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Studies on Sulfone Resistance in Leprosy

3. A Case of '""Partial'' Resistance'

John M. H. Pearson, John H. S. Pettit and R. J. W. Rees”

Recent papers from Malaysia (* ') have
reported the cases of four patients with
leprosy resistant to sulfone therapy. This
resistance was detected during a study of
nine patients who had active lepromatous
leprosy despite at least 13 years of treat-
ment with sulfone. All these patients were
admitted to the Leprosy Research Unit at
Sungei Buloh for a six-months rigorously
controlled trial period on sulfone (4.4'-
diaminodiphenyl sulfone, DDS) in a dos-
age of 300 mgm. twice weekly by injection.
At the completion of this period the re-
sponse of the patients was assessed clinical-
ly, bacteriologically and histologically. Four
patients failed to respond satisfactorily, and
sensitivity tests in the mouse foot pad
(using bacilli obtained from skin biopsy
specimens taken at the start of the trial)
showed that the strains of Mycobacterium
leprae from these four patients were insen-
sitive to DDS. The remaining five patients
improved during the trial period, and as
their bacilli were shown to be sensitive to
DDS we concluded that they were not
infected with sulfone-resistant organisms,
and therefore their treatment with DDS
was continued. The subsequent progress of
one (case 1 in Refs. 2.4) was unsatisfacto-
ry, with fluctuations in the bacteriologic
and clinical findings. We report here, in
greater detail, the clinical history of the
patient and the subsequent studies that
showed the presence of “partial” sulfone
resistance.
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CASE HISTORY AND CLINICAL
FINDINGS

Patient No. 5075, Indian male. This pa-
tient was admitted to Sungei Buloh Settle-
ment in 1937 at the age of 14. He was
treated until 1948 with hydnocarpus oil and
from 1948 until 1961 with injectable DDS,
400 mgm. twice weekly. Although the rec-
ords surviving from this period are scanty,
they show that skin smears in 1953 and
again in 1961 were strongly positive. On
two occasions in 1959 he was admitted to
hospital with a febrile illness characterized
by backache, diarrhea and vomiting, which
on the second occasion appeared to re-
spond to oral tetracycline but not to injec-
tions of stibophen (antimony pyrocatechin
sodium sulfonate, Fuadin). Investigations
then included urinalysis, “x-rays of the kid-
neys,” and a barium meal, all of which
appear to have been negative. The attacks
were not then recognized as leprosy “reac-
tions.”

Until 1961 he responded reasonably sat-
isfactorily, but early in 1961 multiple small
nodules appeared on most of his body, and
a biopsy showed active lepromatous lepro-
sy. Because of this his treatment was
changed in May 1961 to thiambutosine
(DPT, Ciba 1906) in a dosage of 1 gm.
twice daily by mouth, and this was contin-
ued for 16 months® until August 1962. In
June 1961 he was admitted to hospital with
ulceration of the arms and legs, which was
diagnosed as “lepra reaction.” He was
treated with steroids for about three weeks.
1962 an additional biopsy
showed a “typical foamy leproma.” with
large numbers of acid-fast bacilli with a
morphologic index (MI1: percentage of sol-
id-staining bacilli) of 0.

“In Ref, 2 this period was erroncously stated 1o
be 10 months, through an error in the manuscript.
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In September 1962 his treatment was
changed back to DDS by injection, 400
mgm. twice weekly. The reason for this is
uncertain, as no further biopsies were made
and no smear reports are available from the
period of thiambutosine therapy. But in
March 1963, when he was referred to the
Leprosy Research Unit as a possible case of
sulfone resistance, he appeared to have
extensive untreated nodular lepromatous
leprosy. Skin smears from six sites showed
an_average bacterial index (BI) of 4.8 and
MI of 37, and a biopsy specimen (part of
which was used to obtain bacilli for sensi-
tivity tests in the mouse foot pad) showed
“definitely active leproma.” He was treated
with DDS, 300 mgm. twice weckly by
injection, and at the end of six months
showed some clinical improvement: his bi-
opsy was reported as indicating quiescent
disease and the MI had fallen to 12.

Treatment with DDS was continued for
six months more, but the MI rose to 19 at
nine months, and in March 1964, after a
full year’s detailed observation, it was still
15. Clinically there was now little evidence
of improvement, for, although the nodules
were smaller, diffuse infiltration of the skin
had increased. The unsatisfactory response
to 12 months’ treatment strongly suggested
that the patient was resistant to DDS in
spite of the failure to detect resistance in
the mouse foot pad test with bacilli ob-
tained at the beginning of the trial. In May
1964 further foot pad tests were set up
from a repeat biopsy, DDS was discontin-
ued, and the patient was started on sul-
formethoxine (4-sulfanilamide-5, 6-dime-
thoxypyrimidine, Fanasil) a long-acting
sulfonamide. Initially he was given 500
mgm. sulformethoxine daily, and after two
weeks 500 mgm. twice weekly.

Ten days after starting sulformethoxine
he developed what appeared to be an
upper respiratory tract infection, with fe-
ver, a cough, and sore throat, but two days
later definite ENL apoeared. The fever
failed to respond to antibiotics, but settled
within 24 hours on ACTH, 25 units twice
daily. Treatment with sulformethoxine was
continued and ACTH was given as neces-
sary to control the ENL. After about one
month glycosuria appeared, but it was con-
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trolled fairly well by oral hypoglycemic
drugs, except when his ENL was severe
and he required large doses of ACTH.

From May to December 1964 the ENL
fluctnated, being moderate most of the
time, with intermittent severe bouts of fe-
ver and polyarthritis mainly affecting the
hands and feet. During this period the M1,
which had fallen to 4 in the first three
months, failed to maintain this progress and
Huctuated wildly (Table 1). Because of the
severity of the reaction sulformethoxine
was discontinued in November. His condi-
tion deteriorated and in December the
patient became seriously ill with a very
severe bout of ENL, which lasted for about
two weeks but then subsided rapidly. By
early January 1965 ACTH was discontin-
uned and the glucosuria ceased about two
weeks later.

The patient had received no antileprosy
therapy since November 1964 and the MI
rose rapidly from 7 in October 1964 to 10 in
December 1964 and 28 in February 1965. It
wis consideréd essential that he be given
an cffective antileprosy drug, and in Febru-
ary 1965 treatment was  recommenced
using the riminophenazine  derivative
B.663, 100 mgm. thrice daily for six days a
week. His response to this drug has been
satisfactory and confirms our previous ex-
perience in patients with DDS resistance
(*).

DDS SENSITIVITY TESTS

These tests were undertaken at the Na-
tional Institute for Medical Research, Lon-
don. Suspensions of bacilli for infecting the
mouse foot pad were obtained from biopsy
specimens reaching London from Malaysia
by air on wet ice. The specimens were
processed and inoculated into mice within
48 hours from the time they were obtained
from the patient. Groups of six to 12 mice
were either used as untreated controls or
were treated with various concentrations of
DDS or sulformethoxine administered in
the diet. Details of the technic used have
been deseribed in previons papers (54
)
The initial DDS  sensitivity tests were
undertaken in March 1963 at the time of
the patient’s entry into the trial period on



36, 2 Pearson et al.: Studies on Sulfone Resistance in Leprosy. 3. 173
/

Tasre 1. Treatmenl and progress of the palient during the study period.

Morphologic index

(MI)®
Date T'yeatment Average Range . ENL" Biopsies
1963
Jan., Inj. DDS 400 mgm.
Feb. twice weekly ' n 12-16 Definitely active
Mar. “ leproma
Apr. Inj. DDS 300 mgm.
May twice weekly
June e
July “ 10 518
Aug, L ] 1-25
Nept. #
Oct. “ 12 9-18 Quiescent (one lesion
Nov. 5 more than the other)
Do, “
1964
Jan, & 19 1-34
Feb. 2
Mar. “
Apr. 4 15 1-25 Definitely active
May Sulformethoxine
500 mgm. daily g I i o
June Sulformethoxine e
July 500 mgm. twice 1 0-7 + 4+
Aug. weekly [ 19 724 ++ +
Nept. . 2 1-4 + +
Oet. & 7 | 1-30 +4+ 4+ |
Nov. I g | ++++
Dec. il 10 1-20 | ++++
1965 |
Jan, % : | +
Feb. | B. 663, 100 mgm. 2 537 | Definitely active
Mar. I |
Apr. i 9 ‘ 3-20 | #
May u 5 1-11 No evidence of
June X ! | 0-2 active spread
July s '
Aug. s 1 | 0-2 Quiescent

* The bacteriologic index (BI) showed no significant ehange throughout ihis period.
b Grading after Waters!,
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DDS; the mice received 0.1 per cent DDS
in their diet. At this level of DDS the
bacilli failed to grow, indicating that they
were DDS-sensitive. Because subsequent
clinical and bacteriologic studies showed no
improvement, two more biopsies were
made, in May 1964 and February 1965, for
DDS and sulformethoxine sensitivity tests.
The tests in May 1964 were carried out in
mice receiving 0.1 and 0.025 per cent DDS
in their diets, and those in February 1965
in mice receiving 0.025 and 0.006 per cent
DDS and 0.04 per cent sulformethoxine in
their diet. The results showed in each test
that the bacilli were resistant to DDS at
0.025 per cent or less in the diet, and also
resistant to sulformethoxine at 0.04 per cent
in the diet. The results are shown in full in
Table 2.

DISCUSSION

Clinical findings. This patient was in-
cluded with eight others in a study of DDS
resistance in leprosy (**') because he
presented clinically and bacteriologically

International Journal of Leprosy

1968

active disease despite prolonged treatment
with DDS. Nevertheless there is good evi-
dence that his disease was not  always
DDS-resistant. First, his clinical history was
that of response followed by relapse, and
second, he probably suffered from ENL on
several occasions while under treatment
with DDS. (“Reaction” was definitely diag-
nosed only in 1961, but the symptoms of his
illnesses in 1959 were strikingly similar to
those that accompanied definite ENL when
he was under close observation in the Lep-
rosy Research Unit.) Both these facts sug-
gest that DDS did some good at first, and
that his relapse was due to the emergence
of drug resistance.

There was slight clinical improvement by
the end of the original six months test
period, but in retrospect the failure of the
MI to fall below 5 was the first definite
evidence of the emergence of DDS resist-
ance. Of all the criteria used to assess
response to chemotherapy the MI is the
most sensitive, and a fall to between 0 and
5 in the first six months can be expected in

TasLe 2. DDS and sulformethorine sensitivityas shown by mouse fool pad infection
with M. leprae* obtained from the patient on three occasions during lreatment.

Proportion of foot pads showing multiplication
of M. leprae®

Treated mice (9 drug in diet)”

DD

Date of [Untreated _ o

test mice 0:1 0.025
March 1963 7/9 0/6 E
Mayv 1964 10/10 2/8 6/6

February 1965 | 12/12 — 6/10

Sulfor-
methoxine
| Result of
0.006 0.04 sensitivity test
Sensitive to DDS (0.19,)
Sensitive to DDS (0.19,)
Sensitive to DDS
(0.0259;,)
7/12 10/12 Resistant to DDS (0.025

and 0.006%) and to
sulformethoxine
(0.04)9

» Foot pad inoculated with 104 M. leprae.

b Yield of 2 X 108 M. leprae or more per foot pad in animals killed between 6 and 12 months after in-

oculation.

o Per cent of drug in diet; treatment started day of inoculation and continned throughout.
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patients responding satisfactorily to treat-
ment with DDS ('*). However, it was felt
that this small difference did not warrant
an immediate change of treatment, and he
was given DDS for another six months,
Moreover this decision appeared to be jus-
tified because the first sensitivity tests
showed bacillary inhibition by 0.1 per cent
DDS in the diet.

But after a year on DDS, during which
there was no clinical improvement and the
MI had reached 15, it became certain that
at least some of the patient’s bacilli were
DDS-resistant. This was supported by fur-
ther biopsies, which once again showed
active lepromatous leprosy. Further drug
sensitivity tests were therefore set up and a
six months period of treatment with sul-
formethoxine was started. The initial fall in
MI and the development of severe ENL
(7) indicate that this drug was active at
the high dose used at first.

However, after the first thite months on
sulformethoxine, the MI began to behave
in a most unusual way. Despite the
presence of severe ENL the average MI at
six sites rose steadily, but at individual sites
it varied widely. Successive MI's from the
left ear lobe, for instance, were 0, 21, 1, 30,
7, and 35, and when the MI was low at one
site it would be high at another. This was
the first time we had seen such lability in
the MI, and the combination of severe
ENL, high and very variable MTI’s at differ-
ent sites, and a rising average MI, is unique
in our experience. Our interpretation is that
in the initial period of treatment with sul-
formethoxine, when a high dose was used,
there was heavy bacterial killing, which
precipitated ENL, and that later, at a low-
er dose, there remained foci of DDS-
resistant bacilli capable of multiplying in
the presence of sulformethoxine. These foci
might be microscopic, and it would be a
matter of chance if one was or was not hit

in any particular skin smear. The presence

of sulformethoxine resistance was con-
firmed by the final sensitivity tests. We
now realize that changing the treatment
from DDS to sulformethoxine was illogical,
as these drugs have a similar mode of
action, and cross resistance could have
been anticipated.
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The initial response to sulformethoxine
can be accounted for by the higher concen-
tration of drug that was obtained: sul-
formethoxine at 200 mgm. daily gives 5-10
times higher blood levels than DDS at 300
mgm. twice weekly ('). The reduction of
the dose of sulformethoxine from 500 mgm.
daily to 500 mgm. twice weekly allowed
remaining viable bacilli to multiply and
the MI rose again, slowly at first, but rapid-
ly as soon as treatment was stopped alto-
gether. At this stage it was clearly essential
to change treatment to an entirely different
drug, and the one chosen was the rimino-
phenazine derivative B.663, to which other
patients with more clearly defined DDS
resistance had already been found to re-
spond (*), This patient too has done well
on it.

Experimental findings. In 1963, when this
patient and others were first studied for
drug resistance, the animal tests were car-
ried out at only one level of DDS in the
diet, viz., 0.1 per cent. This level of DDS,
which is the maximum tolerated by the
mouse, was chosen because strains of M.
leprae from previously untreated patients
were sensitive to it. Moreover, the bacilli
from the patients in the first study who
failed to show clear clinical and bacteriolo-
gic improvement when treated with 600
mgm. DDS/week were resistant to 0.1 per
cent DDS fed in the diet of mice (*).
However, later a possible fallacy in the use
of only this one level of DDS in the diet for
detecting resistance was revealed when the
experimental studies on the present patient
showed apparent drug sensitivity whereas
his clinical condition was deteriorating. To
attempt to resolve this anomaly DDS sensi-
tivity tests were carried out on bacilli from
two further biopsies, using lower concentra-
tions of DDS (0.025 and 0.006 as well as
0.1 per cent). The results showed that the
patient’s organisms were still sensitive to
0.1 per cent but resistant to both the lower
concentrations, which from later studies are
known to inhibit strains of M. leprae from
previously untreated patients (% * %),

These findings confirm that this patient
showed true DDS resistance. But if they
are to be correlated with each other they
must be expressed in terms of serum DDS
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levels achieved in the patient during treat-
ment and in the mouse during the drug
tests, The figures for man are well known,
and fortunately the relevant data in mice
have recently become available (%" ');
they are summarized in Table 3. It will be
seen that the bacilli multiplied in mice in
the presence of about 3-4 ugm./ml. of
DDS, and in this patient in the presence of
1-5 pgm./ml., a remarkably close correla-
tion. Multiplication in mice was inhibited
by 10-15 sm./ml, but such levels could
not be achieved in man, except as occasion-
al peaks, without serious toxic effects, In
other words, this patient’s organisms multi-
plied in the presence of the drug at a

Tasre 3. Concentrations of DDS in the
sera of mice fed different levels of drug in the

diel and in man on standard ireatment.”
C'oncentration of DS
in serum
Dose (ugm./ml.)

Mouse (9 in diet)

0.1 10-15

0.025 2.6-4.0

0.006 0.4-0.7

0.0001" 0.01-0.03
Man

100 mgm. /day 15

* Data extracted from Refs. 9 and 10,
b Dose of DDS inhibiting the growth of L.
leprae from untreaied patients,

concentration above that achieved by the
dose administered, which was close to max-
imal. This can be considered a practical
definition of drug resistance.

General studies on the emergence of
drug resistance show that different strains
of bacilli do not show a uniform degree of
resistance. Our findings confirm this in the
field of DDS-resistant leprosy. The bacilli
from our first three patients showed a very
high degree of DDS resistance (*); they
multiplied in mice fed with doses of DDS
that were the maximum tolerated and that
gave serum DDS levels far higher than
could be obtained constantly in man. But in
this patient the degree of resistance was
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less, and we have chosen the term “par-
tial” resistance to deseribe his elinical and
bacteriologic picture.

We treated this patient with B.663, and
it is now clear that patients with this de-
gree of “partial” resistance will always re-
quire treatment with a nonsulfone-like
drug, for if DDS were used it would have
to be given in doses that are known to be
toxic for man. It is not clear from this case
( because bacilli from the third biopsy were
not tested against 0.1 per cent DDS in the
diet) whether his bacilli were becoming
increasingly DDS-resistant during the peri-
od of observation, but this might happen.

This patient is the first in whom “partial”
DDS resistance has been  demonstrated,
but it is likely that more cases exist, pos-
sibly with lesser degrees of “partial” resist-
ance. In order to recognize them it is
essential that, in the future, drug sensitivity
tests using the mouse foot pad infection
include a range of DDS concentrations in
the diet that more than covers the serum
DDS concentrations attainable in man. Our
present data indicate that at least three
concentrations (0.025, 0.01 and 0.001 per
cent DDS in the diet) should be used.
Bacilli multiplying at one or both of the
high concentrations must be treated as
resistant, whereas if multiplication occurs
only at the lowest concentration the bacilli
can be considered DDS-sensitive, and the
patient should respond to full doses of
DDS. Nevertheless, these “sensitive” bacilli
would be considerably less sensitive than
strains from previously untreated patients,
which are inhibited in the mouse foot pad
by DDS concentrations in the diet of 0.0001
and sometimes even 0.00001 per cent (™-
). Therefore patients from whom such
bacilli are grown should be considered as
potentially resistant, for even a slight in-
crease in their resistance would make them
nonresponsive to DDS. It is clear that if
such patients are treated with DDS, special
precautions will be needed to ensure that
they receive regular treatment and pro-
longed follow-up, and it would probably be
wise to treat all patients with DDS-
resistant bacilli, whatever the degree of
resistance, with a nonsulfone-like drug.



SUMMARY

Proot that a patient is suflering from
sulfone-resistant  leprosy  depends — on
demonstrating that his bacilli can multiply
in the mouse loot pad even when the mice
are fed sulfone in the diet. Hitherto the
maximal dose of DDS tolerated by the
mouse has been used in such tests. This
paper concerns a patient whose bacilli mul-
tiplied in mice fed lower doses of DDS, but
were inhibited when the maximal dose was
used, His clinical features are distinctive
and probably characteristic of this type of
“partial” resistance. It is likely that more
cases of this type will be found. Recom-
mendations are made concerning the inves-
tigation of possible DDS-resistant leprosy
patients and their treatment,

RESUMEN

La pruebe que un enfermo sufre de lepra
resistente a la sulfona descansa en demostrar
que su bacilo puede multiplicarse en el col-
chon plantar del raton, atn cuando los ratones
son alimentados con sulfonas en su dieta. Por
esto la dosis mixima de DDS tolerada por el
raton ha sido empleada en dichas pruebas.
Este trabajo se relaciona con un paciente cuvo
bacilo se multiplicd en ratones alimentados con
dosis bajas de DDS, pero que fueron inhibidos
cuando se usaron dosis maximas. Sus rasgos
clinicos son distintos v probablemente caracte-
risticos de este tipo de resistencia “parcial.” Es
posible que se encuentren mis casos de este
tipo. Se hacen recomendaciones relativas a la
investigacion de posibles enfermos de lepra
resistentes a DDS v a su tratamiento.

RESUME

La preuve qu'un malade soulfre d'une lépre
résistante aux sulfones est basée sur la démon-
stration que les bacilles de ce malade peuvent
se multiplier dans la sole plantaire de la souris,
méme lorsque les animanx regoivent des sul-
fones dans leur alimentation. En conséquence,
la dose maximale de DDS tolérée par la souris
a ¢té utilisée pour de telles épreuves. Cet ar-
ticle se rapporte & un malade dont les bacilles
se multipliaient chez des souris nourries avec
des doses de sulfones inférieures, mais qui
étaient inhibées lorsque la dose maximale était
utilisée. Les particularités cliniques de ce ma-
lade sont distinctes et probablement caractéris-
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tiques de ce type de résistance “partielle.” 11
est vraisemblable que davantage de cas de ce
type seront décelés. Des recommandations sont
faites en ce qui concerne linvestigation des
malades atteints dune lépre qui pourrait étre
résistante a4 la DDS, et de leur traitement.

Acknowledgments. The  Leprosy  Research
Unit is jointly administered by the Malaysian
Ministry of Health and the British Medical Re-
search Council.  Our thanks are due to the
staff and patient at the Sungei Buloh Lepro-
sarium: for their full and willing cooperation,
and particularly to Enche Mohd. Bakri for the
smear examinations. We are indebted to Dr.
D. S. Ridley also for histologic reports, We are
grateful to Dr. J. Garrod of Roche Products
Limited, Welwyn Garden City, for the supply
of sulformethoxine (Fanasil) and to Dr. P. D.
Fowler of Geigy, Manchester, for the supply
ol B.663.

REFERENCES

. Mapsex, S. T. Serum concentration and

antibacterial activity of 4-sulfanilamido-5,

6-dimethoxypyrimidine. American J. Med,

Sci, 247 (1964) 217-222,

Peroe, [ Ho Sooand Rees, R J. W, Sul-

phone resistance in leprosy. An experi-

mental and  clinical  studv.  Lancet 2

(1964) 673-674.

3. Pernir, | H. S, and Rees, R. ], W. Studies
on sulfone resistance in leprosv. 2. Treat-
ment with a riminophenazine derivative
(B.663). Internat. J. Leprosy 34 (1966)
391-397.

4. Perrer, JL H. S, Rees, R. . W, and Rip-
LEy, D. S. Studies on sulfone resistance in
leprosy. 1. Detection ol cases. Internat, |,
Leprosy 34 (1966) 375-390.

5. Perrmrr, J. H. S, and Warers, M. F. R.
The etiology of ervthema nodosum lepro-
sum. Internat. J. Leprosy 35 (1967) 1-10.

6. Rees, R. J. W, Limited multiplication of

acid-fast bacilli in foot-pads of mice inocu-

lated with Mycobacterium leprae. British

I. Exper. Path. 45 (1964) 207-218.

Rees, B . W, Recent bacteriologic, im-

mmolegic and pathologic studies on ex-

perimental human leprosy. in the mouse

foot pad. Internat, J. Leprosy 33 (1965)

646-655. (Part 2)

!U



178

8.

10.

International Journal

Rees, R, J. W. A preliminary review of
the experimental evaluation of drugs for
the treatment of leprosy. Trans. Roy. Soc.
Trop. Med. & Hyg. 61 (1967) 581-593.
Rees, R. J. W. Drug resistance of Myco-
bacterium leprae, particularly to DDS.
Internat. J. Leprosy 35 (1967) 625-636.
(Part 2)

Suerarp, C. C., McRag, D. H. and
Hasas, J. A. Sensitivity of Mycobacterium
leprae to low levels of 4,4-diaminodi-

11.

1968

of Leprosy

phenyl sulfone. Proc. Soc. Exper. Biol. &
Med. 122 (1966) 893-896.

Warters, M. F. R. Chemotherapeutic trials
in leprosy. 1. Comparative trial of Macro-
cyclon plus dapsone and dapsone alone
in the treatment of lepromatous leprosy.
Leprosy Rev. 34 (1963) 173-192.
Waters, M. F. R, and Rees, R. J. W.
Changes in the morphology of Mycobac-
terium leprae in patients under treatment.
Internat. J. Leprosy 30 (1962) 266-277.



