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Abstract

Objective: To identify mycobacterial species in the sputum of patients suspected of having pulmonary tuberculosis
and to determine the impact that the acquisition of this knowledge has on the therapeutic approach. Methods: We
evaluated 106 patients suspected of having pulmonary tuberculosis and referred to the pulmonology department
of a public hospital in the city of Teresina, Brazil. Morning sputum specimens were evaluated for the presence of
mycobacteria by sputum smear microscopy and culture. We used PCR and restriction enzyme analysis of the /sp65
gene (PRA-/sp65) to identify the strains of mycobacteria isolated in culture. Results: A total of 206 sputum samples
were analyzed. Patient ages ranged from 15 to 87 years, and 67% were male. There was cough in 100% of the
cases. The predominant radiographic pattern was moderate disease, observed in 70%. Smear positivity was 76%,
and isolation in culture occurred in 91% of the cultures. Traditional tests identified nontuberculous mycobacteria
(NTM) in 9% of the isolates. The PRA-/Asp65 method confirmed these data, showing seven band patterns that
were able to identify the isolated species of NTM: Mycobacterium kansasii, M. abscessus 1; M. abscessus 2;
M. smegmatis, M. flavescens 1; M. gordonae 5; and M. gordonae7. All of the patients with NTM were over 60 years
of age, and bronchiectasis was seen in 88% of the X-rays. There were two cases of reinfection, initially attributed
to M. abscessus and M. kansasii. Conclusions: In immunocompetent patients, NTM can infect the lungs. 1t is
important to identify the specific NTM in order to establish the correct diagnosis and choose the most appropriate
therapeutic regimen. The PRA-/sp65 method is useful in identifying NTM species and can be implemented in
molecular biology laboratories that do not specialize in the identification of mycobacteria.
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Resumo

Objetivo: 1dentificar as espécies de micobactérias encontradas no escarro de pacientes com suspeita de tuberculose
pulmonar e analisar o impacto dessas identificacdes na abordagem terapéutica. Métodos: Foram avaliados 106
pacientes com suspeita de tuberculose pulmonar encaminhados para o servico de pneumologia de um hospital
publico em Teresina, Piaui. Espécimes de escarro matinal foram avaliados quanto a presenca de micobactérias
por baciloscopia e cultura. Foram utilizadas PCR e andlise de restricio enzimatica do gene /sp65 (PRA-/sp65)
para a identificacdo das cepas de micobactérias isoladas em cultura. Resultados: Foram analisadas 206 amostras
de escarro. A idade dos pacientes variou de 15 a 87 anos, sendo 67% do género masculino. Tosse ocorreu em
100% dos casos. O padrdo radiografico predominante foi de lesdo moderada, observada em 70%. A positividade
no esfregaco foi de 76%, e isolamento em cultura ocorreu em 91% das culturas executadas. Testes tradicionais
identificaram micobactérias ndo tuberculosas (MNT) em 9% dos isolados. O método PRA-/Asp65 confirmou esses
dados, mostrando sete padrdes de bandas capazes de identificar as espécies de MNT isoladas: Mycobacterium
kansasit, M. abscessus 1; M. abscessus 2; M. smegmatis, M. flavescens 1; M. gordonae 5 e M. gordonae 7. Todos
os pacientes com MNT tinham mais de 60 anos, e observaram-se bronquiectasias em 88% das radiografias. Houve
dois casos de reinfecgdo, identificados inicialmente como infeccdo por M. abscessus e M. kansasii. Conclusdes:
As MNT causam infec¢do pulmonar em pacientes imunocompetentes, e a identificacdo das MNT ¢ importante
para estabelecer o diagndstico correto e a decisdo terapéutica mais adequada. O método PRA-/Asp65 ¢ util para
identificar espécies de MNT e pode ser implantado em laboratorios de biologia molecular ndo especializados em
micobactérias.
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Introduction

Tuberculosis (TB) remains one of the main
public health problems in most countries. 1t is
estimated that one third of the world population
is infected with Mycobacterium tuberculosis.
Brazil ranks 14th among the 22 countries with
the highest incidence of TB, at 48 cases/ 100,000
population in 2007."7 The increase in the
number of TB cases is mostly caused by
poverty, extreme malnutrition, HIV infection,
migration of infected people, inadequate
control measures, inaccessibility to effective
pharmacological treatment, and difficulty in
monitoring the pharmacological treatment.?)
Those factors have collectively prompted the
spread of drug-resistant strains, including the
multidrug-resistant forms.? The presence of
comorbidities, including HIV infection,® and
the delay in diagnosis are important concerns
and should be targets of TB control strategies
in Brazil because undiagnosed cases of TB are a
major source of TB transmission.”

Since the advent of effective treatment
for TB in the 1950s, the isolation of M.
tuberculosis has become routine. Some of the
cases initially described as TB infection were
subsequently recognized as cases of infection
with  nontuberculous mycobacteria (NTM).
©) Because these organisms are ubiquitous,
exposure to them is universal. There is as yet
no evidence of animal-to-human transmission
of NTM. ITn humans, NTM disease is assumed to
be acquired through exposure to environmental
factors, although a specific source has yet to
be identified.®” Among immunocompetent
patients, the incidence of pulmonary disease
caused by NTM has been increasing worldwide.
G5 Prior to the AIDS pandemic, most cases of
lung disease in individuals with bronchiectasis,
COPD, sequelae of TB, or pneumoconiosis were
attributable to species belonging to the /.
avium-intracellulare complex.®

The clinical profile and radiological features
of NTM infections are often indistinguishable
from those seen in pulmonary disease caused
by M. tuberculosis, making it essential that
the diagnosis, be based on the identification
of the species involved. Accurate diagnosis to
the species level can have a direct impact on
clinical management because of the different
patterns of drug susceptibility. Therefore, timely,
precise identification of the causative agent is

essential to improving management and clinical
outcomes.”

Microbiology is currently the gold standard
for diagnosing  mycobacterial infections.
Identification of AFB in sputum smears is a
simple, fast, low-cost technique; however, its
sensitivity ranges from 30% to 80% depending
on the isolation in culture, the local prevalence,
and the methodology adopted.'® In contrast,
sputum culture is a highly sensitive and specific
method, albeit laborious and time-consuming
(28-60 days to obtain a result).("

Various studies have suggested that
molecular techniques are wuseful for the
etiological diagnosis of TB. In 1993, one group
of authors proposed a molecular method!?
based on PCR and restriction enzyme analysis
of the /sp65 gene (PRA-/Asp65), a gene found
in all mycobacterial species with species-specific
nucleotide sequences. An effective, widely used,
and easily reproducible method that does not
require viable microorganisms, PRA-/sp65
allows the identification of various species of
NTM in a single reaction.®'>-'¥

The accurate etiological diagnosis of
mycobacterial infection at the species level
is essential for the appropriate management
of mycobacterial infections. Based on the
hypothesis that PRA-hsp65 is able to differentiate
between M. tuberculosis and NTM for clinical
and therapeutic purposes, the objective of the
present study was to identify the mycobacterial
species isolated from the sputum of patients
suspected of having pulmonary TB (PTB). We
also attempted to determine the impact that
the acquisition of this knowledge has on the
therapeutic approach taken.

Methods

Between January and June of 2007,
106 patients suspected of having PTB were
referred to the pulmonology department of a
public hospital in the city of Teresina, located
in the state of Piaui, Brazil. The inclusion
criterion was being able to produce sputum
spontaneously. The exclusion criteria were being
under treatment with antituberculosis drugs
at the time of sputum collection and having
been diagnosed with extrapulmonary TB. The
study project was approved by the Research
Ethics Committee of the Federal University of
Piaui (Protocol no. CAAE 0124.0.045.000-06),
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in accordance with Brazilian National Health
Council Resolution 196/1996. All of the patients
gave written informed consent.

After performing clinical and radiographic
evaluations, we collected spontaneous morning
sputum samples (two from each patient).
The samples were sent to the Maria José Leal
Laboratory for Microbiological Diagnosis.
Laboratory  techniques  (sputum  smear
microscopy and culture) were standardized
in accordance with the norms and guidelines
described in the Guidebook for Tuberculosis
Bacteriology published by the Brazilian National
Ministry of Health." Ziehl-Neelsen-stained
smears were examined under microscopy for the
semi-quantitative AFB counts and cord factor
detection.>' For the isolation of mycobacteria,
culture was performed on Ldwenstein-Jensen
medium.™ When two cultures were positive,
the one with the most abundant growth
of mycobacterial strains was selected for
macroscopic, microscopic, and biochemical
analyses, as well as for genotyping. Phenotyping
of strains, for presumptiveidentification, included
macroscopic screening (colony morphology and
pigmentation), microscopic analysis (cord factor
detection and identification of contaminating
microorganisms), and biochemical analysis,
the last performed with an M. tuberculosis
identification kit (MTBAC; Probac do Brasil
Produtos Bacteriolégicos Ltda., Sdo Paulo,
Brazil). Strains with pigmented or smooth, fast-
growing, nonphotochromogenic colonies that
showed no cord factor under microscopy were
presumptively classified as NTM.

Genotyping was performed by PRA-/sp65, as
previously described,'” in the Molecular Biology
and Immunogenetics Laboratory of the Federal
University of Piaui.

Samples were prepared as follows: a loop
of mycobacteria grown on Ldwenstein-Jensen
medium was suspended in 1 mL of Tris-EDTA
buffer (10 mM Tris and 1 mM EDTA; pH = 8) and
was heat-inactivated for 10 min at 80°C. After
inactivation, the bacteria were centrifuged for
15 min. The pellet was resuspended in 100 pL of
Tris-EDTA and transferred to a tube containing
glass beads (Precellys®24; Bertin Technologies,
Montigny-le-Bretonneusx, France). The
suspended cells were mechanically disintegrated
for 2 min in a Precellys’24 apparatus (Bertin
Technologies). After a 10-min centrifugation
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step, the supernatant was transferred to a
new tube. All centrifugation steps were carried
out at 13,000 rpm in microcentrifuge tubes
(Eppendorf, Hamburg, Germany).

A total of 5 pL of lysate were added to each
reaction tube. The composition of the PCR
mixture (50 pL) was 50 mM KClI, 10mM Tris-HCl
(pH = 8.3), 1.5 mM MgCl, 10% glycerol,
200 mM (each) deoxynucleoside triphosphate,
0.5 pM (each) primer, and 1.25 U of 7aq
polymerase (HotStarTaq Plus DNA Polymerase;
QIAGEN, Diisseldorf, Germany). The reaction was
subjected to 45 cycles of amplification (1 min at
94°C, 1 min at 60°C, and 1 min at 72°C); this was
followed by 10 min of extension at 72°C. The
primers Tb11 (5-ACCAACGATGGTGTGTCCAT)
and  Th12  (5-CTTGTCGAACCGCATACCCT)
amplified a 439-bp fragment between nucleotide
positions 398 and 836 of the published gene
sequence.('?

Restriction analysis was performed using
15 pL of PCR products digested separately
with 5 U of the restriction enzymes BszEll and
Haelll, in accordance with the manufacturer
instructions (Promega Corporation, Madison,
WI, USA). BsfEll was digested by incubation
at 60°C for 1.5 h, and Haelll was digested by
incubation at 37°C for 1.5 h.

Digestion products were mixed with 4 pL
of gel loading buffer (0.25% bromophenol
blue and 40% sucrose in water) and loaded
onto gels prepared with 4% agarose in Tris-
borate-EDTA buffer (89 mM Tris, 89 mM boric
acid, and 2 mM EDTA; pH = 8.0). DNA size
markers (50- and 25-bp DNA ladders) were
applied in three lanes (two 50-bp lanes at the
extremities of the gel and one 25-bp lane in
the center). After electrophoresis, the gels were
stained with ethidium bromide, visualized on
a UV transilluminator, and photographed. The
PRA-/sp65 patterns were interpreted with the
aid of previously published tables."” Negative
and positive controls—water and M. tuberculosis
H37Rv DNA (ATCC 27294; American Type
Culture Collection, Manassas, VA, USA),
respectively—were included in each experiment.
The medical charts of the patients were reviewed
in order to obtain information regarding
previous diagnoses of TB, positive AFB results,
and previous isolations of M. tuberculosis, NTM,
or both.
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For data analysis, we compared the
fragments obtained after enzyme treatment of
amplicons with the restriction patterns stored
in a PRA electronic database,'” as well as with
the Hadll and BsfEN patterns, thus creating
an algorithm for differentiating among NTM
strains at the species level. After obtaining the
clinical, radiographic, microbiological, and
molecular results, we analyzed the data using
the Statistical Package for the Social Sciences
(SPSS Inc., Chicago, 1L, USA).

Results

Of the 106 patients evaluated, 3 were
excluded: 2 because the sputum samples were
insufficient for analysis and 1 because of culture
contamination. Of the 103 remaining patients,
94 were diagnosed with PTB on the basis
of isolation of M. tuberculosis from sputum
samples. Strains of NTM were isolated from the
sputum samples of the remaining 9 patients.

Only 2 patients were classified as cases of
reinfection. The mean age was 46.8 years (range,
15-87 years), and males predominated (67%).
The two most common symptoms were cough
and purulent sputum. Table 1 shows the clinical,
radiographic, and microbiological features of
the patients.

The biochemical tests employed proved
capable of identifying M. tuberculosis and NTM.
Mean age was significantly higher among the
patients in whom NTM were identified than
among those in whom M. tuberculosis was
identified (64.1 vs. 46.8 years; p < 0.05). There
were no significant differences between the
patients with AL tuberculosis and those with
NTM regarding clinical symptoms or gender.
However, all of the patients who presented with
NTM also presented with radiological findings
of bronchiectasis, AFB-positive smear, and
isolation in culture. Of the isolates submitted
to PRA-/sp65, 91.0% showed a BszEll or Haelll

Table 1 - Clinical, radiographic, and microbiological features of patients who were clinically suspected of
having pulmonary infection with Mycobacterium tuberculosis or nontuberculous mycobacteria and were
treated at a pulmonology referral center in Teresina, Brazil, from January to June of 2007.

Variables

Mycobacterium tuberculosis

Nontuberculous mycobacteria

(%) (%)

Demographic characteristics

Gender Male
Female
Age, years <25
25-50
> 50
Clinical symptoms
Cough
Weight loss
Purulent sputum
Evening fever
Malaise
Dyspnea
Chest pain
Night sweats
Radiographic features
Disease Minimal
Moderate
Severe
Microbiological features
Smear results Positive
Negative
Isolation in culture Positive
Negative

64 (62.13) (4.85)
30 (29.12) 4 (3.88)
22 (23.4) -
42 (44.7) -
30 (31.9) 9 (100)
94 (100) 9 (100)
66 (70.21) 4 (44.4)
85 (90.42) 9 (100)
74 (78.72) 6 (66.6)
55 (58.51) 5 (55.5)
55 (58.51) 4 (44.4)
55 (58.51) 3 (33.3)
46 (48.93) 2(22.2)
25 (26.59) 8 (88.89)
66 (70.21) 1(11.11)
3 (3.20) -
157(76) 18 (100)
46 (22) -
188 (91) 18 (100)
2(1) -
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pattern for M. tuberculosis. The PRA-/Asp65
identified seven NTM strains: M. kansasii, M.
abscessus 1; M. abscessus 2; M. smegmatis, M.
flavescens 1; M. gordonae 5; and M. gordonae
7.1") The band patterns are shown in Table 2. As
in the cases of primary infection, M. abscessus
1 and M. kansasii were identified in the sputum
samples from the 2 patients with reinfection. All
of the NTM strains identified by PRA-/sp65 were
also identified as NTM by the p-nitrobenzoic
acid test and the thiophene-2-carboxylic acid
hydrazide test.

The standard treatment regimen (the
rifampin-isoniazid-pyrazinamide combination)
failed in 2 of the 103 patients under study.
Those 2 patients had previously experienced
treatment failure with ethionamide,
pyrazinamide, ethambutol, and streptomycin.
M. kansasii and M. abscessus 1 were isolated
from the sputum samples collected from those
patients. In addition, both species had been
isolated from earlier sputum samples from those
patients, supporting the diagnosis. The patient
in whom M. kansasii was isolated in culture
was treated with clarithromycin (500 mg p.o.
every 12 h) and ethambutol for 12 months.
Follow-up evaluation showed complete clinical
remission. The patient became asymptomatic
1 year after treatment initiation and remained
so after clarithromycin discontinuation. The
patient in whom M. abscessus 1 was isolated
showed no clinical response to any of the
various therapeutic regimens that were initiated
on the basis of susceptibility test results. The
patient remained symptomatic until death,
which occurred 5 years after the diagnosis
of pulmonary disease caused by NTM. .
abscessus 2 was isolated from 1 patient.

Although the patient was not hospitalized,
empirical treatment with the rifampin-isoniazid-
pyrazinamide combination was administered for
2 months while we awaited the results of the
molecular identification. Because the patient
remained symptomatic, the rifampin-isoniazid-
pyrazinamide combination was replaced by
clarithromycin (500 mg/12 h for 18 months)
and amikacin (15 mg ® kg™' ® day~' administered
intravenously every 12 h for 15 days), followed by
the same doses of clarithromycin and amikacin
administered on Mondays, Wednesdays, and
Fridays for 2 months. After 18 months, the
patient was asymptomatic and the culture results
were negative. Therefore, the treatment was
discontinued. Because of socioeconomic factors,
the remaining 7 patients suspected of having TB
were hospitalized and treated with the rifampin-
isoniazid-pyrazinamide = combination  while
we awaited the results of the sputum culture.
Those patients also remained symptomatic.
The results of molecular identification by
the PRA-Asp65 method were as follows:
M. gordonae, in 3 patients; M. flavescens, in
1; M. smegmatis, in 1; M. kansasii, in 1; and
M. abscessus 2, in 1. Because of operational
problems, it was impossible to carry out a
sensitivity test; nevertheless, the therapeutic
regimen was changed. For the 3 patients in
whom M. gordonae was isolated in culture, the
antibiotic regimen was changed to clarithromycin
(500 mg/12 h). In the first month, the patients
showed significant clinical improvement. Culture
results were negative by the sixth month. The
treatment lasted 12 months, after which the
patients were completely asymptomatic. The
patient in whom M. flavescens was isolated in
culture showed no improvement during the first

Table 2 - Molecular identification, by PCR and restriction enzyme analysis of the /sp65 gene, of species of
mycobacteria isolated in culture of clinical samples collected from patients with pulmonary tuberculosis treated
at a pulmonology referral center in Teresina, Brazil, from January to June of 2007.

Mycobacterial (n/N) Band profiles
species BstEll Hadll

Mycobacterium tuberculosis (94/103) 235-115-85 150-125-70
M. kansasii 1 (2/103) 235-210 130-105-80
M. abscessus 1 (1/103) 235-210 145-70-60-55
M. abscessus 2 (1/103) 235-210 200-70-60-50
M. smegmatis (1/103) 235-130/85 145-125-60
M. flavescens 1 (1/103) 440 140-60-55
M. gordonae 5 (1/103) 235-210 125-110
M. gordonae 1 (2/103) 235-115-100 155-110-60
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2 months of therapy. When PRA-/sp65 revealed
the presence of M. flavescens, the standard
therapy was discontinued, and clarithromycin
(500 mg p.o. every 12 h) was administered for
1 year. The patient achieved complete clinical
remission within 1 month after treatment
initiation and remained asymptomatic after
the discontinuation of clarithromycin. The
patients in whom M. smegmatis and M.
kansasii were isolated in culture were treated
with clarithromycin (500 mg p.o. every 12 h)
and ethambutol (1,000 mg/day p.o.) for
12 months. All 7 patients achieved complete
clinical remission within 1 year after treatment
initiation. We can therefore affirm that all of the
patients were infected, rather than colonized,
given that they satisfactorily responded to the
changes in the therapeutic regimen.

Discussion

In the present study, NTM accounted for
99 of the isolates, M. gordonae and M. kansasii
being the most common strains. The maximum
time elapsed between isolation in culture and
species identification by PRA-/Asp65 was 24 h,
which is impossible when growth and chemical
tests are used. The time required for those tests
to provide definitive species identification ranges
from several weeks to as long as 2 months, given
that several of those tests require macroscopic
growth of colonies in culture in order to be
read.®"1>719 In order to discriminate between
M. tuberculosis complex and NTM, we used the
conventional methods (i.e., the p-nitrobenzoic
acid test and the thiophene-2-carboxylic acid
hydrazide test). The time required in order to
obtain the results was 4 weeks.

Studies have identified new species of NTM,
and more than 140 species are currently known,
the identification of species by conventional
techniques being therefore an arduous, time-
consuming task that requires several laboratory
tests and highly qualified human resources.®"
Although PRA-/Asp65 and classical methods
consume the same amount of time in their
initial steps, PRA-/sp65 has a major advantage
over classical methods in later steps. In fact,
PRA-/sp65 can identify mycobacteria as early as
24 h after isolation in culture. In contrast, the
time required for classical methods to identify
mycobacteria after isolation in culture can be as
long as 60 days.®'%'?

The actual prevalence of NTM in Brazil
has yet to be determined.™?? 1t is known
that NTM can be isolated from environmental
sources, can colonize the mucosal surfaces of
immunocompetent individuals, and can cause
infection.®® Consequently, isolating NTM only
once might not indicate infection. Therefore, it is
mandatory to use criteria in order to differentiate
between colonization and infection.?"

A substantial increase in the occurrence of
NTM as etiological agents of both pulmonary
and cutaneous infections is expected, mainly
among elderly individuals with COPD"?? and
cross infection. Studies have shown that NTM
not only colonize but also pervade tissues,
eventually causing infection.”*?) However, it
is not easy to make this differentiation. The
criteria for making this distinction have been
standardized by the American Thoracic Society.
(7,26)

In our study, species that had previously been
identified in the same patients (M. abscessus 1
and M. kansasii) were identified in only 2 cases,
which were therefore characterized as cases of
reinfection. 1t is of note that those patients were
female, had not undergone any endoscopic
procedure, and presented with bronchiectasis.

Good epidemiological control requires rapid
and precise identification of the etiological
agent. Therefore, in order to complement the
conventional methods, it is crucial to develop
new biochemical strategies for the identification
of mycobacteria. In this context, PRA-/sp65 is an
attractive option because it is fast, accurate, and
reproducible. In addition, it can be performed
in laboratories set up for microbiology and
molecular biology. These features hasten test
results and allow better management. Therefore,
PRA-/sp65 can be a valuable addition to the
array of diagnostic tests for mycobacterial
infections. In this scenario, the incorporation
of a molecular biology method to be performed
in clinical diagnostic laboratories becomes
increasingly relevant. The choice of therapeutic
regimen for the treatment of TB should not be
based exclusively on AFB smear results, because
TB treatment is long and requires microorganism
eradication in order to avoid the development
and dissemination of multidrug-resistant forms
deriving from an inappropriate initial treatment.

In Brazil and other developing countries, in
which the incidence of TB is higher, it is common
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practice to start patients on antituberculosis
drugs before the identification of mycobacteria,
particularly in cases of positive sputum smear.
However, physicians should be alert to the
possibility that there might be no clinical
response, given that NTM are common, as shown
in the present study. The correct identification
of NTM species is crucial, because other, specific
antimicrobials will have to be chosen on the
basis of identification and susceptibility test
results.? In this context, PRA-/Asp65 is the
most appropriate method because it can identify
the NTM species within 24 h after their isolation
in culture. In contrast, the time required for the
conventional method of identifying the NTM
species (which is based on growth and chemical
properties) is over 30 days. Because PRA-/sp65
yields results more rapidly, the appropriate
therapeutic regimen can be started more rapidly.

In conclusion, the present study showed
that the implementation of PRA-/sp65 for the
identification of mycobacteria in a nonspecialized
molecular biology laboratory is feasible.
Although it is recognized that PRA-/sp65
should not be considered a replacement for
other tests that are used in order to diagnose
TB, PRA-Asp65 constitutes an additional
diagnostic tool to investigate the etiology of
the disease, especially in individuals with no
clinical response to antituberculosis drugs. The
method can contribute to a faster identification
of mycobacteria in public laboratories, thus
optimizing management.
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