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Ulcerative Mycobacterial Disease
Chairman : W. H. Feldman
Dr. Feldman. Last October Dr. Binford
arranged a conference pertaining to M.
leprae h ere in Washington. Included in
the program was a report on a nonleprous
dermal ulcerati ve mycobacterial disease
that occurs in Uganda. The material was
presen ted b y Dr. Dani el H . Connor, pathologist, a member of th e Geographic Pathology Division of the Arm ed Forces Institute of Pathology, who h as recently

return ed to th e States after two and a half
years of service in the D epartment of
Pathology, Makerere University Medical
School, Kampa la, Uganda. It was my good
fortun e to be present, and I was much
impressed by th e dynamiC story th at Dr.
Connor recounted. I am sure all of you
likewise will find hi s story of th e pathogenesis of thi s mycob acteri al di sease of
much interest.

Myco bacteritun ulcerans Infe~tion J
(With Comments on Pathogenesis)
Daniel H. Connor, M.D. and H. Fletcher Lunn , F.R.C.S.2
In 1962, as a member of the Geographic
Pathology Division of the Armed Forces
Institute of Pathology, I ( D.H.C. ) was assigned to Makerere College Medical School,
Kampala, Uganda. During two and one
h alf years there I studied a number of the
local diseases. One of the most challenging of these was the mycobacterial necrotizing ulcer. In collaboration with Mr. Lunn
and oth ers ( 5) it was possible to study the
IPresenl cd by D r. Conn or. Th is work was sup ·
p()lrted in part by a research gra nt. Project Number
DA · ~ID · 49· 1 93 · 63 · G IOI , fro m th e Medi ca l Research
a nd Deve lopme nt Command , U. S. Army , ' '''ashin g.
LOn. D. C.
"T he a uth ors are r es pec ti ve ly: Pathologist, Geo·
graph ic Pathology Division , Arm ed Forces Tn slilllle
o f Pathology, ' '''ashin gton , D. C. and Make rere
Medical School; and Sen io r Lecttlrer, Depa rtm ent of
Su rgery, Mak erere Medi ca l Sc hool, Kampa la ,
Uga nd a.
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epidemiologic, clinical and pathologic aspects of this remarkable disease. Although
necrotizing u lcers have been seen in
Uganda for many years, the causal role of
Mycobacterium ulcerans has only recently
been recognized, thanks to the pioneer
work of MacCallum and associates in
Australia ( , ) and the later reports of
Janssens and other Belgian scientists working in the Congo ( :1 ) •
Mycobacterium ulceral1 s infection causes
a deep expanding painless ulcer, which
may grow to enormou s size. In exh'eme
cases its relen tless progress was checked
only by amputating th e affected extremity.
The first report from Uganda ( 1 ) recognized
a concentration of cases in Buruli County,
a sparsely populated region along th e upper
Nile. It is now recognized, however, that
in Uganda this infection attacks almost ex-
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F IG. 1. Mycobac terill11l IIlce ron s ulceration of the leg of a 7 year old boy who lived in swampy
terrain near the Victoria :\file. Treatment consisted of extens ive and repeated debridement and
skin grafting. The boy now has a normally functioning leg. AFIP ?--leg. 65-2976.

elusively thos e people living along th e Nile
and around Lake Kyoga. Fortunately most
of these areas are thinly populated and
yield very few patients. In one community
near a ferry crossing, however, th e population density is hi gh, and mycobacterial
ulceration is so common that on ly severe
cases can b e admitted to the local hospital
for in-patient care( 5). Figure 1 shows an
advanced case wi th ex tensive tissu e destruction and skin loss. At this stage, care-

ful and prolonged surgical management
offers th e on ly hope of saving th e ex tremity.
Fortunately the resu lts were good in this
case, but a critically needed hospital bed
was occupied for six months.
In th e 38 cases of this mycobacterial infection that we studied histopathologicall y,
all but one had an ulcer when first seen.
In this exception, th e patient was brought
in b efore th e ulcer had formed, and this
gave us th e opportunity to study th e infec-
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FIG. 2. The patient lives at Galiraya,
a small village alm ost surrounded by
water. This area is thinly populated
( less than 50 persons per square
mile) and yet 13 people from this
peninsula, includi ng the boy's mother
and sister, have had mycobacterial
ulcers in the past. So far, virtuall y all
proven cases have come from homes
situated within a few miles of th e
river Nile or Lake Kyoga. Uganda's
population is concentrated in a broad
zone along the north shore of Lake
Victoria, but this is not an endem ic
area.
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FI G . 3a. Th e les ion (a 5 x 3 cm. area of subcutaneous indura tion ) can be recognized as a
slight protrusion along the lateral border of the mid -forearm. Th e invo lved area was hard, moved
free ly on th e deep tissues, and was sharpl y demarca ted on palpation. A round vesicle 2 Illm. in
diameter is situ ated over th e center of th e indurated area (arrow ) . It is pale, circu lar, and sur.
round ed by a hyperpigmented halo. AFIP ~eg. 65-3139.

F1 G.

3b. A roentgenogram reveals calcium in the indurated area. AFIP Neg. 65-3139.

tion at an early stage, before th e histopathologic picture was complicated b y
secondary infection and native trea tm ents.
Our observations gave insight into the
pa thogenes is and raised some fundam ental
ques tion s about th e nature of this peculiar
organism .
A nine-year-old Afri can boy was brou ght
to us b y Dr. 1. Kafero, his famil y doctor.
H e was th e son of a schoolmaster at
Galiraya, a village loca ted at the extreme
northern tip of th e Bugerere penin sula in
Uganda. This village, loca ted on a narrow
tongue of land 50 mil es long and 10 mil es
wide, is a lmost surround ed b y water ( Fig.
2). Although Galiraya has a popul ation of
less than 50 inhabitants per square mile,
1.3 resid ents of this area, includin g the
patient's mother and sister, have had mycobacterial ul cers durin g th e past four years.
The patient was admitted to Mulago
Hospital, Kampala, on .30 !vfay 1963, with
a firm , rais ed swelling of his ri ght forearm,
which had been noticed five months previously. It had begun as a small raised

papule, but th ere had been no ulceration
or suppuration. Th e surrounding tissu es
gradually became firm and, when first seen
in May 1963, the indurated area measured
5 cm. x 3 cm. The lesion had a well d efin ed border, could be moved freely on th e
deep tissu es, and resembled closely th e
lesion of subcutan eous phycomycosis ("'),
except for the fact that there was a small
round vesicle 2 mm. in diameter over th e
center of th e indurated area ( Fig. 3a).
Physical examination revea led no enlargement of reg ional lymph nodes and no other
signifi ca nt abnormality.
A roentgenogram of th e right forearm
disclosed a mottl ed area of calcinosis in th e
subcutaneous tissu es, th e location of which
corresponded to th e central part of th e indurated area ( Fig. 3b ). It was important
to differentiate between subcutaneous phycomycosis, a mild nonulcerating infection
th at may occur on the ex h'emiti es of children in Uganda, and Mucobacterium
1l1ce1'lll1s infection , which , if not trea ted
promptl y, caus es progressive ulceration.
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F lc . 4a. T he excised specimen con sisted of two fragments. The straight
ed ge on the right is th e margin of th e
earlier biopsy. Th e cross-hatched area
was cultured and the letters refer to
. blocks taken in th e same axis as th e
arrows. The long arrow points to the
ves icle. Colonies of mycobacteria were
centered in b.lock a and a few colonies
were found in sections fr om th e cenIral aspects of th e blocks e and f. Sections from blocks b, c, d, and from the
peripheral side of f revealed nonin flamm atory necrosis, but no acid-fast
hacilli, and the portion cultured yieldeel no mycobacteria. See Figure 7 for
a diagramm atic represen tation. X 2.
A FTP Neg. 65-4556 (2) .

Flc. 4b. In this first biopsy the most
promin ent change is necrosis of adipose tissue. A ghost outline of swollen
fat cells remai ns, but · cell nuclei and
th e intercellular capillary circulation
ha ve van ished . Inflammatory cells
were not prom in ent, but occasional
accumulation , as seen here (eosinophilic Jeucocytes, lymphocytes, plas ma
cells, and polymorphic leucocytes)
were found about small vessels.
Giemsa stain. X 145. AFIP Neg . 65141 7.

Without delay, th erefore, a biopsy was p erform ed. This was taken from th e p eriph ery
of the lesion at th e junction of the in durated and normal tissues. Because of the
. the possibility that thi s was an M. uZce1'alls
infection, th e patient was g iven ph enazin e
( Geigy, B.663), 100 mgm . twi ce a day, for
six days . prcop erati\'l'ly. as reco mm e nclPd
in a previous re port ("), and thi s dosage
was continued after operation in a n attc mpt
to prevent spread or recurrence.
Eight d ays after biopsy, the entire les ion

was excis ed and th e open area covered
with split skin grafts. It h ealed w ithin a
week, but ph enazin e was continued for one
month , after which time th e boy return ed
hom e. Th e excis ed area has remain ed
firml y h ealed withollt evidence of recurrence.
PATHOLOGY
Th e first bi opsy included skin and su b cutaneous ti ssue. Grossly th e surface was
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norm al, b ut at onc end th e attached fa t was
opaque and indurated . :M icroscopicall y,
this was a necro ti c zone, devoid of fu ncti oning ca pillaries, an'd it involved the
lower dermi s and th e subcuta neous adipose
tissue. Swollen necrotic cells were separated by amorph ous eosinophilic material.
The cell nu clei had va ni shed, b ut a fa in t
or "ghos t" outlin e of previously viab le fa t
cclls and oth er stru ctures remained. Inflammatory cells were not conspicuous, but occasional perivascul ar co ll ecti ons of eos inoph ilic leucocytes, lymph ocytes, plasma cells,
and rare polymorphic neutrophils were evident ( Fig. 4b ). T here were no acid-fas t
bacilli in th e secti ons, but on th e basis of
thi s peculi ar necrosis of the panniculu s a
provisional di agnosis of M ycobacterium
ttlcel'Gns infec tion was made.
The excisional specimen taken eight days
later was composed of two frag ments. F igure 4a shows th e ori enta tion of th ese fragments, th e margin of the first biopsy, the
vesicle, and the porti on sent for culture.
Th e surface, except for the vesicle and
suture marks from th e first biopsy, was
norm al, but th e attached subcutaneous ti ssues were woody-hard and cut with a
gratin g sensa tion. Th e cut surface was
opaqu e, and streaked yell ow and white
( Fi g. 5). Microscopicall y, th ere was an
ovoid region of necros is centered in th e
subcutaneous fat measuring 2.5 cm . x 2.0
cm. The necroti c ti ss ue was intensely
eos inophilic and virtu all y devoid of inflammatory cells, nu clei, and capillari es. A
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ghos t ou tlin e of prcv iously viable cells and
structures remained toward th e periph ery
of th e necroti c zone, but in th e center most
of the stru cture was los t. The necrosis extended upward through th e corium and
penetra ted th e epidermis wh ere th e vescicl e
had formed ( Fig. 6a). Mos t remarkable of
all, was th e lack of any significant vascul ar
or inflammatory cell res ponse, even at the
juncti on of th e viable and necroti c tiss ues.
Secti ons stained for acid-fas t bacilli revealed coloni es, clumps, and individu al
mycobacteri a, concentrated in th e center
of th e necroti c zone. In th e hematoxylin
and eos in-stained secti ons (Fig. 6b ), th cy
could be seen with th e naked eye. Sections
taken from blocks e and f ( Fig. 4a), on the
side toward the vesicle, contained sca ttered
mycobacteri al colonies, but sections from
the ir outer as pects conta in ed none. Similarl y, blocks b , c, and d, as well as the first
biopsy, contained 110 mycobacteri a, but
each of th ese fragments had areas of fa t
necros is. The specimen sent fo r culture
yielded no mycob ac.terial growth . The porti on cultured was taken from the periph ery
only, but at that time we had no idea that
masses of organisms were concenti'ated in
th e center of th e lesion. This negative cul ture from th e p eriphery, however, supports
our observati on th at th e organisms are confin ed to th e center of the necroti c zone, and
th e other clinical and pathologic findin gs
leave no doubt th at this is a ·M ycobacterium.
ulcem.lls infecti on. Blocks from the periphery of th e specimen (c, d, and the first

F IG. 5. This is the cut surface at b, (Fig. 4a). The su bcu taneous fat was wood v-hard and cut
with a grating sensation. The surface was mottled yellow and white. X 4. AFIP ·Neg. 64-2989.
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F IG. Ga . A photom icrograph of a
section prepared from block o. T he
necrotic area extends to both lateral
margins and to the d epth of th e specimens. No tissu e h as been tri mmed
away, and the margins thus represen t
the limits of the excision. A ghost
outline of fat cells, lobules, vessels,
nerves, a nd collage n bundles remain s
at the p eriph ery of the necrotic area.
Th e corium is in volved over the cen ter and the necrosis has reached thc
epid ermis where the ves icle is formi ng.
T he mycobacteri al coloni es are slightl y
basophilic and can be seen in the center of the necro tic zone. No signifi ca nt vascul ar or cellular inflamma torv
resp onse is ev ident. H ematoxylin and
eosin . X 4 . AFIP Neg. 65-14 ] 1.

~

.'. '

.

F IG. 6b. An acid -fast stain of a section, adj ace nt to th e one above, demonstrates the concentration of mycobacte ria l co loni es in the ce n te r of the
necroti c zo ne. Ziehl-Neelse n stain .
X 4. ,-\ F I1' Neg. 65- 141 3.

FIG. 6c. A higher power of the same
section shows th e form <l tion o r mycobac terial co lonies within dead fat cells.
Ziehl -Neelsen sta in . X 440. ,-\FJP Neg.
:'-1 0.65- 14 12.

biopsy) contained viable cutaneo us adipose
ti ssue intermin gled with lobules of necroti c fat, but none of th ese sec ti ons co nta ined
acid-fas t b acilli. Th ere were calcium de-

posits throu ghout but these were most striking in the region of . th e mycobac teria l
coloni es. Th e drawing ( Fi g. 7) ill us trat es
th ese observati ons.
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FI~. 7. This is a d rawin.g, to scale, through the long ax is of the lesion. T he mycobacterial
colon ies are (!o n centra~ed IJ1 th e cen ter of a broad zone of bl and or non inAammatory necrosis.
The latter h a~ undermlJ1 ed the derm is and epiderm is an d is on the verge of eruptin g over th e center of the leSIOn. M . 1Ilceraus may prod uce a tox ic substance which causes this necros is.

DISCUSSION
Nothing is known of the natural reservoir
or method of transmission of M. ulcerans,
but th e fact th at pa ti ents li ve along ri vers
in Uganda( 5) and the Congo e) sugges ts
that people are infected in or near th e
water. Although th e present case does not
help sol ve the epidemiol ogic problems, it
sheds light on the mechanisms of the p ath ologic process. The necroti c cells are
swollen and the intercellular sp aces are
expanded by homogeneous eosinophilic materi al, thus explaining th e clinical swelling.
The diffuse mineralizati on and the avascularity prob abl y account for th e indurati on.
More importantl y, th e case described shows
that proliferatin g coloni es of M. ulcerans
cause expanding noninflamm atory necrosis
in th e panni culus, and it is clear also th at
thi s necrosis leads to ulcerati on by und ermining viable cori um. Especially signifi cant is the fact th at the acid-fast bacilli are
concentrated in the center of th e necroti c
zone, remote from viable tiss ue. This feature suggests that M. ulcerans elaborates
a diffusible toxic substance, and this idea
gains plausibility when the extensive area
of necrosis is contrasted w ith th e smaller
central zone in which th e organisms are
concentrated .
In relati on to th e possibility th at M.
ulcerans elaborates a diffusible necrotizin g
substance, our findings sugges t th at it acts
in one of two ways. It could b e proteolytic
effect ( its most striking result being the
destruction of fat cell nuclei, leavin g for a

few weeks th e identity of cell bound ari es
and contents) , or it could , in a more subtl p
way, interfere with cell metabolism, causing conti guous cells to swell, obliterating
capillari es and resulting in ischemic necrosis. If M. ulceran s elaborates a necroti zing
toxic substance, we can, with present facts,
do no more th an specul ate about its mode
of action.
.
The greates t b acterial proliferation takes
place in th e p anniculus, but th e reason for
this. is obscure. The panniculus may supply
optmlUm nutri ent or its temperature may
b e optimum for multiplication of th e b acillus. The mi croscopic appearance ( Fig. 6c)
leaves no doubt th at fat cells provide
an adequ ate nutri ent medium for exuberant proliferati on, but M. ulcerans h as such
a fas tidious temperature requirement
( 33 0 C) that its remarkable proliferation in
th e subcutaneous adipose layer may b e a
reflection of this characteri sti c. Rothman(S)
has shown that normal ( internal ) body
temperature is maintained to within about
2.4 cm. of the skin surface. From here out
the temperature steadily falls, approaching
the ambi ent temperature on th e skin surface ( provided, of course, that the skin is
not covered) . The grea test rate of ch ange
in temperature ( maximum therm al gradient ), th erefore, is within th e subcutaneous
fat a n ~l lower dermis, and thus, a temperature of 33°C at some level of the panni culus should occur. Fenner's observations
and conclusions from experimental infections (2) support th e view that tempera ture
is the criti cal factor in determining the site

8.1, 8 (Pl. 2)
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of i/l. vivo growth. n y inoculating mice
intravenously, he produced les ions of scrotllm , tail , feet, nose, and ears, i.e., .in th e
peri ph cral hairl ess (coo l ) parts. A Iso, wh en
he inoculated chick embryos intravenously
and incubated them at 33°C , bacilli increased in number in th e liver, but wh en
incuhated at 37° C th e organisms failed to
grow and disappeared. Thes e two lin cs of
evidencc support th e view that skin temperature is the critical factor that promotes
M. 1Ilceralls growth in, and at the same
tim e limits its growth to , th e panniculus.
SUMMARY
\'Iycobacterial ulceration is a severe dis ease affecting a large number of peop le
living a long th e Nile in Uganda. In a
histopathologic study of 38 cases of M.
ulcerolls infection, we observed one case
in th e preulcerative state. Th e lesion consisted of a central nidu s of mycobacterial
colonies surrounded by a wide zone of
necrotic tissu e. Th e implications of th ese
findings have b een discu ssed and th e suggestion mad e that jI.J. ttTcerans elaborates
a diffusibl e toxin that causes tissue necrosis.
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DISCUSSION
Dr. Binford. ( in chair for Dr. F eldman,
who was called away). In addition to
b eing a pathologist skilled in tropical m edicin e Dr. Connor is an accomplished photographer. H e made the clinical pictures
he has shown this morning. One thing that
had impressed me about this disease in
Uganda was that in th e trips that Dr.
Connor with his associates made into th e
country where th e ulcers were end emi c,
he found that .in some areas , if the local
hospital authorities had taken all cases
neecling admission, they would have fill ed
all of their b eds with pa ti ents suffering
from mycobacterial ulcers. Th ey could admit only those most severely affected.

In cliscussing this condition today, we
are fortunate to have with us again Professor Janssens, whom you heard earlier this
week in th e discussion of leprosy research
in a tropical disease institute. Professor
Janssens was with us at the conference in
Baltimore in 1961. At that time we spent
a d elightful evening h earing him present
the exp eri ences with this disease in the
Congo. Before introducing him I would
like to say that Dr. S. R. Pattyn, who also
is from that Institute, and who was with
us at our conference in Carville in 1958,
after going back to the Congo, sent material to th e Armed Forces Institute of Pathology from several patients with mycobacterial ulcers.
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Prof. Janssens. First of all , I want to
congratulate Dr. Connor for his excell ent
presentation on this di sease, which I am
very famili ar with. H e did a fin e piece of
work, and was especiall y lu cky in b ein g
able to see many very early cases and stu dy
them carefull y. I wish to thank him too
because it was, for me, a real pleas~re t~
go back, in anoth er place, to a problem
that ]las troubl ed me for quite a while. As
everybody knows, it is always a pleasure
and a special one in the fi eld of mycob acteria, to firid one's work confirmed b y oth er
colleagues.
For some time I had th e queer privilege
of standing b y myself next to the Australian
group with its six cases of this bi zarre
ulcerative condition of the skin-and to
Van O ye and Ballion, who did describe a
sin gle case, which was studied later in th e
United States by MeJIeny and John son.
At that time authors were more numerou s
than pati ents. I was the only one who had
seen an important group of about one
hundred patients. This happened because
of th e clinical sense of a fri end of mine,
Lubiczs, who was surprised to find acidfast bacilli in so-called tropical ulcerations
resistant to classic treatment. Obviously
those pati ents did not have leprosy. Out
of more than 80 patients, I was un able to
cultivate the organisms. Fortune did not
favor me as it did the Au stralians, since
my incubator stayed at 37 ° C an the tim e.
At room temperature, I did not succeed,
either. I was fortunate enough, however,
to isolate in animals a good strain from a
still closed lesion of the type you have
just seen. This mycobacterium was going
very wen in the testes of white rats, the
only suitabl e laboratory animal readily
available under my field conditions in th e
Congo in th e years 1942-1946. For once
luck was on my side, for the rat happened
to be the best animal for the purpose.
I did not publish my findin gs at th at
time, bein g not at all satisfied with my too
fragm en tary microbiologic study. I tri ed
to get other people interested in the problem, but nobod y beli eved in it. In 1950,
when Van Oye published his case, the evidence he produced was, in my opinion, so
slight th at I decided to give my own facts

] 96.')

in a di scussion of hi s paper. 1 did it in
my own language, Flemish. Although I
expected it to remain unnoticed, it was
taken up in the United States.
Some years later I had to take care of
the scientific aspects of our Institute's fi eld
hospital at Kasongo in the Maniema (Congo), loca ted a good th ousand mil es or more
to the south of th e first 'M . ulcerans focus.
Incidentall y Kasongo is th e place where
Dutton made hi s last discovery, B 01'rel-ia
duttonii, and where he is buried. Our hospital is ri ghtl y dedi ca ted to thi s great personality. On thi s hi stori c spot we tri ed to
induce our doctors to look after necroti zin g
skin ulcers, They looked around for a while
and, surpri sin gly enough, collected a few
cases. They had never seen thi s ulceration
before in their dispensaries or in the hospital. The reason for thi s is th at the Congolese kn ew of this particular type of ulceration, but had lea rn ed from experience th at
European doctors were no better in th at
particular fi eld th an th eir native witch
counterparts. So this. new focus provided
us with good material. ' iVhen I visited the
place again in 1963 there were still about
ten new patients in the hospital. Laterand that is one of th e points that is not
shown in Dr. Connor's map-cases were
found more to th e south in the Katanga,
and recentl y quite a few h ave been seen in
Leopoldville and th e Lower Congo. I am
convinced th at th ere may be cases all over
Africa, at leas t in environmental conditions
similar to those where Dr. Connor has b een
working, and where I found min e. The
tropical rain forests mi ght be the possible
exception. I think that Dr. Browne could
give an opinion on thi s point, b ecause he
is familiar wi th everything in th e dermatologic fi eld in th e rain for es ts.
When I visited Upper Volta recentl y I
tri ed to get my French colleagues interes ted
in th e problem, but without success. I wonder if, in Nigeria, where many surroundings are of about the same type as in th e
northeast of Congo and the northwes t of
Uganda, Dr. Browne has not come across
some cases.
To make things short, we obtained th e
information we needed, except, perhaps , on
the bacteriologic side. I would be glad,
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' '''hen th e generation time is studi ed by
inoculatin g very minute amounts and dilu tions in tubes, however , it comes out quite
clearly th at th ese microorganisms do not
grow at 37°C, but only at 33° , with a
generation time between 24 and 48 hours.
W e have the impression, therefore, that in
th e evolution of the disease, there are
periods in which the mi croorga nisms are
easily isolated and other periods wh en they
di e off and are diffi cult to obtain in vitl'O.
This hypothesis was illustrated in a pati ent
we saw at the Tropical Institute in Antwerp, who had been repatriated from th e
Congo. It was quite difficult to obtain
cultures from the original lesion on th e
foot, but a few weeks later he developed
metas tatic lesions in other parts of the
bod y, and from biopsy specimens from
these lesions normal b acterial growth was
easily obtained . So far as the bacteriologic
Dr. Binford. Thank yo u very mu ch, Pro- character of th e germs is concerned, we
fessor Janssens. Dr. F eldm an, who was could not find any difference between th em
chairman of thi s sessio n until call ed away and several strains of 1I4. lIlcerans isolated
by an emergency, was one of the first in Australia, and we concluded that th e
persons in th e United States to work on M. Congolese strains were also M. ulcerans.
u.lcera.ns; he reported on it several years I would like to close by saying that we tri ed
ago in the American literature. Dr. Pattyn, to isolate M. ulcera.l1s from soil in and
we would be very mu ch pleased to hear around houses where patients had b een
now from you.
seen, but without success.

Mr. Chairman, if my colleagu e, Dr. Pattyn
might give bri efl y some information on that
side of th e problem. The overall bacteriologic picture has changed in the last few
years , and in my opinion, bes ides M . ulcer(ms, man y others of the so-call ed pseudo
M. Zeprae are important for stud y. Th ey
have been found on many occasions ever
since 1887, when Bordoni-Uffroduzi isolated, for th e first time, an acid-fast organism from leprotic tissues. Since then, as
you kno'vv, with M. marianum and others,
th e list has extend ed indefinitely. I do not
know if th ese organism s are occasionally
pathogens, or are mere providers of so me
growth factors , but to my mind it would be
important to ge t more microbiologic information on them. They might be able to
shed some li ght on the pathogenesis of
leprosy.

Dr. Pattyn. vVe have been able to study
about a dozen strains isolated since about
' 1961 at Lovanium University in L eopoldville. An important fact is th at in ves tigators
down there found th at th e cases could be
divided into two main groups, one in which
isolation was not at all difficult. The residue
after decontamination of biopsy specimens
contained num erous acid-fast bacilli. When
put on Loewenstein-Jensen medium th ese
grew in numerous coloni es, at 30° , 33° and
and even 37° C. From the second group of
cases, however, th e bacteri a were extremely
difficult to grow. The same number of
acid-fast b acilli put on Loewenstein-Jensen
media permitted th e isolation of only an
occasional colony in one of th e tubes at
any of the tempera tures used . However,
once the bacilli grew, there was no difficulty whatever in keeping th em on furth er
passage. They grew rath er slowly on transfer with loops, in about two to three weeks,
like ordinary tubercle bacilli.

Dr. Binford. Dr. Browne, can you answer Professor Janssens' question ?
Dr. Browne. I was, of course, aware of
the work of MacCallum in th e mid 1940's
and from th en onward systematically examined every case of tropical ulcer that
came to our hospital in th e rain for est near
Stanleyville. In th e course of years we
must have examined some three or four
thousand ulcers from the point of view of
M. ulcera'11s, especially after Van O ye and
my friend, Professor Janssens published
their work. But in no case could we di scover the presence of anything resembling
M. lIlcerans ulceration in the tropical rain
forest. There are two patients in Nigeria
now under investigation for thi s condition .
They come not from th e ropical rain forest,
but from th e north , where there is a dry
season 5 to 7 months of. the year. There are
also one or two other patients who might
come into the category of slowly resolving
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ul ceration of this type, who are still under
investigation . I wou ld close by mentioning
the clinical rcsemblan ces. between incipient
ulceration of thi s type and th e plaqu es of
subcu taneous mucormycosis known to occur not only in th e Dutch East Indies but
elsewhere.
Dr. Binford. Dr. Recs has had some experience with this organism in assisting
~ [ r. Lunn in Uganda in trea tment.
Dr. Rees. Our group, in conjunction with
my coll eague and fri end , Mr. F letcher
Lunn, with whom Dr. Connor spent much
tim e, b eca me interes ted in this condition
from th e point of view of chemotherapy
with th e rimino-phenazin e deriva tive B.663.
Our studies on experimental infection in
mice had results in a fairly satisfactory
screening test for drugs, b efore we becamc
interested in Mr. Lunn's mycobacteria. I
shall show two slides as illustrations.
Figure 1 shows th e foot pad of each of
a pair of mice picked out at a lmost six
weeks from a standard screening test with
B.663. Both foot pads were inoculated with
M. ulcerans. The animal on th e right acted
as an untrea ted control; the figure shows

FIG.

FIG. 1. M. lIlcerans infection of mouse foot
pad. Left, treated; right, untrea ted .

clearl y that in the mouse foot pad inoculated with M . 'II1ceralls you can replicate
the type of result that Dr. Connor has described so well in man . The animal whose
foot pad is shown on the left was given
B.663 in its diet, and, in complete contrast
to th e untreated animal, th ere is no evidence of any macroscopic change, and the
developin g infection has been completely
inhibited.

2. Spreading general edema in mouse after foot pad inoculation .
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13.66:3 is 01le o/" th e vcry rew <1lltim ycohacterial drugs tha t seclll to have any
dcgrcc of activity ill vitro against M .
ulcerans ( M.LD. 0.03 micrograms per ml. )
and also, as you see, can inhibit a developing infection. As you may know from our
early publications, thi s is the only drug
that seems to have had any success in man
for treating these lesions and reducing the
amount of surgery that is normally carried
out. Now, on the geographic pathology
side, one thing will interest you. In our
unit in Malaysia, in collaboration with Dr.
J. H. S. Pettit, in th e last 12 months we
have picked up, in th e rain forest, four
cases that are now confirmed bacteriologically. The clinicians in Malaysia now
recognize that th ey have seen this condition before, and th ere are undoubtedly
many more cases. These four are responding extremely well to B.663.
Dr. Connor hazarded a guess that this
mycobacterium, unlike other mycobacteria,
may produce a toxin, possibly an enzyme.
An interesting and characteristic fact observed in our animals after inoculation in
the foot pad-and this was mention ed by
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Jeall Tolhurst ill the origillal paper from
Australia-is that a progressive spreading
cdema develops. Figure 2 shows a very
nice exampl e of it, viz., the results of a
foot pad inoculum about 8-10 weeks after
infection. There seems to be something
very specific about M. ulcerans in giving
ri se to this condition.
Hr. Binford. Dr. Latapf wou ld like to
speak about a case in th e New World.
Dr. Latnpi. I would like to recall that in
the American contin ent on ly one case has
been discovered; that was in 1952 in th e
central part of Mexico. Acid-fast bacilli
were found , and the organism was cultured
at a lower temperature than normal. It was
inoculated, and our findings were confirmed by Middlebrook and other investigators. The case was reported in the INTEHNATIONAL JOUHNAL OF LEPHOSY (Aguilar,
P.L., 21 ( 1953) 469-476). I believe more
cases would be found if physicians kn ew
more about the disease.
Dr. Binford. Thank you, Dr. Latapf. It
is worthwhile bringing that experi ence
into the records of this meeting.

Epidemiology and Genetics
Chairman : P. E. Sartwell

"'"e

Dr. Binford.
are now going into another phase of the program, genetics and
the epidemiology of leprosy. We are
pleased this morning that Dr. Philip E.
Sartwell, Professor of Epidemiology at the
Johns Hopkins School of Hygiene and
Public Health, who has long been interested in leprosy, and who is a consultant
in epidemiology to the Leonard Wood
Memorial , will bc th e chairman of this
session.
Dr. Sartwell. We have five papers on

these subjects this morning, with adequate
periods for discussion. The first is by Dr.
Ruperto Huerta. I first met Dr. Huerta at
a seminar on leprosy in Cuernavaca. I
learned very quickly that he knew exactly
what th e role of epidemiology should be,
and exactly what was needed in the way
of a presentation. Dr. Huerta, who is th e
Chief of th e Communicable Disease Branch
of the Pan Am erican H ealth Organization,
will speak on basic epidemiology in leprosy
and adequacy and validity of data.

