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Studies on Sulfone Resistance in Leprosy 

3. A Case of "Partial " Resistance 1 

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

Hecent papers from Malaysia (2, .1) have 
reported the cases of four patients wit~ 
leprosy res istant to sulfone therapy. ThIs 
resistance was detected during a study of 
nine patients who had active lepromatous 
leprosy despite at least 13 year~ of treat
ment with sulfone, All these patlents were 
admitted to the Leprosy Hesearch Unit at 
Sungei BU'loh for a six-months rigorously 
controlled trial period on sulfone (4,4'
diaminodiphenyl sulfone, DDS ) i,n . a ~os 
age of 300 mgm. twice weekly by 1I1)ectlOn, 
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 skm bIOpsy 
specimens taken at the start of the tnal ) 
showed that the strains of ·Mycobacterium 
leprae from these four patients were insen
sitive to DDS. The remaining Rve patients 
improved during the trial period, and as 
their bacilli were sho\-\ln 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 Hefs . 2,4) was unsatisfacto
ry, with fluctuat ions in the bacteriol og~c 
and clinical findings. W e report here, 111 

greater detail , the clinical history of the 
patient and the subsequent studies that 
showed the presence of "partial" sulfone 
res istance. 
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CASE HISTORY AND ' CLINICAL 
FINDI NGS 

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:l until August 1962. In 
June 1961 he was admitted to hospital with 
ulceration of the alms and legs, which was 
diagnosed as "lepra reaction," He was 
treated with steroids for about three weeks. 

'In January 1962 an additional biopsy 
showed a "typical foamy leproma," with 
large numbers of acid-fast bacilli with a 
morphologic index ( M I: pen:entage of sol
id-staining bacilli ) of O. 

3 In Ref . 2 thi s period was er ron eollsly statcd to 
he 10 monlh s. through an error in the manuscript. 
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J n September 1962 his trea tment was 
changed back to DDS by injection, 400 
mgm. twice wee.kly. The reason for this is 
uncertain , as no further biopsies were made 
and no smear reports are ava ilable from the 
period of thiambutosine therapy. But in 
March 1963, when he was referred to the 
Leprosy Research Unit as a possible case of 
su lfone res istance, he appeared to have 
extensive untrea ted nodular lepromatous 
leprosy. Skin smears from six si tes 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 tes ts in the mouse foot pad ) showed 
"definitely active leproma." He was treated 
with DDS, 300 mgm. twice weekly by 
injection , and at the end of six months 
showed some clinical improvement; his bi
opsy was reported as indica ting quiescent 
disease and the MI had fallen to 12. 

Trea tment with DDS was continucd 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 th e nodules 
were smaller, diffuse infiltration of the skin 
had increased. The unsatisfactory response 
to 12 months' trea tment strongly suggested 
that the patient was res istant to DDS in 
spite of the failure to detect resis tance in 
the mouse foot pad test ,"vith bacilli ob
tained at the beginning of the trial. In May 
1964 further foot pad tes ts were se t 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 
fail ed to respond to antibiotics, bllt settled 
within 24 hours on ACTH, 25 units twice 
daily. Trea tmen t with su lformethoxine was 
continued and ACTH was given as neces
sary to control the ENL. After about one 
month glycosuria appeared, but it was con-

trolled fairl y well by oral hypoglycemic 
drugs, exccpt when his ENL was severe 
and he required large doses of ACTH. 

From May to December 1964 the ENL 
flu ctuated, being moderate most of the 
time with intermittent severe bouts of fe
ver ~nd polyarthritis mainly affecting the 
hands and feet. During this period the MI, 
which had fall en to 4 in the first three 
months, fail ed to maintain this progress and 
fluctuated wi ldl y (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 las ted for about 
two weeks but then subsided rapidly. By 
early January 1965 ACTH was discontin
ued and the glucosuria ceased about two 
weeks later. 

The patient had received no an ti leprosy 
therapy since November 1964 and the MI 
rose rapidly from 7 in October 1964 to 10 in 
December 1964 and 28 in F ebruary 1965. It 
was considered essential that he be given 
an effective ant i leprosy drug, and in Febru
ary 1965 trea tment was Tecommenced 
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 res istance 
(:\ ). 

DDS SENSITIVITY TESTS 

These tes ts 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 pati ent. Groups of six to 12 mice 
were either used as untrea ted controls or 
were trea ted with various concentrations of 
DDS or su lformethoxine administered in 
the di et. Details of the technic used have 
heen descrihed in previolls papers (~.~ . H. 

7) . 
The initial DDS sensitivity tests were 

undertaken in March 1963 at the time of 
the patient's entry into the trial period on 
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TABLE I, Trealmenl and 7)}'(){jress vJ Ihe palienl r/urin{J Ihe sludy period , 

\ I orphologi(' inrlC'x 
(\1 I)" 

-

Dale Trpa\nH'nt ,\ \'C' r:lgC' 1{ :Ul )!;C' E~L" Biop"i C'~ 
------------- --- ----- ------ -_._-- -- ------ --
1963 

,J an, Inj , DDS 400 mgm . 

I 
{<,ph. \\\'i('C' \\" C'C'k l ~' 37 12- 16 Dpfin itel~ ' art ivC' 
\I a r. 1 " I lep roma 

I 

--- -----------·-1--- ----I - -
Apr. Inj. DDS 300 mgm. I 
\ra~' t\\' i ('C' \\·epkl.\· 
.June " 
.July <, 10 5- IR 
Aug. " 9 1- 25 
Sept . <, 

Oct. " 12 !HR QuiC'~cent (onp lesion 
No\·. <, 

I 
morC' t han the other) 

I)C' ('. <, 

1964 
.Jan . <, 19 1- 34 
Feb. " 
\[a r. " 
A pl'. " 15 1- 25 f)efin i( e l~' active 

-------
\I ay Ru lformethoxinC' 

500 mgm. rlail~' +++ 
------

.JunC' Sulfo\'l1wthoxinp ++ 
July 500 mg;m. t\\'i('C' 4 0- 7 +++ 
Aug. \\'C'e kly 19 7- 24 +++ 
Sept. " 2 1- 4 ++ 
Oct. " 7 1- 30 +++ 
NOI·. " ++++ 

Dec. nil 10 1- 20 ++++ 
1965 

Jan . " + 
----------

Fpb. B.663, 100 mg;m, 28 5- 37 J)efinitel~' act ive 
\1ar. t.d .~ 
Apr. " 9 3- 20 
.vra,v " 5 I-J I ~o evidence of 
.June " I 0- 2 active ~pread 
.July " 
Aug. " I 0- 2 Quiescen t 

" The bacteriologic index (BT ) showed no signifirlillt ('hange throl\ghol\l Ihi ~ perioO. 
h G ladi ng af ler WAters" . 

. 

---
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DDS; the mice received 0.1 per cent DDS 
in their diet. At this level of DDS the 
bacilli fa iled to grow, indica ting thal they 
were DDS-sensitive. Because subsequent 
clinical and bacteriologic studies sho\-ved no 
improvement, two more hiopsies were 
made, in May 1964 and F ebruary 1965, for 
DDS and sulfOlmethoxine sensitivity tests . 
The tes ts in May 1964 were carried out in 
mice receiving 0.1 and 0.025 per cent DDS 
in their diets, and those in F ebruary 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 
res istant 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
duded with eight others in a study of DDS 
resistance in leprosy (2 , 4 ) because he 
presented clinically an d bacteriologically 

active disease despite prolonged trea tment 
with DDS. Nevertheless there is good f'v i
dence that his disease was not always 
DDS-res istant. 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 res istance. 

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 

T ABLE 2. DDS and sulfol'metho:rine sensitivi ty-:as sho wn by mouse foot pad infection 
with M. leprae" obtained from the patient on th ree oeeas'ions during treatment.. 

". ' - -_. ------------_ ... _---

PropOI'tion of foot pad~ sholl'ing multiplieation 
of .11 . lepraeb 

Treated mice (% drug in d iet)'· 

DDS Sulfor-
methoxine 

Date of l ' ntreated 

I 

Resul t of 
test mice 0.1 0.025 0 .006 0 .04 sensit ivity test 

Ylarch 1963 7/ 9 0 / 6 - - - Sensitive to DDS (0.1 %) 
\'fay 1964 10/ 10 2/8 6/ 6 - - Sensit ive to DDS (0.1%) 

Sensitive to DDS 
(0.025%) 

February 1965 12/ 12 - 6/ 10 7/ 12 10/ 12 Resistant to DDS (0.025 
and 0.006%) and to 
sulformethoxine 
(0.04)% 

• Foot pad inoculated wi th 10' M. leprae. 
b Yield of 2 X 10· M. leprae or more per foot pad in animals killed between 6 and 12 months af ter in 

oenIat,ion. 
c Per cent of drug in diet; treatment started day of inoculat ion and continned thl'onghollt. 
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patients responding satisfactorily to treat
ment with DDS (12). 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 inhihition 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 
(5) indicate that this drug was active at 
the high dose used at first. 

However, after the first th~e 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 Mrs 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 Mrs 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. 

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 (1) . 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 (3) . 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. 
Zepm e 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 ( 2) . 
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. lepme from 
previously untreated patients ( 8, 9, 10). 

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 trea t
ment and in the mouse during the drug 
tes ts. T he fi gures for man are well known, 
and fortunate ly the relevant data in mice 
have recentl y become available (H. U. lU ); 

they are summarized in Table 3. It will be 
seen that the bacilli multiplied in mice in 
the presence of about 3-4 flgm./ ml. of 
DDS, and in this patient in the presence of 
1-5 flgm .jm I. , a remarkably close correla
tion. Multiplica tion in mi ce was inhibited 
by lO-15 I"m. / ml. , hut such Itvels could 
not be achieved in man, except as occasion
al peaks, without serious toxic effects. In 
other words, this patient's organisms multi
p lied in the presence of the drug a t a 

TABLE 3. Concentrations oj DDS in the 
sera oj mice Jed cl1))'erent levels oj drug in the 
diet and 1'n man on standard treatment." 

.I!m/se (% in oict) 
0. 1 
0.025 
0.006 
0.000 1" 

.l/ an 
100 11114111 . Ida." 

('O II ('r ll Ira I ion of f) f)S 

in "r ru l11 
(,ugl11. 11111. ) 

10- 15 
2 .6-4.0 
0 .4- 0 .7 

() .01 - 0 .0:3 

I .5 

" j)ata ext rar ted from TI efs. !) alld 10. 
h D ose of DDS inhihiling the growth of .If. 

leprae from lIntrefueL! pll! iellt s. 

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 
fi eld of DDS-res istant leprosy. The bacilli 
from ou r first three patients showed a very 
high degree of DDS resistance (2); they 
multiplied in mice fed with doses of DDS 
that were the maximum tolerated and that 
gave serum DDS levels far higher than 
could b e obtained constantly in man. But in 
this patient the degree of resistance was 

less, and we ha ve chosen the term "par
tial" res istance to dcscrihe his clinical and 
bacteriologic picture. 

We trea ted this patient with B.663, and 
it is now clear that patients with this de
gree of "partial" res istance will always re
quire trea tment with a nonsulfone-Iike 
drug, for if DDS were used it would have 
to be given in doses that are known to be 
toxie for man. It is not clear from this case 
( because bacilli from the third biopsy were 
not tes ted aga inst 0.1 per cent DDS in the 
die t ) 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" res is t~ 
ance. In order to recognize them it is 
essential th at, in the future, drug sensitivity 
tes ts 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 indica te that at least three 
concentra tions (0.025, 0.01. and 0.001. per 
cent DDS in the die t ) should be used. 
Bacilli multiplying a t one or both of the 
high concentrations must be trea ted as 
resistant, whereas if multiplica tion occurs 
only a t the lowest concenh'a tion the b acilli 
can be considered DDS-sensitive, and the 
patient should respond to full doses of 
DDS. , evertheless, these "sensitive" bacilli 
would be considerably less sensitive than 
strains from previously untreated patients, 
which are inhibited in the mouse foot pad 
by DDS concentra tions in the diet of 0.0001 
and sometimes even 0.00001 per cent (n._ 

111 ). 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 trea ted with DDS, special 
precautions will be needed to ensure that 
they receive regular treatment and pro
longed follow-up , and it would probably b e 
wise to treat all patients with DDS
resistant b acilli , whatever the degree of 
res istance, with a nonsulfone-Iike drug. 
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SUMMARY 

Proof that a patient is suffering from 
su lfone-resis tant leprosy d epends on 
demonstrating that his bac ill i can multiply 
in the mouse foot pad even whe n the mice 
are fed sulfone in the die t. Hitherto the 
maxim a l dose of DDS tolerated b y the 
mouse has been used in suc h tes ts . This 
pape r concerns a patient whose bacilli mul 
tip li ed in mice fcd lower doses of DDS, but 
w e re inhibited whe n the maxima l dose was 
lI sed . His clinical fea tures are distinctive 
and proba bl y charac te ri stic of this typ e of 
"partial" res istance. It is like ly tha t more 
cases of thi s typ e w ill b e found . Recom
menda tions are made concerning the inves
tigation of possible DDS-res istant leprosy 
p a tie nts and their treatment. 

RESUMEN 

La pruebe que un enfenno sufre de lepra 
res istente a la sulfona descansa en demos trar 
que su bacilo puede multiplicarse en el col
chon plantar del raton, alm cuando los ratones 
son alimentados con su lfonas en su dieta. Por 
esto ]a dosis maxima de DDS tolerada por el 
raton ha sido empleada en dichas pruebas. 
Este trabajo se relaciona con un pacien te cuyo 
bacilo se multiplico 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 mas casos de es te 
tipo. Se hacen recomendaciones relativas a la 
investigacion de posibles enfermos de lepra 
res istentes a DDS y a su tratamiento . 

RESUME 

La preuve qu'UI1 malade sou£he d'une lepre 
resistante aux sulfones est basee sur la demon
stration que les bacilles de ce malade peuvent 
se multiplier dans la sole plantaire de la souris, 
meme lorsque les animaux re<;oivent des sul
fon es dans leur alimentation . En consequence, 
la dose maximale de DDS toleree par la souris 
a ete utilisce pour de telles epreuves. Cet ar
ticle se rapport e .\ un malacl e dont les b acilles 
se mnltipliaient chez des souris nourr ics avec 
des doses de sulfones inferieures, mais qui 
e taie nt inhibees lorsque la dose maximale e ta it 
utilisee. Les particul arites cliniql\es de ce ma
Jade sont distinctes et probablemen t caract6ris-

tiq ues de ce type de HJsistance "parti elle." II 
est vraisemblable que davantage de cas de ce 
type seront decelCs. Des recommandations sont 
faites en ce qui concerne l'investigation des 
malades atteints d'une lepre qui pourrait etre 
resistante ~1 Ja DDS, e t de le ur traitement. 
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