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In epidemiology, as in other branches of medicine, it i:-: inst ructive 
not only to assess our present views but also to measure the progress 
that has been made since some readily identifiable point in history. In 
leprosy the obvious starting point is 1874, when the di scovery of the 
leprosy bacillus was announced. It is proposed to commence a few 
years later , but still at the dawn of the bacteriological era, and take 
advantage of the comprehensive review of the subject by August 
Hirsch (27). 

CONCEPTS O}' 1880 

August Hirsch, sometime professor of medicine in the Univer sity of 
Berlin, was one of the leading physicians of his day. His greatest work, 
entitled: Handbook of Geographical and Historical Pathology, pub
lished in an English translation by Charles Creighton by the New 
Sydenham Society in 1885, is a monumental work and the most com
prehensive treatise ever written on the natural history' of disease. The 
section on leprosy was completed about 1880. After r eviewing all that 
was known concerning its etiology and epidemiology, and r eferring in 
particular to "a few cases which give evidence of a spontaneous origin 
of the disease even in r egions where leprosy as an endemic had been 
extinct for centuries," Hirsch concluded with this discouraging remark: 
"We are here at the limits of our knowledge and there is T),ot a single 
well-fo'unded hypothesis to show us the way beyond." 

The history of leprosy is as obscure today a s it was at the tim e of 
Hirsch. H e accepted early Egyptian accounts as showing that leprosy 
had been endemic in Egypt from the r emotest times. :Modern medical 
historians are a bit skeptical about these descriptions, and they are 
supported somewhat by failure to find the typical mutilations of leprosy 
among large numbers of mummies which have been examined. Biblical 
"leprosy " had been pretty well discounted; it may have included lep
rosy but was used in an inclusive sense for a group of skin diseases. 
The disease was probably present in ancient times in China and in 
India. 

'When and how leprosy r eached Europe was and is unknown. It may 
have reached Greece from Egypt. Its subsequent spread through Eu
rope, which ha s been greatly exaggerated, has been attributed to mili
tary movement, r eturning crusaders and increase in maritime commerce. 

1 Read at the Leomlrd Wood Memoria l-Johns Hopkins U niversity Sympo ium on Resea rch 
in L('pl'osy, Baltimore, Md" May 8-10, 1961. 
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Virchow (51) pointed out that, in Germany, leprosy antedated the First 
Crusade, 1096-1099, but that its occurrence among the Knights of St. 
John and the Templars stimulated the establishment of hospital s. Some 
of the ancient German "leper houses " sheltered people afflicted with 
various chronic diseases. Sir James Simpson (50 ) listed more than one 
hundred "lazarets" that existed in England and 'Scotland during the 
Middle Ages. ,rye now know from the studies of MacArthur (35) that 
some of these places never cared for any leprosy patients and others 
for very few. Nevertheless, leprosy was prevalent in Europe during the 
Middle Ages and declin ed after the 1:3th century. Norway shared in 
this decline but in the early decades of the 19th century an increase wa s 
observed which continued to about 1850 according to Vogelsang (52) . In 
1856 the number of known cases was 28:38. Thereafter the disease de
clined steadily; in 1857, there were recorded 242 new cases, in 1'907, 19 
and in 1957 there were only 7 known cases in the country, none of ,(,'hich 
was in an active state. vVhy the disease increased so r emarkably in 
Norway and not in Denmark or Sweden is one of leprosy's puzzling 
features. Its decline is equally puz7,ling. 

The wide prevalence of leprosy in Asia had been attributed by vari
ous writers to migration of Chinese. Hutchinson (28), a strong advocate 
of the hypothesis that :fi sh diet is an etiologic factor, explained this by 
the statement that the Chinese are skillful cooks and use decomposing 
and potted :fish as delicacies. Hirsch did not admit that the disease ever 
spread from Chinese to other races. It was likewise widespread in 
Africa. In America, apart from localized foci in the northern hemi
sphere, it was chiefly a di sease of the tropical zones to which it was sup
posed by many to have been introduced by infected slaves from Africa 
and by French, Portuguese and Spani sh immigra11ts. . 

In assessing the position of leprosy Hirsch had one great advantage 
over earlier historians. In 1848 the N 01'wegia11 pion eers, Danielssen 
and Boeck (') had published their classical work entitled: "Tl'aite de la 
Spedalskhed ou Elephantiasis des Grecs." The names" nodular" and 
"anesthetic" were proposed to indicate the two principal forms. Grad
ually over the next decades the various clinical varieties of th e disease 
were brought into unity ; a great impetus was given to investigation of 
the disease, and r eports of prevalence became much more r eliable. 

Examining the map of prevalence, Hirsch noted that leprosy was 
indigenous in all latitudes. Its appearance, spread and decline in Eu
rope likewise told against any important influence of climatic conditions. 
The relative frequ ency of the disease in the tropics might be due to the 
debilitating effect of unfavorabl e climate. Ther e was ]10 special r ela
tion to the sea coast, and the theory that leprosy wa. caused or aggra
vated by eating :fish either in immoderate amounts or after it was salted 
or spoiled had no scientific support. Poor environmental conditions such 
as inadequate shelter, dencient diet, filth and r elated factors, might 
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predispose to leprosy, and improvement in these conditions thus ac
count for the r eduction or extinction of the di sease in certain places. On 
the other hand, cases wer e not infrequently observed among well-to-do 
individuals, r emoved from the harmful influences in question; also, the 
malady had disappeared from many localities which used to be much 
afflicted by it, although the most 'vvretched hygienic conditions still ex
isted. Furthermore, there wer e villages in endemic r egions which wer e 
quite exempt whereas other s apparently similar in all r espects wer e 
suhject to the diseas.c. 

As r egards the bas ic qu estion of contagion. ness; Hi rsch marshalled 
a gr eat deal of negative evidence. 

1. The extremely narrow limitation of the disease to certain centel·. , nlthough f ree 
r.ommuni cation and sanitary conditions seemed to favor its conveyance. 

2. Limitati on to parti cular races or nationalities, notwithstanding unrestricted sorial 
intercourse throughout the community. 

3. In innumerable instances the disease in one member of the f amily has not sprelld 
to others. 

4. No case is known of a physician or nurse in n "leper house" lll\ ving contracted the 
disellse. 

5. There is no instance of spread f rom a leper house to residents outside. 
6. Although there arc numerous cases in Europeans who have acquired the disease 

in leprous distri cts not one has ever been a source of transference to others. 

Hirsch placed no weight on histories of contact obtained within en
demic seats of leprosy, criticizing in particular the data published by 
Hansen (22) on such cases in Norway. Also indecisive to him were the 
opinions r ef erring the origin of the disease in the vVestern Hemispher e 
to imported slaves ; the fact might be explained in other \vays. H e dis
missed as a fable the story of the introduction of leprosy into the 
Hawaiian I slands in the 19th century. 

In common with the medical opinion of the day, Hirsch placed great 
importance on her edity. "Ther e is only one kind of conveyance which 
cannot be questioned, I mean that which takes place by way of inheri
tance." The only doubt which he expressed wa s whether the disease as 
such was inherited or 
... whether it is only a pred isposition thereto that we are concerned with, a morbid 
diathesis which inclines the individual to fa ll into the sickness, or makes him specifi clllJy 
susceptible to the morbid p oison. 

In another place he says that the facts go to prove that we must have a 
definite and specific noxious agent, a peculiar infective substance, which 
had once been more or less widely diffused throughout Europe but was 
now active only at certain points in this part of the world. Thus his 
concept was that of an "infections " but not a contagious disease, that 
is, without the necessary implication of a living agent, to which an indi
vidual was predisposed by her edity and probably al so by unfavorable 
clements in the environment . 

. In 1874 Hansen (23) had de cribed small rod-like bodies in the cells of 
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leprosy nodules anll this had been confirmed by several othei's, notable 
among whom was N eisser (H), who had no reservations in stating that 
in leprosy there is a specific kind of bacterium. Hirsch commented on 
these reports without accepting them. Nevertheless he had a concept of 
infectious agents that have the power of r eproduction, as for example, 
the "virus " of syphilis. Forty years earlier H enl e had laid down clearly 
the principles of the specific origin of infectious diseases. In 1862 Pas
teur had published the r esults of crucial experiments which ended the 
doctrin e of spontaneous generation. The bacillus of anthrax had been 
described in animal tissues in 1850 by Davain e and Rayer, and its e sen
t ial role in the disease had been proved by Koch in 1876-77. ,Vith all 
this work Hirsch may be presumed to have been familiar. 

It was therefor e not lack of knowledge of the science of his day 
which made it difficult for Hirsch to accept leprosy as an infectious dis
ease in the modern sense. It was rather certain peculiarities of the dis
ease itself which obstructed his view. 1t should be borne in mind also 
that only the nucleus of the germ theory had yet been r ecognized; ther e 
wer e still major obstacles to be removed by the discovery of insect vec
tors and of the role of healthy carriers. 

PRESENT CONCEPTS 

During the eight decades that have intervened, lep rosy has become 
generally accepted as a specific infectious disease. ~~he overwhelming 
influence of analogy especially with tuberculosis, rather than direct 
proof, has been partly r esponsible for this change in viewpoint. Many 
facts have been learned concerning leprosy which fit this hypothesis 
better than any other which has been advanced. 

The specific agent .-The bacillus observed by Hansen was'll11doubt
edly that known today as Mycobacteriu,m lepra-e. Experimental proof 
of this relationship is still lacking, although progress in this direction 
will be r eported later today at this Symposium. There is no known 
method of cultivation of the bacillus on an artificial medium, and con
sequently there is no method of positive identification. Acid-fast bacilli 
which are similar to one another in morphology and staining properties 
are r egularly and consistently found in the granulomas of the leproma
tous type, less regularly in the tuberculoid. N oncultivable mycobacteria 
have rarely been found in other diseases and in healthy persons. Fur
ther study of this question has been discouraged by the imposs ibility of 
identifying these bacilli. Efforts should be made to confirm the r eport 
from Bombay by Desai (9) of finding almost one-half of contacts, free 
from cutaneous lesions, to be bacteriologically positive. 

Skin testing with a heat-killed suspension of lepromatous tissue con
taining bacilli (lepromin) usually causes no reaction in patients suffer
ing from the lepromatous type, but causes a characteristic reaction in 
a high proportion of those suffering from the tuberculoin. type. No 
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other suhstance or hacillus confol'lll s with leprol1lill ill r espect to both 
negativity in the-lepromatous type aml r('act ivity in the tuberculoid, and 
this is a point to he consid er ed in ic1 (, lltification of cultUl' (,s purporting 
to be of M. leprae. 

Ulcers of the skin and muco us mem hrunes ar (' common in leproma
tous leprosy, and the discharges contain myriads of acid-fast bacilli. 
'rhe skin lesion s of tuberculoid leprosy al so shed acid-fast bacilli in 
large numhers during acute exacerhations, hut during quiescence few 
bacilli can he demon strated in smear s. Acid-fast bacilli may also be 
shed hy un broken skin; they have been reported in the epidermis by 
Muir and Chatterj ee (40) and mOl"(' r('cently hy 'V(' ill eJ" (Or,) an(l h.\T de 
Andrade (l). 

The assumption is made that tran smiss ion may occur by direct or 
indirect contact with an "open" case. This is the simplest hypothesis 
which is in agr eement with the basic facts. Tt must he admitted that the 
proportion of cases even in children whi ch can he traced to a known 
source is far short of what would be anticipated. Guinto et al. eO), for 
example, in a study of 19 case.-, ;) lepromatous and t:l: nonlepromatous, 
in children under ;) year s of age found that all the lepromatous ones 
wer e in children living in hou sehold contact with prior cases of the 
lepromatous type. Of the nonlepromatous cases, 3 wer e in individ
uals exposed to the lepromatous type ancl one in a child exposed to a 
nonlepromatous case; the remaining 10 were in children whose contact 
could not be traced and was probably outside their immediate families. 
It should be added, however, that many of these cases were not dis
covered until considerable periods after onset. 

'Vith r egard to the portal of entry, there is likewise uncertainty. 
The prevailing idea is that the bacilli usually enter the body through 
wounds in the skin. Rare cases give some support, such as that r eported 
1)y M a rchoux (BS) in an assistan t who was accidentally pricked with a 
neccUe during an operation for removal of a leprous nodule; those r e
ported by Porritt and Olsen (43) in two United States marines following 
tattooing; and that reported by Hamilton (21) in a white attendant in a 
lazaret in Australia whose fir st sign was a reddish macule near a scar 
of a cut r eceived 13 year s befor e. Rogers and Muir (46 ) offer, as in
direct support for this view, the obser vation that in India the earliest 
lesion s are more frequently found on the feet in patients from hilly 
and stony districts than in those from districts where the soil is allu
vial. If the portal of entry is through the skin it is obvious that injury, 
causing a break in the continuity of the skin, is a necessary predispos
ing factor. Insect bites are a common cause of such injuries, which may 
h elp to explain the higher prevalence of leprosy in moist, hot climates 
as suggested by Roger s (45) . 

From histologic studies of skin lesions in various stages of develop
m ent, Khanolkar (30) contends that bacilli may enter through unhroken 
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skin , healthy 01' slightly altered, find their way anywhere under the 
epidermis through the superficial lymphatic network, and r each the fine 
nerve twigs of the dermis. :I t is, in his opinion, the lI erves and not the 
lymphatics which are the pathway, and in these nerves the original foci 
of infection a re found , forming epithelioid cells if r esistance is good and 
\'irchow cells if it is not, The possibility of M. leprae actually traveling 
up the axi s cylinders is an interes ting hypothesis, 

A ssocia ti on between " heavv " infection and highet' i'nc'idence rates , 
- J;~piclemiologj c studies have been consistent in finding, in any given 
areH, the highes t illcidellco rates among these who are living in close 
conta ct with per sons suffering fl'om the lepromatous type of the disease. 
J 11 the joint stud ies of the Leonard -Wood Memorial and the Department 
of H ealth of th e Philippines (Doull et al. e O)) it was found that when 
the primary case wa s of the lepromatous type the average attack rate 
for hou , ehold contacts ovor a period of years was equivalent to 6.2 
cases per 1,000 persons pel' year. 'I\Then the primary case wa s tuber 
culoid, on the other hand, the rate was 1'.6 per 1,000. Furthermore, the 
concurrent attack rate for other persons living in the same communities 
but not kno,,'n to have been subjected to hou sehold exposure was only 
0.8 per 1,000. Thus the risk of contracting leprosy was almost foul' 
times as high for those in contact with the lepromatous type as for 
those in contact with the tuberculoid, and almost eight times as high as 
for persons for whom no history of exposure to either t ype could be ob
tained, I n a more r ecent study of data for the same communities, 
Guinto et al. e O) found that the attack rate for those exposed to lepro
matous leprosy ",va s at a lower level (4.4 per 1,000), but ag'ain about four 
times that of those exposed to nonlepromatous forms. The rate for the 
latter group, however, wa s only on e and one-third tim es that for un 
exposed per sons. 

Although the greater ri sk of association with lepromatous than with 
tuberculoid ca ses has been established with unusual exactness in the 
Philippine studies, the findings are, of course, not new. Similar r esults 
in household studies have been published by Lowe et al. (34), Lampe and 
Boenjamin (32), and other s. Also the fact that contact can be traced to 
prior cases of the lepromatous type far more frequently than to those 
which probably were of the tuberculoid type was emphasized long ago 
by Dehio, Hansen, Roger s and Muir, and many other s. 

Contagio'U sness .- rrhe principal difficulty in supporting the theory 
of contagiousness of leprosy is now r ecognized to be a long period of 
incubation or latency. Inquiries r elate to events that may have oc
curred ma.ny years befor e. The experience of veterans of the armed 
force s of the rnited S tates is especially illuminating in r espect to the 
long periods between exposure and clin ical r ecognition. Thirty-two 
cases came to light over a period of almost forty years in men who 
served in the Spnl1i sh-Amel'ican 'Val', the Boxer Rebellion , or the 
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Philippine Insurrection. I have records of 21 cases in veterans who 
served in the Pacific Theater in \¥ orld vVar II or in the Korean conflict, 
who were born in areas where leprosy is rare or absent and who had 
never lived in an endemic area except during military service. These 
cases are still turning up, and in almost all in stances cutaneous lesions. 
or anesthesia were first noticed some years after return to the United 
SLates. 

This long period of latency is only one of the complications which 
apparently break the, chain. Although healthy carriers, if they exist, 
cannot be demonstrated there must be large numbers of instances in 
which mild cases go through life without detection. Some years ago 
Dr. Fred C. Kluth, then on the staff of the Memorial, demonstrated a 
potential instance of this kind to me at Corpus Christi, Texas. Leprosy 
had been diagnosed in a school boy, and his household associates were 
examined as a matter of routine. An elderly female relative was noticed 
to have what appeared to be a slio'ht infiltration of the skin of the face. 
Smears showed many acid-fast bacilli and complete examination con
firmed the diagnosis of lepromatous leprosy. Presumably she was the 
source of infection, but the point of pertinellt interest is that if dis
cover y of the case in the boy had been delayed until the elderly female's 
departure or death, his caso would have been c]assinod as one in which 
the source was unknown. 

The slow development of secondary cases obscures the evid ence of 
spr ead of the disease in new areas . Hirsch did not deny that such 
spr ead might occur but it was limited, in his view, to the families or 
class of people responsible for its introduction. The epidemic on the I s
land of Nauru (Pleasant Island) is the most notable example of spread 
to an indigenous population which was apparently not previously 
affected . According to r eports, a leprous woman came to Nauru from 
the Gilbert Islands in 1912. The community was a small one comprising 
about 1,500 natives . There were also about 1,000 Chinese indentured 
laborer s in the phosphate diggings who were not allowed to mingle with 
the natives. By 1920, three cases had occurred among contacts of tho 
first one. In 1925 the whole population was examined, and it was found 
that more than a quarter of the Nauruan population was affected. Most 
of the cases were of the tuberculoid type, and the disease gradually 
diminished in fr equency over the n ext 15 years (vVade and L edowsky 
(53 ) ) . 

Although they are rare, contact cases are now known to have oc
curred in places in which the disease has never been endemic or in which 
end emic cases have not been present for centuries. These cases are of 
vital importance in refuting one of the principal arguments of Hirsch. 
In 1925 MacLeod (37) reported a series of four contact cases contracted 
in Great Britain. Three were in persons born in that country who had 
novel' been abroad. Hasseltin e (24) tells us that, until 1943, no per son 



30, 1 D OHlt: E pl:dcmiology of L eprosy 55 

who has bol'll in the New England states and who had lived all this life 
within these states was known to have contracted leprosy. In that year 
a man 24 years of age, 
. . . who was bol'll in Massachusetts of fo reign-born pa rents and who had never been 
outside of the state, was found to hll \'e leprosy. H e was sent to the Na tional Leprosarium 
at Carville, La. His fa ther was known to have had leprosy ... 

W ashbu l'll (54) has published a valuable account of leprosy among 
the Scandinavian settlers in the upper Mississippi valley. The most 
inter esting da ta a re those fol' Minnesota, where the majority 0f the 
immigrants settled. To 1948, 98 cases of leprosy wer e r eported in that 
state. Of these, 76 had apparently contracted the disease in Norway or 
Sweden, and 14 in other for eign countrie . Ther e were, however, 7 
cases in the first genera tion of those born in the United S tates and one 
in the second generation. The fir st of these cases occurred in a mal e 
of 1'5 years in whose family ther e was no history of leprosy other than 
an uncle whom the boy had never seen and who had died of the disease 
in Norway . The other indigenous cases wer e in per sons who had had 
hou sehold contact with leprous r elatives. Subsequent to Washburn 's 
r eport, F asel (14 ) published an account of a case of lepromatous leprosy 
in a man of 42 years of age, born in Minnesota, wher e the di sea e was 
contracted about 15 years previously from an unknown source. His 
father was born in Finland and his mother in Illinois. The disease died 
out in Minnesota even more rapidly than in Norway, although the 
her edity fa ctor- if its exists-over cro'wding and insanitation wer e 
present. 

Ebert and Sleypam (1 3) have described cases of leprosy in a mother 
and daughter neither of whom had ever lived in an endemic ar ea. The 
daughter , who contracted the disease fir st, f rom an unknown source, 
was born in Kansas and had lived only ther e and in Illinois. The 
mother who was bom in Virginia and had lived only ther e and in 
Kansas and Illinois, apparently r eceived the infection from the 
daughter. She showed the fir st signs at the age of 54 years. 

Probably all that Hirsch had in mind when he spoke of failur e of 
leprosy to spread in the family is the transfer of the disea se from one 
spouse to the other because all the r eports cited, and discarded, r efer 
to this matter. When both husband and wife contracted the disease he 
attributed the occurrence to some common source or to a general 
endemic influence and "not to conveyance of the morbid poison from 
on e to the other. " 

There a r e many accounts of supposed marital transmi ssion, but few 
of them can meet criteria that would satisfy Hirsch. On e of the better 
older r eports is that of Flandin and Ragu e n) , who described six cases 
in white persons who had never left France and among them one in a 
white girl who married on e of these persons. In three other in stances 
ther e had been cohabi tation with leprou females. A second in tance 
of prohahl e marital infection in Metropolitan France ha s been r eported 
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recently by Chaussinand et al. (6). 
The statement by Hirsch concel'lling the immunity of phY 'icians 

working in leprosy hospitals is still true as far as r am aware. JDxcC'pt 
for the well known case of Sir George Turner (~ ~ ), who saw patients 
every day in Pretoria and did many autopsies, a published report of 
a well authenticated case has not been found in a careful but not exhaus
tive search. 'Vith r egard to nurses, the s ituation is pC'rhaps differC'nt. 
The number of cases that havC' occulTed in persons horll ill 1l0llendC'llli c 
areas who have worked in leprosaria, while not to be counted in the hun
dreds, is nevertheless large. l\ lany of these WNO in close contact with 
patients and per'formed som e nurs ing dutie.', hut if the list includes 
fully qualified nurses they are not so des ignated. Thi s statemellt also 
is subject to correction, as it is easy to overlook something of this sort. 
The occurrence among persons without medical training, although such 
persons are much more numerous than phys icians and nurses , raises 
the poss ibility that precautionary measures taken after examining or 
treating patients have been a protection to the medicall~' trained per
sonnel. 

Broad epidemiologic features.-Hace: L eprosy occurs in the Cau
cas ian, the brown, the yellow and the Negro, but there are 110 stati stics 
of incidence relating to differ ent groups living under conditions that are 
at all similar in relation to possible exposure. Consequentlr no con
clusion can be made concerning comparative r es istance. 

Geographic and climatic differences : As noted by Hirsch, leprosy 
has spread in every climate from that of Tceland to the tropics. The 
higher prevalence rates of the latter were considered by him a s possibly 
attributable to the debilitating influence of heat and humidity. Hirsch 
was quite baffled, however, as we are today, by the fact that some com
munities in 011demic areas apparently similar to the other. in all r e
spects are nevertheless exempt from the di sease. 

Leprosy varies greatly in severity in differ ent pa d s of the world, as 
was shown very clearly by F, Hayashi ( 6 ) in 1935. Lepromatous eye 
involvement with consequent blindness, for example, is far more fre
quent in Japan, Hawaii and the United States than in the Philippines, 
Malaya and India. The r elative fr equency of the two major t~'pes of the 
disease, lepromatous and tuberculoid, also varies greatly. 

These variations in prevalence and severity are a challenge to the 
epidemiologist. It may well be that environmental differ ences could be 
demonstrated by careful inquiry between communities in endemic area s 
differing in prevalence which" apparently" are alike in all respects. 
Doull et al. (11) in their fir st report on leprosy in Cordova, Philippines, 
noted that families in which there was leprosy were much more crowded 
in their sleeping space than other familie s, although the other factors in 
sanitary status did not differ materially. There are many items which 
have not been adequately studied, including the association he tween 
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the inci(h'nce of leprosy and peculiarities of diet, OCCUl'l'ence of variou s 
kilHh of in sects, and presence of other skill diseases. 

Sex : Prevalence rates for lepromatou s leprosy are usually much 
higher for males than females. ~rhis is true alike for household contacts 
and for persons not known to have been exposed in the family. This has 
been shown in the Philippines by Doull et al e O) to be caused by higher 
rates of incidence and not by longer duration of the disease in the male. 
Some excess among males is seen in childhood, which suggests that 
mal es are inherpntly more susceptible. r:I~he tuberculoid type shows no 
sex s el ectivjt~· . rChe mal e excess in the lep romatous type is not assoc ia
ted with lower f requency of r eactiv ity to lepromin. Among la rge num
hers of healthy pel'sons tested in Cehu, Philippines, Guinto et aZ. ( 9 ) , 

found that females over 10 yea rs of age had somewhat higher 
Mitsuda po~ itivity rH tes than males. For all ages the age-adjusted 
rates WE' l'e 67 pel' cent for males and 70 pel' cent for females. 

Age : Leprosy may manifest itself at any t ime from early childhood 
to old age. There have been several accounts of cases in infants under 
oll e year of age. A proven congenital case has not been r eported, al
though , uggestive lesion s in the newborn have been described in two 
instances hy Montestruc and Berdonea u (39 ) and more characteristic 
ones in an infant of 48 days by Ryrie (47) . Dreisbach (12) has r eported 
leprou N macules with a few bacilli in a child of seven month s, and 
Rodriguez (44) mention s a macule obser ved in a child of eight months 
which became bacteriologically positive ten months later. 

Tn 1922 Gomez etal. (17) at Culion described lesion s in children, 
positive or negatiye for acid-fast bacilli, which in a few instances dis
appeared without treatment. The prriod of subsequent observation was 
short, being only ahout nine months. Later, Lara and Nolasco (33) re
ported that ahout three-quarter . of tlllquestionably leprosy' lesion s in 
child ren a t Culton" actually healed spontaneously, a majority of them 
apparen tly permanently." More or less transient leprosy macules are 
perhap not infrequent in children l' esiding in endemic areas but it may 
be impossible to confirm their etiology. M acules showing sensory dis
turbance but negative for a.cid-fast bacilli have been encounter ed by 
Guinto (18) in fiehl studies ; in severa l in stances these disappeared with
in a few months. 

Turning to the other extreme of life, cases coming to light in older 
persons are 110t uncommon. Guinto et al. eO) give histories of 13 pa
tient. , 3 with lepromatous lepro y and 10 with tuberculoid, which were 
recognized for the fir st time after the individuals had passed 50 years 
of age. In;) of these they had passed their 60th birthday at the stated 
tim e of onse t. gleven of these persons had been examined on one or 
more occasions prior to that time and found free of disease. rrhere are 
a.lso many cases, such as those of the veteran s mention ed, in which 
adult born in places where leprosy is absent have contracted the 
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Jisease after entering end emic areas. It is clear, therefore, tha t advall c
ing ~ge does not necessarily confer immunity to leprosy. 
-----In areas wher'e leprosy is common, the average age when fir st signs 
are detected is very much earlier than in places where the disease is 
endemic but rare. In Texas, for example, Kluth (31) found that the 
average age at the stated time of onset was about 40 years. 

'rhe r elationship of the age when fir st signs are noted to opportunity 
for exposure is well illust rated by the cases of leprosy in veterans of th e 
United States military forces . Of the 32 veterans mentioned above who 
se rved in the Spanish-American War and are listed by Hasseltine e5 ), 

27 wer e born in the continental United States hut only 6 in Louisiana, 
Texas or California. Th e average age at which first signs wer e noted, 
from data published by Aycock and Gordon e)' was 46 years. On the 
other hand, of 51 'W orid vVar I veterans who were admitted to Carvill e 
(Hasseltine e")), 18 were born outside the continental USA and 33 in 
the southern tier of states ; that is, none was born in a northern state. 
The average age at the time of first signs, again accord ing to the data 
of Aycodc and Gordon, was 28 year s. Presumahly the leprosy of the 
~panish-American War was principally due to exposure during service ; 
that of ' World vVar I to exposure prior to service. The s tory of World. 
War II and the Korean War is probably not ye t completed. 

In the communities studied in the Philippines to which reference has 
been made, the peak of the attack rate was found to be i'n the age group 
10 to 14 ,ears for both lepromatous and nonlepromatous leprosy. The 
median age, however, was considerably lower for the nonlepromatolls. 
A rapid decline occurred after adolescence. These attack rates are 
shown in Fig. 1. 

Among household associates , the peak of incidence was also found 
in the age group 10 to 14 years. The median age, however , was younger 
than for those developing the disease who wer e not known to have been 
exposed. Exposure to the disease under the circumstances prevailing in 
these households was probably not equal for all age groups, but must 
have been more nearly so than under any other conditions of ordinary 
civilian life. The explanation of the early peak and rapid decline under 
conditions of household exposure must be that r esistant individuals 
become more and more fr equent as age advances. . 

In so far as reactivity to lepromin may be depended on as a measure 
of r esistance, the r esults of testing give support for the idea that in
creasing fr equency of resistant persons may control the age distribu
tion of leprosy. As a matter of inter est the curve of nonreactivity to 
lepromin has been included in Fig. 1'. There is, however, no intent to 
over emphasize any correspondence that there may be. A similar or per
haps closer r esemblance might be shown between the leprosy attack 
rates and the results of tuberculin or 'Schick tests. Also Guinto (1 8) 
has und er observation several persons who have contracted leproma-
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tous leprosy altho ugh they W('re fou nd by h im some time before onset to 
be reartive to lepromin- but only weakly so. 

lt may be concluded, therefore, that the age at which leprosy is con
tracted depends primarily upon opportunities for exposure, but that in 
a reas where the discase is common the controlling factor is the acquire
mf'nt of resistance. 

SPECIAL l'IWBLElVLS 

The phenomenon of decline of l c p1'osy .-~ l any rca~Oll S have been 
o ('('ereLl for the ([cclillc of leprosy in arCR S wh<:'1'e it waR once prevalent. 
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In Norway, for example, segregation of illfec tioW'; patiellt ,.; , im prove
ment in general health by better di et, and many other explana tions have 
their advocates , 'It is poss ible that several factors ha ve operated, incl uc1-
ing a loss in pathogenicity of M. leprae. It is also possible that a 
r elatively small reduction in exposure 01' a slight incr ease in r es istance 
might have a major effect on the course of a disease that can do little 
better than maintain itself- as \\'a s suggested h:' Frost (1 6) rega rding 
tuber culosis. 

For som e time, the lepromatous type of leprosy ha s heen declinill g' 
in the province of Cebu, Philippin es. J'~vid en ce of thi s is to be "een in 
r es ults of r epeated prevalence surveys ill two stud y a rea~ of the 
L eonard 'Wood Memorial and the Department of H ealth, and i::; also 
apparent from the r eduction in the Humber of patients admitted to the 
J'~ve rsley Childs Sanitarium, the sole lepro, arium s0 rving the pro\-ince. 

In the analysis of our data some tim e ago (Guinto el af, eO )), an 
interes ting point came out which is worthy of stud y in other a r eas \\'her e 
valid statistics can be obtained and of further stud y in the Philippines. 
To determine whether or not households in which lepromatou::; leprosy 
had been present had shared proportionately in the decline in that type 
of the disease, attack rates for persons exposed to lepromatous leprosy 
in the hou sehold and for per sons in the community not known to have 
been subjected to household exposure, as es timated for the historical 
(presurvey ) period were compared with rates prevailing during the 
interval between the initial and the more r ecent surveys. These rates in 
each case were calculated by a modified life-table method , and represent 
the averages for the life experience of those on the r ecords for the 
period befor e the fir st survey (historical) and between the two surveys 
(observational) . 

It was found that for household associates the average annual 
attack rate was 59 per cent lower for the interval between the surveys 
than for the preceding period; for persons living outside these house
holds the reduction was 72 per cent. If the r eason for the decline of 
lepromatous leprosy in these communities were solely a diminishing 
opportunity for person-to-per son contact, a wider differ ence would be 
expected between per sons exposed in the household and other persons 
with r espect to the amount of the r eduction. Actually the factor or fac
tors operated almost as well- possibly somewhat less-within the infec
ted household as in the general population. 

That something peculiar was going on which had affected the -entire 
community is suggested also by the fact that, as the lepromatous type 
declined, a compensatory increase occurred in the llonlepromatou s 
form eO). 

Infectiousness of the tuberculoid type.- Thc part played by the 
tuberculoid type of leprosy in the spread and continuance of leprosy in 
a population is by no mean s clear, and intensive fi eld studies are neces-
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sary to determine it. 
In parts of the world in which the great majority of recognized cases 

are of this type, the opinion is widely held that tuberculoid cases may 
playa significant part in spread of the disease. Davison (8), Macdonald 
(36) and Brown (4), for example, have objected strongly to classifying 
the tuberculoid type as noninfectious. This position appears to be a 
logical on e as is shown by the fo llowing arguments : 

1. If leprosy is being maintained or is increasing in any area, and 
the great prepond erance of the cases are shown by careful surveys to be 
of the tuberculoid type, the simples t hypothesis is that open cases of 
this type are playillg som e pa rt in tIl e spread of th e disease. There is no 
reason to doubt that lepromatous cases are, individually, far more chm
gerous than the tuherculoid, but they may he too few and too scattered 
to account for the observed preval011ce. 

2. If infective cases, of both lepromatous and tuberculoid types, are 
assumed to be distributed at random throughout the area, the popula
tions coming into contact with each type would be proportionately to 
one another as the lHunbers of cases of each type are to one another. 
That is, if 50 per cent of the cases are lepromatous and 50 per cent 
tuberculoid, one-half of the population of the area may be assumed to be 
exposed to each type. If only 20 per cent are lepromatous, only 20 per 
cent of the population would be exposed to them and 80 per cent to the 
tuberculoid. 

3. If the additional assumption be made that the relative risk of 
infection from the lepromatous and tuberculoid cases, respectiYely, is 
that which was observed among household contacts in the Philippines, 
that is, 4 :1, the following results would be expected. In the case of a 
50-50 distribution of lepromatous and tuberculoid cases, and of the re
spective populati011s exposed to each type, 80 per cent of subsequent 
cases would be derived from the lepromatous and only 20 pel' cent from 
the tuberculoid. But, if only 20 per cellt of the original cases ,yere lepro
matous and 80 per cent tuberculoid, one-half of the subsequent cases 
would be derived from each type. 

Granted that tuberculoid cases may contribute to leprosy prevalence 
and that their importance will vary in different communities according 
to the relative infectiousness and frequency of the two types, an inter
esting theoretical question arises. Can a high prevalence of leprosy, say 
50 per 1,000 be maintained if the cases are predominantly of the tuber
culoid type and the relative risk of contact with each type is that ob
served in the Philippine ? 

If the chance of effective contact in any area is a random one, it 
would r equire an average annual incidence of about 2.6 per 1,000 to 
yield a prevalence of 50 per 1,000 at the end of twenty years. If an 
average duration of 20 years be taken for the period in which the person 
is counted as having the disease (usually life), about the same annual 
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incidence (2.3 per 1,000) would be required to maintain a level of 50. ]f 
only 20 per cen~ of the infecting cases are of the lepromatous type and 
80 per cent tuberculoid, such a cumula tion would require that the attack 
rate for all the population of the area would have to be about as high 
as that observed in the Philippines for persons exposed to leprosy in 
the household. This can be checked, roughly, by noting that an annual 
attack rate of 6.2 per 1,000 for 20 per cent of the population, and one 
of 1.6 per 1,000 for 80 per cent of the population would yield a total 
annual rate of 2.5 per 1,000. 

In theory, therefore, a high prevalence of the disease can be main
tairied indefinitely in an area where the great majority of the cases 
are of the tuberculoid type only by assuming that the effective contact 
rate for the general population is at least as high as that observed under 
conditions of household exposure in the Philippines, or by assuming that 
the tuberculoid type is relatively more infectious than it is in the Philip
pin es. N ei ther of these assumptions is of course incredible. There is at 
present no way of determining whether the lep rosy bacillus of the 
1 hilippines is identical with that of Africa or India, unless tests in the 
hamster or mouse prove to be of value. Climatic or other environmental 
conditions in certain areas may increase the frequency of reactions in 
cases of the tuberculoid type, rendering them infectious for a greater 
part of their clinical course than they are in the Philippines. Field and 
laboratory studies could throw light on some of these points, and until 
these have been made there is probably not much profit in speculating 
about the problem. 

Th e question of a heredity factor.-It is quite certain that leprosy 
is not an hereditary disease. As to whether or not there are peopl e who 
inherit a predisposition to it, ther e is no more evidence than was avail
able to Hirsch. There are some studies that coulC! be mad e, although the 
low incidence of the disease makes them difficult. The occurrence of the 
disease, its clinical type and course, in identical as compared to frater
nal twins is a subject that might be studied further . There have been a 
few reports on this subject C'), (29), (48) . Two pairs of apparently iden
tical twins are under observation at the L eonard ,V' ood Epidemiological 
Unit at Cebu. The disease in each pair is lepromatous and has been 
remarkably alike in its course. 

Possibly some information might be gained by a study of the pre
ponderance-if it occurs-of the tuberculoid or of the lepromatous type 
in certain families. It is known that both types occur among hou sehold 
associates of lepromatous cases, and also among such associates of 

. tuberculoid cases. The question of a tendency toward the milder or the 
more severe form has never been studied as far as I am aware. 

New techniques.- The production of granulomatous lesions in the 
ear lobe of the Syrian hamster by Binford (3) and in the footpad of the 
white mouse by Shepard (49), offers prospects for determining the 
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viability and pathogenicity of M. Zepra e in patients, in contacts, and in 
insects which may be suspected to be vectors. These new techniqn es 
may turn out to be valuable adjuncts in the newer epidemiology of 
leprosy. Also, Shepard has proposed a method for estimating the num
bers of acid-fast bacilli in the nasal secr etions which might be used as 
a basis for classifying cases according to their degree of infectiousness 
in epidemiologic studies . 

SUMMARY 

VVe may conclude that our knowledge of leprosy has heen substan
t ially extended since the day eighty years ago when Hirsch could see 
little that was hopeful. Additional and more convincing evidence of its 
contagiou sness has been obtained. Although direct proof is still lack
ing that M. Zeprae is the etiological agent, the evidence is strongly in 
that direction and promising experimental studies are under way. 

A great deal has been leanl ed concerning the clinical varieties, and 
especially concerning the frequency and importance of the tuberculoid 
type. The lepromin test now provides helpful informa tion as to the 
res istance of the individual. 

Field studies have defined, much more precisely than before, the 
r elative risk of household association with persons suffering from the 
lepromatous and nonlepromatous forms, respectively, and the influence 
of sex and of age. There is much more that could be learned, and some 
suggestions r egarding future fi eld studies have been made. 

P erhaps the major difference between the present and the past is 
that we no,,,, have a good working hypothesis, admittedly with many 
weak points, but one that is coherent and in accordance wit h current 
biologic thought. 

RESUMP.N 

Cabe concluil' que nuestros conocilllicntos de la lepra se han extendido sustanciallll entc 
dcsde aquel dia hace ya ochenta anos en que Hirsch podia Vel' bien poco en que cifrar 
esperanzas. Se han obtenido nuevas y mas convincentes pruebas de la contagiosidad del 
mal. Aunque fa lta todavia prueba directa de que el M. lepl'a e sea el factor etiol ogi co, 
los datos disponibles apuntan poderosamente en ese sentido y hay en cam ino estudios 
experimentales prometedores 

H emos aprendido mucho acerca de las va riedades cllnicas, y sobre todo acerca de la 
f rccuencia e importancia de Ia forma tuberculoidea . La prueba de Ia lepromina faci lita 
actualmcnte util informacion cn cuanto a la resistencia del individuo. 

Estudios en campana han definido, con precision mucho mayor que antes, el relativo 
riesgo que entraiia la conviveneia casera con personas que padecen de las formas 
lepromatosa y no leprolllatosa, respectivamente, y el infiujo del sexo y de la edad. Resta 
aun Illucho mas que cabe aprencler y ya se han hecho algunas indica<,iones para f uturos 
cstud ios en en III pana. 

La mayor diferencia entre el presente y el pasado quizas consista en que ya contumos 
con na buena hipotesi' como punto de partida , reconocidflmentc con muehos puntos 
dcbi les, PCI"O que es coherente y armoniza con la .. nctuflles idcflS bioloo-i cas. 
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RESUME 

X ous dp\"ons a,dmettre que notre connaissance de ]a lepre a fort progresse depuis 
Ie jour, voici quatre vingts ans, Oll Hirsch n'entl'evoyait que peu d'espoir. Des arguments 
supplementaires ont renfOl'ce Ill, conviction du caractere contagieux de l'affection. Quoique 
Ill, pl'eU\'e immediate n'ait pas ete fournie de ce que Ie M. lepme sait l'agent causal, tout 
porte it se rallier a ('ette opinion et des etudes expel'imenta lcs pleines de promesses sont 
en COUl·S. 

Beaucoup a et a appri:; en ce CJui ('oncel'llC les val'ietes cliniqlH's, pa rticulierement en 
ce qui regardp la fl'eCJuence et I'impol'tance du type tuberculo·ide. Le test it In lepromine 
foul'nit a pl'esent des infol'll1lltions prcrieuse, sur Ill, l'esistllnC'P des indivir]us. 

Des etudes sur Ie tel'l'llin ont degllge, ue fa~oll brllu('oup plus precise qu'aupllravant, 
les l'isqnes relatifs de la cohabitation avec UPS pel'sonnps souffl'ant de lepre lepromateuse 
ou non-lepromAteuse, ain si CJue l'influence du sexe et de l'figp. II reste cepcndant encore 
beauroup it apprrndre, et cel'tnines suggestions ont Cte nvanr·ees POlll' l'avenir en ee qui 
concerne les etudes sur Ie terrain. 

Peut-etl'e la difference fondamentale enb'e hier ct aujourd'hui e"t-elle Ie fait que nous 
avons it present lllle bonne hypothese de travail, Avec de nombl'eux points faibles sans 
doute, mais it tout Ie moins une hypothese de travail coherente et CJui s'accorde avec les 
conceptions biologiques actuelles. 
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