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ABSTRACT
Objective: To evaluate the accuracy of bacteriological methods and of polymerase chain reaction (with primers specific
for IS6110 of the Mycobacterium tuberculosis complex) in testing sputum samples from indigenous (Amerindian) and
non-indigenous patients. Methods: A total of 214 sputum samples (154 from indigenous patients and 60 from non-
indigenous patients) were analyzed in order to determine the accuracy of smear microscopy (direct and concentrated
versions) for acid-fast bacilli, culture, and polymerase chain reaction. Results: Both microscopy methods presented low
sensitivity in comparison with culture and polymerase chain reaction. Specificity ranged from 91% to 100%, the
concentrated acid-fast smear technique being the least specific. Nontuberculous mycobacteria were isolated three times
more frequently in samples from indigenous patients than in those from non-indigenous patients. False-positive and
false-negative polymerase chain reaction results were more common in the indigenous population. Conclusion: Positivity
and isolation of nontuberculous mycobacteria in the acid-fast smear in conjunction with polymerase chain reaction
positivity raise the following hypotheses: nontuberculous mycobacteria species with DNA regions homologous to, or even
still possessing, the M. tuberculosis IS6110 exist in the Amazon; colonization of the oropharynx or of a tuberculous lesion
accelerates the growth of the nontuberculous mycobacteria present in the sputum samples, making it impossible to
isolate M. tuberculosis; A history of tuberculosis results in positivity for M. tuberculosis DNA. The absence of bacteriological
positivity in the presence of polymerase chain reaction positivity raises questions regarding the inherent technical
characteristics of the bacteriological methods or regarding patient history of tuberculosis.

Keywords: Tuberculosis, pulmonary/diagnosis; Mycobacterium tuberculosis, Polymerase chain reaction/methods;  Indians,
south american
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INTRODUCTION

Tuberculosis (TB) still constitutes a serious
public health problem in Brazil. In 2002, 7061 new
TB cases were registered in the Northern Region,
reflecting an incidence of 52.29/100,000. The
national mean for the aforementioned year was 48/
100,000. A total of 2194 cases were registered in
the state of Amazonas, with an incidence of 74.08/
100,000, the greatest in the Northern Region.(1)

A more serious situation can be seen in the
indigenous population of the region of the Cauaburis
river (Upper Negro River/state of Amazonas), where
1455 indians of the Yanomami ethnic group live. In
2002, according to the data provided by the Brazilian
Institute for Sanitary Development, 21 Yanomamis
were treated for TB, which represents an incidence
of 1443.3/100,000. Of these, 17 presented pulmonary
forms of the disease, and four presented
extrapulmonary forms of the disease. Among the
pulmonary cases, acid-fast bacilli were detected by
sputum smear microscopy in only 4 (23.5%). The
presumptive diagnosis of the other cases was based
on strong pulmonary symptomatology or skin lesions
that indicated cutaneous TB.

These results reflect the low concentration of
bacilli in the pulmonary secretions of the indigenous
patients, which had already been reported by other
authors,(2) who used the concentrated acid-fast
smear technique and culture in Yanomami villages
in the Marauia region. However, since no other
method of high sensitivity and specificity was used,
it is not possible to perform a comparative analysis
to determine the efficacy of the culture.

Currently, among the new laboratory methods for
TB diagnosis, the polymerase chain reaction (PCR)
method stands out. This technique provides results
in a period of time similar to that of sputum smear
microscopy, using a mycobacteria concentration
similar to that used for culture, and PCR is able to
define the etiologic agent. (3-4) In light of this, the
objective of the present study was to evaluate PCR
with oligonucleotides for the insertion sequence 6110
(IS6110) of the Mycobacterium tuberculosis complex
in testing sputum samples from indigenous patients
(Yanomamis from the Cauaburis River region) and
non-indigenous patients (residing in the city of
Manaus, located in the state of Amazonas). All of the
patients experienced respiratory symptoms and were
suspected of having pulmonary TB.

 METHODS

In the year 2002, pulmonary secretions were
collected from 60 non-indigenous patients and 158
indigenous patients, all of whom presented
respiratory symptoms and were suspected of having
pulmonary TB, residing in the state of Amazonas. A
spontaneous sputum sample was collected from each
patient and processed for the diagnosis of TB using
bacteriological methods and PCR.

Of the total samples from indigenous patients, 110
were collected at the Casa do Índio (Indian House),
located on the outskirts of the city of Manaus, and
processed on the same day. The remaining 48 samples
were collected in the village and a solution of
cetylpyridinium chloride (decontaminating solution)
was added to it immediately after the collection, as
recommended by David et al.(5) These samples were
processed after five days, the time required to transport
them from the indigenous village to the city of Manaus.

As a negative control for the PCR analysis, 20
other spontaneous sputum samples from patients
with viral respiratory infections were incorporated.
These samples were collected from patients with
viral respiratory infections, treated at the Araújo Lima
Outpatient Clinic of the Federal University of
Amazonas in 2004. In these cases, the diagnosis of
TB was ruled out by analyzing the samples using
bacteriological methods (sputum smear microscopy
and culture for mycobacteria) and by a clinical
follow-up evaluation of at least six months.

The present study was approved by the Ethics
in Research Committee of the National Research
Institute of Amazônia and ratified by the Ethics in
Human Research National Committee.

The 48 samples that were collected from
indigenous patients were transported in
cetylpyridinium chloride solution. They were then
homogenized, and 0.2 mL of each sample was
smeared on a microscope slide for the direct sputum
smear microscopy. The remainder of each sample
was centrifuged at 3500 × g for fifteen minutes.
The supernatant was discarded and 2 mL of sterile
water were added to the sediment. The pH of the
suspension was adjusted with a hydrochloric acid sterile
solution at 4%, with the aid of the bromothymol blue
indicator. Two drops were collected from the
suspension and deposited, separately, on a
microscope slide for analysis using the concentrated
acid-fast smear technique. The remainder of the
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suspension was transferred for culture on Löwenstein-
Jensen medium, and an aliquot of approximately 1
mL was stored at -20ºC for PCR analysis.

All the other samples were processed using direct
sputum smear microscopy techniques,(6) concentrated
acid-fast smear technique, and culture for
mycobacteria using sodium hydroxide as
decontaminant and culture on Löwenstein-Jensen
medium.(7) Aliquots of 1 mL transferred from the
decontaminated and neutralized sputum samples
were stored at -20ºC for later PCR analysis. The
cultures without mycobacterial growth were
considered negative after a two-month period, and
those with positive growth for acid-fast bacilli were
subcultured for the performance of phenotype
testing. The mycobacterial strains were primarily
submitted to growth rate and pigment production
tests. All of the non-chromogenic, slow-growth
strains that produced niacin in the biochemical tests
and strongly reduced nitrate to nitrite were identified
as M. tuberculosis strains.(8) The other strains were
considered nontuberculous mycobacteria (NTM).

The DNA of the sputum samples, decontaminated
and stored at -20ºC, as well as the DNA of the M.
tuberculosis strains isolated, was extracted according
to the recommendations of Ogusku and Salem.(9) In
each session, negative controls for DNA extraction
were included, in order to rule out the possibility of
cross-contamination among the samples.

The following oligonucleotides were used in the
PCR test: 5´- CTC GTC CAG CGC CGC TTC GG - 3´
and 5´- CCT GCG AGC GTA GGC GTC GG - 3´,
specifically for the amplification of a 123-bp
insertion sequence (IS6110) fragment of the of the
M. tuberculosis complex.(10) Twenty  L of the DNA
extracted were added to a final volume of 50  L
containing the reagents (Invitrogen) 20 mM Tris-
HCl pH 8,4, 50 mM KCl, 1.5 mM MgCl2, 200  M of
each dNTP, 0.1  M of each oligonucleotide and 2U
of Platinum® Taq DNA Polymerase. The
amplification parameters consisted of a cycle at 94ºC
for 4', 35 cycles at 94ºC for 1', 66ºC for 1', 72ºC for
1' and a final cycle at 72ºC for 7', in a GeneAmp®
PCR System 2400 thermocycler (Applied Biosystems).

A positive control containing M. tuberculosis
H37Rv DNA, a negative control with Milli-Q sterile
water, and the negative controls of DNA extraction
were incorporated into each PCR session.

The determination of the efficacy of the
extraction and integrity of the DNA, or of the

presence of Taq DNA Polymerase inhibitors, was
performed through amplifications with
oligonucleotides  -actin 5' (5' - AGC GGG AAA TCG
TGC GTG - 3') and  -actin 3' (5' - CAG GGT ACA
TGG TGG TGC - 3'), which amplify a 304-bp segment
of human β-actin DNA.(11) The amplification
consisted of an initial cycle at 94°C for 4', 35 cycles
at 94°C for 1', 57ºC for 1', 72°C for 1', and a final
cycle at 72°C for 7'. The reagents in the respective
concentrations were the same as those described
for the IS6110 amplification, except for the
oligonucleotides.

The amplified products were submitted to
electrophoresis on a 1.5% agarose gel and stained
with ethidium bromide. They were viewed using an
ultraviolet transilluminator and photographed using
the Eagle Eye® II system (Stratagene).

The results of sputum smear microscopy, culture,
and PCR were compared, and culture or PCR was
considered the gold standard. A 2 × 2 table was
used to determine sensitivity and specificity. In order
to determine the concordance between the
diagnostic methods, we used the Kappa index,
calculated using the BioEstat 2.0 program,(12) and
the interpretation was performed according to the
recommendations of Pereira.(13)

RESULTS

All 20 sputum samples from individuals not
suspected of having TB tested negative in the
bacteriological tests (sputum smear microscopy and
culture) and in the PCR for IS6110, which indicated
100% co-negativity in the absence of mycobacteria.

Of the 218 samples collected from patients
suspected of having TB, 4 were excluded from the
study due to contamination of the culture tubes.
The frequencies of positivity of each method, by
ethnic origin of the populations studied, are
presented in Table 1. The PCR results in the 214
samples analyzed, by bacteriological methods, are
shown on Table 2.

The results of the comparative analysis of
accuracy (sensitivity and specificity) between the
bacteriological methods, as well as the comparison
of these with the PCR, are presented in Table 3.
For the sake of accuracy between the PCR and the
positive culture for M. tuberculosis, the quantitative
data for samples with NTM were considered
negative. In the PCR analysis, regarding the total
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isolation of mycobacteria, the positive cultures for
M. tuberculosis were added to those of the NTM.

The concordances between the PCR results and
the positive culture for M. tuberculosis by the Kappa

index were 0.79 and 0.25 in samples of non-
indigenous and indigenous patients, respectively.

DISCUSSION

When samples of indigenous populations are
analyzed, their habits and customs should be taken
into consideration. Attempting to protect themselves
against diseases transmitted by insects, most indians
change their names over time and live in closed
environments. Consequently, the transmission of
diseases caused by direct contamination is
aggravated. Among these diseases is TB. The indians
have the habit of chewing pieces of vegetation from
the Amazon forest, which supposedly propitiate the
introduction of an environmental microbiota into
the oral cavity, unknown to science. It is possible
to draw the conclusion that this habit is responsible
for the fact that NTM were isolated three times more
frequently in samples from indigenous patients than
in those from non-indigenous patients, 11% and
3.3%, respectively (Table 1).

TABLE 1

The frequencies of positivity of diagnostic methods for tuberculosis, in indigenous and non-indigenous populations

Sputum smear microscopy            Positive culture for                      PCR for
Samples from:        Direct    concentrated   M. tuberculosis          NTM           IS6110
Non-indigenous 15/60 19/60 38/60 2/60 34/60

(25.0%) (31.6%) (63.3%) (3.3%) (56.6%)
Indigenous 0/154 2/154 6/154 17/154 28/154

(0%) (1.26%) (3.9%) (11.0%) (18.2%)
NTM: nontuberculous mycobacteria; PCR: polymerase chain reaction

TABLE 2

Distribution of PCR results by bacteriological
methods, according to their ethnical origin

                 Culture on Löwenstein-Jensen medium
PCR IS6110   M. tuberculosis     NTM          Negative
samples          DSSM   CSSM  DSSM CSSM  DSSM   CSSM

P N P N P N P N P N P N
Non- P 14 19 17 16 0 1 1 0 0 0 0 0
indigenous N 0 5 0 5 1 0 1 0 0 20 0 20
Subtotals 14 24 17 21 1 1 2 0 0 20 0 20

Indigenous P 0 5 0 5 0 5 1 4 0 18 0 18
N 0 1 0 1 0 12 1 11 0 113 0 113

Subtotals 0 6 0 6 0 17 2 15 0 131 0 131
Totals 14 30 17 27 1 18 4 15 0 151 0 151
PCR: polymerase chain reaction; NTM: nontuberculous
mycobacteria; DSSM: direct sputum smear microscopy; CSSM:
concentrated sputum smear microscopy; P: positive; N: negative.

TABLE 3

Accuracy of the laboratory methods of diagnosing TB in indigenous and non-indigenous populations

                          SENSITIVITY
Samples                     SSM/NTM culture                   SSM/PCR  PCR/Culture   PCR/Culture

     Direct Concentrated    Direct Concentrated     (MTb)       (MTb+NTM)
Non-indigenous 14/38 17/38 14/34 18/34 33/38 34/40

(36.8%) (44.7%) (41.2%) (52.9%) (86.8%) (85.0%)
Indigenous 0/6 0/6 0/28 1/28 5/6 10/23

(0%) (0%) (0%) (3.6%) (83.3%) (43.5%)
                          ESPECIFICIDADE

Samples                     SSM/NTM culture                  SSM/PCR             PCR/Culture   PCR/Culture
     Direct Concentrated    Direct Concentrated     (MTb)       (MTb+NTM)

Non-indigenous 21/22 20/22 25/26 25/26 21/22 20/20
(95.5%) (91.0%) (96,2%) (96.2%) (95.5%) (100.0%)

Indigenous 148/148 146/148 126/126 125/126 125/148 113/131
(100%) (98.6%) (100%) (99.2) (84.5%) (86.3%)

Mtb: Mycobacterium tuberculosis; PCR: polymerase chain reaction; NTM: nontuberculous mycobacteria.
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 Regarding the diagnostic tests for TB, the
absence of positivity for acid-fast bacilli among
indigenous patients (Table 1), in the direct sputum
smear microscopy results confirms the low
sensitivity of the technique in this population. These
results are independent of the location where this
technique is used, whether it is performed in the
indigenous area(2) or in a specialized laboratory,(14)

as was the case in the present study.
Of the 38 samples containing M. tuberculosis,

collected from the non indigenous population, only
14 tested positive in the direct sputum smear
microscopy tests for M. tuberculosis isolates. This
indicates that it was possible to establish the
diagnosis of TB by direct sputum smear microscopy
in only 36.8% of the samples studied, whereas
44.7% were detected by concentrated sputum
smear microscopy (Table 3).

The low sensitivity of sputum smear microscopy
in the samples studied was similar to that observed in
patients infected with the human immunodeficiency
virus(15) and lower than the mean levels reported
in the data obtained from the Amazonas State
Tuberculosis Control Program in the past five years.
During this period, 63% of the new pulmonary cases
tested positive in direct sputum smear microscopy.(16)

The analysis of these results is extremely important,
since direct sputum smear microscopy, performed
independently of the culture, is encouraged by the
Ministry of Health as a laboratory test method for
diagnosing TB throughout Brazil. This low
sensitivity of sputum smear microscopy in the
diagnosis of TB suggests that the mycobacterial
culture should be used in the diagnosis routine,
similar to what was recommended in the II Brazilian
Consensus on Tuberculosis and incorporated by
the Brazilian Ministry of Health for patients who
are human immunodeficiency virus seropositive.(17)

Table 2 shows that direct and concentrated
sputum smear microscopy revealed positivity for
acid-fast bacilli and that NTM were isolated in both
of the populations studied. It should be noted that
false-positive results were only obtained for
samples collected from non-indigenous patients.
This has previously been reported(7) and exposed
as a possible NTM colonization of the oropharynx.
In the present study, this result makes it possible
to aggregate complementary hypotheses. Of the 5
samples with NTM isolation and positive sputum
smear microscopy (1 in direct microscopy and 4

in concentrated microscopy), 2 presented PCR
amplification for IS6110: 1 from a non-indigenous
patient and 1 from an indigenous patient. The
hypotheses raised are presented herein: the
existence of NTM species in Amazônia that still
possess M. tuberculosis IS6110, or a homology
between DNA and the IS6110, similarly to reports
by other authors.(18-19) Another hypothesis would
be the impossibility of isolating M. tuberculosis
due to the rapid growth of the NTM present in the
sputum samples (over 200 colonies isolates in each
culture tube). This could be the result of an
oropharynx colonization(7) or of the opportunistic
colonization of a tuberculous lesion by NTM.
Finally, a history of tuberculosis would result in
positivity for M. tuberculosis DNA.(20-22) In the
present study, the non-indigenous patient
presenting IS6110 had a history of TB, whereas
the indigenous patient presenting IS6110 did not
report any disease in the past five years and could
not recall any incident in the preceding years.

Table 2 shows that 5 samples of non-indigenous
patients and 1 from an indigenous patient presented
M. tuberculosis isolation with negative PCR, which
represented 13.6% of the false-negative PCR results
in the group studied. This is higher than the 5.6%
found by other authors,(9) whose analyses were also
performed in populations residing in the state of
Amazonas, using the same technique adopted in
the present study. Consequently, the percentage
variation does not depend on the technique used
or on the absence of the IS6110, since the PCR
analysis of the strains provided positive results in
100% of the cases. It is logical to presume that
the lower sensitivity of PCR in the present study
resulted from the quality of the sample in relation
to a possible interference of the human quantitative
DNA(23) or from the microbiota of the respiratory
tract, extracted simultaneously for the performance
of PCR in clinical samples.

The lower than 100% specificity between the
PCR and the isolation of M. tuberculosis in the two
groups studied (Table 3) is due to the presence of
positive PCR in samples with isolated NTM. In the
non-indigenous population, positivity of the
concentrated sputum smear microscopy occurred
in only 1 sample, as we have already presented and
discussed. Of the 5 cases found in the indigenous
population, only 1 presented positive concentrated
sputum smear microscopy, also as previously
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discussed, and 4 presented negative sputum smear
microscopy. In these 4 cases, a maximum of three
colonies were isolated in all of the culture tubes,
and there is no record of a history of TB in the past
five years. These data rule out the hypothesis that,
due to the more rapid growth of NTM, M.
tuberculosis cannot be isolated in this population
and reinforce the idea that environmental
mycobacteria species exist in Amazônia, with regions
homologous to M. tuberculosis IS6110 or related
to the presence of M. tuberculosis DNA related to a
history of TB. Unfortunately, it was not possible to
perform the PCR in the NTM strains, since they were
discarded after their correlation with the M.
tuberculosis complex had been ruled out. It was
observed that only 1 of the 4 cases reported presented
a history of TB.

Only in the indigenous population did we find
18 patient samples that tested negative in the
bacteriological tests and positive in the PCR. These
findings indicate that these tests are not applicable
in this population, since only 4 of these patients
had a reported history of TB within the preceding
five years.Despite the possibility of a history of TB
in the other 14 cases, these data are impossible to
access, since there are continuous, unregistered,
name changes among this population, which makes
it impossible to identify a history of TB in the
records of the tuberculosis control programs. It is
important to emphasize that this was a cross-
sectional study focused only on the bacteriological
and molecular analysis of the clinical sample.
Consequently, it analyzed the false positivity of
PCR in sputum samples ,  not taking into
consideration the clinical and radiologic findings
of past or present periods, since these findings
could reduce the proportion of false-positive PCR
results.(24) It is also possible that the absence of
isolation of mycobacteria is related to technical
issues, among which the unfeasibility of growth
of few bacilli due to the contact with the solution
of sodium hydroxide, used in the present study to
decontaminate the samples.(25)

As a consequence of the greater incidence of
NTM in the samples of indigenous patients, the
concordance between the PCR results and the M.
tuberculosis-positive culture was significantly
inferior (0.25) to that obtained in the samples of
non-indigenous patients (0.79). Consequently, for
the analysis to represent an irrefutable finding, it

would have to be aggregated to an analysis of
clinical evolution and radiologic findings, in order
to rule out, or not, the presence of active TB.

It is important to emphasize that the cross-
contamination of DNA was ruled out as a hypothesis
for false-positive PCR due to the use of disposable
materials in all the stages of the procedures. In
addition, none of the negative controls for DNA
extraction of the sputum samples presented PCR
positivity for IS6110.

Studies that are more comprehensive will be
needed in order to explain some of the PCR results
that we obtained for the indigenous population.
Special attention should be given to the following
items: analysis of samples from patients experiencing
respiratory symptoms, with or without suspected
TB, and with a recorded history of previous diseases;
imaging analysis of chest X-rays and clinical follow-
up should be used in order to confirm or rule out
active TB; the use of culture methodologies that
employ less drastic decontaminants (so that the
feasibility of the bacillus is not affected) and culture
mediums that are more propit ious to the
development of mycobacteria; PCR identification
and analysis of all NTM strains isolated from
indigenous samples; and PCR with primers for the
65-kDa sequence, since some authors have
demonstrated(9) that the sensitivity of such primers
is similar to that of primers that amplify the 123-bp
fragment of the IS6110 target.
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