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Primary dapsone (DDS) resistance is
very prevalent in many leprosy-endemic ar-
eas of the world and represents a serious
potential threat to the leprosy control pro-
grams in these regions ( 2 . 3 ). Although virtu-
ally nonexistent before 1977 (" ), numerous
studies have shown that more than one third
of newly diagnosed multibacillary (MB)
patients in most leprosy-endemic areas are
infected with DDS-resistant Mycobac-
terium leprae ( 7 ). One notable exception
has been in Cebu, The Philippines. In 1981,
Guinto, et al. reported primary DDS resis-
tance in only 3.6% of patients studied from
1975 to 1978 (4). In a later study, Cellona, et
al. reported primary DDS resistance in
8. I % of newly diagnosed patients studied
in the period 1979 to 1982 (').
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The present study was conducted to de-
termine the DDS sensitivity of isolates from
new, previously untreated leprosy patients
during the period 1988 to 1992 in Cebu,
and to compare these results with those
from the earlier studies. Our results demon-
strate that primary DDS resistance has dra-
matically increased in Cebu, and the rate is
much higher than in earlier studies.

MATERIALS AND METHODS
Biopsy specimens were obtained from 38

new, untreated borderline lepromatous/lep-
romatous (BULL) leprosy patients consec-
utively admitted for other studies during the
period 1988 to 1992. The samples consisted
of 8-111111 punch biopsy specimens taken from
active lesions with a skin smear of 4+.

The tissue specimens were processed us-
ing the standard Shepard technique (').
Acid-fast bacilli (AFB) were recovered,
stained by the Ziehl-Neelsen method and
counted ( 1 "). Suspensions of 5 x 10' bacilli
were injected into each hind foot pad of in-
bred CBA/J mice; 40 to 60 mice were inoc-
ulated per specimen and divided into four
groups. The control group was fed un-
treated, pelleted mouse chow. The three ex-
perimental groups received diets mixed
with dapsone in concentrations of 0.000 I,
0.001 and 0.01 g per 100 g of powdered
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THE TABLE. Primary dap.vone (DDS)-resistant studies in Cebu, Philippines, at inter-
vals from 1975-1992.

Present study 1988-1992
^

38
^

20 (52.7%)
^

12 (31.6%)
^

5 (13.2%)^3 (7.9%)
Cellona, et al. 1979-1982

^
37
^

3 (8.1%)
^

2 (5.4%)
^

I (2.7%)^0
Guinto, et al. 1975-1978

^
55
^

2 (3.6%)
^

1(1.8%)
^

I (1.8%)^0

DDS concentration in mouse feed.

diet. The chow was administered continu-
ally from day 1 until the mice were sacri-
ficed. All inoculated mice were housed in
temperature-controlled rooms maintained at
68°F-72°F. Mice were killed by cerebral
dislocation. Harvesting organisms from the
foot pads was done 12 months after inocu-
lation. Both hind foot pads of individual
mice were pooled, processed, stained and
counted. A harvest of I x 10' AFB per foot
pad, or a 20-fold increase in the count of the
inoculum, was considered a positive harvest.

RESULTS
The results of the present study (1988-

1992) are summarized in The Table. Of the
38 patients tested, 20 patients (52.7%) were
infected with DDS-resistant M. leprae. In
those patients with resistance, 31.6% were
infected with low resistant M. leprae,
13.2% were infected with moderately resis-
tant M. leprae and 7.9% were infected with
leprosy bacilli highly resistant to DDS. The
results of this study are in sharp contrast to
two earlier studies in 1975-1978 (Guinto,
et al.') and in 1979-1982 (Cellona, et al.')
in which only 3.6% and 8.1% of patients,
respectively, were infected with DDS-resis-
tant M. leprae. Moreover, in these earlier
studies the M. leprae isolates were either
low or moderately resistant to DDS; none
were highly resistant to DDS. Although in
the 1979-1982 study, the rate of resistance
had more than doubled compared to the
1975-1978 study (8.1% vs. 3.6%), the
percentages were low and not viewed as
alarming. The isolates were processed using
the same methods in all three studies.

DISCUSSION
Dapsone is still one of the most important

of the antileprosy drugs used today. It is sta-
ble, inexpensive, relatively nontoxic and

one of the mainstays of the World Health
Organization multidrug therapy (WHO-
MDT) for both MB and paucibacillary (PB)
leprosy. Unfortunately, development of ac-
quired or secondary resistance in patients
treated with DDS monotherapy for many
years has provided a source of infection re-
sulting in the appearance of primary DDS
resistance among new patients diagnosed
with the disease. It is reported that primary
DDS resistance is not confined only to pa-
tients with BL/LL leprosy, but to all types
of leprosy, although it is difficult to prove
resistance in patients with low bacterial in-
dexes ( 5 ).

The results of this study suggest that
more than half of all new patients in Cebu
could be infected with DDS-resistant M.
leprae. In addition, M. leprae isolates
highly resistant to DDS were seen in pa-
tients in the most recent study—a level of
resistance not found in the earlier studies. It
is noteworthy that the DDS concentration in
mouse chow testing for high resistance to
DDS (i.e., 0.01%) is equivalent to a daily
dose of 100 mg of DDS in humans. On the
other hand, most of the resistant cases are
of low (31.6%) or moderate resistance
(13.2%). DDS will, therefore, still exert
some effect on the majority of the new pa-
tients except, of course, on the smaller per-
centage of patients infected with M. leprae
highly resistant to DDS.

While the majority of resistant strains of
M. leprae in Cebu are as yet of a low level,
it is generally believed that the mutation
which produces DDS resistance develops
progressively in a "step wise" manner
rather than as a "single step" process, im-
plying an evolutionary element in the de-
velopment of higher degrees of resistance
( 5 ). Our resistance studies in the mouse foot
pad in Cebu clearly demonstrate this pro-
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gressive nature in the development of resis-
tance. In a span of a decade or more, there
has been an increase not only in the total
number of patients developing primary
DDS resistance, but also a progressive in-
crease in the number of patients developing
higher levels of resistance. Thus, there is
the potential that eventually a large number
of new patients in Cebu could be infected
with M. leprae highly resistant to DDS.

A population of new patients infected
with leprosy bacilli highly resistant to DDS
has very serious ramifications for patients
given WHO-MDT. The WHO-MDT regi-
men for MB patients involves three drugs
(rifampin, clofazimine and dapsone) but a
significant number of patients avoid clot -az-
imine because of the darkening effect upon
the skin. Such patients would theoretically
end up receiving rifampin monotherapy to
which resistance will develop ('). A similar
situation could develop in MB patients
wrongly diagnosed as PB patients in the
field, leaving them with only rifampin given
monthly for 6 months as their effective
medication. This problem is further com-
pounded in Cebu by the recent finding that
there has been no decline in the number of
new cases of leprosy since WHO-MDT was
implemented a decade ago in 1985 (Bal-
agon, et al., submitted for publication).
However, it is not known at this time if DDS
resistance has been a contributing factor in
the lack of decline in new cases in Cebu.
Further studies may clarify this scenario.

CONCLUSIONS
There is a dramatic increase in primary

DDS resistance in Cebu. More than 50% of
untreated, newly diagnosed patients are
harboring resistant M. leprae and nearly 8%
of these isolates are highly resistant to
DDS. The incidence of leprosy in Cebu has
not declined in spite of a decade of WHO-
MDT, emphasizing the need for new drugs
that could be included in the multidrug
treatment for MB and PB leprosy.

SUMMARY
At a time when primary dapsone resis-

tance was prevalent in many leprosy-en-
demic areas, Cebu in The Philippines re-
ported only 3.6% in the period 1975-1978
and later 8.1% in the period 1979-1982. In
our current study of patients in the period

1988-1992, the number increased dramati-
cally to 52.7%. In addition, 7.9% of the iso-
lates are highly  resistant to dapsone, a level
of resistance not seen in earlier studies.

This finding could have severe ramifica-
tions to the World Health Organization's
multidrug therapy (WHO-MDT) mode of
treatment, where dapsone is one of the prin-
cipal drugs. Moreover, the increase in pri-
mary dapsone resistance may be a con-
tributing factor in the recent finding that
there has been no decline in the number of
new cases found in Cebu, even after the im-
plementation of WHO-MDT in 1985. There
is a need for new drugs that could he in-
cluded in the multidrug treatment for multi-
bacillary and paucibacillary leprosy.

RESUMEN
En la dpoca en que la resistencia primaria a la dap-

sona era prevalente en mochas areas con lepra en-
demica, Cebu en las Filipinas report() silo un 3.6% de
aislados resistentes a la droga en el period() de 1979 a
1982. En el presente estudio clue aharca el period() de
1988 a 1992, encontramos que el ntimero de aislados
resistentes aumentO dramziticamente a 52.7%. El 7.9%
de los aislados lire altamente resistente a la dapsona,
on nivel de resistencia nunca visto en los estudios an-
teriores. Ests hallazgo podria teller gran repereusiOn en
el esquema de tratamiento con polictuimioterapia de la
Organización Mundial de la Salud (PQT-OMS) donde
la dapsona es una de las drogas principles. Ademds, el
increment° en la resistencia primaria a la dapsona po-
dria ser un factor contribuyente al hallazgo reciente de
que no ha habido una disminuciOn en el minter() de ea-
sos encontrados en Cebu atin despues de haberse im-
plemental() la PQT-OMS en 1985. Es claro que se
necesita la inclusiOn de nuevas drogas en la POT pant
el tratamiento de la lepra multibacilar y paucibacilar.

RESUME

A one epoque oO la resistance primaire a la dapsone
etait presente dans beaucoup de regions oil la lepre
emit endemique, on tic rapportait a Cebu, dans les
Philippines, que 3.6% de resistance primaire pour la
periode 1975-1978 et 8.1% pour la periode 1979-
1982. Dans noire etude actuelle des patients pour la
periode 1988-1992, cette proportion a augmente de
maniere considerable jusqu'a 52.7%. De plus, 7.9%
des isolats sort hautement resistants a la dapsone, et ce
niveau de resistance n'avait pas dtd observe dans les
etudes precedentes.

Cette observations pourraient avoir plusieurs con-
sequences pour le mode de traitement par polychi-
miotherapie de ('Organisation Mondiale de la Sante
(PCT-OMS), dans 'Nue' la dapsone est I'un des medi-
caments principaux. De plus, ['augmentation de la re-
sistance primaire it la dapsone pourrait etre un facteur
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contributif a la decouverte recent qu'il n'y a pas eu de
diminution clans le nombre de nouveaux cas detectes
Cebu, meme apres Fintroduction de la PC'l'-ONIS en
1985. II exists un besoin de nouveaux medicaments
qui pourraient etre HICILIS daps la polychintiotherapie
pour la lepre multibacillaire et paucibacillaire.
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