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Genotypic analysis of Mycobacterium tuberculosis isolates obtained from human immunodeficiency virus type
1 (HIV-1)-seropositive (n � 80) and -seronegative (n � 25) patients from Lima, Peru, revealed two distinct
genotypes correlating with the host immune status. While the level of intrastrain diversity of DNA fingerprints
of HIV-seropositive isolates was less pronounced, these isolates showed many clonal groupings.

Genotypic analyses of Mycobacterium tuberculosis strains
have repeatedly identified a group of strains linked to a high
prevalence of disease in certain populations (3, 5, 18, 20). The
emergence of the AIDS pandemic has led to a major shift in
our approaches towards epidemiological studies of tuberculo-
sis (11). Studies involving restriction fragment length polymor-
phism analysis of M. tuberculosis isolates obtained from AIDS
patients showed that both reinfection and new infection occur
in AIDS patients (10, 19). It has been speculated that AIDS
patients constitute an ecological niche for M. tuberculosis, al-
lowing less virulent strains to multiply freely without the selec-
tion pressure provided by an immunocompetent host (21).
Consequently, it should be possible to differentially identify
pathogenic bacterial clones on the basis of epidemiological
parameters related to coinfection, relapse versus recent infec-
tion, and multiple drug resistance.

The availability of the complete genomic sequence of two
strains of M. tuberculosis together with new technologies, such
as DNA microarrays and computational biology, has enabled a
whole-genome perspective on genomic content, gene regula-
tion, and M. tuberculosis metabolism (4, 6, 9, 12, 15, 16).
Whole-genome DNA typing methods, such as fluorescent am-
plified fragment length polymorphisms (FAFLP) (1, 2, 13, 14),
have made it feasible to robustly analyze isolates from different
patient populations at the genome sequence interface (2).
Here we describe the data supporting genotypic diversity of
natural strains of M. tuberculosis from patients with and with-
out human immunodeficiency virus type 1 (HIV-1) infection.
Using FAFLP, we performed high-resolution genotypic anal-
ysis of epidemiologically related M. tuberculosis strains from
independent patient populations with and without AIDS.

All isolates were cultured from unrelated tuberculosis pa-

tients with and without AIDS, treated at two different hospitals
(Hospital Dos de Mayo and Hospital Maria Auxiliadora) in
Lima, Peru, from May 1999 to September 2000. All the pa-
tients with AIDS were diagnosed for HIV-1 seropositivity with
an AIDS-defining disease and generalized tuberculosis. HIV-
1-seronegative patients presented with more local pulmonary
tuberculosis. No data were available on the possible contacts of
these patients with each other. The patients in HIV-1 and
non-HIV-1 categories were mainly from Lima, Peru, but some
patients were from other localities in Peru. Patient clinical
history suggested that all patients belonged to different fami-
lies and were not directly related to each other. These patients
were from a very young and sexually active age group (average
age, 30 years) with high mobility due to business or employ-
ment links and frequent travel.

M. tuberculosis isolates were cultured on Lowenstein-Jensen
medium and characterized as described previously (8). Stan-
dard reference strains M. tuberculosis H37Rv (virulent strain)
and M. tuberculosis Erdman were used, and Mycobacterium
bovis AN5, M. bovis ATCC 27290, M. bovis ATCC 27291, M.
bovis BCG, seal bacillus, Mycobacterium microti, and Mycobac-
terium africanum were also studied as controls at various levels.
Genomic DNA was prepared from all the isolates by a stan-
dard method described elsewhere (2) and processed for
FAFLP analysis (1, 2, 13).

Comparative analysis of FAFLP data was performed, using
the whole-genome sequence of M. tuberculosis H37Rv (9). On
the basis of the results of computer modeling with certain
restriction enzymes, the M. tuberculosis H37Rv sequence data
(9) were grouped into various size categories (in base pairs).
The Genotyper software (Applied Biosystems) was trained on
these categories to allow comparison of FAFLP fragment data
of clinical isolates. On the basis of the presence or absence of
monomorphic and polymorphic bands or peaks, different
FAFLP profiles were identified as amplitypes. Bands were
sized and genotyped for all the isolates within the user-defined
categories (allele bins) of marker size (in base pairs). Presence
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FIG. 2. Phylogenetic tree deduced from the Genotyper data based on the presence or absence of certain genomic loci in two groups of isolates.
The scale at the bottom of the figure indicates genetic distance between the isolates. The sources of the isolates are indicated by the following
prefixes: MD, isolates from AIDS patients from Lima; MDR, isolates from immunocompetent patients with pulmonary tuberculosis; RI, isolates
from epidemiologically unrelated patients.
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or absence of markers within the categories was scored by a
user-defined Genotyper template that generated final output
in the form of a binary table for all samples. Phylogenetic trees
were generated from the binary data to establish genetic affin-
ities and divergence among various amplitypes.

Predictive computer methods used on genome sequences of
M. tuberculosis H37Rv and M. tuberculosis CDC1551 revealed
a total of 136 fragments of sizes between 50 to 500 bp upon
digestion with MseI and EcoRI enzymes. Both the AIDS-asso-
ciated and non-HIV-1-associated isolates were subjected to
genotypic analysis, and the results were extrapolated to the
computer-predicted data of the H37Rv sequence. Besides
differential amplification of 12 unknown genomic regions (Fig.
1), most of the isolates revealed genotypic differences corre-
sponding to polymorphisms mapped to a member of the PPE
(proline-proline-glutamate) family of genes (Rv3343c), a con-
served hypothetical protein (Rv3902c), and the phosphate
transporter gene Rv0929 (PstC2). The polymorphisms ob-
served were quite reproducible, and none of the fragment sizes
varied by more than 1 bp. Some isolates in this study carried
fewer IS6110 motifs or carried only a single motif, although
most of the isolates carried multiple copies of the element (6 to
19 copies). Overall, no correlation of amplitypes with IS6110
copy number was seen in our study.

When FAFLP profiles were compared, the highest levels of
relatedness were found among the isolates from the same
disease group. The isolates were found to group (Fig. 2) in two
distinct clusters, with a maximum genetic distance of 63%. This
clustering was based on the differences in chromosomal fin-
gerprints of the isolates from both groups, with at least 12
fragments of different sizes on genotyping (Fig. 1). The data
may therefore indicate two different strain types responsible
for the disease prevalence in Lima, Peru. Clonal groupings
were observed among the AIDS-associated isolates; all the 25
isolates from HIV-1-negative individuals were found to be
relatively heterogeneous and nonclonal.

Our observations contrast with those of Yang et al. (21) who
failed to show significant differences between the IS6110-based
genotypes of HIV-1-associated isolates and those from immu-
nocompetent patients in Tanzania. IS6110 typing data are of-
ten difficult to interpret due to inherent problems with this
method (17). Also, the mobility of the insertion element in the
chromosome does not reflect metabolic and recent evolution-
ary status of the strain. In contrast, FAFLP typing data has
been successfully used for differentiating M. tuberculosis com-
plex to the level of a subspecies (2). The presence or absence
of a single fragment in FAFLP analysis cannot be viewed in the
same way as an IS6110 profile or a band shift by some other
typing technique, such as pulsed-field gel electrophoresis. The
DNA bands in FAFLP analysis can be tracked easily, and
genome coordinates can be assigned easily. This is particularly
true for a highly defined genome like M. tuberculosis where
members of the M. tuberculosis complex show 99% similarity
and despite identification of certain regions of differences, base
substitutions in structural genes are almost negligible (6, 7, 13,
16, 22). Therefore, a single FAFLP locus may help establish
the identity of a new strain if the epidemiological and clinical
data support FAFLP data. This is particularly important in
case of an HIV coinfection where accurate determination of a

strain is more important to identify recent and resurgent in-
fections.

We believe that the origin and molecular basis of various
base modifications responsible for the clustering we found will
be an important issue in the context of various stress groups
and disease conditions. Our limited understanding of the ge-
netics of M. tuberculosis under different stress conditions and
selection pressures makes it difficult to predict which genetic
polymorphisms may be of consequence. For example, while it
is now relatively easy to detect genomic plasticity regions, mu-
tations as small as a single base substitution in a single tran-
scription factor may alter virulence in different hosts. The
FAFLP patterns observed in this study should help us under-
stand the spread and partitioning of M. tuberculosis genotypes
among hosts with different immune status and at the same time
identify informative epidemiological markers for different M.
tuberculosis populations infecting AIDS patients.

While a statistically significant association of a clone to the
prevalence of disease in a community may reflect increased
adaptation and fitness of the strains, we suggest that this phe-
nomenon should be observed in multiple patients and settings
before they can be linked with certainty to a particular host
population. Frequent travel and social links among the people
of the economically productive and sexually active age group of
Lima, Peru, studied raises concern that the M. tuberculosis
strain type identified in this study may be circulating in other
cities of Peru among mobile youth with HIV-1 infection. A
nationwide surveillance study with additional FAFLP markers
may be an appropriate approach to determine the spread pat-
terns of M. tuberculosis in Peru.diagnosis of H. capsulatum.
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