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The molecular characterizations of the first 40 Mycobacterium tuberculosis isolates from Chad revealed a high
proportion of isolates of the Cameroon family (33%), of which one isolate showed a monodrug resistance. In
total, 9/33 (27%) isolates were resistant to isoniazid. The implications of these findings are discussed.

In Chad, the annual incidence rate of pulmonary tuberculo-
sis was estimated at 60 to 120 of 100,000 in 1990 (12) but
increased to 370 of 100,000 in 2000 (19), making Chad a high-
incidence country. The recommended WHO treatment strat-
egy for patients with open and extrapulmonary tuberculosis is
directly observed chemotherapy, which has been adopted in
most African countries, including Chad, where its coverage was
25% in 2003 (20). An increase in drug resistance due to non-
compliance during treatment is feared; however, the lack of
baseline data on drug resistance from these countries makes
monitoring difficult.

Drug resistance testing, molecular characterization, and fin-
gerprinting of Mycobacterium tuberculosis complex members
have become common practices in most mycobacterial labora-
tories. A variety of molecular genetic typing tools for M. fu-
berculosis complex isolates have been developed (18), with the
most widely used, IS6710 restriction fragment length polymor-
phism typing, as the gold standard. More recently, spoligotyp-
ing (8) has shown advantages over IS6110 typing. It is more
cost-effective, easier to perform, and possible to compare re-
sults between laboratories.

The outcome of the drug resistance tests and molecular
characterization by spoligotyping of the first M. tuberculosis
isolates from Chad are presented and implications for treat-
ment control discussed.

Between March and July 2001 and February and October
2002, a total of 357 sputum and 282 urine samples were col-
lected from tuberculosis patients at the National Reference
Hospital (HGRNT) in the Chadian capital, N'Djaména, and at
four rural health centers that were 50 to 200 kilometers away
from N'Djaména. All specimens (sputum and urine) were de-
contaminated (9) and inoculated onto two Lowenstein-Jensen
slants, one containing 0.75% glycerol and the other containing
0.6% sodium pyruvate. In addition, liquid Middlebrook 7H9 me-
dium containing oleic acid-albumin-dextrose-catalase and poly-
myxin-amphotericin B-nalidixic acid-trimethoprim-azlocillin was
used. The inoculated media were incubated at 37°C without CO,
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for 8 weeks. Smears were made from the sediment and were
stained by the Ziehl-Neelsen method (9). Growth of mycobac-
teria was confirmed by smear. Acid-fast-bacillus-positive colo-
nies were subcultured on three Lowenstein-Jensen slants and a
Middlebrook 7H10 agar plate. Three biochemical tests (ni-
trate, niacin, and 68°C catalase) (9) were used to identify M.
tuberculosis complex (MTC) from nontuberculous mycobacte-
ria. The Lebek method was used as an additional phenotypic
test to distinguish between MTC members (7), and in addition
the standard method for molecular identification of MTC iso-
lates, real-time PCR (10), was performed. Genotyping and
identification of M. tuberculosis isolates were done by spoligo-
typing (8), and obtained spoligotypes were compared to the
international database (SpolDB3.0) (6).

With real-time PCR, 40 MTC-positive isolates were identi-
fied, and subsequent spoligotyping resulted in identification of
40 M. tuberculosis isolates (Fig. 1). Considering the geographic
location of Chad in central Africa, it was interesting to note
that spoligotyping revealed no M. africanum type 1 or type II
isolates. M. africanum type I (lack of spacers 37 to 39) is very
frequent in western Africa and is found in neighboring Cam-
eroon. However, it was suggested that there has been a de-
creasing trend in M. africanum type I transmission over the last
three decades (16). M. africanum type 11 (lack of spacer 40) is
isolated predominantly in Uganda (15), and although we ob-
tained six spoligotypes lacking spacer 40, all of ours were aero-
philic on Lebek media, which is not the case for M. africanum.
Indeed, recent genomic analysis could not differentiate M.
africanum subtype II from modern M. tuberculosis, casting
doubt on whether subtype II should be considered separately
from M. tuberculosis (14). In total, spoligotyping identified 13
strains with the Cameroon family spoligotype (lacking spacers
23 to 25). This family was first described to be a strain family
endemic in Cameroon (16) and Nigeria (2), and its presence in
Chad is not surprising, since everyday transborder movements
of people are frequent.

Drug susceptibility testing was performed with a BACTEC
MGIT 960 instrument (BD Biosciences, Sparks, Md.) for iso-
niazid (INH), 0.1 pg/ml; rifampin (RIF), 1 pwg/ml; ethambutol,
5 pg/ml; and pyrazinamide, 100 pwg/ml. Streptomycin, 2 pg/ml
and 10 pg/ml, was tested by the agar proportion method (9). In
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a separate analysis, the agar proportion method for INH, RIF,
ethambutol, pyrazinamide, and streptomycin has been evalu-
ated and compared to the MGIT method (4). Both methods
were valid for the Chadian strains.

In total, drug susceptibility testing of 33 M. tuberculosis iso-
lates showed that 20 (61%) were susceptible to all drugs, while
13 (39%) were resistant to at least one drug (Fig. 1). Resis-
tance to isoniazid was the most frequent (nine patients [27%];
in three patients [9%] together with resistance to ethambutol).
Resistance to ethambutol was observed with 4/30 isolates
(12%) and to pyrazinamide with 3/30 isolates (10%). We found
no resistance to rifampin and streptomycin in our sample. The
level of resistance to INH is alarming (9/33; 27%) when we
consider that INH is used as a first-line drug in Chad. (We did
not evaluate the INH resistance testing at the concentration of
0.4 pg/ml, which is mandatory for INH-resistant isolates ac-
cording to international standards, because the agar concen-
tration showed such a good accordance.) Primary resistance to
INH in other African countries is usually lower: 8% in Ethio-
pia (1), 12.5% in Equatorial Guinea (17), 12% in the West
Province of Cameroon (11), and 7% in northern Nigeria (5).
No strains were resistant to both streptomycin and rifampin.
Resistance to these drugs is rather common in Africa, with
exceptions such as Guinea-Bissau (resistance to INH only) (3)
and Congo (no RIF-resistant isolates) (13). Interestingly, only
one of nine Cameroon family isolates showed resistance to
widely used antimycobacterial drugs. This indicates that drug
resistance does not necessarily explain the high frequency of
this family among Chadian isolates.

We thank the technicians of the Swiss National Center for Myco-
bacteria, the Swiss Tropical Institute, and the Laboratoire de Recher-
ches Vétérinaires et Zootechniques de Farcha who have contributed to
the project. We thank Stephen Gordon for advice and discussion.

The NCCR North-South (IP4 Health and Well-being) of the Swiss
National Science Foundation and the Swiss Agency for Development
and Cooperation are acknowledged for financial support.

REFERENCES

1. Bruchfeld, J., G. Aderaye, 1. B. Palme, B. Bjorvatn, S. Ghebremichael, S.
Hoffner, and L. Lindquist. 2002. Molecular epidemiology and drug resis-
tance of Mycobacterium tuberculosis isolates from Ethiopian pulmonary tu-
berculosis patients with and without human immunodeficiency virus infec-
tion. J. Clin. Microbiol. 40:1636-1643.

2. Cadmus, S., S. Palmer, M. Okker, J. Dale, K. Gover, N. Smith, K. Jahans,
R. G. Hewinson, and S. V. Gordon. 2006. Molecular analysis of human and
bovine tubercle bacilli from a local setting in Nigeria. J. Clin. Microbiol.
44:29-34.

3. Dias, F., S. G. Michael, S. E. Hoffner, L. Martins, R. Norberg, and G.
Kallenius. 1993. Drug susceptibility in Mycobacterium tuberculosis of a
sample of patients in Guinea Bissau. Tuber. Lung Dis. 74:129-130.

4. Diguimbaye-Djaibé, C., M. Hilty, F. Baggi, R. Ngandalo, E. Schelling, G.
Pfyffer, M. Tanner, and J. Zinsstag. Med. Trop., submitted for publication.

NOTES 1577

5. Fawcett, I. W., and B. J. Watkins. 1976. Initial resistance of Mycobacterium
tuberculosis in northern Nigeria. Tubercle 57:71-73.

6. Filliol, I., J. R. Driscoll, D. van Soolingen, B. N. Kreiswirth, K. Kremer, G.
Valétudie, D. A. Dang, R. Barlow, D. Banerjee, P. J. Bifani, K. Brudey, A.
Cataldi, R. C. Cooksey, D. V. Cousins, J. W. Dale, O. A. Dellagostin, F.
Drobniewski, G. Engel n, S. Ferdinand, D. Gascoyne-Binzi, M. Gordon,
M. C. Gutierrez, W. H. Haas, H. Heersma, E. Kassa-Kelembho, M. L. Ho, A.
Makristathis, C. Mammina, G. Martin, P. Mostrom, I. Mokrousov, V.
Narbonne, O. Narvskaya, A. Nastasi, S. N. Niobe-Eyangoh, J. W. Pape,
V. Rasolofo-Razanamparany, M. Ridell, M. L. Rossetti, F. Stauffer, P. N.
Suffys, H. Takiff, J. Texier-Maugein, V. Vincent, J. H. de Waard, C. Sola, and
N. Rastogi. 2003. Snapshot of moving and expanding clones of Mycobacte-
rium tuberculosis and their global distribution assessed by spoligotyping in an
international study. J. Clin. Microbiol. 41:1963-1970.

7. Hilty, M., C. Diguimbaye, E. Schelling, F. Baggi, M. Tanner, and J. Zinsstag.
2005. Evaluation of the discriminatory power of variable number tandem
repeat (VNTR) typing of Mycobacterium bovis strains. Vet. Microbiol. 109:
217-222.

8. Kamerbeek, J., L. Schouls, A. Kolk, M. van Agterveld, D. van Soolingen, S.
Kuijper, A. Bunschoten, H. Molhuizen, R. Shaw, M. Goyal, and J. Van
Embden. 1997. Simultaneous detection and strain differentiation of Myco-
bacterium tuberculosis for diagnosis and epidemiology. J. Clin. Microbiol.
35:907-914.

9. Kent, P. T., and G. P. Kubica. 1985. Public health mycobacteriology—a
guide for the level III laboratory. U.S. Department of Health and Human
Services, Washington, D.C.

10. Kraus, G., T. Cleary, N. Miller, R. Seivright, A. K. Young, G. Spruill, and
H. J. Hnatyszyn. 2001. Rapid and specific detection of the Mycobacterium
tuberculosis complex using fluorogenic probes and real-time PCR. Mol. Cell.
Probes 15:375-383.

11. Kuaban, C., R. Bercion, J. Noeske, P. Cunin, P. Nkamsse, and N. S. Ngo.
2000. Anti-tuberculosis drug resistance in the West Province of Cameroon.
Int. J. Tuberc. Lung Dis. 4:356-360.

12. Massenet, D., and O. N. Djemadji. 1994. Chad: bibliographic review of
reported cases. Med. Trop. 54:179-188. (In French.)

13. M’Boussa, J., M. Bendo, F. Yala, R. Kounkou, E. Kaoudi, and F. Portaels.
1998. Etude préliminaire sur la sensibilit¢ des mycobactéries au Centre
Hospitalier Universitaire de Brazzaville. Bulletin OCEAC 31. Organisation
de Coordination pour la lutte contre les Endémies en Afrique Centrale,
Yaoundé, Cameroon.

14. Mostowy, S., A. Onipede, S. Gagneux, S. Niemann, K. Kremer, E. P. Des-
mond, M. Kato-Maeda, and M. Behr. 2004. Genomic analysis distinguishes
Mycobacterium africanum. J. Clin. Microbiol. 42:3594-3599.

15. Niemann, S., S. Rusch-Gerdes, M. L. Joloba, C. C. Whalen, D. Guwatudde,
J. J. Ellner, K. Eisenach, N. Fumokong, J. L. Johnson, T. Aisu, R. D.
Mugerwa, A. Okwera, and S. K. Schwander. 2002. Mycobacterium africanum
subtype II is associated with two distinct genotypes and is a major cause of
human tuberculosis in Kampala, Uganda. J. Clin. Microbiol. 40:3398-3405.

16. Niobe-Eyangoh, S. N., C. Kuaban, P. Sorlin, P. Cunin, J. Thonnon, C. Sola,
N. Rastogi, V. Vincent, and M. C. Gutierrez. 2003. Genetic biodiversity of
Mycobacterium tuberculosis complex strains from patients with pulmonary
tuberculosis in Cameroon. J. Clin. Microbiol. 41:2547-2553.

17. Tudo, G., J. Gonzalez, R. Obama, J. M. Rodriguez, J. R. Franco, M. Espasa,
P. R. Simarro, G. Escaramis, C. Ascaso, A. Garcia, and M. T. Jimenez de
Anta. 2004. Study of resistance to anti-tuberculosis drugs in five districts of
Equatorial Guinea: rates, risk factors, genotyping of gene mutations and
molecular epidemiology. Int. J. Tuberc. Lung Dis. 8:15-22.

18. van Soolingen, D. 2001. Molecular epidemiology of tuberculosis and other
mycobacterial infections: main methodologies and achievements. J. Int.
Med. 249:1-26.

19. World Health Organization. 2004. Tuberculosis. Fact sheet no. 104. World
Health Organization, Geneva, Switzerland.

20. World Health Organization. 2003. Global health atlas. Data query. http:
/www.who.int/globalatlas/DataQuery/.




