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by a viru and ba cteriu m, acting in conjun t ion, a re increasing. All we 
can say is t ha t it appea rs , with th e evidence now available, to be highly 
improbable. 

5. WHAT I S T H E SI GN I FICANC E OF GRA~ ULA I{ }'OR;\ [ S OF THE l\f Y CO­

BACTERW :-'I? H ofima nn admits the possibility th at some granular for ms 
re ult from degeneration an d disintegra t ion ca used 

in part by the defensive substa nces of the organism an d in pa rt by th e act ion of 
our medicinal products and especially by chaulmoogra oil 

o that thei r p resen ce is to be interpreted as a favorable sign. Ye t he 
concludes th at 

The leprosy baci llus . . . produces in it s evolutionar y yc le great nu mbers of 
ranular forms which a re fou nd bo th wit hin th e bacill i and as f ree-lying bodies. 

I k e granu les cons titute an esse nt ial phase in its evolut ion. Among t he free-lying 
forms are those of all sizes down tu the limi ts of visibi lity , so tha t it is prob able 
that till smaller , perhaps invi sible and filt erable fo rm s exist , whic h may be of 
special though as yet un kno wn imp ortan ce in th e path ology an d epidemiology of 
the disease. 

If the develo pment of granular forms is in truth a n essential phase in 
he life cycle of the bacillu , then kill ed bacill i inject ed into the body 

would be unlikely to for m th em . Similarly , if the forma tion of free-lying 
forms grading dow n in size to th e limits of visibility is lik ewi e a feature 
inthe life cycle of th e bacillus, then ki lled bacilli inj ect ed into the body 
would not be expect ed to show them . Killed bacilli have been injec te d 
on numerou occasions but nobod v has taken the t rouble to make de­
ailed observations on granula ri ty . Of cou rse the a nswers mig ht not be 

clear cut. The dea d bacilli might break up int o gra nules which only 
partly resemble those rep orte d by Hoffm ann, and a few ra th er indefinite 
articles grading down to th e invisible might be encountered . 
Like Hoffman n and many others , I have observed that in som e biop y 

pecimens the bacilli a rc more gra nular than in others. but I have not 
had an opportunity to correla te this :rra nula rity with a fav or able or un­
fa 'arable sequence of events in th e particula r nodule exami ned . Man­
alang thinks that under trea tment , solid form become segmented or 
r nular. Th e difficult y is tha t we ha ve so little accur ate infor mation 
(I'; ryeas a backgroun d for int erpretation. Alt hough in adva nced cases 
f nodular cutaneous lepr osy there a re often many nodules , some a re 

recent and active , others older and more ma tur e a nd till other have 
re sed. flattened out and become qui te fibr ous . W e do not kn ow 

he her the degree of granularity is cons ta nt , whether it ri es and wanes 
r hether it attains a peak in the oldest nodules. Conseq uently , though 

r 
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a single biopsy pecimen may exhibit ma rked ~Tranu l ari ty , this mayor 
may not be a favorable sign. 

ccord ing to H olt , who worked with tissue culture , new bacilli are 

longer, thicker , mo re aci d- fast, sharply out lined a nd posses ' defin ite 
bipolar granule, whereas the older ones are appare ntly fragmented: btl 
how she reaches these co nel u ion is no t clea r . 

It is probably , ignificant tha t with in a given nodule the degree oi 
granularity of the bacilli is oft en fa ir ly uniform. It may be rat her marl' 

in evidence in the fa tty lep ra ce lls, but is a lso manifest in vascular endo­
thelial cells, fibroblasts , the ciga r packs o f the phagoc ytes and even 
withi n giant globi, when uc h arc present. Gra nu la rity may no t be simplv 
a stage in degenera t ive fatty metamorphosis, for fat is not accumulated 
in all of these loca tion, H is well demonst ra ted by st a ining frozen sec­
tions of formalin fixed ti ues with Ziehl-N eelsen , hem atoxylin and 
Sudan TT f. T here are everal possibilit ies. The fat may be produced a 
the expen e of the bacill i and di sappear very qu ickly by oxid a tion from 
some kind of cells so that none is see n, and accumula te in other. in 
which it is oxidized less ra p idly or not at all. ntil fat observed in the 
lepra cells is definitely identified as foreign to the h uman body and 
likely to be produced by the bacilli, there i a chance tha t it results from 
al terations in the mitochondria which Thave detected in the lep ra cell 
or simply from fail ure of these pa r t icu lar cells to oxid ize fat which they 
receive as nutriment in common with o ther cells of th e body , Gros 
a nalyses of lesions vould only ind ica te tha t th e fa t in the lepra cell, i 
of ba ci lla ry origin if the nature of the fa t i. bacillary an d its amoun 
directly p roportional to the fre q uen y of lep ra cell . 

The main point is that the gra nula ri ty may perv ade the particular 
lesion, or be re tricted to locali t ies or even to ty pes of cells, I t call 
insistently for a n expla na tion. There is another type of gra nula tion al­
ways of much rarer occ urrence in wh ich globules of di st inctly greater 
diameter tha n the bacill us a re formed . T hese may be evidences oi de­
generation. but agai n . we just do n 't k now. N eithe r form of gra nulation 
is cond itioned to any great extent by the k ind of fixa tive used but. a 
Cowd ry and H eimburger fo und , it is a little less marked a fter Ireezins 
in liq uid air and dehydra tion ;11 vacuo while still fr ozen, th us avoidin 

bo th fixa tion and alcohol. 

6. WHAT IS TH E SIGNI FICANCE OF LOSS I .' ACID-FA T ESS ? T his qur,· 
tion can best be con idered by a parallel discussion of the tubercl 
bacillus. I t is customary to stress similarities between leprosy and tube r 

. cu los is (Johansen 1937) . t rong evidence has bee n d iscovered by Kahn 
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and Nonidcz that the formation of gra nules is a stage in the develop­
mental cycle of the tubercle bacill us. They look upon it as 

a type of segmentation rather th an dir ect fission in which th e rate of segmenta tion 
;urpasses the ab ility of the clements thus formed to elongate . The bodies become 
increasingly numerous as t hey become smaller. The loss of acid- fas tness, when the 
tubercle bacillus is in the granule phase and small -rod phase, may poss ibly be ex­
plained on a meta bolic basis. As an example, dur ing the division and subd ivision o f 
the various particles, the potentia l of elonga tion docs not keep pace with the 
potential of divis ion. .onsequent ly , there is at certain stages seemingly insufficient 
time for the organisms to metabolize the subst ances essent ial for their acid-fast ness. 

But the granular form' of th e leprosy organ ism are not always less 
acid-fast than the long rod. It is diffi cult, at best, to gr ade acid-fastnes . 
The substance of a tiny particle may be as acid-fast as that of a long 
rod , but it may not reta in the stain so st rongly because, owing to it s 
smaller size, stain may be more readily removed from it. And , further, 
it may look less inten ely s tained because, be ing of smaller vo lume, it 
absorbs fewer red rays of light than the large rod, though per unit of 
volume it may be equally stained . Leprosy organisms in the rod stage 
oiten lose their acid-fastness without granule formation, so that the 
phenomenon may not be due in lep rosy to metabolic exhaustion caused 
by rapid multiplication. As al le and Moser have demonst rated , cho -
I terol and orne other ub. lance mus t be supplied to provide the build­
ing material for acid-fastness. Loss f acid-fastness may be essentially 

deprivation phen omen on but its relation to multiplica tio n and granule 
I rmation remains obscure as far as the leprosy organ i 'm is concerned. 

WHAT I TH E NA T URE OF THE REA CT L G CELLS ? T here i a tendency 
oexplain the tissue responses in such terms as arc u ed in tuberculosis. 
But in doing so, we should make ha ste slowly. T o sa y, as has been sai d 
f r tuberculosis (Cunningham et a1. 1925 ) that leprosy " is a disease of 
themonocytes," would be to make an unnecessarily exclusive sta tement. 

0, to assert that suscep tibili ty is conditioned by the posses ion of 
favorabl e to the multiplication of acid-fast bacilli, would be 

blindly exclude other possible factors. 
All those who have their minds focussed on a single cell type, do not 
I it a monocyte. Thus, Muir speak of capillary endothelial cells, and 
allory, of endothelial leucocytes . The common designation of phago­

. mononuclear phagocytes or macrophages is safer, because it is 
re inclusive and less definite. T o speak of lepra cells, thus empha­
'ng the presence of lepra bacilli in them, is not object ionable except 

orne restrict this term to large, swollen, lipoid containing, foa m or 

• 

onocyte 
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Virchow cells, while othe r include the phagocy tcs before they reach 
this stage in the response. 

A broader concep tion is th at eve ral kinds of cells may be involved. 
T hese include all varieties oi reticulo-endothelial cell which have the 
habit of phagocy tosing pa rticulate matt er, like ca rbon a nd vita l dyes. 
The examina tion of a ny section through a typ ical nodule u ually reveal­
num rou bacilli, not only in monocytes and in th eir de rivatives, the 
closely pack ed tozeth er ep ithelioid cells and Virchow cell , but also in 
reti cula r cell s a nd fibroblas ts of th con nective ti ssues, vas ula r and 
lym ph a t ic endothelial cells, neutrophilic leucocyt es, the she ath cells of 
nerve fiber , a va riety of ep ithelia l cell s a nd perhap in st ill others. It 
is indeed simpler to enumera te those cells which cldom, if ever , contain 
bacilli : T issue ma st cells and eosinophiles, sm all lymphocytes and plas­
ma cells ( M arschalko 1895) . To follo w Inna' or icinal defmition of 
plasma ell is to be out of date . Since Bloom ha shown tha t monocyte­
are formed from lymphocytes , we know that th er comes a tage in the 
life cycl e of ome lymphocytes in which they do take in bacilli. 

T he neutrophiles , in pa rticula r , de erve more a ttent ion than they 
ordi na rily re eive. In tead of affording, lik the R. E. cells, a nice place 
for the bacilli to gro w th ey de tr oy at I a t ome of th em. T heir action 
may const it ute a not inconsiderabl factor in resi tance to infection. 
Feldman , in his study of the tuberculin reaction in ca ttle, report tha 
a t th third hour the polymorpho nuclea r leucocyte p redomin ate and 
that a fter the thir tieth hour they de rea e in number as " the mono­
nuclea r c II or histiocyte " ( monocy te") increa . But Lu rie refer' to 
" the impotent pol morphonuclea rs" and Bla k tates tha t " T he neutro­
ph ile play 110 part in a pure leprous lesion." (T he ita lic are mine. 
Do s he include und r the headin g of the pure lesion a ll s tages in it 
formati n and later history and has he in min d a ll of the po ible Iunc­
tions of neut rophile s during this long period? T o a sert tha t the ncutro­
philes play 110 part in an y part icular cellula r communi ty in which they 
may happen to be, such as in this Ie ion, is to invite contradiction. ince 
ncut rophiles are alive, they requir f ad and give off waste. T he prod­
ucts absorbed by othe r cell when they disint egrat e, unless they ar 
phagocytosed by mac rophages, a re not without int1uence. Carrel' 
th ory of t rephones is to be consid ered: specially whe n fibrosis occur 
I n tu berculoid ( react ing ma cula r ) leprosy from which , a- we have 
noted , recovery i fairly frequ ent , Black admits the pre ence of leuc 
cyte in " la r re focal accumula tion ." T hey vidently playa more con­
spicuous role in the le ions than they do in tho e of nodu lar lepra y (th 
lep roma ) from which r covery is xceptional. The energetic way in 

._--------------. 
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which they phagocytose leprosy bacilli in vitro has been demonstrated 
by Denney and Eddy. In cutaneous nodular leprosy the monocytes (or 
macrophages) dominate the picture, but the possibility cannot be simply 
set aside that the neutrophiles may have attempted to overcome the 
invader during the incubation period and failed, and that in individuals, 
who though exposed did not contract leprosy, they succeeded, perhaps 
with the help of monocytes. Consequently, susceptibility to leprosy may 
not result merely from the possession of monocytes favorable to the 
growth of the acid-fast organisms. It may, on the contrary, be due to 
the exposure of such monocytes to bacilli not destroyed by neutrophiles. 
Yet I do not advocate this or any other explanation of susceptibility or 
resistance based wholly on the properties of any special kind of cell. 

8. WHAT IS THE RELATION BETWEEN REACTING CELLS AND BACILLI? 

White, in describing the association between the tubercle bacillus and 
the monocyte, says 

It does not require a great stretch of the imagination to conclude that in the 
early life history of this symbiosis between bacillus and monocyte there is some 
chemical factor that is common to both through which they contend for the same 
food supply. 

He states that the same conclusion is logical for leprosy and several 
other acid -fast bacterial diseases. He hazards no suggestion, however, 
as to what the chemical factor may be, but intimates that the reason 
why it has eluded us is "possibly because of the difficulties surrounding 
the study of the internal chemistry of the monocyte." 

This conclusion is based on a series of assumptions. We do not know 
that the monocytes and the bacilli contend for the same food supply. 
The word "contend" implies a struggle between them for the food.. In 
leprosy, other cells than monocytes become loaded with bacilli. Do they 
also compete with the bacilli for the hypothetical food? And why does 
the intracellular position of the bacilli suggest that they are trying to 
eat the same food as the cells harboring them, anyway? It would seem 
that if, by virtue of some common factor, the bacilli do strive for the 
same food as the monocytes, the very worst place to find it would be 
within the monocytes where effective competition by the monocytes 
would be greatest. In tuberculosis, Long reminds us that by far the 
largest accumulations of tubercle bacilli occur as free growing masses. 
Their location within monocytes is therefore not essential to secure an 
abundant food supply. In leprosy, multiplication is generally intracellu­
lar. 

That entry into the monocytes is not necessarily an expression of 
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search by living bacilli for the same food as that required by the monos 
cytes, is shown by the fact that killed bacilli are taken in by the mono: 
cytes in apparently the same way as live ones. The dead bacilli are 
certainly not contending for the same food supply. Moreover, the mono­
cytes which phagocytose the non-competitive dead bacilli and go on to 
form epithelioid cells, or fuse to form giant cells, exhibit no differences 
in structure or behavior suggestive of release from the handicap of 
possessing live organisms which do contend with them for their food 
supply. 

While we cannot accept the idea that bacilli enter the monocytes and 
live in them in consequence of the possession by both of a common 
chemical factor by virtue of which they are enabled to fight for the same 
food supply, some of the bacilli evidently go on living as guests of the 
monocytes. We say some, because the number of bacilli increases and 
the cells swell. The increase is probably due to multiplication of or­
ganisms already intracellular, but the taking in of additional organisms 
from the tissue fluid about the cells is a possibility, perhaps less certain 
in the case of leprosy than in tuberculosis, since there are less extra­
cellular bacilli in leprosy than in tuberculosis. 

As yet we are unable to tell from their appearance which of the intra­
cellular leprosy bacilli are alive and which are dead. Denney is of the 
same opinion. It would be interesting to follow the fate of bacilli re­
moved from a leper, killed, marked by staining with fuchsin and in­
jected into an area containing many monocytes charged with bacilli 
presumably alive. What proportion, if any, of the bacilli in a given 
lesion are dead is at present purely a matter of speculation. In lesions 
which are not developing, or are even regressing, the majority may be 
dead, and this may explain the difficulty sometimes experienced in cul­
tivating them on artificial media. 

9. HOW ARE THE CELLS INFLUENCED BY THE BACILLI? Perhaps they are 
controlled by their own personal properties, by differences in the num­
ber or quality of the bacilli and by the special local tissue fluid environ! 
ments which temper their actions. And there is also the factor of time. 
The monocytes beginning to respond will look very different from others 
involved for different lengths of time. 

The lesions progress, not by the multiplication of infested cells, but 
by the addition of more and more of them. As Black remarks 

It is to be supposed . . . that slow disintegration of the phagocytized organism! 
occurs, as well as death of the phagocytes, but this is not apparent from histological 
study. 
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It is remarkable what little evidence there is of cellular degeneration. 

The bacilli-laden cells seem to enter a kind of living death. That, when 
immobilized in this way, they go on living is indicated by the appearance 
of their nuclei and the normal number and shape of their mitochondria. 
Demonstration of mitochondria and bacilli side by side in the same 
cells distinctively colored can best be accomplished by fixation in Re­
gaud's fluid and staining with anilin fuchsin and methyl green. 

For how many days or years monocytes distended with baciHi con­
tinue to live is one of the many unanswered questions. That they lose 
their functional abilities and become ineffective is clear. Their capacity 
to phagocytose trypan blue is decreased in rats and probably also in 
man. They have been partly blocked by the bacilli. They are also un­
responsive to supravital stains like neutral red and janus green, whereas 
their original monocytic state was characterized by the ease of demon­
stration of neutral red granules and mitochondria. My attempts to re­
veal Golgi networks and centrosomes in them have not been successful, 
but this is insufficient evidence of the absence of these components. 

Microincineration by the method of Scott shows that a change has 
been brought about in their cytoplasmic mineral constituents. They ex­
hibit, after application of this technique, more finely granular bluish 
white ash than they possessed in the first place, before they were choked 
by bacilli. This ash, viewed in the dark field, is of the bluish white type 
which is said to contain sodium. That it is probably not the mineral 
residue of the bacilli is indicated by the fact that it is evenly spread 
through the cytoplasm and is not heaped up in masses corresponding to 
masses of bacilli. In respect to the mineral residue of their cytoplasm 
these thickly packed macrophages resemble closely the cells of sarco­

.matous tumors as described by Scott and Horning. 
Flat white ash suggestive of calcium is inconspicuous, and phosphorus 

volatilizes off during incineration. There is very little red ash indicative 
of iron. 

Application of the Feulgen reaction for thymonucleic acid, as detailed 
byCowdry, yields interesting results. No trace of thymonucleic acid is 
revealed in the cytoplasm and the nuclei contain comparatively little, less 
than the nuclei of lymphocytes, monocytes, plasma cells, fibroblasts and 
polymorphonuclear leucocytes, and about the same as the nuclei of 
macrophages. Since the volume of cytoplasm is larger in proportion to 
that of the nucleus (or nuclei) in lepra cells than in most macrophages, 
it follows that the former possess relatively less thymonucleic acid. In 
general, those cells with much of it, like lymphocytes which are of all 
cells the richest, are more radiosensitive than cells poorly supplied with 
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thymonucleic acid. Consequently this study affords a possible explana­
tion as to why X-ray therapy of leprous nodules is not helpful. The in­
frequency of mitosis is also noteworthy in this connection. 

But the study of the influence of bacilli on the cells has hardly been 
commenced. Of the many available techniques, few have been em­
ployed. Some useful ones will be found in cytological papers on cancer. 

10. HOW ARE THE GLOB! FORMED? Globi are clumps of bacilli, rather 
firmly packed together, and are seen in neither human nor animal tuber­
culosis. They vary in diameter from, say 4 or 5 to 100 or more microns. 

Denney summarizes the opinions expressed about globi as follows 

Some observers have considered them to be intracellular colonies; others have 
considered them to be clumps formed within lymph spaces, mechanically compressed 
into spherical or spheroidal form ; still others have expressed the opinion that the 
masses represent colonies of individual rods bound one to another as zooglea. A 
fourth view is that they may be characteristic colonies growing within an as yet 
unidentified restraining membrane. 

To this last view Denney himself subscribes. 
In the absence of a close sequence of transitions from the smallest to 

the largest globi, the possibility has to be entertained that they do not 
constitute a homogeneous series and that they may be formed in more 
than one way, as macrophages may have several origins (reticular cells, 
endothelial cells, monocytes). To handicap any theory of development 
of globi by making it apply to all globi is not the part of wisdom, at 
least for the present. 

It is convenient to classify globi under two headings, small and large. 
The first, in terms of our arbitrary definition, occur only in the cyto­
plasm of uninucleated cells. The typical cigar packs of bacilli in the 
macrophages, and the more rounded clumps often seen in endothelial 
cells, fibroblasts and others, fall into this category. Sometimes the areas 
of cytoplasm which they occupy stain less intensely and look so clear as 
to suggest the beginning of liquefaction. 

The large globi occur within giant multinucleated cells, or else the 
space which they occupy is limited by an investment made up of many 
cells. Some may have the retaining wall constituted in one way and 
some in the other. To trace their precise origin is not possible with the 
data available. I have been trying to do so for years, but my studies lack 
continuity because the required cases of leprosy are far distant from St. 
Louis. 

I shall mention my work on the acid-fast bacterial disease of rats, 
first , for it gives a background which helps in the interpretation of 
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human globi. We owe our strains of rat leprosy to the kindness of Dr. 
E. B. McKinley and Dr. E. L. Walker. There are ordinarily in rat lep­
rosy no globl comparable to the cigar packs in human leprosy. But occa­
sionally we find in the centers of nodules , distant from the peripheral 
blood supply, masses of bacilli packed in clumps side by side in the 
cytoplasm. The cells containing them are definitely smaller than those 
laden with bacilli nearer the periphery. Among them arc a few poly­
morphonuclear leucocytes . Perhaps with reduction in cytoplasmic area 
and depression in cytoplasmic activity the bacilli are mechanically 
pressed into packs. However this may be, it is unlikely that these small 
packs are indicative of multiplication of bacilli-a prevalent notion re­
garding such packs in human beings. 

Lowe states in his review that the bacilli of rat leprosy do not form 
globi. We have encountered large clumps of bacilli quite frequently in 
well established rat lesions. They attain a diameter of 25 to 40 microns 
-never in my experience as large as the maximum in human leprosy. 
Theydiffer from the giant globi sometimes found in the outer human 
eeticularis about which the cellular infiltration is less dense. Withinthe 

t fewweeks, Dr. Ravold and I have clearly traced their origin. Some 
ertainly appear in the multinucleated giant cells produced by the fusion 
f monocytes or macrophages. But we cannot say that their beginnings 
e not present in single cells. In some lesions most of these multinu­
eated giant cells exhibit early clumping of bacilli, while in others few 
any of them do. Those involved are found chiefly at the periphery of 
tending nodules, or parts of nodules, near the blood supply, rather 
an in the more central areas. The bacilli within them are at first 

. tributed without order, but quite evenly throughout the cytoplasm. 
e clump begins by a localized concentration or multiplication of 
. li and by their orientation in a characteristic radial fashion in all 

. ections from a central point-a " rosette." This arrangement is not 
be regarded as a degenerative intracellular agglutination. The in­

e in number of bacilli is so great, after the first signs of radiation, 
multiplication of the bacilli can be safely assumed to take place. 
is important because in these stages of evolution of the rosettes the 
li are typically not granular. On the contrary, their outlines are 
kably smooth and even. In only about I in 40 or 50 radiate forms 

developed lesions were the bacilli very granular. In this case the 
containing them showed signs of beginning degeneration. 
e have discovered nothing comparable to these radiate bodies in 

lesions. The stellate structures which have been reported by sev­
• vestigators in human leprosy, and which have been lately studied 
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by Mitsuda, are wholly different formations. They occur in giant cells in 
conditions other than leprosy. Their nature should be explained, but it 
has no direct bearing on our problem. It is interesting to note, neverthe­
less, that I have identified two lepers in Puerto Rico from whom one 
can conveniently obtain biopsy specimens which always show these 
stellate bodies in giant cells. 

In the further evolution of the large rosette in rats the background 
of the cytoplasm loses its affinity for stains and appears clear. The radial 
arrangement of bacilli is lost. They become packed more closely to­
gether and a large clear space develops between them and the cytoplasm 
of the distended multinucleated giant cell. I have as yet no first hand 
information on the incidence of these rosettes, their place in the disease 
reaction and their fate. 

Some of the large human globi, especially in very cellular lesions, de­
velop likewise in multinucleated cells; but, as I have said, they do not 
exhibit this radiate multiplicative phase. And there are other differences. 
They appear, at first sight, when in sections, to be independent globular 
masses, and Denney has excised fresh tissues and examined them as 
individuals. But their reconstruction from thin serial sections demon­
strates unmistakably that many of them are connected with their neigh­
bors. 

In active, densely cellular lesions, the globi are contained in spaces 
which remind one of a mass of bubbles of unequal size separated to 
some extent by tissue fluid and by cells and fibers within the spaces. 
Where the "bubbles" come in contact with one another, the walls gen­
erally collapse, and the space is continuous from one cavity to another. 
Such connections are usually short and wide and their diameter less than 
the maximum diameter of either of the two confluent spaces involved. 
One large globus may connect in this way with seven or more others. 
Passing from one globus to another the sudden sharp inward projections 
of the walls are faintly suggestive of the valves in lymphatics. Longer 
and narrower connections are rare. The walls are quite thin. When a 
large globus is cut through the center, most of its surrounding wall is 
not nucleated. The few nuclei which are present are situated on one 
side in a segment of the wall noticeably thicker than the rest. They may 
be a little more flattened but are otherwise indistinguishable from the 
nuclei of individual macrophages possessed of small globi. Denney and 
Eddy have investigated the relation of leucocytes, apparently of the 
polymorphonuclearvariety, to globus formation; but it is certainly not 
these cells which are involved. 

The contents of these large globi are interesting and worthy of more 
than the haphazard study which has been accorded them. The bacilli 
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are frequently granular. Many of them lose their acid-fastness and 
degenerate, but curiously enough there is little if any coincident fat 
formation or accumulation. Vacuoles comparable to those in the foamy 
lepra cells are usually lacking. Among the degenerating bacilli is a sub­
stance which stains faintly with eosin and brightly with fuchsin in 
Mallory's combination. This often occurs in discrete masses about the 
size of a red blood cell and has been observed by many workers. I have 
not as yet met with this material (gloea ) in the large rosettes of rat lep­
rosy. 

The materials observed within a globus in stained sections never fill 
its entire lumen. They generally occupy a central position, leaving a 
clear area intervening between them and the membrane, but they may 
beplastered on the inner surface of the membrane. In fresh globi, which 
I have not studied as thoroughly as Denney, for lack of opportunity, 
they are probably more evenly spread in the contained fluid. The central 
accumulation, or the peripheral plastering and intermediate conditions, 
may be the result of the coagulative action of fixatives. 

Nearer the epidermis, in less active lesions which may be older, there 
are found in some cases still larger globi, the exact relation of which to 
those just described, is not clear. The cellular infiltration about them is 
less dense. There are fewer macrophages with small globi and plasma 
cells, but foamy lepra cells may be fairly numerous. 

These globi generally correspond in position to the outer lymphatic 
plexus in the reticular and papillary layers of the dermis. In some speci­
mens a single globus occupies almost all the area of a dermal papilla, 
while in others a few are found deeply situated in the fatty subcutaneous 
tissueor between strands of fibrous tissue. 

Viewed in cross sections such globi resemble those just described in 
the more cellular lesions, insofar as in most instances the wall is of 
uneven thickness. The thin segment is of greatest extent and devoid of 
nuclei, and the thick one of less extent and possessed of nuclei-more 
of them than in the globi of the cellular active lesions. Some sections pass 
through the nucleated side of the structure and , when this happens, no 
lumencontaining a globus is evident. The appearance is that of a multi­
nucleated cell in which the nuclei form a kind of crescent partly sur­
rounding an area of cytoplasm free from nuclei. 

Reconstructions of some of these globi from serial sections show one 
or more delicate channels leading off the lumen through the side of the 
globuspossessed of the thinnest wall. I have not been able to trace them 
very far , neither have I been able to find them connected with all globi. 
The openings are narrow, of the same caliber as the channel and not 
funnel-shaped. They are rather like lymphatic capillaries. Whether they 
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are lymphatics, and these globi are housed in local roughly spherical 
dilatations of lymphatics, will have to be held over for decision until 
satisfactory injections of the lymphatic plexus have been made with 
india ink by the method of Hudack and McMaster, before the tissue is 
biopsied . If the globi are in truth sharply localized spherical enlarge­
ments of the closed beginnings of lymphatic channels, like grapes on a 
bunch, then the dilating force must be due to growth of the bacilli or be 
occasioned by osmotic factors connected therewith. It would not be 
possible to explain the dilatation in terms of Pullinger and Florey's 
conception of the normally operating mechanism . 

At present it is only feasible to assert that these large globi may be 
contained either in multinucleated cells, like those mentioned earlier in 
describing the more active lesions, in support of which is the abundance 
of nuclei in one side of the retaining wall, or in local enlargements of 
the lymphatic plexus, as indicated by the delicate vessels alluded to. It 
is entirely possible, of course, that some are formed in the one, and 
others in the other situation. 

II. WHAT ARE THE SEQUENCES IN THE DISEASE REACTIONS? Many cells 
ingest the bacilli, and in some types of leprosy, globi form, but these 
are only two of the obvious microscopic changes. Cells which do not 
contain bacilli are also more or less involved; likewise nerves, blood 
vessels, lymphatics and tissue fluids. 

It is no exaggeration to say that less is known about the pathogenesis 
of leprosy than of any other important disease. The special difficulties 
are clear to any person who will give them a moment 's thought. 

In the first place leprosy manifests itself in so many ways that clini­
cians are not agreed as to the classification of types and the terms to be 
used for each . Yet to reach a logical classification is a prerequisite to 
further work. 

In the second place , in the absence of susceptible animals, studies on 
pathogenesis must be limited to human beings. 

Furthermore, the long incubation period is practically a closed book 
because, until a positive diagnosis is reached or the disease suspected, 
biopsy tissues are never collected for examination. We would not know 
where to look for our material, and only by systematic cytological ex­
aminations of children up to and including the age of puberty, selected 
from classes of people and from regions most subjected to infection and 
who have died from all causes, are the first symptomless stages in patho­
genesis likely to be encountered. 

Even after leprosy has been recognized, the path of investigation is 
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beset with obstacles. Except in the cases of accidental death , or death 
from some condition other than leprosy, the early lesions can only be 
studied in biopsied tissues. The skin lesions, and in some cases, nerve 
lesions, yield limited but valuable information. Such specimens have, 
however, been used mainly to establish the diagnosis or to test the effects 
of treatment. 

The clinical and pathological correlations may not be as close as they 
should be. An investigator, on an extended tour , sees many cases, re­
moves specimens and studies them at home, months later. Even less 

. satisfactory is the habit of some investigators away from the tropics of 
examining and reporting on specimens sent to them from cases which 
they have never seen. A detailed clinical history, not only of the condi­
tion before biopsy, but also of the subsequent progress of the disease is 
a requisite. For instance, in cutaneous nodular leprosy, the lesions 
should be mapped at regular intervals so that information as to the age 
and other features that can be determined by macroscopic observation 
will be available for each. Unless this is done, misleading conclusions 
may be reached by examination of a single specimen which may be of 
an early, mature, or partly healed nodule. All too frequently clinical 
interest begins to fade when it becomes evident that nothing really 
helpful can be done for the patient. Those in charge may not remain so 
alert as to secure either biopsy specimens from late stages, or autopsy 
specimens when death occurs from leprosy or other conditions. 

To determine the sequence of events in a given case from the recog­
nized beginning to recovery or to death is rarely feasible, because often 
.the disease extends over so many years. Consequently, the sequence 
described is a kind of patch-work established by the judicious selection 
of specimens from several cases. Much has been learned in this way, 
but the results are not all that we could wish. 

There is also the question of adequacy of examination. While meth­
ods for the demonstration of bacilli and for routine analysis of lesions 
are expertly used by trained pathologists and public health officers, the 
results are not quantitative. We read that plasma cells are rare or 
numerous, and the literature is full of equally vague statements regard­
ing neutrophile leucocytes, foamy Virchow cells, and so on. Few in­
vestigators are of on- mind as to what rare and numerous mean. And 
these are examples which could be multiplied. 

It is desirable to grade selected lesions , which have been carefully 
studied clinically before biopsy, by counting cells in sections and bv 
reducing them to percentages of the total per unit volume of tissue. In 
the counts , a column would have to be devoted to .unclassifiable cells. 
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because no reliable cytologist claims to be able to identify all cells seen 
in any section. Correlated with this would be the more difficult and 
necessarily crude grading of bacilli with respect to estimated number, 
acid-fastness and granularity. The value of any sequences established 
by these means would be greater than that of information conditioned 
by the personal opinions of several observers. 

Since leprosaria are generally situated far from centers of medical 
research, the techniques familiar to workers in the fundamental pre­
clinical sciences of cytology, biochemistry and physiology have seldom 
been properly utilized. Young workers in these sciences hear of leprosy, 
but may never see a case and so their energies are directed elsewhere. 
To place the problem before them, as the Leonard Wood Memorial is 
doing, is a strategic move, and funds should be supplied to enable a 
few of them to work under favorable conditions in leprosaria. 

Evidently, many reasons can be cited as to why we have so little 
accurate information on the pathogenesis of leprosy. Not the least is the 
fact that pathogenesis is at best a laborious study, demanding team 
work, which is forgotten in the natural eagerness of people to prevent 
or cure the disease. 

12. ARE THERE ANY PROSPECTS OF TREATMENT WHICH ARE NOT BEING 

EXPLORED? Numerous haphazard experiments have been conducted. 
Some have been based on the idea that to block the reticuloendothelial 
system might be helpful. Others have been based on one symptom or 
another: since the lesions in cutaneous nodular leprosy are cool, owing 
to reduced blood supply, heat is applied; because chaulmoogra oil deriv­
atives were administered under the best of living conditions, attention 
was directed to improvements in diet and general hygiene and these 
were demonstrated to be helpful. 

We need to act less blindly, to provide a logical basis for experimental 
therapy through searching study of pathogenesis of the principal types 
of leprosy. This must include data on how the physiological processes 
both systemic and local are modified in order that help can be given 
with knowledge of what the body itself is doing or is trying to do. 

Two suggestions are here offered, although with hesitancy, since it is 
easy and tempting to theorize when so little is definitely known. The 
earliest lesions are often small and sharply localized. Attention is di­
rected to a certain small lesion because it is chronic and persists. I have 
in mind the barely noticeable enlargement and loss of sensation of the 
car lobules of a small boy. Biopsy showed tremendous numbers of 
macrophages packed with bacilli , reduced blood supply and injury of 
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nerve terminals. This suggests that changing the lesion from chronic to 
acute might be worthwhile. By the injection of starch, Chambers and 
Grand have slowed growth and in many cases brought about complete 
regression of sarcoma No . 180 in mice. Sugar produced from the starch 
attracted legions of polymorphonuclear leucocytes (corresponding to 
human neutrophiles) which marched through the closely packed cells 
and promoted aseptic necrosis and subsequent resorption. The lepra 
cells are of the same lineage as the sarcoma cells. Tuberculoid leprous 
lesions, which are by contrast relatively acute, do exhibit many neutro­
philes and quite frequently do heal. If the netrophiles are a defense 
mechanism this would be one way to get them into the lesion. 

The second suggestion is based on the fact that spectrographic studies 
show that in cutaneous nodular lesions there is an increase in the phos­
phorus-calcium ratio (Cowdry, Heimburger and Williams 1936). At­
tempts might be made to combat this change. In addition, the specto­
graph could be employed to ascertain the fate of very small quantities 
of substances likely to influence the growth of the bacilli. These could 
be injected locally and intravenously. Some might accumulate in the 
lesions and retard or even accelerate the metabolic activity of the or­
ganisms or the cells containing them. Clues as to what substances to 
use might be obtained by noting their influence, or lack of it, on acid­
fast bacteria, which can be readily cultivated in vitro. 

13. SHOULD OTHER ACID-FAST BACTERIAL DISEASES OF ANIMALS BE SyS­

TEMATICALLY STUDIED? This is indicated because it would broaden our 
base of operations by including several diseases on which we could ex­
periment freely. The field is wide open, because of the fact that several 
of them are of no economic importance and their study has been neg­
lected. Only with respect to those which have been labelled tuberculosis, 
has the economic or human motive impelled research. 

The selection should depend on a survey in which the lesions would 
be compared with those of human leprosy. Only in the disease of water 
buffaloes have giant globi been discovered comparable with those in 
man. We have mentioned the rosettes in rats , which are less like the 
human globi. Whether or not they occur in mice remains to be seen. 
Attention is directed to Johne's disease of cattle by Hagan's statement 
that the incubation period is never less than a year. I am indebted to 
Dr. A. Zeissig, associate of Dr. W. H . Hagan, for opportunity to study 
a series of preparations, the examination of which has supplemented 
his account. The "skin lesions" in non-tuberculous cattle will bear close 
study (Daines 1938). A concise statement of "Tuberculosis in cold­
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blooded animals" has been contributed by Aronson. The relation of this 
disease to leprosy is not very close. It gives rise to tubercles, frequently 
associated with caseation. The organisms can be cultured and are cap­
able of reproducing the disease in susceptible animals. The only lesions 
of this category I have had the privilege of studying were kindly sent to 
me by Dr. J. F. Nonidez. 

How our conception of human leprosy would thereby be advanced, 
cannot be predicted. Here, also, to experiment wisely, data on the mor­
phological, biochemical and physiological sequences in the several dis­
ease reactions should be first secured. The behavior of bacilli and of 
cells during the incubation period could at least be discovered. It would 
be interesting to find out whether the first line of defense is polymer­
phonuclear or monocytic and whether the nerve involvement is primary 
or secondary. The significance of granularity and of loss of acid-fastness 
of the bacilli could probably be clarified. Certain reactions between host 
and parasite would be outstanding in some, and absent or so incon­
spicuous as to escape notice in others, except when intentionally sought. 
It would be a comprehensive study of Nature's methods of adjustment, 
of various ways she has developed through the ages to combat acid-fast 
bacteria in hosts which themselves differ radically in nutrition, manner 
of life and in many other important particulars. 

Whatever the facts observed, it is safe to say that they would pave 
the way for experiments designed to assist Nature in these animal dis­
eases, which we hope will give illuminating side lights on human leprosy 
and tuberculosis. At present, not only leprosy, but also tuberculosis is in 
the doldrums. Cunningham has truly said of the latter "that we have 
made but little progress with regard to any specific medical treatment 
since the days of Laennec." 
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