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ARTICULO ORIGINAL

Is drug-resistant Mycobacterium leprae a real cause for concern?
First approach to molecular monitoring of multibacillary Colombian
patients with and without previous leprosy treatment
Martha Inirida Guerrero, Claudia Lucia Colorado, José Fernando Torres, Clara Inés Leén

Centro Dermatolégico Federico Lleras Acosta, E.S.E., Bogota, D.C., Colombia

Introduction: There is no information in Colombia on Mycobacterium leprae primary and secondary
drug resistance in regards to the WHO-multidrug therapy regime. On the other hand, public health
authorities around the world have issued various recommendations, one of which prompts for the
immediate organization of resistance surveillance through simple molecular methods.

Objective: To determine the prevalence of Mycobacterium leprae drug resistance to rifampicin, ofloxacin
and dapsone in untreated and previously treated patients at the Centro Dermatolégico Federico Lleras
Acosta during the 1985-2004 period.

Materials and methods: We conducted a retrospective study which included multibacillary patient
biopsies through elective sampling: 381 of them from new patients and 560 from previously treated
patients. Using a microtome, we obtained six slides from each skin biopsy preserved in paraffin, and we
extracted M. leprae DNA. We amplified three molecular targets through PCR and obtained the patterns
of drug resistance to dapsone, rifampicin and ofloxacin by reverse hybridization. Finally, we collected
epidemiological, clinical and demographical data for analyses.

Results: From 941 samples under study, 4.14% of them were resistant to one or more drugs, and
5.77 and 3.04% had resistant genotypes in new and previously treated patients, respectively. Total
resistance for each drug was 0.43% for dapsone, 3.19% for rifampicin and 1.17% for ofloxacin. We
found statistically significant differences for rifampicin and for the total population when comparing
the results from untreated versus previously treated patients. Two thirds of the resistant samples were
resistant to rifampicin alone or combined.

Conclusions: The standard multidrug therapy schemes continue being effective for leprosy cases;
however, it is necessary to guarantee adherence and regularity. Surveillance to drug resistance in new
and previously treated leprosy cases should be established.

Key words: Mycobacterium leprae, drug resistance, rifampicin, dapsone, ofloxacin, molecular detection,
Colombia, PCR
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¢Es la resistencia de Mycobacterium leprae a los medicamentos un verdadero motivo de
preocupacion? Primera aproximacion a la vigilancia molecular de pacientes colombianos
multibacilares con tratamiento previo para lepra y sin él

Introduccién. Colombia no dispone de informacion sobre farmacorresistencia primaria y secundaria de
Mycobacterium leprae al esquema de terapia multiple de la Organizacién Mundial de la Salud (OMS) y
las autoridades de salud publica del mundo han emitido varias recomendaciones, entre las cuales esté
organizar de inmediato la vigilancia a la resistencia empleando métodos moleculares simples.
Objetivo. Determinar la prevalencia de la resistencia de M. leprae a rifampicina, ofloxacina y dapsona
en pacientes del Centro Dermatol6gico Federico Lleras Acosta con tratamiento previo y sin él durante
el periodo de 1985 a 2004.

Materiales y métodos. Se realiz6 un estudio retrospectivo. Mediante muestreo electivo se incluyeron
biopsias de pacientes multibacilares: 381 de pacientes nuevos y 560 de pacientes previamente
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Leprosy control is based on the principle that

tratados. Se obtuvieron con micr6tomo seis cortes de cada biopsia de piel incluida en parafina, y se
realizo la extraccion de ADN de M. leprae. Se llevé a cabo la amplificacion de tres blancos moleculares
mediante PCR y se obtuvieron los patrones de resistencia a los medicamentos dapsona, rifampicina
y ofloxacina por hibridacién inversa. Se recolectaron datos epidemiolégicos, clinicos y demograficos
para llevar a cabo los andlisis.

Resultados. De las 941 muestras estudiadas, 4,14 % era resistente a uno o mas farmacos, y se
detectaron 5,77 y 3,04 % con genotipos resistentes en pacientes nuevos y previamente tratados,
respectivamente. La resistencia total para cada farmaco fue de 0,43 % a dapsona, 3,19 % a
rifampicina y 1,17 % a ofloxacina. Se encontrdé una diferencia estadisticamente significativa para
rifampicina y para la poblacion total al comparar los resultados de los pacientes no tratados con los
de los pacientes tratados previamente. Dos tercios de las muestras resistentes lo fueron a rifampicina
sola o combinada.

Conclusiones. Los esquemas de terapia multiple estandar siguen siendo efectivos para los casos de
lepra; sin embargo, es necesario garantizar el cumplimiento y la regularidad y establecer la vigilancia
de la farmacorresistencia en pacientes nuevos y previamente tratados.

Palabras clave: Mycobacterium leprae, resistencia a los medicamentos, rifampicina, dapsona,
ofloxacina, deteccién molecular, Colombia, PCR.
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Given its complexity,
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the classic detection

identifying and treating chronic infectious diseases
with an effective combination of antibiotics limits the
emergence and expansion of both new and existing
drug-resistant pathogens (1). In this frame, WHO
multidrug therapy has shown to be effective since its
introduction in 1982, but, nevertheless, it is important
to monitor drug resistance trends periodically and
genotype Mycobacterium leprae strains in order to
understand resistant strains transmission patterns
and genetic diversity. In contrast to what we know
about tuberculosis, the prevalence of primary and
secondary resistance is unknown for drugs used
in multidrug therapy for leprosy such as dapsone,
rifampicin and ofloxacin. Consequently, the risk of
resistance cannot be assessed and a regimen for
retreatment cannot be appropriately designed.

Mycobacterium leprae resistance to dapsone,
rifampicin and ofloxacin has been studied in countries
with high leprosy prevalence, like some in Southeast
Asia (2). However, complete quantification of the
magnitude of the drug resistance problem is crucial
to evaluating the efficacy of multidrug therapy and
maintaining the efficiency of current leprosy-control
strategies around the world. Moreover, knowing the
initial M. leprae susceptibility to drugs in patients who
areinitiating treatment and in those previously treated
would be beneficial as a surveillance strategy.
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methodology for drug susceptibility of M. leprae
using mice footpads cannot be the tool of choice
for these purposes (3). In this sense, progress in
molecular biology and knowledge of molecular
mechanisms of resistance (4) offer a unique
opportunity to determine M. leprae in vitro drug
susceptibility, which has agreed in multiple studies
with the results obtained from mouse footpads, for
which these methodologies have been accepted
worldwide (5).

Resistance to dapsone, rifampicin and ofloxacin
evolves by amino acid substitution at their binding
sites. These changes are determined by mutations
in the drug resistance-determining region (DRDR)
in the folP1, rpoP, and gyrA genes which have
demonstrated to confer resistance to dapsone,
rifampicin, and ofloxacin, respectively. By defining
resistance mechanisms it is possible to use DNA-
based assays, namely PCR-direct DNA sequencing
or reverse hybridization to examine susceptibility to
these drugs (6-19).

In spite of all this information being available, few
molecular studies have been conducted on strains
in which drug resistance is suspected (20), and,
therefore, the current situation is not known. For this
reason, resistance surveillance in M. leprae, as well
as the evaluation of treatment regime efficacy and
control program impact, is justified (20). Among the
few studies of drug resistance in leprosy carried out
in the world, we can cite those reported in table 1.

It is alarming to find scientific reports on M.
leprae cases with multiresistance to rifampicin,
ofloxacin and dapsone, which, albeit few, ring an
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Table 1. Summary of primary and secondary published studies

Drug-resistant Mycobacterium leprae in Colombia

Place Year Paz:"e)nts Resistance (%) Characteristics Ref
Untreated patients
India (Bombay) 1996 3 DDS=33, MDR=33 New 21
India (Karigiri) 2002 170 DDS=5.88, RIF=2.35, CLOF=9,41 New 22
Indonesia 121 DDS=0,8, RIF=3,3, OFX=ND
Myanmar 2007 54 DDS=7,2, RIF=1,8, OFX=0 New 23
Philippines 77 DDS=2,6, RIF=0, OFX=0
South America

Bolivia 10 DDS=0, RIF=0, OFX=0

Brazil 2011 24 DDS=4,2, RIF=4,2, OFX=0 New 24

Venezuela 197 DDS=0,5, RIF=0, OFX=0

Uruguay 2 DDS=0, RIF=0, OFX=0
Previously treated patients
French Polynesia 1989 39 RIF=59 Monotherapy 25
Cuba 1993 9 DDS=33, DDS+RIF=11 Relapses 26
China 2001 5 RIF=0 Relapses 27
India 2002 214 DDS=15,6, RIF=0, DDS+CLOF=1, CLOF=1,6 Relapses 28
India (Karigiri) 2002 211 DDS=6,6, RIF=0,47, CLOF=1,89 MDR=0.3
Indonesia 10 DDS=10, RIF=20, OFX=ND Relapses 22
Myanmar 2007 24 DDS=8,3, RIF=8,3, OFX=0 Relapses 23
Philippines 19 DDS=26, RIF=0, OFX=0
Mexico 2010 38 DDS=0, RIF=7,9, OFX=2,6 MDT 29
South America 2011 3 DDS=66, RIF=33 Relapses 24

DDS: Dapsone, MDR: Multidrug resistance, RIF: Rifampicin, CLOF: Clofacimine, OFX: Ofloxacine, ND: Not determined, MDT: Multidrug therapy

alarm about the possibility that one of the causes
of therapeutic failure may be the presence of
multiresistance (17-19).

In this context, both WHO and the Informal
Consultation on Leprosy Resistance to Rifampicin,
held in 2006, issued several recommendations
among which there is one prompting for the
immediate organization of surveillance to resist-
ance through already available simple molecular
methods applicable to many types of samples that
can differentiate the mutations affecting different
drugs (30).

Considering the lack of data on M. leprae primary
and secondary resistance to the WHO multidrug
therapy in Colombia, we conducted the present
study to determine the prevalence of M. leprae
drug resistance to rifampicin, ofloxacin and dapsone
in untreated and previously treated patients at the
Centro Dermatolbgico Federico Lleras Acosta in
Bogota, during the 1985-2004 period.

Materials and methods
Study population

We conducted a retrospective study of skin biopsies
from Colombian patients attending the Centro
Dermatolbgico Federico Lleras Acosta, E.S.E., for
leprosy diagnosis or multidrug therapy follow-up
during the 1985-2004 period.

Sample

By elective sampling, we obtained skin biopsies
from the Centro Dermatolégico Federico Lleras
Acosta, E.S.E., biobank. We used 381 biopsies
from new patients (samples taken for Hansen’s
disease diagnosis and classification). To be
included, biopsies had to be classified as belonging
to multibacillary cases according to any of the
criteria used in Colombia for this purpose: positive
ZN in histopathology, positive ZN at skin smear
examination and/or clinical examination consistent
with leprosy. We also included 560 biopsies of
patients previously treated for multibacillary leprosy
(samples taken to monitor or control the disease),
specifically when multidrug therapy failure had
been observed or when drug resistance or relapse
was suspected.

Obtention of histological slides and DNA
extraction

Skin biopsies preserved in paraffin blocks were
cut with a Leica® microtome and six slides (4 pm
thick) were obtained using a disposable blade for
each sample. The slides were placed in 1.5 ml
microtubes, and stored at room temperature until
processing. We then proceeded to the extraction
of M. leprae DNA from the cuts adding 400 pl of
TET buffer 1X (Triton X-100 1% TE1X buffer) to
each sample and boiling for 15 minutes until it
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was soluble to remove the paraffin from the tissue.
After that, a treatment with proteinase K (10 mg/
ml), NaCl 5M, chloroform and isopropanol was
performed, and finally the pellet was washed with
ethanol, dried and hydrated with TE buffer 0.1X,
keeping it at -20°C until use (31).

PCR amplification of molecular targets for
the detection of Mycobacterium leprae drug
resistance to rifampicin, ofloxacin and dapsone

Using the methodology described previously by
Torres (31), we amplified a 388 pb fragment from
folP1 gene, a 304 pb fragment from rpof gene and
390 pb fragment from gyrA gene using the primers
shown in Annex 1.

Reverse hybridization. To obtain the patterns
of drug resistance to dapsone, rifampicin and
ofloxacin, reverse hybridization was performed
using all the amplified fragments with the three
molecular targets (31). The reverse hybridization
was performed over a nylon membrane, which
had irreversibly joined the wild and mutated
oligonucleotides to each gene, as described in
Annex 1 (31).

For all procedures, three samples of M. leprae
reference DNA, kindly donated by Colorado
University (USA), were used as controls: T-53, TM-
4923 and TM-4316.

Statistical analysis. Results for drug resistance,
as well as the epidemiological, clinical and
demographic information of each patient, collected
from medical records, were entered into a database
created in Excel 5.0 for further analysis of variables
using Epi-Info 7.0, which was done by comparing
proportions; confidence intervals were set to a
significance level of 0.05.

Results
Mutations found in resistant genotypes

Specific mutations for dapsone were detected in
folp1 codons 53 and 55.

For rifampicin, mutations were found in rpop
codons 531, 526 and 516, and, besides, a possible
insertion was detected between codons 515 and
520. The mutation in codon 531 was the most
frequent. Mutations in codons other than 531 were
present only in samples taken as of 2001.

As regards ofloxacin, mutations were detected
at codons 89 and 91 in gene gyrA ; all samples
with double mutation corresponded to previously
treated patients.
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Table 2 shows the characteristics of cases with
genotypes associated with dapsone, rifampicin and
ofloxacin resistance.

Prevalence of drug resistance

We found primary and secondary drug resistance in
both groups of patients (table 3). Using the Mantel-
Haenszel chi-square statistic we found statistically
significant differences (p<0.05) for rifampicin when
comparing results from untreated patients versus
previously treated patients.

Description of the genotypes associated with
drug resistance

Among the 941 samples under study, 4.14%
(n=39) were resistant to one or more drugs; of
the 381 samples taken from new patients, 5.77%
(n=22) carried mutant genotypes associated with
resistance to the drugs under study. Of the remaining
560 biopsies from previously treated patients,
3.04% (n=17) showed mutant genotypes associated
with drug resistance (table 4). Statistically significant
differences were found for rifampicin (p<0.001) and
for the total population (p<0.05) when comparing
the results from untreated patients versus those
from previously treated patients (table 4).

Figure 1 shows the distribution percentage of
all samples (n=39) where mutant genotypes
associated with resistance to the drugs under
study were found.

The study time was divided into four-year periods
with an increasing number of samples but a stable
percentage of mutant genotypes associated with
drug resistance: 1.56% (Cl95% 0.26-5.06) for the
first period, 5.0% (CI95% 2.46-8.97) for the second
period, 2.8% (CI95% 1.03-6.11) for the third
period, 3.11% (Cl95% 1.37-6.05) for the fourth
period, and 5.28% (Cl95% 3.15-8.25) for the fifth
one. This means the difference in the percentages
throughout time was not statistically significant in
this study (figure 2).

Analysis of the demographic, clinical and
epidemiological variables

We analyzed the demographic variables of the
study population discriminating by genotypes
associated or not with resistance. A statistically
significant difference was found between the
proportion of patients born in the Santander
province who had genotypes associated with
drug resistance and those with non-associated
genotypes (p<0.01). This same situation arose
when we analyzed these patients’ municipality
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Table 2. Description of cases with genotypes associated with drug resistance

Treatment Drug resistance results
Year
Previously Regularity DDS Rifampicin Ofloxacin

1986 No NA Wild Ser425Leu Wild
1987 No NA Wild Wild Ala91Val
1989 No NA Wild Serd425Leu Wild
1989 No NA Wild Ser425Leu Wild
1990 Monotherapy+MDT(3) Regular Pro55Leu Wild Wild
1991 MDT(3) Fitful Pro55Leu Wild Wild
1991 Monotherapy+MDT(3) Fitful Thr53lle Serd425Leu Wild
1991 No NA Wild Serd25Leu Wild
1992 MDT(3) Regular Wild Serd425Met Wild
1992 No NA Wild Ser425l eu Wild
1992 No NA Wild Ser425L eu Wild
1993 MDT(4) Regular Wild Wild Gly89Cys and Ala91Val
1993 Monotherapy+MDT(4) Regular Wild Serd25Leu Ala91Val
1994 MDT(4) Regular Wild Wild Gly89Cys and Ala91Val
1994 MDT(3) Regular Wild Ser425Met Wild
1996 No NA Wild Ser425Leu Wild
2000 No NA Wild Ser425Leu Wild
2000 No NA Wild Ser425Leu Wild
2000 No NA Wild Wild Ala91Val
2001 No NA Wild Asp410Asn Wild
2001 MDT(4) Regular Wild Ser425l eu Ala91Val
2001 MDT(3) Regular Wild Asp410Tyr Wild
2002 MDT(3) Regular Wild Asp410Tyr S
2002 No NA Wild Ser425Leu Ala91Val
2002 No NA Wild Ser425Leu Ala91Val
2003 MDT(3) Regular Thr53Ala Wild Ala91Val
2003 MDT(3) Regular Wild Ser425Leu Wild
2003 MDT(3) Fitful Wild Ser425Leu Wild
2003 MDT(3) Regular Wild Ser425Leu Wild
2003 No NA Wild Wild Ala91Val
2004 No NA Wild ?410-420 O Wild
2004 No NA Wild ?410-420 O Wild
2004 No NA Wild ?410-420 O Wild
2004 MDT(4) Regular Wild Ser425L eu Wild
2004 MDT(3)+MDT(4) Regular Wild His420Tyr Wild

ND No NA Wild His420Tyr Wild

ND No NA Wild His420Tyr Wild

ND No NA Wild Asp410Tyr Wild

ND No NA Wild Wild Ala91Val

NA: Not applicable, MDT: Multidrug therapy (number of drugs included)

Table 3. Prevalence of Mycobacterium leprae drug resistance to each drug studied

Drugs Patients p?
Untreated Previously treated Total
(n=381) (n=560) (n=941)
n % (95%Cl) n % (95%Cl) n % (95%Cl)
Dapsone 0 0.0 4 0.71 (0.10-4.0) 4 0.43 (0.06-2.4) 0.082
Rifampicin 18 4.72 (1.88-11.2) 12 2.14 (0.69-6.19) 30 3.19 (1.5-6.32) <0.05°
Ofloxacin 6 1.16 (0.31-6.68) 5 0.9 (0.15-4.32) 11 1.17 (0.35-3.57) 0.169

ap: Fisher exact test significance, ® p<0.05: Significant result of Fisher exact test
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Table 4. Description of drug resistance genotypes found
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Genotype Patients p?
Untreated Previously treated Total
(n=381) (n=560) (n=941)
n % (95%Cl) n % (95%Cl) n % (95%Cl)
Dapsone f2 0 0.00 2 0.4 (0,02-3,4) 2 0.21 (0,01-2,1) 0.200
Rifampicin ® 16 4.02 (1,5-10,4) 9 1.61(0,4-5,4) 25 2.59 (1,2-5,6) <0.001°
Ofloxacin ® 4 1.05 (0,14-5,8) 2 0.4 (0,02-3,4) 6 0.62 (0,12-2,7) 0.096
Rifampicin ?+ Ofloxacin ? 2 0.52 (0,03-5,0) 2 0.4 (0,02-3,4) 4 0.42 (0,06-2,4) 0.349
Rifampicin ® + Dapsone ® 0 0.00 1 0.18 (0,0-3,1) 1 0.10 (0,0-1,8) 0.655
Ofloxacin R+ Dapsone 0 0.00 1 0.18 (0,0-3,1) 1 0.10 (0,0-1,8) 0.655
Total 22 5.77 (3.84-8.74) 17 3.04 (1.83-4.91) 39 4.14 (3.0-5.67) <0.05°
R: Resistance, 2 p: Fisher exact test significance, ® p<0.05: Significant result of Fisher exact test
RIF | 64.1
OFLOX | 15.4
RIF+OFLOX | 10.25
DDS | 2 Figure 1. Distribution of drug-resistant
OFLOX+DDS | 26 genotypes among the total number of
‘ resistant cases (n=39)
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of birth, especially in the case of Suaita (p<0.01)
and Barrancabermeja (p<0.05) municipalities,
both located in the Santander province (table 5).
Although in the Cundinamarca province the said
difference was not found, one of its municipalities,
Agua de Dios, did present a similar situation due
to the fact that this is one of the municipalities with
the highest prevalence of leprosy cases in the
country (table 5).

None of the other demographic variables were
related to genotypes associated with drug resis-
tance, except for province/municipality of origin,
which behaved the same as province/municipality
of birth (table 5).

We analyzed the clinical variables related to the
total population of the study discriminating by
genotypes associated or not with drug resistance.
Statistically significant differences were found for
patients classified as having polar lepromatous
leprosy (LL) (p<0.01) versus no LL, and patients
with positive Zielhn-Neelsen (ZN) histopathology
(p<0.001) versus negative ZN. The rest of the
clinical variables were not associated with the
presence of mutant genotypes.

Drug-resistant Mycobacterium leprae in Colombia

The epidemiological variables were also analyzed
according to the presence or absence of genotypes
associated with drug resistance. The proportion
of patients with previous monotherapy among
carriers of mutant genotypes associated with drug
resistance was significantly larger (p<0.001) (table
6). The rest of the epidemiological variables under
study did not show any differences.

Discussion

The present study offers valuable information
since it included a high number of samples from
patients with multibacillary leprosy from almost all
the Colombian territory examined at the Centro
Dermatolbgico Federico Lleras Acosta, E.S.E., over
a twenty-year period. Therefore, these data can be
a starting point for the organization of systematic
surveillance studies on anti-leprosy drug resistance
in Colombia, as has been proposed by international
experts in order to monitor the emergence of
multidrugresistant bacilli that would hinder the goal
of eradicating leprosy (30).

We found that M. leprae circulating between
1985 and 2004 in Colombia showed resistance to
dapsone oscillating between 0.06% and 2.4%, and

Table 5. Distribution of demographic variables according to the susceptibility genotype of the drug under study

Demographic variables Genotype p?
Wild (%) Mutant (%) Total (%)
Sex
Male 73.20 69.20 72.9 0.590
Female 26.80 30.80 271 0.599
Age at diagnosis of leprosy (years)
<15 2.6 51 5.1 0.736
21-40 54.3 56.4 49.4 0.811
Province of birth
Cundinamarca 22.00 229 25.6 0.921
Santander 21.6 40.0 19.4 <0.01°
Tolima 17.7 171 15.8 0.953
Boyaca 16.4 5.7 15.8 0.060
Municipality of birth
Bogota 2.6 0 3.8 0.652
Puente Nacional 5.2 2.9 2.4 0.490
Suaita 0.9 8.60 1.6 <0.01°®
Mariquita 3.0 8.6 1.6 0.142
Agua de Dios 0.4 5.7 0.5 0.030°
Barrancabermeja 0.4 5.7 1.3 0.030°
Province of origin
Cundinamarca 77.80 78.90 76.5 0.760
Santander 5.1 13.1 6.1 0.068
Municipality of origin
Bogota 63.70 57.90 60.3 0.969
Pereira 1.70 5.30 0.9 0.191
Agua de Dios 0.40 5.30 1.3 <0.01°®
Landazuri 0.40 5.30 0.3 <0.01°®

@ p: Fisher exact test significance, ® p<0.05: Significant result of Fisher exact test
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Table 6. Distribution of epidemiological variables according to the susceptibility genotype of the drug under study

Epidemiological variable Genotype p2
Wild (%) Mutant (%) Total (%)
Drugs in previous treatments (n)
Three 36.1 45.0 44.2 0.224
Two 5.3 5.0 9.4 0.649
One 5.3 38.2 6.0 <0.001b
Regularity in previous MDT
Regular 85.0 82.4 84.9 0.467
Not regular 15.0 17.6 15.1 0.379
Relationship with index case
1st degree 16.9 12.8 16.7 0.300
2 degree 7.9 12.8 8.1 0.165

MDT: Multidrug therapy, @ p: Fisher exact test significance, © p<0.05: Significant result of Fisher exact test

was inexistent in new cases (95% Cl). This was also
the case in the study conducted by Roche in Nepal
(32) between 1987 and 1999, and in Mexico (29),
demonstrating that multidrug therapy significantly
decreases the presence of the dapsone-resistant
microorganism thanks to the activity of the other
antibiotics in the regime.

It is important to keep in mind that the number of
cases studied in this report was much higher than
in most studies found in the literature, and that
during the period under study, Colombia had already
implemented multidrug therapy. Studies in previously
untreated patients, such as those conducted in
Indonesia (23), Ethiopia (33), the Philippines (34,35)
and San Francisco (36), found low frequencies of
resistance to dapsone, which is similar to our results
where it was zero.

Secondary dapsone resistance ranged between
0.1% and 4.0% (table 1), which suggests that during
this period, patients at the Centro Dermatologico
Federico Lleras Acosta, E.S.E., received multidrug
therapy regularly on account of the new blister
presentations, and that organisms showing
resistance to one drug are susceptible to the other
drugs in multidrug therapy, as its mechanisms of
action are different.

Regarding rifampicin resistance, it oscillated between
1.5% and 6.32% for the total population of the
study, similar data to those reported for the French
Antilles (25), Indonesia, Myanmar (23) and, recently,
for Mexico (29). The fact that rifampicin resistance
among new cases was significantly higher than
in previously treated cases (p<0.05) ratifies the
importance of patients’ adherence to multidrug
therapy and treatment regularity, as non-adherence
and irregularity are responsible for the emergence of
resistant strains that will infect new cases.
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In general, this result raises concern since it
may reflect the indiscriminate use of rifampicin
in the treatment of other pathologies, something
that could be happening in our setting, thus
hindering the effectiveness of multidrug therapy
both in paucibacillary and multibacillary patients.
Rifampicin, unlike other drugs, is irreplaceable
because of its high bactericidal power at the
microorganism’s intracellular level, and because
in a situation where there is high dapsone-
resistance and low use of clofazimine, it would
result in reducing the effectiveness of multidrug
therapy, given that none of the three drugs would
act optimally.

We found that resistance to ofloxacin (95%
confidence interval) oscillated between 0.35%
and 3.57%, which although lower than the 6.8%
reported by Maeda (18) in a group of 88 patients
from Japan, Haiti, Indonesia, Pakistan and the
Philippines, may be considered a realistic picture of
our patients’ situation regarding ofloxacin resistance.
This is even more so when we compared ours to
the study by Cambau (17), which used only 49
relapse patients and 34 untreated ones, and where
resistance reached 13.3%; this can be explained
by the fact that in Colombia this drug is only added
to multidrug therapy when patients can buy it with
their own money.

In the total study population, we found significant
differences between resistance in new patients
versus previously treated ones (p<0.05) (table 4),
even though the sample size of previously treated
patients almost doubled that of new patients and that
we did not use a random or representative design
for the number of incidents and prevalent patients in
Colombia at that time, since we selected samples
by convenience from the biopsy bank at the Centro
Dermatolbgico Federico Lleras Acosta, E.S.E.
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Notwithstanding that the number of drug-resistant
M. leprae samples was low (n=39), it is important
to underline that 77% of them showed resistance
to rifampicin alone or combined with another
drug (figure 1 and table 3). Additionally, 28.3% of
these presented resistance to ofloxacin alone or
combined with another drug, which, as explained
before, reflects the inappropriate use of these drugs
in our setting.

In a recent study with samples from three previously-
treated Colombian patients, resistance to rifampicin
was found in two of them (37), which, even with such a
small number of patients, concurs with our results.

Results regarding rifampicin among untreated
cases (4.72% Cl95%=1.88-11.2) confirm the
importance of following international experts’
recommendations to start surveillance of rifampicin
resistance immediately, as it is an irreplaceable
drug in multidrug therapy.

After analyzing different variables, we found
that, as documented in other studies (25), drug
resistance was associated with the place of
birth within the Santander province (p<0.01)
(table 5), as well as with not finding bacilli in the
biopsy (p<0.001), which may be explained by a
mistaken classification, and finally, with receiving
monotherapy (p=<0.0001).

Resistance to drugs was not associated with previous
treatment compliance or with relationship to the
index case, since it is known that close contact is
more important than the degree of consanguinity
(table 6).

On the other hand, it is important to emphasize that
drug resistance was not associated with suspicion
of relapse (p=0.471), as previously observed by Li
(27), Sekar (28) and da Silva, et al. (38), who showed
that relapses occur with drug-sensitive strains and
correspond more to re-infection events. We were
not able to find evidence of multidrug resistance in
this study (understood as simultaneous resistance
to dapsone, rifampicin and ofloxacin), even though
the samples under study were from multibacillary
patients with high bacillary populations per gram
of tissue, which in principle should have facilitated
finding mutations simultaneously resistant to the
three drugs, as populations of over 1 x 10%°
microorganisms are needed to obtain one multi-
resistant mutant (39).

We were able to corroborate that from a drug-
resistance point of view, the standard multidrug
therapy regimes continue to be effective for our

Drug-resistant Mycobacterium leprae in Colombia

new and previously treated cases, since the
proportion of resistant mutants, at its highest range,
did not exceed 11.2% (table 3). Nevertheless, it is
necessary to guarantee adherence and regularity in
multidrug therapy, since the highest drug resistance
was found for rifampicin, which could hinder the
effectiveness of this therapy.

We ratify the need to establish immediate drug
resistance surveillance for rifampicin, dapsone
and ofloxacin in new and previously treated
leprosy cases backed by the findings from studies
on tuberculosis showing that such surveillance is
cost-effective even in groups with moderate drug
resistance prevalence. Special attention should
be paid to transmission reduction achievable
with the help of intervention measures based on
surveillance results (40).

According to the results of this study, which
included cases until 2004, drug-resistant M.
leprae should be of concern for public health
authorities in the country since the highest
proportion of resistance was found for rifampicin.
There was more resistance to rifampicin among
new cases than among previously treated patients
and they were also resistant to ofloxacin, which
is a second-line drug. All of this jeopardizes the
effectiveness of multidrug therapy in Colombia
for both paucibacillary and multibacillary patients
and reveals the need to increase our knowledge
on what may have happened regarding this
problem after 2004. This could be achieved by
implementing national routine surveillance of drug
resistance in leprosy.
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Oligonucleotide

Oligo name Type Gene sequences (5 — 3) bp
folP1d Primerd folP1 5’-agccgacatcagtcgecagtge-3’ 388
folP1r Primer r biot-5’-accttgatcctgacgatgcet-3’

folp53w1 Wild amino 5’-cgtcggtggcgaatcgacce-3’ 19
folp53m1 Mutant amino 5’-cgtcggtggcgaatcggec-3’ 19

folp53m2 Mutant amino 5’-cgtcggtggcgaatcggte-3’ 19

folp53m3 Mutant amino 5’-cgtcggtggcgaatcgate-3’ 19

folp53m4 Mutant amino 5’-cgtcggtggcgaatcgagg-3’ 19

folp53m5 Mutant amino 5’-cgtcggtggcgaatcgaga-3’ 19

folp55w2 Wild amino 5’-cggcccggtgcecattagga-3’ 19

folp55m6 Mutant amino 5’-cggtccggtgccattagga-3’ 19

folp55m7 Mutant amino 5’-cggcgcggtgccattagga-3’ 19

folp55m8 Mutant amino 5’-cggctcggtgccattagga-3’ 19

gyrAd Primerd gyrA 5’-agccgacatcagtcgecagtge-3’ 390
gyrAr Primer r biot-5’-accttgatcctgacgatgct-3’

gyrA89w1 Wild amino 5’-attaccatccgcacggcegac-3’ 20

gyrA89m1 Mutant amino 5’-attaccatccgcactgcgac-3’ 20

gyrA91w2 Wild amino 5’-gacgcatcgatttatgacac-3’ 20

gyrA91m2 Mutant amino 5’-gacgtatcgatttatgacac-3’ 20

gyrA90w3 Wild amino 5’-ggaccgtagccacgctaa-3’ 18

gyrA90m3 Mutant amino 5’-ggaccgtcatcacgctaa-3’ 18

rpofd Primer d pop 5’-tcctegtcageggtcaagta-3’ 304
rpoPr Primer r biot 5’-caggacgtcgaggcgatcac-3’

rpop407w1 Wild amino 5’-gccagctgtcgcagttcatg-3’ 20

rpop407m1 Mutant amino 5’-gccagctgtcggtgticatg-3’ 20

rpop410w2 Wild amino 5'-ttcatggatcagaacaaccc-3’ 20

rpof3410m2 Mutant amino 5'-ttcatgaatcagaacaaccc-3’ 20

rpop410m3 Mutant amino 5'-ttcatgtatcagaacaaccc-3’ 20

rpop420w3 Wild amino 5’-ggcctgacccacaagegecg-3’ 20

rpop420m4 Mutant amino 5’-ggcctgacctacaagcgecg-3’ 20

rpop420m5 Mutant amino 5’-ggcctgaccgacaagegecg-3’ 20

rpop425w4 Wild amino 5’-aagcgccggctgtcggeget-3’ 20

rpop425m6 Mutant amino 5’-aagcgccggctgatggegct-3’ 20

rpop425m7 Mutant amino 5’-aagcgccggctgttggeget-3° 20

rpop425m8 Mutant amino 5’-aagcgccggctgttcgeget-3° 20

rpop427w5 Wild amino 5’-gcgctgggeccgggtggttt-3’ 20

rpop427m9 Mutant amino 5’-gcgccgggeccgggtgatit-3° 20
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