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Fifty-six strains of the Mycobacterium tuberculosis complex from patients in Guinea-Bissau were examined by
using four biochemical tests (niacin production, nitrate reductase, pyrazinamidase, and resistance to
thiophen-2-carboxylic acid hydrazide). The isolates were divided into five different biovars within a spectrum
ranging from classical human M. tuberculosis to classical M. bovis.
Tuberculosis is a common disease in Guinea-Bissau. Although the annual incidence is not known, it is estimated to
be one of the highest in the world. The present epidemic of
human immunodeficiency virus type 2 infection (12) and the
emerging epidemic caused by human immunodeficiency virus type 1 in Guinea-Bissau also most likely will cause an
increase in the incidence of tuberculosis. In this report, we
describe the use of some biochemical markers for epidemiological subtyping of Mycobacterium tuberculosis complex
strains isolated from sputum samples from patients with
tuberculosis in Bissau which might be relevant for epidemiological studies in Africa. This study is the first to investigate
M. tuberculosis complex isolates from Guinea-Bissau.
During four periods (1989 to 1991), 288 sputum samples
were collected from the same number of patients who were
referred to the Laboratorio Nacional de Saude Publica,
Bissau, Guinea-Bissau. The patients had been referred for
sputum smear examination by either peripheral health care
clinics or hospitals in Bissau. The samples were kept at +4°C
and transported (by air, in Frigolite casings containing cold
clumps) to the National Bacteriological Laboratory, Stockholm, Sweden, for mycobacterial culture and further examination.
Before culture, the samples were decontaminated from
nonmycobacterial microorganisms by the sodium lauryl sulfate method (7). Aliquots (0.5 ml) of the homogenized
specimen were inoculated into one tube with conventional
Lowenstein Jensen (LJ) egg medium and one containing LJ
medium with 0.6% pyruvate (LJpyr). In addition, samples
were concentrated by membrane filtration and cultured on
LJ medium. The tubes were incubated at 37°C for 7 weeks
and examined weekly. Growth of mycobacteria was confirmed by acid-fast microscopy.
All isolates were characterized by standard biochemical
methods (11). Resistance to thiophen-2-carboxylic acid hydrazide (TCH) (5 mg/liter) was determined by radiometric
respirometry (BACTEC system; Becton Dickinson and Co.,
Cockeysville, Md.). The BACTEC method has previously
been shown to agree with results obtained with IJ medium
(3, 8). The BACTEC system was also used for susceptibility
testing of M. tuberculosis. It is well established that this
method is in good agreement with reference methods using
solid media (9, 14). Detection of niacin was performed as
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described by Wayne (19), and nitrate reductase and pyrazinamidase tests were done as described by Kent and
Kubica (11). The test for the M. tuberculosis complex
included a nucleic acid probe using the Accuprobe system
(Gen-Probe, San Diego, Calif.).
A total of 58 strains belonging to the M. tuberculosis
complex were isolated. These isolates showed typical macroscopic and microscopic appearance and growth characteristics. Of the 58 isolates, only 1 was resistant to any of four
major antituberculous drugs (isoniazid) (5).
Fifty-six M. tuberculosis complex isolates were further
characterized biochemically. By the four biochemical tests
(TCH resistance, niacin production, and nitrate reductase
and pyrazinamidase tests), they were assigned to five different biovars (Table 1).
One strain conformed to the criteria for M. bovis (susceptible to TCH and negative in the other tests), and 19 isolates
fully agreed with the criteria for M. tuberculosis (resistant to
TCH and positive in the other tests). The remaining isolates
were allocated into three distinct biovars representing a
spectrum between the classical human and bovine tubercle
bacilli (Table 1). With the biochemical methods used by us,
two biovars (our biovars 2 and 3) corresponded to the
so-called African I variant and one biovar (our biovar 4)
corresponded to the African II variant described by Collins
et al. (2).
DNA-DNA homology data support the assignment of M.
tuberculosis, M. africanum, M. microti, and M. bovis to a
single species (1, 10). It is not clear whether they should be
reduced to subspecies or biovar status, and no formal
proposals to reduce them to species synonymy have been
published, although Tsukamura has suggested on several
occasions that they be considered one species and has
coined the term "TB complex" (15, 16, 17). Grange (6)
concluded that it is preferable to describe them as variants
(bovine, human, and African) of M. tuberculosis.
Prat and colleagues (13) found a considerable degree of
heterogeneity among African strains and concluded that they
represent a continuous spectrum linking the classical human
and bovine variants. On the basis of numerical analysis of
biochemical characteristics, David and coworkers (4), on the
other hand, concluded that African strains tend to form two
clusters, one related to the human type and one related to the
bovine type. They did, however, state that the study of more
strains might cause the clusters to fuse. In a recent study by
van Soolingen and coworkers (18), African isolates of the M.
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TABLE 1. Biovars of 56 M. tuberculosis complex isolates
Test Result

Biovar
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No. of
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PZd
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-

+

+
+

+
+
+

+

+

+

isolates
1

6
9
21
19

a S, susceptible; R, resistant.
b
NO3, nitrate reductase.
c Nia, niacin production.
d pZ, pyrazinamidase.
e Classical M. bovis.
f Classical human M. tuberculosis.

tuberculosis complex were more homogeneous according to
restriction fragment length polymorphism patterns than were
European isolates. This is in contrast to the larger biochemical variation among African isolates reported here, although
the nucleic acid probe specific for the M. tuberculosis
complex was positive for all isolates. Further studies on
correlations between different biovars and restriction fragment length polymorphism patterns thus are important.
In Europe, the dominant variant within the M. tuberculosis complex is classical human M. tuberculosis, followed by
classical M. bovis. All of the tests used in this study
discriminate between these two variants or biovars. However, the only single test that assigned isolates to any specific
group (classical M. tuberculosis) was TCH resistance. None
of the biochemical tests could be used as a single confirmatory test for the entire M. tuberculosis complex.
In Europe, M. tuberculosis complex isolates from cattle
and deer are practically always classical M. bovis. Thus,
epidemiological subtyping of the M. tuberculosis complex
into M. bovis is useful for epidemiological studies of tuberculosis in cattle, in particular to study transmission from
cattle to humans. If classical M. bovis is also the predominant variant in cattle in Africa, it appears from this study that
tuberculosis derived from cattle is rare in Guinea-Bissau.
However, more detailed study of the biovar(s) of isolates
from cattle in Africa is needed (First International Conference on Animal Tuberculosis in Africa and the Middle East,

April 1992).
It is important to note that a considerable number of
isolates belonging to biovar groups 1 to 3 were recovered
only on LJpyr (Table 2), while equal numbers of isolates
from groups 4 and 5
TABLE 2.

were

recovered on UJ medium and

Recovery of M. tuberculosis complex isolates on
LJ medium and

Upyr

No. of strains that grew on:
BiovarLJ medium
Biovar
Both
LJpyr
media
only
only

1
2
3
4
5

(M. bovis)
(M. tuberculosis)

1
2
2

1
5
6
3
5

3
16
7

no.
~~~~~~~~~~~Total
of isolates

1
6
9
21
14a

a An additional five strains belonging to this group were recovered only
after concentration of the sample by membrane filtration (and subsequent
incubation on Li medium) and not in any of the two tubes used in this

experiment.

LJpyr. Classical M. bovis grows better with LJpyr; and from
this study it appears that the same is also true for other
biovars, in particular for those biochemically most closely
related to M. bovis. Hence, since 20 (36%) of the isolates,
mainly those belonging to three of the five biovars described
here, grew only on LJpyr, this medium should be included to
ensure the isolation of these biovars.
In conclusion, a few simple, easily performed tests may be
used for epidemiological studies of tuberculosis in Africa.
On the basis of the high degree of DNA homology, as well as
the apparent continuous spectrum of biochemical heterogeneity within the M. tuberculosis complex, we propose that
mycobacteria belonging to the M. tuberculosis complex be
regarded as belonging to biovars within one species. Such a
definition should-in particular, from an epidemiological
point of view-be more relevant, especially in areas where a
high level of transmission between animals and humans is
likely to occur.
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