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The findings of recent studies addressing the molecular characteristics of Mycobacterium tuberculosis com-
plex isolates have initiated a discussion on the classification of M. africanum, especially of those isolates orig-
inating from East Africa (cluster F, subtype II) and displaying phenotypic and biochemical characteristics more
similar to those of M. tuberculosis. To further address this question, we analyzed a representative collection of
63 M. tuberculosis complex strains comprising 30 M. africanum subtype I strains, 20 M. africanum subtype II
strains, 10 randomly chosen M. tuberculosis isolates, and type strains of M. tuberculosis, M. bovis, and M. afri-
canum for the following biochemical and molecular characteristics: single-nucleotide polymorphisms (SNPs)
in gyrB and narGHJI and the presence or absence of RD1, RD9, and RD12. For all molecular markers analyzed,
subtype II strains were identical to the M. tuberculosis strains tested. In contrast, the subtype I strains as well
as the M. africanum type strain showed unique combinations of SNPs in gyrB and genomic deletions (the ab-
sence of RD9 and the presence of RD12), which proves their independence from M. tuberculosis and M. bovis.
Accordingly, all subtype I strains displayed main biochemical characteristics included in the original species de-
scription of M. africanum. We conclude that the isolates from West Africa were proved to be M. africanum with
respect to the phenotypic and genetic markers analyzed, while the isolates from East Africa must be regarded as
phenotypic variants of M. tuberculosis (genotype Uganda). We propose the addition of the molecular characteristics
defined here to the species description of M. africanum, which will allow clearer species differentiation in the future.

Mycobacterium africanum is a member of the M. tuberculosis
complex (MTBC), which comprises the closely related spe-
cies M. tuberculosis, M. bovis, M. africanum, M. microti, and
M. canettii (24, 27). The close relationship of these species
has been confirmed by DNA-DNA hybridization, multilocus
enzyme electrophoresis, and sequencing of the 16S rRNA gene
(rDNA) and the 16S to 23S rDNA internal transcribed spacer
region (5, 6, 11, 14, 27). However, despite this high degree of
similarity at the DNA level, the members of MTBC differ in
their host ranges, geographical prevalences, and pathogenici-
ties (27). Hence, the accurate species differentiation of clinical
isolates remains necessary for epidemiological and public
health purposes.

Since its first description in 1968 (3), M. africanum has been
found in several regions of Africa, where it represents up to
60% of clinical strains from patients with pulmonary tubercu-
losis (TB) (16, 17, 20, 26). Recent surveys showed highly vari-
able prevalences of M. africanum in different regions of Africa;
e.g., approximately 5% of patients with TB from the Ivory

Coast, approximately 10% of patients with TB from Cameroon
(17), and at least 60% of patients with TB from Guinea-Bissau
(1, 8) were found to be infected with M. africanum.

In contrast to M. tuberculosis and M. bovis, M. africanum
strains show higher degrees of variability in their phenotypic
attributes, which comprise characteristics of M. tuberculosis
and M. bovis. This heterogeneity of M. africanum complicates
its unequivocal identification and may lead to the misclassifi-
cation of clinical strains. According to their biochemical char-
acteristics, two major M. africanum subgroups have been de-
scribed, and these subgroups correspond to their geographic
origins in West Africa (subtype I, cluster G) or East Africa
(subtype II, cluster F) (4, 16). Numerical analyses of biochem-
ical characteristics revealed that M. africanum subtype I is
more closely related to M. bovis, whereas subtype II more
closely resembles M. tuberculosis (4).

More recently, the application of molecular methods has
permitted new insights into the molecular characteristics and
phylogeny of MTBC species to be obtained (2, 7, 8, 13, 14, 16,
26). In those studies M. africanum strains from West African
countries (subtype I) were characterized by the presence of low
or medium numbers of IS6110 bands and a specific spoligotype
pattern with characteristics of M. bovis and M. tuberculosis.
Additionally, all West African M. africanum strains showed a
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characteristic genomic deletion (RD9) (2) and a characteristic
gyrB DNA sequence (15) that permitted their clear distinction
from M. tuberculosis. A further interesting genomic region that
allows the differentiation of M. africanum from M. bovis is
RD12, which is present in the former organism but not the
latter (2, 7, 13).

In contrast, M. africanum strains from Uganda (subtype II,
East Africa) showed a high number of IS6110 copies, a spoli-
gotype pattern similar to that of M. tuberculosis, and a gyrB
sequence identical to that of M. tuberculosis (14, 16). Prelimi-
nary results indicated that M. africanum subtype II isolates
might not have the RD9 deletion, which was detected in all
M. africanum strains in the new evolutionary scenario devel-
oped by Brosch and coworkers (2) and Huard and coworkers
(7). Taken together, these findings reiterate the close relation-
ship between M. africanum subtype II and M. tuberculosis and
question the taxonomic status of M. africanum subtype II with-
in MTBC.

In the present study, we performed a detailed analysis of the
phenotypic and genotypic properties of MTBC strains from
West and East Africa that were previously classified as M. af-
ricanum according to their biochemical characteristics. On the
basis of the results of those analyses, we propose an improved
species description for M. africanum that includes the present
results obtained with new molecular markers.

MATERIALS AND METHODS

Strains analyzed. A total of 63 MTBC isolates comprising 30 M. africanum
strains from West Africa (Ghana); 20 M. africanum strains from East Africa
(Uganda); and type strains M. tuberculosis H37 (ATCC 27294), M. bovis (ATCC
19210), and M. africanum (ATCC 25420). Ten randomly chosen M. tuberculosis
isolates from Germany were included as controls. The M. africanum strains from
Uganda were a subset of a collection described previously (16). All clinical
isolates were obtained from different patients with pulmonary TB. The patients
from Ghana comprised only human immunodeficiency virus-negative individu-
als, whereas the patients from Uganda comprised human immunodeficiency
virus-negative and -positive individuals. The main biochemical as well as genetic
characteristics of the 63 MTBC isolates are summarized in Table 1.

Primary isolation and culturing of the mycobacterial isolates were performed
as described elsewhere (10). All isolates were identified as members of MTBC by
using gene probes (ACCUProbe; GenProbe, San Diego, Calif.).

Biochemical tests. The biochemical analyses used for differentiation included
colony morphology, nitrate reduction on modified Dubos broth, niacin accumu-

lation test (isoniazid-test strips; Difco, Detroit, Mich.), and growth in the pres-
ence of thiophen-2-carboxylic acid hydrazide (TCH; 2 �g/ml). Growth charac-
teristics on Lebek medium and bromcresol purple medium were determined as
described previously (12).

IS6110 DNA fingerprinting and spoligotyping analysis. Extraction of DNA
from mycobacterial strains and DNA fingerprinting with IS6110 as a probe were
performed by a standardized protocol, as described elsewhere (23, 25). Spoligo-
typing of strains was performed as described by Kamerbeek et al. (9). The IS6110
fingerprint patterns and the spoligotype patterns were analyzed with BioNumer-
ics software (Windows NT, version 2.5; Applied Maths, Kortrijk, Belgium) by
applying the Dice coefficient (with 1.2% position tolerance) and the unweighted
pair group with mathematic averages method.

Analysis of genomic deletions, gyrB DNA polymorphisms, and the narGHJI
promoter polymorphism. The presence or absence of molecular regions was
determined by PCR assays described previously. The strains were analyzed for
the presence or absence of RD9 by a PCR protocol described by Parsons and
coworkers (18), and the strains were analyzed for the presence or absence of
RD12 by a PCR protocol described by Mostowy and colleagues (13). The pres-
ence of the RD1 region and of discriminatory single-nucleotide polymorphisms
(SNPs) in the gyrB gene were determined by using the commercially available
GenoType MTBC assay (Hain Lifescience GmbH, Nehren, Germany), as de-
scribed previously (19). The T-to-C transition within the promoter of narGHJI
was detected by PCR analysis with a LightCycler instrument, as described by
Stermann and colleagues (22).

RESULTS AND DISCUSSION

In order to achieve an improved characterization of the
species M. africanum (3, 27), a representative collection of 63
MTBC isolates was analyzed for key phenotypic and genetic
characteristics. These isolates included 30 strains from Ghana
(West Africa), 20 strains from Uganda (East Africa), and 10
strains from Germany, as well as type strains M. tuberculosis
H37 (ATCC 27294), M. bovis ATCC 19210, M. africanum
ATCC 25420. On the basis of their phenotypic characteristics
(Table 1), the strains from Uganda were classified as M. afri-
canum subtype II, the strains from Ghana were classified as
M. africanum subtype I, and the strains from Germany were
classified as M. tuberculosis.

All strains were analyzed by IS6110 DNA fingerprinting and
spoligotyping. In the corresponding dendrogram based on the
similarity of the IS6110 fingerprinting patterns, the isolates
from Uganda and Ghana formed distinct groups or genotypes
that were clearly separated from the groups or genotypes con-
taining the M. tuberculosis isolates (Fig. 1). The similarities of

TABLE 1. Phenotypic and genetic characteristics of type strains M. tuberculosis H37 (ATCC 27294), M. bovis (ATCC 19210),
and M. africanum (ATCC 25420) and the other strains analyzeda

Phenotypic differentiation
and genotype Origin

Test result (% of isolates)

Colony
morphologyb

Growth in
presence
of TCH

Type of growth
on Lebek
medium

RD1 RD9 RD12 gyrBc

Nucleotide
at narGHJI

position
�215

M. tuberculosis H37 ATCC Eugonic � Aerophilic � � � MTB T
M. bovis ATCC Dysgonic � Mircroaerophilic � � � MBOV C
M. africanum ATCC Dysgonic � Mircroaerophilic � � � MAFRI C
M. tuberculosis (n � 10) Germany Eugonic (100) � (100) Aerophilic (100) � (100) � (100) � (100) MTB T
M. africanum subtype II,

Uganda I and II (n � 20)
Uganda Dysgonic (100) � (100) Mircroaerophilic (100) � (100) � (100) � (100) MTB T

M. africanum subtype I,
A1, A2, A3 (n � 30)

Ghana Dysgonic (100) � (100) Mircroaerophilic (100) � (100) � (100) � (100) MAFRI C

a Symbols and abbreviations: �, positive test result or genomic region present; �, negative test result or genomic region deleted; ATCC, American Type Culture
Collection.

b Growth characteristics on Löwenstein-Jensen slants.
c Classification according to GenoType MTBC test results: MTB, M. tuberculosis or M. africanum subtype II; MBOV, M. bovis subsp. bovis; MAFRI, M. africanum

subtype I.

VOL. 42, 2004 NEW MARKERS FOR M. AFRICANUM 3959



FIG. 1. IS6110 DNA fingerprint and spoligotype patterns of the 63 MTBC strains analyzed. The IS6110 banding patterns are ordered by
similarity in a dendrogram. The position of each IS6110 band is normalized so that the banding patterns of all strains are mutually comparable.
The scale depicts the similarities of the IS6110 patterns calculated with the Dice coefficient and the unweighted pair group with mathematic
averages method. Genotypes were defined on the basis of the similarities of the IS6110 banding patterns compared to those of genotypes reported
in previous studies (8, 16, 17, 26). M. tub, M. tuberculosis; M. afri, M. africanum; M. bov, M. bovis.
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the IS6110 fingerprinting patterns among isolates of one group
or genotype confirm the close relationship of the particular
isolates. According to the IS6110 patterns and spoligotypes,
the genotypes determined were assigned to the major geno-
types described for M. africanum strains in previous studies,
which also confirmed the representativeness of the strain col-
lection analyzed. These genotypes are for M. africanum sub-
type II, genotypes Uganda I and II, from East Africa (16) and
for M. africanum subtype I, genotype A1-group 4, genotype
A2, and genotype A3, from West Africa (8, 17, 26). Type strain
M. africanum ATCC 25420 clustered together with M. africa-
num subtype I strains of genotype A1-group 4.

All spoligotypes of West African M. africanum isolates hy-
bridized to at least one of the spacer sequences 33 to 36,
whereas these spacer sequences were absent from the chromo-
somes of all M. africanum subtype II strains (East Africa)
analyzed and 90% of the M. tuberculosis strains analyzed. Fur-
thermore, all M. africanum subtype I strains (West Africa)
failed to hybridize to spacer 39, while this spacer was present in
all other strains analyzed. Thus, in accordance with the findings
of previous studies (14, 26), this finding confirmed that the
combination of hybridization to spacers 33 to 36 and a lack of
hybridization to spacer 39 is a useful marker for the identifi-
cation of M. africanum subtype I.

With respect to the presence or absence of the genomic re-
gions analyzed (RD1, RD9, and RD12), all M. africanum sub-
type II and M. tuberculosis isolates as well as type strain M. tu-
berculosis H37 (ATCC 27294) showed identical test results. RD1,
RD9, and RD12 were present in all M. africanum subtype II
isolates and all M. tuberculosis isolates (Table 1). The same
findings were obtained for the additional genetic markers for
which tests were conducted. M. africanum subtype II and M. tu-
berculosis isolates had identical combinations of SNPs in the
gyrB gene and carried a thymine residue instead of a cytosine
residue at nucleotide �215 prior to the start codon of narG.
This polymorphism was previously described to be specific for
M. tuberculosis (22). Thus, isolates of genotypes Uganda I and
II (which were previously named M. africanum subtype II)
more likely represent phenotypic variants of M. tuberculosis
than members of the M. africanum subgroup in MTBC. This
conclusion is in accordance with the results and discussions
presented in previous publications (15, 21) and fits well with
the new phylogenetic scenario for MTBC proposed by Brosch
and coworkers (2).

In contrast to genotypes Uganda I and II, all M. africanum
strains from Ghana (genotype A1-group 4, genotype A2, and
genotype A3) are clearly identified by a unique combination of
molecular characteristics (Table 1). M. africanum isolates were
separated (i) from M. tuberculosis by a lack of RD9 and by
carriage of a cytosine residue at position �215 of the narGHJI
promoter region and (ii) from M. bovis by the presence of
RD12. Furthermore, M. africanum strains from Ghana had a
unique gyrB sequence that permitted their rapid identification
by gyrB PCR-restriction fragment length polymorphism analy-
sis (15) or the commercially available GenoType MTBC test
(19). All characteristics analyzed were identical to those of type
strain M. africanum ATCC 25420. The results determined in
this investigation concerning the presence or absence of RD9,
RD12, and SNPs in the gyrB genes of M. tuberculosis, M. bovis,

and M. africanum are in accordance with the findings of pre-
vious studies (2, 7, 16).

The unique combination of several independent genetic
markers determined for West African M. africanum isolates
is evidence of their independence from M. tuberculosis and
M. bovis and confirm that these isolates represent a unique
phylogenetic branch within MTBC that might have originated
in West Africa. Furthermore, the West African isolates also
fulfill the main phenotypic and biochemical test criteria that
were given in the original species description of M. africanum
(3, 27). On the contrary, although isolates of genotypes Uganda
I and II from East Africa were different by some phenotypic
and biochemical tests, they showed nearly identical genetic
characteristics when they were compared with those of M. tu-
berculosis (except the typical IS6110 fingerprint and spoligo-
type patterns). Thus, no evidence for their independence from
M. tuberculosis was found. However, these strains are the pre-
dominant cause of TB in Uganda (16) and might exhibit not
only certain biochemical characteristics but also certain clini-
cal characteristics. We therefore suggest that this interesting
group of isolates be distinguished from other M. tuberculosis
isolates (M. tuberculosis genotype Uganda) as genotype or vari-
ant “Uganda.” Identification of genotype “Uganda” isolates
can be achieved by evaluation for the combination of pheno-
typic and genetic characteristics presented previously (16). Fu-
ture studies are needed to more thoroughly analyze the genetic
relationship of “Uganda” genotype isolates and other M. tuber-
culosis isolates and to address the clinical and pathological
aspects of TB caused by strains of this genotype.

In conclusion, we propose that the molecular markers that
we describe here, which are characteristic for the “true” M. af-
ricanum isolates, should be added to the species description of
M. africanum (3, 27). M. africanum should be characterized by
the absence of RD9, the presence of RD12, and the presence
of a unique gyrB sequence. These markers should be used in
future studies and before new isolates are designated M. afri-
canum, which would allow clear species differentiation. These
markers might also replace the use of more variable pheno-
typic and biochemical characteristics in the future and will
contribute to the generation of more precise data on the re-
gional prevalence and pathogenic properties of M. africanum.

Description of M. africanum. The description of M. africa-
num is the same as those given for M. africanum by Castets et
al. (3) and Wayne and Kubica (27) and for isolates of cluster G
in the publication of David et al. (4). In addition to these
characteristics, isolates of M. africanum lack RD9, are positive
for RD12, and present a specific combination of gyrB gene
polymorphisms: nucleotide 675 is C, nucleotide 756 is G, nu-
cleotide 1311 is T, nucleotide 1410 is C, and nucleotide 1450 is
T. The type strain is Rist 3419 (ATCC 25420), which has the
characteristics described for the taxon.
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