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Abstract
Nowadays, the greatest concern of tuberculosis con-
trol programmes is the appearance of multidrug-re-

Resumo
Uma das principais problemdticas no controlo da tu-
berculose é o aparecimento de casos de tuberculose

multirresistente (TB-MR) e tuberculose extensiva-
mente resistente (TB-XDR). A deteccio precoce da
resisténcia a firmacos, directamente a partir de amos-
tras respiratdrias, ¢é essencial para que se assegure o
tratamento atempado, adequado e eficaz da tubercu-
lose, bem como para prevenir a disseminagao destes
casos de especial gravidade.

O nosso objectivo foi avaliar a sensibilidade e compa-
rar os resultados obtidos com um método de genética
molecular disponivel comercialmente - MTBDRplus®
— e o isolamento, identificacao e testes de sensibilida-

sistant tuberculosis and extensively drug-resistant tu-
berculosis. Rapid determination of drug resistance in
clinical samples, with Mycobacterium tuberculosis
complex (MTC), is the prerequisite for initiating ef-
fective chemotherapy, ensuring successful treatment
of the patient and preventing further spread of drug-
resistant isolates.

The aim of our study was to determine the sensitivity
of the new MTBDRplus® assay in comparison to cul-
ture, identification and classic DST, directly from
smear-positive clinical specimens.
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de cldssicos, directamente a partir de amostras respi-
ratérias. Estudamos 68 amostras, com baciloscopia
positiva.

O MTBDRplus® permitiu identificar, directamente a
partir das amostras respiratérias, o complexo Mycobacte-
rium tuberculosis em todos os casos em que o estudo
cultural e a identificagio cléssica chegaram a esse mes-
mo resultado. Nas amostras em que culturalmente iso-
limos estirpes sensiveis, com o MTBDRplus® encontra-
mos sempre perfis genéticos do tipo selvagem (63,2%).
Relativamente as amostras em que culturalmente isol4-
mos estirpes resistentes, com o MTBDRplus® encontré-
mos sempre perfis genéticos com mutagdes ou com au-
séncia do perfil do tipo selvagem (36,8%).

Este estudo permitiu concluir que o MTBDRplus®
assegura a detecgdo rdpida de resisténcias a fdrmacos
em estirpes do complexo M. tuberculosis, com resulta-
dos totalmente sobreponiveis aos obtidos com os mé-
todos bacteriolégicos cldssicos.

Rev Port Pneumol 2009; XV (3): 353-366

Palavras-chave: Tuberculose, multirresisténcia, diag-
néstico laboratorial.

Introducéio

A total of 68 smear-positive sputum specimens were
processed by both the classical mycobacteriological
methods and the molecular assay, MTBDRplus®.
MTBDRplus® assay allowed an accurate identifica-
tion of MTC species by detection of the specific band
in all samples, from which we also isolated and iden-
tified MTC strains by culture methods. In the sam-
ples from which we isolated susceptible strains
(63.2%), wild type patterns were found using MTB-
DRplus® assay. The samples from which we isolated
resistant strains (36.8%) showed specific mutations
associated with the correspondent resistant pheno-
Sree.

Our study indicated that this assay allows rapid de-
tection of resistance, always in agreement with classic
methods.

Rev Port Pneumol 2009; XV (3): 353-366

Key-words: Tuberculosis, multi-drug resistance, la-
boratory diagnosis.

Introduction
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A tuberculose continua a apresentar distribui-
¢ao mundial com uma taxa de incidéncia glo-
bal a aumentar 0,4% ao ano. Existem em todo
o mundo 2 bilides de infectados, 8,4 milhoes
de casos novos/ano e 16 milhées de doentes,
situagdo dramdtica, tendo em conta que a sua
localizagio geografica é sobreponivel a das re-
gides com maior prevaléncia de SIDA!. De
facto, anualmente ocorrem cerca de 1,6 mi-
lhées de novos casos na Africa subsariana, 3
milhées no Sudeste Asidtico e mais de um
quarto de milhdo na Europa Oriental. De

PDRTUGUESA

Tuberculosis continues to be a worldwide
disease whose global rate rises 0.4% per year.
There are 2 billion people infected world-
wide, 8.4 million new cases per year and 16
million patients, a dramatic state of affairs
seeing as its geographic spread is in regions
which also have higher rates of AIDS!. There
are ca. 1.6 million new cases per year in sub-
Saharan African, 3 million in South-East
Asia and over a quarter of a million in Eas-
tern Europe. WHO data states the number
of cases of infection is still rising, particularly
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acordo com os dados publicados pela OMS, o
ndimero de casos novos de doentes baciliferos
continua a aumentar, particularmente na Afri-
ca e na Asia, assistindo-se a um decréscimo nos
paises da América do Norte e da Europa'. Por-
tugal ¢ o pais europeu com a maior incidéncia
de tuberculose (TB): 27 casos novos por
100 000 habitantes em 2007, mais do dobro
da média da Unido Europeia, com 12,8 casos
novos por 100 000 habitantes?.

Por outro lado, em 2005, a OMS declarou
que 1,1% dos casos novos de TB em todo o
mundo eram casos de tuberculose multirre-
sistente (TB-MR)3.

O aparecimento de estirpes resistentes é fun-
damentalmente consequéncia do uso indevido
dos antibacilares, uma vez que se verifica que
estirpes selvagens de M. tuberculosis que nunca
foram expostas a antimicrobianos quase nun-
ca apresentam qualquer tipo de resisténcia*’.
O aparecimento de estirpes de TB-MR — defi-
nida como a resisténcia simultinea pelo me-
nos a isoniazida (INH) e a rifampicina (RIF)
— representa a maior dificuldade para os pro-
gramas de controlo, na medida em que o tra-
tamento destes casos ¢ mais complexo, mais
caro e, muito frequentemente, menos bem su-
cedido. Recentemente, foram identificadas
novas estirpes de TB-MR que mutaram para
formas ainda mais agressivas — tuberculose ex-
tensivamente resistente (TB-XDR)%7. Estas
estirpes, para além de MR, sdo resistentes a um
dos antibacilares de segunda linha injectdveis
(amicacina — AM, canamicina — KM e capre-
omicina — CAP) e a uma fluoroquinolona
(FQ). Assim, é de extrema importancia desen-
volver métodos de diagndstico mais rdpidos
para determinar os casos resistentes, de forma
aassegurar uma terapéutica adequada para um
tratamento eficaz e prevenir a disseminagio
destes casos mais graves®.
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in Africa and Asia, while decreasing in North
America and Europe!. Portugal is the Euro-
pean country with the highest rate of tuber-
culosis (TB): 27 new cases per 100 000 in-
habitants in 2007, more than double the
European Union average of 12.8 new cases
per 100 000 inhabitants?. The WHO fur-
ther declared in 2005 that 1.1% of new TB
cases worldwide were cases of multidrug-re-
sistant tuberculosis (MDR-TB)3.

The emergence of resistant strains is essen-
tially due to the incorrect use of antitubercu-
lous drugs, as is has been seen that wild type
patterns of M. tuberculosis which were never
exposed to an antimicrobial drug almost
never presented any kind of resistance*®. The
emergence of MDR-TB — defined as simul-
taneous resistance to at least isoniazid (INH)
and rifampin (RIF) — represents the greatest
difficulty for control programmes as treating
these cases is very complex, expensive and
often less successful. New MDR-TB strains
were recently identified which mutated into
even more aggressive forms: extensively
drug-resistant tuberculosis, or XDR-TB¢7.
These strains are MDR and also resistant to
one injectional second line antituberculous
drug (amikacin — AM, canamicin — KM and
kapreomicin — CAP) and a fluoroquinolone
(FQ). Thus it is extremely important to de-
velop quicker diagnostic methods to identify
resistant cases and so guarantee suitable che-
motherapy for effective treatment of the pa-
tient, preventing further spread of drug-re-
sistant isolates®.

RIF and INH are two of the drugs more
used in first line TB treatment. RIF is a
semi-synthetic derivative of rifamycin which
works through inhibiting genetic transcrip-
tion’. RIF resistance occurs through a com-
mon route, exclusively attributed to muta-
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A RIF e a INH sao dois dos firmacos mais
usados no tratamento de primeira linha da
TB. A RIF é um derivado semissintético da
rifamicina, cujo mecanismo de ac¢ao consiste
na inibi¢io da transcrigao génica’. A resistén-
cia a RIF ocorre por uma estratégia comum,
exclusivamente atribuida a mutagées que
ocorrem no gene 7poB que codifica para a su-
bunidade 3 da RNA polimerase. Em cerca de
96% dos casos, os isolados resistentes apresen-
tam mutagio numa regido bem definida de 81
bp, o que torna a sua identifica¢do muito faci-
litada®!°. As mutacdes mais comuns ocorrem
nos coddes 526 e 531 e conferem um elevado
grau de resisténcia (CMI > 32 pg/mL).

A INH é um pré-firmaco que requer uma ac-
tivagao enzimadtica para se tornar activo. /7 vi-
tr0, esta activagio, efectuada por uma catalase-
-peroxidase, resulta numa espécie altamente
reactiva com elevado poder oxidativo” ''. O
mecanismo pelo qual ocorre resisténcia 8 INH
¢ muito complexo e tem sido atribuido a mu-
tacoes individuais em indmeros genes: ka:G
que codifica uma catalase-peroxidase, inhA,
uma enzima envolvida na sintese dos dcidos
micélicos, e o kasA, uma proteina sintetase
cetoacil-transportadora. Vdrios estudos tém de-
monstrado que as mutagoes no gene 4G sao
responsdveis pela resisténcia na maior parte dos
casos”!2. Destes, a maioria apresenta a mutagao
S315T, que reduz em 50% a actividade da en-
zima catalase-peroxidase e, consequentemente,
a capacidade de activagio da INH"-3. Segun-
do virios autores, o segundo gene mais fre-
quentemente envolvido na resisténcia 8 INH ¢é
o gene inhA, que se estima ser responsavel por
cerca de 25% dos casos resistentes®!!. O gene
inhA codifica para a enzima enoil-ACP reduta-
se que ¢ sobreexpressa no caso de haver muta-
¢ao. Esta mutacio encontra-se normalmente
na regiao reguladora do gene'“. Nas estirpes de

Rita Macedo, Anténio Amorim, Edna Pereira

tions which occur in the 7poB gene which
codifies the 3 subunit of polymerase RNA.
In around 96% of cases, the drug-resistant
isolates present in a well-defined region of
81 bp, making their identification easier®'°.
The most common mutations involve
codons 526 and 531 and confer a high de-
gree of resistance (CMI > 32 pg/mL).

INH is a pro-drug requiring enzymatic ac-
tivation to become active. /z vitro this acti-
vation, performed by a peroxidase catalyst,
results in a highly reactive species with high
oxidative power®!'!. The mechanism by
which resistance to INH occurs is very
complex and has been attributed to indi-
vidual mutations in several genes: karG
which codifies a peroxidase catalyst, inhA,
an enzyme involved in the synthesis of my-
colic acids and kasA, a synthase protein ke-
toacyl transporter. Several studies have
shown that mutations in the kasG gene are
responsible for resistance in the greater part
of cases®'?. In these, the majority present
the S315T mutation which reduces peroxi-
dase catalyst enzyme activity by 50% and
thus INH capacity for activation!"3. Va-
rious authors believe that the second gene
most frequently involved in resistance to
INH is inhA, felt to be responsible for
around 25% of resistant cases®''. The inhA
gene codifies for the enzyme enoyl-ACP re-
ductase which is over-expressed when there
is mutation. This mutation is normally
found in the regulator region of the gene'“.
The exact opposite has been seen in the M.
tuberculosis strains isolated in Portugal, with
the promoter region of the #hA gene res-
ponsible for the greater part of INH resis-
tant cases.

In view of all these molecular regions re-
sponsible for the resistant phenotypes, the
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M. tuberculosis isoladas em Portugal tem-se ve-
rificado exactamente o oposto, sendo a regiao
promotora do gene #nhA responsivel pela
maioria dos casos resistentes a INH®.

Tendo em conta a existéncia de todas estas re-
gides moleculares responsaveis pelos fenétipos
de resisténcia, a implementagio de técnicas
capazes de identificar as referidas mutagoes
surge como uma alternativa a considerar para
a detecgao destes casos mais graves'®. De fac-
to, os métodos convencionais de identificagao
e deteccio de resisténcia sdo ainda muito de-
morados (média de 10-15 dias), mesmo apds
a introducio dos métodos nao radiométricos
totalmente automatizados, e requerem a exis-
téncia de uma cultura positiva V7.

Resultados mais rdpidos podem ser consegui-
dos aplicando tecnologias de biologia molecu-
lar directamente & amostra clinica do doente e
tendo em conta que a resisténcia a INH e RIF
em M. tuberculosis estd sempre associada a
mutagoes nos genes 7poB, katG e inhA'%22. O
método molecular GenoType MTBDRplus’
(Hain Lifescience GmbH) permite fazer o
diagndstico rdpido a amostra e detecta as mu-
tagdes mais comuns nestes genes*?3, Assim, o
objectivo do estudo foi determinar a sensibili-
dade deste teste molecular, comparando os
resultados obtidos por estudo directo de amos-
tras respiratérias com os resultados obtidos
com os métodos de identificagdo e antibiogra-
ma tradicionais, apds cultura positiva.

Materiais e métodos

Amostras estudadas

Estuddmos secrecdes respiratérias de doentes
com quadro clinico compativel com tubercu-
lose pulmonar, enviadas para o Laboratério de
Satde Publica — Micobacteriologia/ Tuberculo-

REVISTA PDRTUGUESA DE

implementation of techniques capable of
identifying the abovementioned muta-
tions emerges as an alternative to consider
for detecting these more severe cases'.
Conventional methods for identifying and
detecting resistance still take quite a while
(mean 10-15 days), even with the intro-
duction of completely automated nonra-
diometric systems, and require a positive
culture!.

Quicker results can be obtained by apply-
ing molecular biology technologies directly
to the patient’s clinical sample and bearing
in mind that resistance to INH and RIF in
M. tuberculosis is always associated to mu-
tations in the 7poB, karG and inhA
genes'$22. The GenoType MTBDRplus®
(Hain Lifescience GmbH) molecular
method allows rapid diagnosis of the clini-
cal sample and detection of the most com-
mon mutations in these genes?'?. The
aim of our study was to determine the sen-
sitivity of the MTBDRplus” assay in com-
parison to culture, identification and clas-
sic DST, directly from smear-positive
clinical specimens.

Material and methods

Clinical samples studied

We studied smear-positive sputum samples
of pulmonary tuberculosis patients. The
samples were sent to the Public Health La-
boratory — Mycobacteriology/Tuberculosis
in 2007 and 2008. The specimens were
handled using the N-acetil-L-cisteina-
NAOH decontamination method. The
concentrated sediment was re-suspended in
1.0-2.0 mL of phosphate buffer (pH = 7.0)

and the smears stained using Ziehl-Neelsen
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se, durante 2007 e 2008. As amostras foram
processadas segundo o método de descontami-
nagio N-acetil-L-cisteina-NAOH. O sedi-
mento concentrado foi ressuspendido em 1,0-
-2,0 mL de tampao fosfato (pH = 7,0) ¢ os
esfregagos foram corados usando os métodos
de Ziehl-Neelsen e Auramina. Apés inoculagio
dos meios de cultura, sélidos e liquidos, o sedi-
mento restante da amostra descontaminada foi
armazenado a -20°C. Foi efectuada identifica-
¢do molecular da espécie de micobactéria em
todas as culturas positivas e, nos casos em que
se isolou o complexo M. tuberculosis, efectuou-
-se antibiograma de primeira linha. Os resulta-
dos nos métodos cldssicos permitiram seleccio-
nar 68 amostras com resultado de microscopia
positiva e os sedimentos previamente armaze-
nados foram utilizados para realizar o ensaio de
detecgao molecular de resisténcia a INH e RIE
com o MTBDRplus® (HAIN Lifescience).

Extrac¢ao do ADN

Para a extracgao do ADN das amostras respira-
térias descontaminadas centrifugaram-se cerca
de 500 pL de cada uma das amostras durante 15
minutos a 13 000 x g. O sobrenadante foi rejei-
tado e o sedimento ressuspendido em 100 pL de
dgua destilada. Esta suspensao foi, de seguida,
colocada durante 15 minutos numa placa de
aquecimento a 95°C e incubada num banho de
dgua ultrassénico A temperatura ambiente du-
rante 15 minutos. Finalmente, as amostras fo-
ram centrifugadas durante 10 minutos 2 veloci-
dade mdxima (13 000 x g) e os sobrenadantes
guardados para as andlises subsequentes.

Identificagao da espécie
Para a identificacdo do complexo M. ruber-
culosis foi usado o método Accuprobe” (Gen-

Rita Macedo, Anténio Amorim, Edna Pereira

and Auramina methods. After inoculation
of culture, solid and liquid form, the re-
maining sediment of the decontaminated
specimen was stored at -20°C. Molecular
identification of the mycobacterial species
in all positive cultures was performed. When
the M. tuberculosis complex was isolated, a
first line antibiogram was carried out. Re-
sults obtained using the classic methods al-
lowed the selection of 68 smear-positive
sputum samples. The stored sediment was
used to carry out MTBDRplus® (HAIN
Lifescience) assay to detect molecular resis-

tance to INH and RIE

DNA extraction

Around 500 pL of each specimen was cen-
trifuged for 15 minutes at 13 000 x g to ex-
tract DNA from the decontaminated spu-
tum samples. The excess was discarded and
the sediment re-suspended in 100 pL of dis-
tilled water. This suspension was then placed
for 15 minutes on a hot plate at 95°C and
incubated in a bath of ultra-sonic water at
room temperature for 15 minutes. Finally,
the samples were centrifuged for 10 minutes
at maximum speed (13 000 x g) and the ex-
cess stored for subsequent analyses.

Species identification

The M. tuberculosis complex was identified
using the Accuprobe® (GenProbe Inc., San
Diego, CA) method in accordance with the
manufacturer’s instructions.

Antibiogram
A first line antibiogram was performed on
all M. tuberculosis complex isolates to eva-
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Probe Inc., San Diego, CA), de acordo com
instrucoes do fabricante.

Antibiograma

Todos os isolados do complexo M. tuberculosis
foram sujeitos a antibiograma de primeira li-
nha, onde se avaliaram as susceptibilidades/
[resisténcias A isoniazida (INH), rifampicina
(RIF), estreptomicina  (SM), etambutol
(EMB) e pirazinamida (PZA), usando os sis-
temas automdticos BACTEC 460 TB (Benc-
ton & Dickinson, Microbiology Systems, Co-
ckeysville, Md) ou BacT/ALERT MP Process
(Biomérieux Inc., Durham, North Carolina),
de acordo com instrugoes dos fabricantes.

GenoType MTBDRplus®

Uma vez que os resultados dos métodos clds-
sicos de identificagao e de antibiograma eram
conhecidos, os testes MTBDRplus foram
efectuados “as cegas”, de acordo com as ins-
trugoes fornecidas pelo fabricante. Resumida-
mente, para a amplificagio utilizdmos 35pL
da mistura primers (PNM, fornecida com o
kit), 1X tampdo da polimerase contendo
2,5 mM de MgCl2, 5mM de MgClI2, 1U de
Taq polymerase ¢ 5 pL. do ADN extraido de
cada uma das amostras, perfazendo o volume
final a 50 pL com 4gua destilada. O protocolo
de amplificagio consistiu numa fase inicial de
desnaturagio a 95°C durante 15 minutos, se-
guida de 10 ciclos de 30s a 95°C ¢ 120s a
58°C; 30 ciclos adicionais de 30s a 95°C, 40s
2 53°C e 40s a 70°C; e uma extensio final a
70°C durante 8 minutos.

Cada tira de teste MTBDRplus™ contém 27
sondas, incluindo 6 controlos de amplificagao
e hibridacio (CC, UC, TUB, rpoB, katG e

inhA) que permitem verificar se o ensaio cor-
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luate susceptibility/resistance to isoniazid
(INH), rifampin (RIF), streptomycin (SM),
ethambutol (EMB) and pyrazinamid (PZA),
using the automated BACTEC 460 TB
(Bencton & Dickinson, Microbiology Sys-
tems, Cockeysville, MD) or BacT/ALERT
MP Process (Biomérieux Inc., Durham,
North Carolina) systems in accordance with
the manufacturers’ instructions.

Genotype MTBDRplus®

‘Blinded” MTBDRplus”assay was performed
once the results of the classic identification
method and the antibiogram were known,
in accordance with the manufacturer’s in-
structions. In short, for the amplification
we used 35pL of primer-nucleotide mix
(PNM, supplied with the kit), 1X poly-
merase incubation buffer containing 2.5
mM of MgCl2, 5SmM of MgCl2, 1U of Taq
DNA polymerase and 5 pL of DNA ex-
tracted from each sample, in a final volume
of 50 pL with distilled water. The amplifica-
tion procedure consisted of an initial dena-
turation at 95°C for 15 minutes, followed
by 10 cycles of 30 secs at 95°C and 120 secs
at 58°C; 30 additional cycles of 30 secs at
95°C, 40 secs at 53°C and 40 secs at 70°C;
and a final extension step at 70°C for 8
minutes.

Each assay strip of the MTBDRplus® assay
contained 27 probes, including 6 amplifica-
tion and hybridation controls (CC, UC,
TUB, rpoB, katG and inhA) to verify test
procedures. To detect resistance to RIF,
there were 8 wild type pattern probes which
ranged from the 504-533 region of the 7poB
gene and 4 probes (MUT D516V, MUT
H526Y, MUT H526D, and MUT S531L)

for the more common mutations associated
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reu de forma adequada. Para a detecgao da
resisténcia a RIE existem oito sondas do tipo
selvagem (WT — wild type) que abrangem a
regiao 504-533 do gene 7poB e quatro sondas
(MUT D516V, MUT H526Y, MUT
H526D, e MUT S531L) para as mutagoes
mais comuns associadas ao fenétipo resisten-
te. Para a deteccio da resisténcia a INH,
analisaram-se os genes ka:G e inbA. Para o
gene katG existe uma sonda do tipo selvagem
para a regido S315 e duas sondas (MUT T1 e
MUT T2) para as mutagdes S315T. A regiao
promotora do gene i#hA compreende as re-
gioes entre as posigoes 9 a 22 para a sonda do
tipo selvagem 1 (WT1) e posigoes 1 a 12 para
a sonda do tipo selvagem 2 (WT2). As sondas
MUT1, MUT2, MUT3A e MUT3B permi-
tem avaliar quatro mutagdes no gene inhA
(15C/T, 16A/G, 8T/C e 8T/A). Ambas as re-
sisténcias, 2 INH e 4 RIE resultam na omissiao
de uma sonda do tipo selvagem (WT) ou no
aparecimento de uma sonda mutante.

Resultados

O teste MTBDRplus® foi efectuado em 68
amostras respiratdrias, com resultados de mi-
croscopia positivos. Simultaneamente, todas
as amostras foram caracterizadas usando mé-
todos bacteriolégicos cldssicos (Quadro I).
Os resultados de microscopia variaram en-
tre 4 bacilos dlcool 4cido resistentes/100
campos e 10-99 bacilos dlcool dcido resis-
tentes /campo (3+).

Em todas as amostras a partir das quais se iso-
laram estirpes sensiveis aos antibacilares INH
e RIF (63,2%), a andlise directa da amostra
descontaminada usando o teste MTBDRplus®
permitiu apenas verificar a existéncia de pa-
drées do tipo selvagem (WT), corroborando
os resultados dos métodos cldssicos. Da mes-
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with resistant phenotypes. To detect resis-
tance to INH, we analysed the 42:G and
inhA genes. For the katG gene there was a
wild type pattern probe for the S315 region
and 2 probes (MUT T1 and MUT T2) for
the S315T mutations. The promoter region
of the inhA gene involves the regions be-
tween positions 9 - 22 for the wild type 1
(WTT1) pattern probe and positions 1 - 12
for the wild type 2 (WT2) pattern probe.
The MUT1,MUT2, MUT3A and MUT3B
probes allowed evaluation of the 4 muta-
tions of the inhA gene (15C/T, 16A/G,
8T/C and 8T/A). Both the resistances, to
INH and RIF, result in the omission of a
wild type pattern probe or the emergence of
a mutant probe.

Results

The MTBDRplus® assay was performed on
68 smear-positive sputum samples. At the
same time, all the specimens were charac-
terised using classic bacteriology methods
(Table 1).

Microscopic analysis results ranged from 4
acid-alcohol resistant bacilli/100 fields to
10 acid-alcohol resistant bacilli / (3+) field.
In all specimens from which INH and
RIF-susceptible strains were isolated
(63.2%), direct analysis of the decontami-
nated specimen using the MTBDRplus®
assay allowed verification of wild type pat-
terns, corroborating the results gleaned
using classic methods. Equally, the resis-
tant strains islolated (36.8%) presented
specific mutations corresponding to the
respective phenotype, or lack of a wild
type pattern probe, which, in accordance
with the assay’s instructions, also charac-
terises a resistant isolate.
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ma forma, as estirpes resistentes isoladas
(36,8%) apresentaram mutagoes especificas
correspondentes ao respectivo fenétipo, ou
auséncia de uma das sondas do tipo selvagem,
que, de acordo com instrugoes do préprio tes-
te, também caracteriza um isolado resistente.
Das estirpes resistentes, 32,3% (22/68) eram
multirresistentes, 2,9% (2/68) monorresisten-
tes 2 INH e 1,5% (1/68) monorresistentes a
RIE Relativamente 2 resisténcia 3 INH (multi
e monorresisténcia) verificou-se, tal como era
esperado, mutagoes predominantemente na
regido promotora do gene inba: 16,7% apre-
sentaram mutagio no gene katG (MUT1) e
87,5% no gene inhA (95,2% MUT1; 4,8%
MUT?2). Todas as estirpes/amostras multirre-
sistentes apresentaram mutagdes no gene 7poB
(91,3% MUT3; 4,3% MUT2A, 2B, 3) ¢ a
estirpe monorresistente a RIF nao apresentou
nenhum padrio de mutagio, mas auséncia de
uma banda do tipo selvagem.

Conclusées

De acordo com o presente estudo, verificou-se
que, para amostras com resultados de bacilos-
copia superiores a 4 bacilos dlcool-dcido resis-
tentes/ 100 campos, o teste rapido de detecgao
de multirresisténcia apresenta uma sensibilida-
de de 100%, permitindo detectar em todos os
casos os fendtipos correctos, comparativamen-
te aos resultados dos métodos cldssicos.

Esta elevada sensibilidade deve-se, sobretu-
do, a existéncia de regides genéticas especifi-
cas que permitem detectar mutagbes que
conferem resisténcia nas estirpes de M. ru-
berculosis isoladas em Portugal. De facto, e
contrariamente ao que estd descrito para a
maioria dos paises europeus, em Portugal, a
resisténcia 3 INH estd fundamentalmente
associada a mutagdes na regido promotora

REVISTA PDRTUGUESA DE

32.3% (22/68) of the resistant strains were
multiresistant, 2.9% (2/68) monoresistant
to INH and 1.5% (1/68) monoresistant to
RIE. In terms of multi and monorresistance
to INH, mutations predominantly in the
promoter region of the inha gene, 16.7%
presenting mutation in the karG gene
(MUT1) and 87.5% in the inhA gene
(95.2% MUT1; 4.8% MUT?2) were seen,
as expected. All the multiresistant strains/
samples showed mutation in the 7poB gene
(91.3% MUT3; 4.3% MUT?2A, 2B, 3) and
the strain monoresistant to RIF did not
present a mutation pattern, but lack of a
wild type pattern band.

Conclusions

Our study shows that for specimens with
smear results higher than 4 acid-alcohol re-
sistant bacilli/100 fields, the MTBDRplus’
assay had a100% sensitivity, allowing de-
tection of the correct phenotypes in all
cases, always in agreement with classic
methods.

This high sensitivity is due primarily to the
existence of specific genetic regions which
allow the detection of mutations which
confirm resistance in the M. wmberculosis
strains isolated in Portugal. In Portugal, un-
like the majority of European countries, resis-
tance to INH is fundamentally associated to
mutations in the promoter region of the
inhA and not the karG gene. Research into
mutations in this gene allowed detection of
a greater number of cases resistant to INH
which previously could have presented false
negatives.

Recent studies into the MTBDRplus® assay
also show high sensitivity and sensibility
rates?h%,
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Quadro | - Resultados obtidos com o GenoType MTBDRplus® e com os métodos classicos

Isoniazida Rifampicina
Amostra Baciloscopia TSA MTBDR katG inhA rpoB
1 5B/100 CAMPOS MR MR WT MUTH MUT3
2 5B/100 CAMPOS MR MR WT MUTH MUT3
3 5B/100 CAMPOS MR MR WT MUTH1 MUT3
4 5B/100 CAMPOS MR MR WT MUTH MUT3
5 1+ MR MR WT MUTH MUT3
6 1+ MR MR WT MUT2 MUT2A,2B,3
7 1+ MR MR WT MUTA1 MUT3
8 1+ MR MR WT MUTH MUT3
9 2+ SENSIVEL SENSIVEL WT WT WT
10 5B/100 CAMPOS INH INH WT MUTA WT
11 5B/100 CAMPOS MR MR WT MUT1 MUT3
12 6B/100 CAMPOS MR MR WT MUTA MUT3
13 5B/100 CAMPOS MR MR MUTH MUTA MUT3
14 2+ RIF RIF WT WT sem WT7
15 4B/100 CAMPOS MR MR WT MUTA MUT3
16 5B/100 CAMPOS SENSIVEL SENSIVEL WT WT WT
17 1+ SENSIVEL SENSIVEL WT WT WT
18 1+ SENSIVEL SENSIVEL WT WT WT
19 1+ SENSIVEL SENSIVEL WT WT WT
20 1+ SENSIVEL SENSIVEL WT WT WT
21 5B/100 CAMPOS SENSIVEL SENSIVEL WT WT WT
22 5B/100 CAMPOS SENSIVEL SENSIVEL WT WT WT
23 5B/100 CAMPOS SENSIVEL SENSIVEL WT WT WT
24 1+ SENSIVEL SENSIVEL WT WT WT
25 1+ SENSIVEL SENSIVEL WT WT WT
26 1+ SENSIVEL SENSIVEL WT WT WT
27 1+ SENSIVEL SENSIVEL WT WT WT
28 1+ SENSIVEL SENSIVEL WT WT WT
29 5B/100 CAMPOS SENSIVEL SENSIVEL WT WT WT
30 1+ SENSIVEL SENSIVEL WT WT WT
31 8B/100 CAMPOS SENSIVEL SENSIVEL WT WT WT
32 1+ SENSIVEL SENSIVEL WT WT WT
33 1+ SENSIVEL SENSIVEL WT WT WT
34 1+ SENSIVEL SENSIVEL WT WT WT
35 5B/100 CAMPOS SENSIVEL SENSIVEL WT WT WT
36 3+ SENSIVEL SENSIVEL WT WT WT
37 1+ MR MR WT MUTH MUT3
38 5B/100 CAMPOS MR MR MUT1 WT MUT3
39 5B/100 CAMPOS SENSIVEL SENSIVEL WT WT WT
40 1+ MR MR WT MUTH MUT3
41 1+ MR MR WT MUTH1 MUT3
42 2+ MR MR WT MUTH MUT3
43 2+ MR MR WT MUTH MUT3
44 8B/100 CAMPOS SENSIVEL SENSIVEL WT WT WT
45 5B/100 CAMPOS INH INH MUT1 WT WT
46 1+ MR MR WT MUTH MUT3
47 1+ SENSIVEL SENSIVEL WT WT WT
48 1+ SENSIVEL SENSIVEL wWT WT WT
49 4B/100 CAMPOS SENSIVEL SENSIVEL WT WT WT
50 8B/100 CAMPOS SENSIVEL SENSIVEL WT WT WT
51 1+ SENSIVEL SENSIVEL WT WT WT
52 1+ MR MR MUT1 WT MUT3
53 1+ SENSIVEL SENSIVEL WT WT WT
54 4B/100 CAMPOS MR MR WT MUTH MUT3
55 8B/100 CAMPOS SENSIVEL SENSIVEL WT WT WT
56 2+ SENSIVEL SENSIVEL WT WT WT
57 2+ SENSIVEL SENSIVEL WT WT WT
58 1+ SENSIVEL SENSIVEL WT WT WT
59 1+ SENSIVEL SENSIVEL WT WT WT
60 1+ SENSIVEL SENSIVEL WT WT WT
61 4B/100 CAMPOS MR MR WT MUTH MUT3
62 1+ SENSIVEL SENSIVEL WT WT WT
63 1+ SENSIVEL SENSIVEL WT WT WT
64 2+ SENSIVEL SENSIVEL WT WT WT
65 3+ SENSIVEL SENSIVEL WT WT WT
66 1+ SENSIVEL SENSIVEL WT WT WT
67 3+ SENSIVEL SENSIVEL WT WT WT
68 6B/100 CAMPOS SENSIVEL SENSIVEL WT WT WT

MR - Multtirresistente; INH — Resistente & INH; RIF — Resistente a RIF; WT — Wild Type (sensivel); kafG MUT1 — mutagéo S315T; inhA MUT1 —
mutacéo -15C/T; inhA MUT2 — mutagao -16A/G; rpoB MUT2A — mutagéo H526Y; rpoB MUT2B — mutagéo H526D; rpoB MUT3 — mutagéo S531L
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Table | - Results obtained with GenoType MTBDRplus® assay and classic methods

Isoniazid Rifampin
Sample Smear TSA MTBDR katG inhA rpoB
1 5B/100 FIELDS MR MR WT MUTA MUT3
2 5B/100 FIELDS MR MR WT MUTA MUT3
3 5B/100 FIELDS MR MR WT MUT1 MUT3
4 5B/100 FIELDS MR MR WT MUTA MUT3
5 1+ MR MR WT MUTA MUT3
6 1+ MR MR WT MUT2 MUT2A,2B,3
7 1+ MR MR WT MUTA MUT3
8 1+ MR MR WT MUTA MUT3
9 2+ SENSITIVE SENSITIVE WT WT WT
10 5B/100 FIELDS INH INH WT MUT1 WT
11 5B/100 FIELDS MR MR WT MUTA MUT3
12 6B/100 FIELDS MR MR WT MUTA MUT3
13 5B/100 FIELDS MR MR MUT1 MUT1 MUT3
14 2+ RIF RIF WT WT no WT7
15 4B/100 FIELDS MR MR WT MUTA MUT3
16 5B/100 FIELDS SENSITIVE SENSITIVE WT WT WT
17 1+ SENSITIVE SENSITIVE WT WT WT
18 1+ SENSITIVE SENSITIVE WT WT WT
19 1+ SENSITIVE SENSITIVE WT WT WT
20 1+ SENSITIVE SENSITIVE WT WT WT
21 5B/100 FIELDS SENSITIVE SENSITIVE WT WT WT
22 5B/100 FIELDS SENSITIVE SENSITIVE WT WT WT
23 5B/100 FIELDS SENSITIVE SENSITIVE WT WT WT
24 1+ SENSITIVE SENSITIVE WT WT WT
25 1+ SENSITIVE SENSITIVE WT WT WT
26 1+ SENSITIVE SENSITIVE WT WT WT
27 1+ SENSITIVE SENSITIVE WT WT WT
28 1+ SENSITIVE SENSITIVE WT WT WT
29 5B/100 FIELDS SENSITIVE SENSITIVE WT WT WT
30 1+ SENSITIVE SENSITIVE WT WT WT
31 8B/100 FIELDS SENSITIVE SENSITIVE WT WT WT
32 1+ SENSITIVE SENSITIVE WT WT WT
33 1+ SENSITIVE SENSITIVE WT WT WT
34 1+ SENSITIVE SENSITIVE WT WT WT
35 5B/100 FIELDS SENSITIVE SENSITIVE WT WT WT
36 3+ SENSITIVE SENSITIVE WT WT WT
37 1+ MR MR WT MUT1 MUT3
38 5B/100 FIELDS MR MR MUTA WT MUT3
39 5B/100 FIELDS SENSITIVE SENSITIVE WT WT WT
40 1+ MR MR WT MUT1 MUT3
41 1+ MR MR WT MUT1 MUT3
42 2+ MR MR WT MUT1 MUT3
43 2+ MR MR WT MUT1 MUT3
44 8B/100 FIELDS SENSITIVE SENSITIVE WT WT WT
45 5B/100 FIELDS INH INH MUT1 WT WT
46 1+ MR MR WT MUT1 MUT3
47 1+ SENSITIVE SENSITIVE WT WT WT
48 1+ SENSITIVE SENSITIVE WT WT WT
49 4B/100 FIELDS SENSITIVE SENSITIVE WT WT WT
50 8B/100 FIELDS SENSITIVE SENSITIVE WT WT WT
51 1+ SENSITIVE SENSITIVE WT WT WT
52 1+ MR MR MUTA WT MUT3
53 1+ SENSITIVE SENSITIVE WT WT WT
54 4B/100 FIELDS MR MR WT MUT1 MUT3
55 8B/100 FIELDS SENSITIVE SENSITIVE WT WT WT
56 2+ SENSITIVE SENSITIVE WT WT WT
57 2+ SENSITIVE SENSITIVE WT WT WT
58 1+ SENSITIVE SENSITIVE WT WT WT
59 1+ SENSITIVE SENSITIVE WT WT WT
60 1+ SENSITIVE SENSITIVE WT WT WT
61 4B/100 FIELDS MR MR WT MUT1 MUT3
62 1+ SENSITIVE SENSITIVE WT WT WT
63 1+ SENSITIVE SENSITIVE WT WT WT
64 2+ SENSITIVE SENSITIVE WT WT WT
65 3+ SENSITIVE SENSITIVE WT WT WT
66 1+ SENSITIVE SENSITIVE WT WT WT
67 3+ SENSITIVE SENSITIVE WT WT WT
68 6B/100 FIELDS SENSITIVE SENSITIVE WT WT WT

MR - Multiresistant; INH — INH resistant; RIF — RIF resistant; WT — Wild type pattern (sensitive); katG MUT1 -S315T mutation; inhA MUT1 —
-15C/T mutation; inhA MUT2 — -16A/G mutation; rpoB MUT2A -H526Y mutation; rpoB MUT2B —H526D mutation; rpoB MUT3 -S531L mutation
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do gene inhA e nio no gene katG. A intro-
ducio da pesquisa de mutagdes neste gene
possibilitou a detecgao de um maior niime-
ro de casos resistentes a INH, que anterior-
mente poderiam originar falsos negativos.
Estudos recentes sobre o teste MTBDRplus®
demonstraram também elevadas taxas de
sensibilidade e especificidade?!-?3.
Concluindo, podemos afirmar que o teste
MTBDRplus® ¢ um método répido, de exe-
cugio simples e de grande sensibilidade na
deteccio de tuberculose multirresistente di-
rectamente a partir de amostras respiratérias.
Esta constatagio torna a sua inclusio na roti-
na do diagndstico laboratorial um contributo
essencial no controlo da tuberculose.
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