serologic reactivity. In: Transactions of the Symposium
on Research in Leprosy. Leonard Wood
Memorial and The Johns H opkins University, 1961, pp 36-56.
HANSEN, G. and LOOFT, C. Die lepra
vom Klinischen und Pathologisch anatomischen Standpunkcte. T. G. Cassel, ed.,
Fisher & Co., 1894, p. 45. Translated by
N. Walder, Bristol: John Wright & Co.,
1895.
HARADA, K. Histochemical studies of leprosy. Report I. The mode of formation of
lepra cells. La Lepro 25 (1956) 21-27.
HARADA, K. Histochemical studies of leprosy. Report II. The mode of formation
of "acute infiltration." La Lepro 25
(1956) 29-36.
HARBITZ, F. Trophoneurotic changes in
bone and joint in leprosy. Arch. Int. Med.
6 (1910) 147-169: Lepra II (1910) 341361.
HAYASHI, FUMIO. Mitsuda's skin reaction
in leprosy. Internat. J. Leprosy 1 (1933)
31-38; Leprosy Rev. 4 (1933) 159-165.
HAYASHI, YOSHINOBU. On a pure culture
of leprosy bacilli, and a skin reaction by
means of the pure culture suspension.
Saikingaku Zasshi (Journal of Bacteriology) No. 272. (1918) 51-53 (published
by the Kitasato Institute). Reprinted in
translation by the author. Internat. J.
Leprosy 21 (1953) 370-372.
HEIBERG, H. Om lepra mutilans. Klin.
Aarbog 3 (1886) 301-319.
HIRAI, M., SAKAKI, N., and NAMBA, M.
Leprous bulbar palsy. Internat. J. Leprosy 40 (1972) 461-462.
HJORTING-HANSEN, E., KLOFT, B., and
SCHMIDT, H. Leprotic granuloma in the
maxilla. Internat. J. Leprosy 33 (1965)
83-88.
HOGGAN, F. E . and HOGGAN, G. Arch. de
Physio!. 13 (1881) Cited by Lie (134).
HOPKINS, R., DENNEY, O. D. and JOHAN-

101.

102.

103.

104.

105.
106.

107.

108.
109.
1l0.

Ill.

ll2.

ll3.

1973

SEN, F. A. Arch. f. Dermat. u. Syph. 20
(1929) 767.
HOXTER, G., BATISTA, L. and VELLlNJ,
L. L. Estuclos electrofroeticos nas diversas
form as clinicas da lepro . Rev. Bras.
Lepro!. 19 (1951) 27-40.
HUA, T'o. HUG To Sen Yi Pei Fang Ta
Chtten. ("Complete Secret Remedies of
Hua T'o") Quoted by Skinsnes, O.K.
Leprosy in Society. II. The pattern of
concept and reaction to leprosy in Oriental antiquity. Leprosy Rev. 35 (1964)
106-122.
IcNACIO, J. L., PALAFOX, C. A. and JosE,
F. A., In. Mitsucla reactions induced by
repeated lepromin testing in children rem oved at birth from their leprous parents.
Failure of BCG to induce strong reactivity in persistently moderate reactors.
Internat. J. Leprosy 23 (1955) 259-269.
IMAEDA, T. and CONVIT, J. Electron
microscope study of MycolJacterium
le prae and its environment in a vesicular
leprosy les ion. J. Bact. 83 (1962) 43-52.
ISHIHARA, S. Studies on serum protein in
leprosy. First and second reports. La
Lepro 19 (1950) ;3-11.
JADASSOHN, J. Ueber tuberculoide Veranderrungen in der Haut bei nicht
tuberoser Lepra. Proc. VI Germari Congresses of Dermatology, 1898. Reprinted
in English translation by R. L. Meyer,
Internat. J. Leprosy 28 (1960) 444-452.
IHA, P. , BALAKRISHNAN, K., TALWAR, G.
P. and BHUTANI, L. K. Status of humoral
immune responses in leprosy. Internat. J.
Leprosy 39 (1971) 14-19.
JOB, C. K. Pathology of leprous osteomyelitis. Internat. J. Leprosy 31 (1963) 2633.
JOB, C. K. and MAC..\DEN, V. P. Leprous
orchitis in reactional borderline cases.
Internat. J. Leprosy 31 (1963) 273-279.
JOB, C. K., GUDE, S., and MACADEN, V.
P. Erythema nodosum le·prosum. A
clin ico-pathologic study. Internat. J.
Leprosy 32 (1964) 177-184.
JOB, C. K. and DESIKAN, K. V. Pathologic
changes and their distribution in peripheral nerves in lepromatous leprosy.
Internat. J. Leprosy 36 (1968) 257-270.
JOHNSON. L. C. Circulation and bone
(Charc3t's disease and trophic change).
Tn : H enry Ford Hospital International
Symposium on Bone Biodynamics. H . M.
Frost, Ed. Boston : Little, Brown & Co.
1964, pp 603-606.
KARAT, A. B. A. Acid-fast bacilli in bone

41, 3

114.

115.

116.

117.

lIB.

119.

120.

121.

122.

123.

124.

125.

Skinsnes: Immuno-pathology of Leprosy

marrow of leprosy patients. Internat. J.
Leprosy 34 (1966) 415-419.
KEAN, B. H. and CHILDRESS, M. E. A
summary of 103 autopsies on leprosy
patients on the Isthmus of Panama. Internat. J. Leprosy 10 (1942) 51-59.
KHANOLKAR, V. R. Pathology of leprosy.
In: Leprosy in Theory and Practice. R.
C. Cochrane and T. F. Davey, Eds. Bristol: John Wright & Sons, Ltd., 2nd Edit.
(1964) 125-151.
KIIANOLKAR, V. R. Studies in the histology of early lesions in leprosy. Indian
Council of Medical Research, Special Report Series, No. 19. New Delhi, 1951.
Reprinted in: Leprosy in India 24
(1952) 62-77.
KHANOLKAR, V. R. Perspectives III pathology of leprosy. Indian Jour. Med. Sc.
9 (1955, Supplement) 1-44.
KHANOLKAR, V. R. and COCHRANE, R. C.
Classification of leprosy with special reference to macules. Internat. J. Leprosy
21 (1953) 559-560; The dimorphous
macular lesion in leprosy. Indian J. Med.
Sc. 10 (1956) 499-505.
KI-IANOLKAR, V. R. Diagnosis of leprosy.
Leprosy Rev. 32 (1961) 15B-166. Reprinted from Triangle, the Sandoz Jour.
Med. Sc. 4 (1960) 251-259.
KINNEAR, A. A. and DAVISON, A. R. Hormone excretion and liver function in the
gynecomastia of leprosy. In tern at. J.
Leprosy 25 (1957) 110-11B.
KmCI-II-IETlVIER, W. F., STOHHS, E. E. and
BINFOHD, C. H. Attempts to establish the
armadillo (Dasyvus novemcinctus Linn.)
as a model for the study of leprosy. II.
Histopathologic and bacteriologic postmortem findings in lepromatoid leprosy
in the armadillo. Internat. J. Leprosy 40
( 1972) 229-242.
KLlNGJl1:ULLER, V. Ueber tuberculoseahnliche Verilnderungen der Haut mit Auftreten von epithelioden-, Riesen-Zellen
und Nedrose bei Lepra maculo-anaesthetica. Lepra 1 (1900) 30-37.
KLINGMULLEH, V. Die Lepra. Halldbuch
d el' Haut- und Geschlechtskrankheitell.
Berlin: V. Julius Springer, 1930, pp 312
& 333-334.
KOBAYASHT, W . Ueber die viscerale
Lepra. Monographiae actorum dermatologicorum. A. Series dermatologica, No.
4. Kyoto, 1929.
Ko HUNG. Chou Hou Pei Chi Fang ("Prescriptions for Emergencies.") Quoted by
Skinsnes, O. K. Leprosy Rev. 35 (1964)
106-122.

357

126. LANDSTEINER, K. and CHASE, M. W.
Studies on the sensitization of animals
with simple chemical compounds. VII.
Skin sensitization by intraperitoneal injections. J. Exper. Med. 71 (1940) 237.
127. LARA, C. B. Mitsuda's skin reaction (leprolin test) in young children of leprous
parents. 1. Observations on children from
one to five years old. Mo. Bull. Bur. Hlth .
. (Manila) 19 (1939) 15-47. Idem 2. Observations on newly-born to eighteenmonth-old children. Internat. J. Leprosy
8 (1940) 15-2B.
12B. LATA PI, F. and ZAMORA, A. C. The
"spotted" leprosy of Lucio (la lepra
"Manchada" de Lucio). An introduction
to its clinical and histological study. Internat. J. Leprosy 16 (1948) 421-430.
129. LAWRENCE, H. S. Tran sfer factor. Advances Immun. 11 (1969) 195.
130. LECHAT, M. F. Bone lesions in leprosy.
Internat. J. Leprosy 30 (1962) 125-137.
131. LIE, H . P. Lepra im Ruckenmark und
den pel'ipheren Nerven. Wi en and Leipzig, 1904.
132. LIE, H. P. Tracheitis and bronchitis leprosa. Internat. J. Leprosy 4 (1936) 2Bl2BB.

133. LIM, S. D. and FUSARO, H. M. Leprosy.
IV. The Quantitation of immune globulins (IgC, IgA, and IgM) in leprosy sera.
Internat. J. Leprosy 36 (1968) 144-153.
134. LIM, S. D ., FUSARO, R. and COOD, R. A.
Leprosy VI. The tr~atm ent of leprosy
patients with intravenous infusions of leukocytes from normal persons. Clin. Immuno!. Immunopath. 1 (1972) 122-139.
135. LOWE, J. and DI-IARMENDRA. Sternum
puncture in leprosy, a study of 50 cases.
Leprosy in India 9 (1937) 121.
136. L9WE, J. and McNuLTY, F. Tuberculosis
and leprosy. Immunological studies. Leprosy Rev. 24 (1953) 61-90.
137. LOWE, J. The leprosy bacillus and the
host reaction to it. In: Experimental Tuberculosis with an Addendum on Leprosy. Ciba Foundation Symposium. London: J. A. Churchill Ltd., 1955, pp 344354.
13B. LUMSDEN, C. E. Leprosy and the
Schwann cell in vivo and in vitro. In:
Leprosy in Theory and Practire. R. C .
Coc1'rane and T . F. Davey, Eds. Bristol:
John Wright & Sons, Ltd. 2nd Edit.
(1964) 221-250.
]39. MABALAY, M. C., HELWIG, E. B., TOLENTINO, J. C. and BINFORD, C. H. The histopathology and histochemistry of ery-

358

140.
141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

1.51 .

152.

International Journal of Leprosy
therna nodosum leprosum. Internat. J.
Leprosy 33 ( 1965 ) 28-49.
MALASSEZ. Bull. Soc. Anat. Paris 46
(1871) 49.
MAN]A, S. K., BEDl, B. M. S., KASTUR,
C ., KIHCHHEIl\lER, vV. F. and BALASUBRAHMANYAN, N. D emonstration of
Mycobacterium leprae and its viability
in the peripheral blood of leprosy patients. Leprosy Rev. 43 ( 1972 ) 181-187.
MARIANI, C . Osservazioni sopra un a
forma speciale di allergia cutaea nella
lebbI;a (lepra tuberculoide sperimentale
nell'uomo) . Pathologica 16 (1924) 451477.
MAHIANI, C . Nuove osservazioni sulle
reazioni prova te sperimentalmente con
materiale lebbroso neU'uomo. C. Ital.
D ermatol. Sif. 66 (1925) 402-426.
MARTI NS DE CASTRO, A. and MARTINS DE
CASTRO, A., JR. Lepra e tumores maIignos . Contribui<;iio aD seu estudo amltomo-clinico. Rev. Bras. Leprol. 5
( 1937) 179-222.
MICHALANY, J. Malign ant tumors of the
skin among leprosy patients. Internat. J.
Leprosy 34 ( 1966) 274-286.
MITSUDA, K. The significance of th e
vacuole in th e Virchow lepra cell, and
the distribution of lepra cells in certain
organs. Reprinted in English translation.
Internat. J. Leprosy 4 (1936) 491-508.
MlTSUDA, K. and OGAWA, M. A. A study
of one hundred and fifty autopsies of
cases of leprosy. Internat. J. Leprosy 5
( 1937) 53-60.
MlTSUDA, K. Atlas of L eprosy. Papers in
Leprosy, Vol. VI. Okayama, Japan:
Chotokai Foundation. 1952.
MITSUDA, K. On the value of a skin reaction to a suspension of leprous nodules.
Hifuka Hinyoka Zasshi (Japanese Journal of Dermatology and Urology) 19
(1919) 697-708. Reprinted in translation by the author. Internat. J. Leprosy
21 (1953) 347-358.
MOLLER-CHRISTENSEN, V., BAAKE, S. N.,
MELSOM, R. S. and WAALER, E. Changes
in the anterior nasal spine and the alveolar process of the maxillary hone in leprosy. Internat. J. Leprosy 20 (1952) 335340.
MOLLER-CHRISTENSEN. V. T en Lepers
from Naestved in D enmark. Copenhagen : Danish Science Press, 1953.
N AMRA , M. and FUJIWARA, H. Studies
on the electroohoresis of leprous serum .
La Lepro 21 (1952) 5-10.

1973

153. NAVA LKAH, R. C. Immunologic analysis
of Mycobact erium leprae anti gens by
means of ddfusion -in-gel methods. Internat. J. Leprosy 39 ( 1971) 105-112.
154. NEISSEH, A. Ziemssens Halldhtl ch. 1883.
155. NISHIUHA, M. The electron microscopic
basis of the pathology of leprosy. Internat. J. Leprosy 28 (1960) 357-400.
156. NOLASCO, J. O. and LABA, C. B. Histological study of an early case of leprosy
in a young child of leprous parents . Report of a case with autopsy. Internat. J.
Leprosy 9 ( 1941) 18 1-192.
157. OKADA , S. Studies on tuberculoid visceral leprosy. Tuberculoid granulomas in
the liver revealed by pun cture biopsy.
Intern at. J. Leprosy 22 ( 1954) 41-45.
158. OLEINICK, A. Survival among leprosy patients with special consideration of cancer as a cause of death. Internat. J. Leprosy 36 (1968) 318-327.
159. PABADlSI, E. R.o DE BONAPARTE, Y. P.
and MOH(;ANFELD, M. C . Blasts in lepromatous leprosy. Lancet 1 ( 1968) 308309.
160. PATEHSON, D. E . Radiological bone
changes and angiographic findings in
leprosy with spedal reference to pathogenesis of 'atrophic' conditions of digits.
J. Fac. Radio!. (London) 7 ( 1955) 3556.
161. PATERSON, D. E. Bon e changes in leprosy. Th eir incidence, progress, prevention and arrest. Internat. J. Leprosy 29
( 1961) 393-442.
162. PEAHSALL, N. N. and \VEISER, R. S. The
Macroplwf!,e . Philadelphia : Lea & Febiger, 1970, pp 27-30.
163. PISANI, R. C . B., BEI(;UELMAN, B. and
OPROMOLLA. D. V. A. In vitra b ehavio~
of bll)od derived macrophages against
killed M. levrae. Internat. J. Leprosy 41,
No. 1.
164. POWELL, C. and SWANN, L. Pathological
changes observed in 50 c'lnsecutive
necropsies. Am. J. Path. 31 (1955)
1131-1147.
16.5. RHODES-JONES, R. An investigation into
hacillaemia in leprosy. Leprosy Rev. 34
(1963) 26-28.
166. RIDL,"Y, D . S. and JOPLING , W . H. A
classifi cation of leprosy for research purposes. Lpprosy Rev. 33 (1962) 119-128.
167. R'DLEY, D. S. and JOPLlNG, W . H. Classifica tion of leprosv accnrding to immunity.
A five-Q'rnUIl svstem. Intemat. J. Leprosy
34 (1966) 255-273.
168. R'GHTSEL. \V. A. and WIYGUL, W . C.
Crowth of M1Jcohacterium lepraemurium

41, 3

169.
170.

171.
172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

Skinsnes: Immuno-pathology of Leprosy
in millipore diffusion chambers. Intemal.
J. Leprosy 38 (1970) 343-344.
HIVAS, D. Bacteremic' nature of leprosy.
JAMA59 (1912) 298.
HODRTCUEZ, E., DE BONAPARTE, Y. P.,
MORCENFELD, M. C. and CABRINI, R. L.
Malignant lymphomas in leprosy patients.
A clinical and histopathologic study. In ternal. J. Leprosy 36 (1968) 203-212.
HODRICUEZ, J. N. The histoid leproma.
Internal. J. Leprosy 37 (1969) 1-21.
Hoss, SISTER HILARY. The blood in leprosy: mClrphology, chemistry, immunology. Part II. Chemistry. Leprosy nriefs
6 (1955) 26-31.
HYHIE, G. A. Regional differences in leprosy. Leprosy among Chinese in Malaya.
Leprosy Hev. 19 (1948) 4-1l.
SAKUHAT, I., and SKINSNES, O. K. Studies
on lipids in leprosy. I. Histochemistry
of lipids in human leprosy. Internal. J.
Leprosy 38 (1970) 389-403.
SAKURAT, I., and SKINSNES, O. K. Studies
on li pids in leprosy. 2. Chromatographi c
analysis of lipid in leprosy. Internat. J.
Leprosy 39 (1971) 113-129.
SANCHEZ, J. Lepromatous leprosy with
lesions resembling nodular subepidermal
fibrosis. Internat. J. Leprosy 33 (1965)
179-185.
SHAHMA, K. D. and SHHlVASTAV, J. P.
Lymph nodes in leprosy. Internat. J.
Leprosy 26 (1958) 41-51.
SKINSNES, O. K. and thCA, L. H. The
role of protein malnutrition in th e pathogenesis of "Lazarine" leprosy. (Submitted
for publication).
SKINSNES, O. K. The immunologic spectrum of leprosy. In: Leprosy in Theory
and Practice. 11. G. Cochrane and T. F.
Davey, Eds. Bristol: John Wright & Sons,
Ltd. 2nd Edit. (1964) 156-182.
SKINSNES, O. K. The defense mechanism
in leprosy as related to th e visceral lesions and to malnutrition. ProG. VIIth
Internal. Congress of L eprology . Tokyo:
T ofu Kyokai. 1959, pp 222-229.
SKINSNES, O. K. Comparative pathogenesis of the mycobacterioses. Tn :
Biology of the Mycobacterioses. T. L.
I-Tall , ed. Ann . N.Y. Acad. Sc. 154, Art. 1
(1968) 19-3l.
SKINSNES, O. K. "First infection" type
leprosy. Inte.rnal. J. Leprosy 37 (1969)
310-313.
SKINSNES, O. K. Leprosy and the concept of Granuloma. Internal. J. Leprosy
38 (1970) 203-206.

359

184. SKINSNES, O. K. and ELvovE, 11. M. Leprosy in society. V. "Leprosy" in Occidental literature. Internat. J. Leprosy 38
(1970) 294-307.
185. SKINSNES, O. K. and YAl\IASHIHO, K. M.
Morphology and pathogenesis of periphreal nerve involvement in leprosy. Internal. J. Leprosy 38 (1970) 321-352.
186. SKINSNES, O. K. Leprosy-a model for
the understanding of granulomatous disease. Internat. J . .L eprosy 39 (1971) 185188.
187. SKINSNES, O . K., SAKUHAT, I. and AQUINO,
T. 1. Pathogen esis of extremity deformity in leprosy. Internal. J. Leprosy 40
(1972) 375-388.
188. SOEGAARO, N. Lepra und Carcinom.
2269 Todesfiille mit erkannter Todesursache in den norweischen Leprahospitalern . Berlin klin . Wschr. 47 (1910)
2239-2341.
189. SOOD, V. K. and GRUEBEH, H . L. E. Correlation of histopathologic changes in the
liver. and bone marrow of leprosy patients. Internal. J. Leprosy 37 (1969)
28-39.
190. SOUZA CAMPOS, N., DE. Hesultado do
"leprolin-test" nos preventorios de filhos
de leprosos. (Estudo realisado nos Preventorios de Jacardhy e Asylo Sta. Therezinha). Rev. Bras. Lepro!. 4 (1938)
3 ] -48.
191. SOUZA C"l\[POS, N., DE . Da importancia
da lepromino-reaciio no controle das
criancas recolhidas nos proventorios. Hev.
Bras. Lepro!. 14 (1946) 3-20.
192. SOUZA CAl\[POS, N ., DE. 0 BCG na profilaxia da lepra. Rev. Bras. Lepro!. 21
(1953) 292-314.
193. SOUZA L'l\[A, L., DE and SOUZA CAMPOS,
N., DE. Tmmuno-hiologic anomalies in
leprosy. Internat. J. Leprosy 16 (1948)
9-22.
194. SPICKETT, S. G. Genetic factors in leprosy. In : Leprosy in Theory and Practice.
11. G. Cochrane and T. F . Davey, Eds.
Bristol : John Wright & Sons, Ltd. , 2nd
Edit. (1964) 98-124.
195. SPICKETT, S. G. Genetics and the epidemiology of leprosy. I-The incidence
of leprosy. L eprosy Rev. 33 (1962) 7693.
196. SPICKETT, S. G. Genetics and the epid emiology of leprosy. II-The form of
leprosy. Leprosy Hev. 33 (1962) 173181.
197. SPICKETT, S. G. Letter to the Editor. Leprosy Hev. 34 (1963) 154-156.

360

International Journal of Leprosy

198. STEIN, A. A. Arch. f. Dermatol. 158
(1929) 450.
199. SUDAKEWITSCH, J. Beitr. z. path. Anat. u.
Physio!. 2 ( 1888) 12'9,337.
200. SUTER, E. Some aspects of interacellular
parasitism of pathogenic microorganisms.
A review. Internat. J. Leprosy 22 (1954)
1-11.
201. TAKINO, M. and MIYAKA, S. Acta scholae
mecl. univ. imp. in Kioto 13 (1930) 1.
202. TOYAUA, Q. On the occurrence of cancer
of the skin in lepers. Jap. J. D ermatol.
Uro!. November 1913.
203. TURK', J. L. and WATERS, M. F. R. Immunological basis for depression of cellular immunity and the delayed allergic
response in patients with lepromatous
leprosy. Lancet 2 (1968) 436-438.
204. T URK, J. L. and WATERS, M. F . R. Immunologi cal significance of changes in
lymph nodes across the leprosy spectrum.
Clin. Exp. Immunol. 8 (1971) 363379. Abstract IJL 39: 775.
205. VALENCIA, DE LA 0 , JORGE. Le pra Lep1'Omatosa Difusa 0 L epra de Lucio. Veracruz : Universidad Veracrusana Facultad
d e Medicina, 1964.
206. V AN FURTH, R. (Ed.) Mononuclear
Pha goc ytes. Philadelphia : F. A. Davis
Company. 1970.
207. VERGHESE, M. B. and JOB, C. K. Correlation of liver function with the pathology of the liver in leprosy. Internat. J.
Leprosy 33 (1965) 342-348.
208. VmcHow, R. Die krandhaften Geschwulste. II, 1863. Trans . by Fite, G. L. Virchow's leprosy from Die Krankhaften
Geschwulste. Internat. J. Leprosy 22
(1954) 71-79,205-217.
209. W AALER, E. Changes in the maxillary
hone in leprosy. Internat. J. Leprosy 21
(1953) 617.
210. WADE, H. W. Tuberculoid changes JJ1
leprosy. I. The pathology of tuberculoid
leprosy in South Africa. II. Lepra reaction in tuberculoid leprosy. III. The pathology of a nerve abcess. Internat. J.
Leprosy 2 ( 1934) 7-38, 279-292, 293300.
211. WADE, H. W. and RODRIGUEZ, J. N.
Borderlin e tuberculoid leprosy. Internat.
J. Leprosy 8 (1940) 307-331.
212. WADE, H. W. The lepromin reaction in
normal dogs; prelimin ary report. Internat.
J. Leprosy 9 (1941) 39-56.
213. WADE, H. W . The "Lucio" and "Lazarine" forms of leprosy. Internat. J. Leprosy 17 (1949) 95-102.

1973

214. WADE, H. W. The beginnings with BCG
in leprosy work. Internat. J. Leprosy 24
(1956) 191-194.
215. WADE, H. W. The histoid variety of
lepromatous leprosy. Internat. J. Leprosy
31 ( 1963) 129-142.
216. WADE, H . W. The Iysosomes. Internat. J.
Leprosy 33 (1965) 351-355.
217. WATERS, M. F. R. , TUHK, J. L. ·and
WEMAMBU, S. N. C. Mechanisms of reaction in leprosy. Internat. J. Leprosy 39
(J971) 417-428.
218. WATSON, R. A. and SKINSNES, O. K.
Genitou rin ary leprosy. (A review-in
press. )
219. WEDDELL, A. G. M., JAlIIISO:"l, D. C. and
PALlIlEH, ELIZABETH. Recent inves tigation into the sensory and neurohistological changes in leprosy. In: Leprosy
in Theory and Practice, R. G. Cochrane
and T . F. Davey, Eds. Bristol: John
W ri gh t & Sons, Ltd. (1964) 205-220.
220. VVEDDELL, G. Axonal regeneration in
cutaneous nerve plexuses. J. Anat.
(Lond .) 77 ( 1942) 49.
221. WEDDELL, G. and PAUIEII, E. The pathogenesis of leprosy : an experimental approach. Leprosy Rev. 34 ( 1963) 57-61.
222. WHO Expert Committee on Leprosy.
Fourth Report. Who Tech. Rep. Series
No. 549 (1970).
223. WIEHSEI\IA, J. P . and BINFORD, C. H . Th e
identification of leprosy among epithelioid cell granulomas of the skin. Internat.
J. Leprosy 40 ( 1972) 10-32.
224. WILSON J, W. Clinical and Immunologic
AS1Jects'o! Fungous Diseases. Springfield:
Charles C Thomas, 1957.
22.5. WONG, K. C. and Wu, L. T. History of
Chinese Medicin e. Shanghai, China: National Quarantin e Service, 2nd ed., 1936,
pp 209-211.
226. WONG, P. c., CHAN-TEOH, C. H. , Wu,
S., and KENDALL, ]7. H . Transformation
of lymphocytes by phytohemagglutinin
in leprosy sera. Internat. J. Leprosy 39
(1971) 7-13.
227. YANG, H . Y. and SKINSNES, O. K. Intracellular modulation in cellular immunity.
1. Morphologic studies of macrophages
in murine leprosy und er conditions of
immunity enhancement and suppression.
Internal. J. Leprosy 37 ( 1969) 111-129.
2. Macrophage enzvmes in immuni zed,
protein-depleted and control mice during
M. le praemurium infection . Ibid 37
( 1969) 263-269.

