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Abstract 
Introduction: Buruli ulcer, caused by Mycobacterium ulcerans, is endemic in more than 30 countries worldwide, with Côte d’Ivoire being 

among the most affected countries.  

Methodology: We used seven variable number of tandem repeats (VNTR) markers and analyzed 114 samples from 11 Ivorian localities 

consisting of 33 bacterial strains and 81 clinical samples. Complete data sets at loci 1, 6, 9 and 33 were obtained for 18 of these strains (n = 

15) and samples (n = 3) collected in each of the localities.  

Results: All the strains had allelic profile [3113], corresponding to the previously described Atlantic Africa genotype.  

Conclusion: Sequencing of PCR products at all loci showed no variation in sequence or repeat number, underlining the genetic 

monomorphism of M. ulcerans in Côte d’Ivoire. 
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Introduction 
Mycobacterium ulcerans infection causing Buruli 

ulcer (BU) is one of the most debilitating skin 

diseases in West Africa because of the unaesthetic 

sequelae and disabilities that it causes. BU is globally 

distributed, but its prevalence in West Africa is 

highest, and the disease is considered as re-emergent 

[1]. In western Africa, Côte d’Ivoire is the country 

that is the most severely affected, with more than 

2,000 cases reported each year. BU is the second 

most prevalent mycobacterial disease of public health 

importance in Côte d’Ivoire, after tuberculosis.  

M. ulcerans is an emerging environmental 

bacterium, and the epidemiology of BU is poorly 

understood. The precise mode of transmission and 

the environmental reservoirs and vectors of M. 

ulcerans remain unknown [2]. Recent studies showed 

that BU may be related to aquatic ecosystems, where 

water bugs could play an important role in the 

transmission, either as the ecological niche or as the 

mechanical vector of the bacteria [3-6]. Outbreaks are 

often unpredictable [3], and cases are focally 

distributed; endemic and non-endemic communities 

may be separated by only a few kilometers [1]. The 

clinical aspects of the disease are various [3,7] and 

are dependent on the patient or the geographic area.  

Limited knowledge about BU epidemiology is 

partly due to the lack of methods able to reveal 

differences among isolates. To reach a better 

understanding of M. ulcerans epidemiology, strain 

typing methods are required. M. ulcerans is indeed a 

highly clonal pathogen [3] with limited genetic 

diversity on the basis of genomic sequences, which 

are much conserved even among isolates of distinct 

geographical regions [8]. The availability of complete 

genome sequences of M. ulcerans [9] allowed the 

identification of minisatellite markers including 

MIRUs [10] and other novel tandem repeat loci [11]. 

The use of such markers enabled the discrimination 

of M. ulcerans strains [8,12,13]. Variable number of 

tandem repeats (VNTR) typing has previously been 

used to analyze strains and environmental samples in  
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Ghana and Benin [11,12]. The aim of this study was 

to determine the diversity of M. ulcerans strains that 

circulate in Côte d’Ivoire, based on multilocus VNTR 

analysis.  

 

Methodology 

Samples and bacteria 

A total of 114 samples from six major BU 

endemic regions in Côte d’Ivoire (from 11 different 

localities) and from different sources were collected 

between 2004 and 2008. Samples came either from 

the southern part of the country (regions of Lagunes, 

Agneby and Low-Sassandra), from the center 

(regions of Lakes and Valley of Bandama), or from 

the western part (region of 18 mountains; Figure 1).  

The samples were made up of (i) 81 clinical 

samples including 62 exudates, 12 fine needles 

aspirates and 7 biopsies; (ii) 33 bacterial strains 

isolated from clinical samples at the Institut Pasteur, 

Côte d’Ivoire; and (iii) 7 reference DNA strains 

obtained from the Institute of Tropical Medicine, 

Antwerp, Belgium: ITM 9540 (Queensland, 

Australia), ITM 98-912 (China), ITM 5150 

(Democratic Republic of Congo), ITM 97-0483 

(Ghana), and 3 reference strains from Côte d’Ivoire 

(ITM 99-0006, ITM 94-0662 and ITM 94-0821). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DNA extraction and MIRU-VNTR typing 

DNA from clinical samples was extracted as 

previously described [14,15]. DNA from bacterial 

strains was extracted by a physical method. Five 

colonies were harvested from Löwenstein-Jensen 

slants and suspended in a 1.5 ml vial containing 200 

µl of sterile water. Tubes were frozen at -20°C for 20 

minutes and subsequently boiled for 30 minutes in a 

heat block. The samples were then centrifuged for 10 

minutes at 14,000 rpm and the supernatant was 

collected and used as DNA source. 

First the presence of M. ulcerans was confirmed 

in all samples by detecting the specific insertion 

sequences IS2404 and IS2606 by PCR as described 

previously [15-17]. Samples that were positive for 

the two targets IS2404 and IS2606 were analyzed by 

the MIRU-VNTR typing method. The following 

genetic markers were assayed: MIRU 1, MIRU 2, 

MIRU 5, VNTR 6, MIRU 9, MIRU 33 and ACC 

locus [8,10-13,18]. The minisatellites markers MIRU 

1, VNTR 6, MIRU 9 and MIRU 33 were assayed for 

all samples of the study, whereas loci MIRU 2, 

MIRU 5 and ACC were targeted only for bacterial 

strains and 8 clinical samples that were positive for at 

least two of the previous loci. At least one of the 

control reference strains was used for each typing   

 

Figure 1. Map of Cote d’Ivoire showing the localities from which samples and strains originated. 

The two large circles represent the economic capital (Abidjan) and the political capital (Yamoussoukro); smaller 

circles indicate the geographical origin of samples and strains inside the country.  
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reaction. PCR analysis was performed as described 

previously [8,13].  

 

Sequencing 

All amplified products were sequenced using a 

3730XL DNA Analyzer (Applied Biosystems, 

Courtaboeuf, France) after DNA quantification using 

a Nanodrop ND 8000 spectrophotometer (Thermo 

scientific, Wilmington, DE, USA). Sequence data 

analysis was performed using software BioNumerics 

v5 (Applied-Maths, Sint-Martens-Latem, Belgium), 

CLC Sequence Viewer 5.1.2 (CLC BIO) and 

Geneious Biomatters 4.5.4.  

Permission for the study was granted by the 

National BU control program. 

 

Results and discussion 
Amplification of the four loci (1, 6, 9 and 33), 

which make it possible to discriminate M. ulcerans 

strains from various geographical origins 

[8,10,11,18], revealed three profiles corresponding to 

the following genotypes: Atlantic Africa (profile 

[3113]), Southeast Asia (profile [1113]) and Asian 

(profile [1213]). The Ivorian samples (15 bacterial 

strains, three clinical samples) displayed the genotype 

“Atlantic Africa” that is widely distributed over 

Central and Western Africa [13]. Five reference 

strains (three from Côte d’Ivoire, one from Congo 

and one from Ghana) also matched the “Atlantic 

Africa” genotype. The reference strains ITM 9540 

(Queensland, Australia) and ITM 98-912 from China 

had the genotypes “Southeast Asia” and “Asian”, 

respectively. No new genotypic profile was found 

among our strains and samples. Each geographic 

region was represented in this complete data set. The 

genotypic profiles obtained with the reference 

controls were in agreement with previous findings 

[18]. Unfortunately, it was not possible to fully 

characterize 96 (84 %) of the samples, as no  

 

 

 

 

 

 

 

 

 

 

 

 

 

amplification was obtained for at least one of the four 

loci studied. 

In addition, loci 2, 5 and ACC were assayed in 41 

of the 114 samples analyzed (33 bacterial strains and 

8 clinical samples), as well as the reference strains. 

The number of amplified samples for each target 

varied from 24 to 27 (Table I). Considering all seven 

loci, 236 PCR products were obtained, 211 of which 

could be sequenced and compared to reference strains 

(Table II). The low rate of PCR amplification of the 

MIRU/VNTR loci from DNA extracts prepared 

directly from clinical specimens could be expected, 

as the quantity of M. ulcerans DNA present in such 

extracts would be relatively low. However, the low 

rate of positive amplification obtained using DNA 

templates prepared from cultures in this study is 

unusual and may be related to sub-optimal laboratory 

conditions, rather than inherent limitations of the 

markers used. The number of analyzed sequences, the 

overall length of the repeated zone, and the number 

of tandem repeats by locus are given in Table II.  

Overall, sequencing of PCR products from 

Ivorian isolates and clinical samples revealed no 

sequence difference at any locus compared to African 

reference strains. 

 At locus 1, twenty-eight sequences, including 

four African reference strains (ITM 5150, ITM 94-

0821, ITM 97-0483, ITM 99-0006), were identical 

and showed three repeats as previously described 

[10,18]. The non-African reference strains ITM 9540 

(Queensland, Australia) and ITM 98-912 (China) 

differed by having only one repeat and two single 

nucleotide polymorphisms (SNPs), respectively 

(Table II). At locus 6, the 25 Ivorian sequences, three 

African reference strains (ITM 97-0483, ITM 97-

0006, ITM 5150) and an Australian reference strain 

(ITM 9540) had an identical 500 bp fragment, while 

the Chinese strain ITM 98-912 presented 5 SNPs and 

two repeats of a 40 nt motif [11,18]. At locus 9, 

forty-four sequences, including that of the Ivorian  

Locus 
Number of samples giving a positive PCR  

Total 

Clinical samples Bacterial strains 

1 07/81 (8.6%) 26/33 (78.8%) 33/114 (28.9%) 

6 09/81 (11.1%) 26/33 (78.8%) 35/114 (30.7%) 

9 39/81 (48.1%) 22/33 (66.7%) 61/114 (53.5%) 

33 15/81 (18.5%) 15/33 (45.5%) 30/114 (26.3%) 

2 3/8 (37.5%) 21/33 (63.6%) 24/41 (58.5%) 

5 4/8 (50%) 22/33 (66.7%) 26/41 (63.4%) 

ACC  3/8 (37.5%) 24/33 (72.7%) 27/41 (65.9%) 

Table 1. Amplified samples obtained at the seven loci with the Ivoirian strains and samples. 
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strain ITM 94-0821, were identical with a single 

repeat unit in the PCR product of about 440 bp [13]. 

The reference strain ITM 98-912 (China) differed by 

four SNPs at this locus. Finally, at locus 33, twenty-

five sequences of the 850-bp PCR product, including 

that of ITM-94-0821, were identical, with a 41-nt 

sequence repeated three times as described [13]. The 

Chinese reference strain ITM 98-912 differed by six 

SNPs. 

The additional loci were also investigated by 

sequencing. At locus 2, all sequences were identical, 

with no tandem repeat sequences as described [10], 

even though two “ATCGAT” motifs (thus smaller 

than the entire MIRU repeat unit) were observed. At 

locus 5, twenty-six of our sequences showed 100% 

identity, while the two non-African reference strains 

showed 1 and 2 SNPs, respectively. No repeated 

sequence was found for this locus consistent with 

previous reports [10]. Finally, at the ACC locus, the 

sequence of the expected 375 bp fragment was 

identical in 25 PCR products, with 34 copies of the 

heterogeneous trinucleotide array, consistent with a 

previous study [8]. The Australian reference strain 

ITM 9540 presented one SNP at this locus. 

In conclusion, no SNP or repeat number 

difference was detected in the investigated loci. The 

high level of sequence conservation found at the 7 

loci mentioned in this study shows that M. ulcerans 

populations from Côte d’Ivoire harbor extremely low 

levels of polymorphism, similar to the situation in 

other African countries [19-21].  

This is the first extensive study on the genetic 

diversity of M. ulcerans in the Côte d’Ivoire. Our 

results demonstrate that the Ivorian strains 

correspond to a genotype previously described in 

other African countries. M. ulcerans exhibits a high  

 

 

 

level of sequence conservation, especially among 

isolates within a given geographic origin. As even the  

use of minisatellite markers showed a limited ability 

to discriminate among M. ulcerans strains, more 

discriminatory marker sets such as SNP typing assays 

with a high-resolution [22,23] will be needed to 

decipher the molecular epidemiology of M. ulcerans 

strains in Côte d’Ivoire and other endemic regions. 
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