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Resumo

Portugal apresenta uma das taxas de incidéncia de tu-
berculose mais altas da Unido Europeia, tendo a
Regido de Satde de Lisboa uma taxa de incidéncia
muito acima da média nacional. O presente estudo
analisa a transmissao, susceptibilidade aos antibacilares
e caracteristicas de uma populagao de estudo de um
hospital central de Lisboa. Cento e trinta e dois isola-
dos clinicos de Mycobacterium tuberculosis foram pre-

Abstract

Portugal has one of the highest tuberculosis notifica-
tion rates of the European Union with Lisbon Health
Region having an incidence rate well above the na-
tional average. The present study analyses the trans-
mission, drug susceptibility and characteristics of a
study population from a Central Lisbon’s Hospital.
One hundred and thirty-two Mycobacterium tubercu-
losis clinical isolates were previously tested for drug
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viamente testados quanto a susceptibilidade aos anti-
bacilares de primeira linha. A taxa de multirresisténcia
encontrada foi de 3,0%, enquanto 13,6% dos isolados
eram resistentes a um ou mais antibacilares de primei-
ra linha. A serologia para o VIH estava disponivel para
98 doentes, 26 (26,5%) eram positivos. Os isolados
foram genotipados por MIRU-VNTR e 53 (40,2%)
dos 132 isolados encontravam-se distribuidos por 17
clusters MIRU-VNTR diferentes de dois ou mais iso-
lados. De todos os isolados analisados, 25,8% perten-
ciam 2 familia Lisboa. Concluimos que a transmissio
de estirpes de Mycobacterium tuberculosis, resistentes e
susceptiveis, estd a ocorrer, com especial preocupagio
para as estirpes Lisboa.

Rev Port Pneumol 2009; XV (5): 761-769

Palavras-chave: Familia Lisboa, tuberculose, multir-
resisténcia, MIRU.

susceptibility to first-line drugs. The multidrug
(MDR) resistance rate was found to be 3.0%, while
13.6% of the isolates were resistant to one or more
first-line drugs. HIV serology was available for 98 pa-
tients, 26 (26.5%) were positive. Genotyping was
performed by MIRU-VNTR and 53 (40,2%) out of
the 132 isolates were found to be distributed through
17 MIRU-VNTR clusters of two or more isolates.
Lisboa strains accounted for 25.8% of all strains. We
conclude that transmission of resistant and suscepti-
ble Mycobacterium tuberculosis strains is occurring,
with special concern for Lisboa strains.

Rev Port Pneumol 2009; XV (5): 761-769

Key-words: Lisboa family, tuberculosis, multidrug
resistance, MIRU.
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Introduction

The tuberculosis (TB) situation in Portugal
is one of the most serious of the European
Union (EU). In 2006, Portuguese health
authorities have reported a TB incidence
rate of 32.4 cases per 100 000 inhabitants.
Portugal was only surpassed by Bulgaria, Es-
tonia, Latvia, Lithuania and Romania'.
The distribution of the TB incidence across
the Portuguese territory is not equal. The
district of the capital city, Lisbon and the
district of the second largest city, Oporto,
had in 2006 TB incidence rates of 36.9 and
45.4 cases per 100 000 inhabitants, respec-
tively?. This is an incidence rate well above
the national average.

In addition, there is the problem of drug re-
sistance in Portugal. In fact, in 2006, Portu-

PORTUGUESA DE

gal reported a multidrug resistance (MDR)
rate of 1.5%, a number that was shown by
some of us to be underestimated?.

In Lisbon, approximately three quarters of
all tuberculosis cases occur among three ma-
jor risk groups: human immunodeficiency
virus (HIV) infected, drug users and immi-
grants®. The same region was shown, in
2005, to have several high-risk areas (>3 ca-
ses and >100 cases per 100 000 inhabitants).
The drug resistant strains causing MDR-TB
in Lisbon region have been extensively stu-
died in the last 15 years. This has allowed the
identification of a family of strains, desig-
nated Lisboa family, responsible for the ma-
jority of MDR-TB cases in the region®>°.
The use of molecular epidemiology tech-
niques for genotyping mycobacterial strains
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has contributed to a better knowledge of TB
transmission dynamics, to the indentifica-
tion of epidemiological links between pa-
tients and, to TB control in a given area’”'!,
For many years, Restriction Fragment
Length Polymorphism with hybridization
of IS6110 probe (RFLP-IS6110), used as a
molecular epidemiological tool, has proven
worthy in the discrimination of mycobacte-
rial strains due to it’s stability and discrimi-
native power”'2. Nevertheless in the last
years this time-consuming technique has
been gradually substituted for the characte-
rization of Mycobacterial Interspersed Re-
petitive Units — Variable Tandem Repeats
(MIRU-VNTR)®!314, This new tool has
progressively been improved to give a dis-
criminative power equal to that of RFLP-
-IS611057°.

In the present study we have genotyped re-
sistant and susceptible Mycobacterium tu-
berculosis (M. tuberculosis) clinical isolates
from a specific hospital by MIRU-VNTR,
in order to better understand the transmis-
sibility and clonality of M. tuberculosis
strains circulating in Lisbon area.

Materials and methods

Study population

TB patients from Hospital Pulido Valente
in Lisbon were studied during the year of
2006. This hospital is one of the main hos-
pitals in Lisbon performing TB diagnosis
and treatment, and in 2006, 211 TB pa-
tients were received and diagnosed with
positive culture. From these, 132 M. tuber-
culosis clinical isolates were available for fur-
ther characterization in the reference labo-
ratory of the National Institute of Health.
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Clinical isolates and DNA extraction
The 132 M. tuberculosis clinical isolates,
each corresponding to one patient, were iso-
lated and grown on BACTEC 960 MGIT
(Becton-Dickinson®, Franklin Lakes, USA)
and Lowenstein-Jensen slants. Identifica-
tion was performed with Accuprobe® (Gen-
-Probe®, San Diego, USA).

Crude DNA extracts were produced by heat-
ing a loopful of bacterial growth in TE Buffer
solution to 100.°C for 10 minutes, followed by
sonic bath incubation for 15 minutes. Finally,
the mixture was centrifuged at maximum
speed for 15 minutes and the supernatant used
in the subsequent molecular biology reactions.

Drug susceptibility testing

Isolates were tested for first-line drug suscepti-
bility using the BACTEC 960 MGIT (Becton-
-Dickinson®, Franklin Lakes, USA) metho-
dology for isoniazid (0.1 pg/ml), rifampicin
(1.0 pg/ml), streptomycin (1.0 pg/ml), etham-
butol (5.0 pg/ml) and pyrazinamide (100 pg/
ml), according to the manufacturer's instruc-
tions. Isolates resistant to at least isoniazid and
rifampicin were considered as MDR-TB.

MIRU-VNTR genotyping
MIRU-VNTR genotyping was performed

for each isolate by multiplex PCR amplifi-
cation of 12 MIRU-VNTR /oci using Hot-

StarTaq® DNA polymerase (Quiagen®,
Hilden, Germany), as previously described
by Supply ez a/ (2001).

Clustering analysis

Isolates were clustered accordingly to their

MIRU-VNTR profile using BioNumerics

Vol XV N.°5 Setembro/Outubro 2009
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software (Applied Maths®, Sint-Martens-
-Latem, Belgium). Pearson coefficient was
used to calculate the similarity matrix and
clustering was performed by the unweighted
pair group method with arithmetic mean
(UPGMA). A cluster was defined as a group
of two or more isolates with equal MIRU-
-VNTR profiles. Rate of genetic diversity
was calculated by dividing the number of
different MIRU-VNTR profiles by the total
number of genotyped strains. The rate of
recent transmission was calculated by divi-
sion of the number of clustered strains, mi-
nus the number of clusters, by the total
number of genotyped strains'”.

Statistical association analysis

Analysis of resistance and HIV associated
with clustering phenomenon was underta-
ken by use of the Fisher’s exact test, calculat-
ing p-values, odds ratios (OR) and confi-
dence interval (CI) of 95%.

Geographical mapping of patients

The geographical distribution of patients
was performed with ArcGIS® 9.1 (ESRI®,
Redlands, USA) using maps and postal code

information available at http://www.ctt.pt.

Mo.of cases

. P B SR
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Study population characterization

In this study we analyzed 132 M. tuberculosis
clinical isolates, each one corresponding to a
different patient. Of these, 105 patients were
male (79,5%) and 27 were female (20,5%).
The patients’ age ranged between 16 and 95
years, with a median age of 43 years old. HIV
serology data was available for 98 patients, of
which 26 (26.5%) were HIV positive. HIV co-
-infection was higher in patients ranging be-
tween 30-54 years old. In these age groups we
also found high frequency of TB cases (Fig. 1).

Drug resistance

All 132 isolates were tested for resistance to
all first-line drugs. Eighteen (13.6%) isolates,
distributed through five different resistance
patterns, were resistant to one or more anti-
bacillary drugs (Table I). MDR-TB accoun-
ted for 3% (4/132) of all isolates tested.

MIRU-VNTR cluster analysis

All 132 isolates were characterized by the
MIRU-VNTR technique as described by
Supply ez al (2001). Seventeen clusters con-
taining 53 (40.2%) out of the 132 isolates

L
)
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Fig. 1 - Distribution of the TB cases by age group and fractioning by HIV

status
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Table | - Resistance patterns found among the 132 M. tu-
berculosis isolates

Resistance profile No. of isolates (%)

Pansusceptible 114 (86.4)
I 3(2.3)
S 6 (4.5)
IS 5(3.8)
IRES 2(1.5)
IRESP 2(1.5)
Total 132 (100.0)

| - isoniazid; R - rifampicin; E - ethambutol; S — streptomycin;
P - pyrazinamide

were found (Fig. 2). Nine clusters, contain-
ing a total of 34 (25.8%) isolates belonged to
a family of strains designated Lisboa family?®.
Three of the four MDR-TB cases belonged
to Lisboa family. Fourteen Lisboa strains
were not included in any cluster. Although
we had a high frequency of HIV isolates in
cluster, HIV co-infection was not statistically
correlated with being in cluster (OR=2.391;
Cly5%=0.9410-6.075 p=0.0852). Drug resis-
tance was also not statistically associated with
clustering in this study (OR=1.227; Closy,=
=0.4499-3.344 p=0.7971).

Geographical distribution of patients

We examined the geographical distribution
of the 132 TB patients. The patients were
distributed by the postal code area of their
residence. This information was available
for 118 patients; the remaining 14 were ex-
cluded from this analysis. Given the fact
that Hospital Pulido Valente primarily
serves the Lisbon region, we concentrated
this analysis in this same region and sur-
roundings (Fig. 3). Four postal code areas
were found to have more than 5 cases. In
fact, one of the postal code area had 12 of
the 132 analyzed cases.
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Discussion

In this study we have analyzed 132 M. ru-
berculosis clinical isolates originating from a
single hospital in Lisbon Health region. The
patients had a median age of 43 years old,
which is in agreement with the Portuguese
health authorities report. When we analyzed
the HIV status of all patients we have ob-
served that the TB high incidence age groups
also had a high prevalence of HIV infected
patients.

All clinical isolates were routinely subjected
to drug susceptibility testing for first-line
drugs. The drug resistance frequency was
higher in this population than the average
reported for the whole country!, with spe-
cial attention for the MDR isolates which
accounts for 3% of the study population.
Lisbon health region has been in the last 10-
-15 years a problematic region concerning
drug resistance and MDR3>¢, The applica-
tion of molecular epidemiological methods
in the characterization of Lisbon strains in
the 90s unveiled a MDR-TB outbreak oc-
curring mainly in the HIV-infected popula-
tion>¢. More recently, the same strains, be-
longing to the designated Lisboa family,
were shown to significantly continue to cir-
culate, evolving from MDR to extensive
drug resistance (XDR)>.

All isolates in this study were genotyped by
MIRU-VNTR. Seventeen clusters, contain-
ing 40.2% of all isolates, were found. We
estimate that 27% of the studied cases are
probably due to recent transmission. How-
ever the true dimension of TB cases due to
phenomena of recent transmission is prob-
ably higher than our study estimates since
only one hospital was analyzed. This hospi-
tal receives about 20% of the total TB cases
in Lisbon region.

Vol XV N.°5 Setembro/Outubro 2009
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Fig. 2 — MIRU-VNTR dendrogram of the 132 M. tuberculosis clinical isolates analyzed. Resis-

tance pattern

|, isonizid; R, rifampicin; S, streptomycin; E, ethambutol; P, pyrazinamide

A considerable proportion of the isolates
(25.8%) belonged to Lisboa family, includ-
ing three of the MDR-TB strains. Nine
clusters belonging to this family were found,
including more than 64% of the clustered

isolates, suggesting a higher relative trans-
missibility of these strains. This transmissi-
bility and persistence in the community
may be due to several factors, namely, the
fact that the original HIV-infected niche
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Fig. 3 — Geographic distribution of the analyzed TB patients by postal code area in Lisbon city and surroundings with the
HIV status. Numbers show the total TB patients analyzed in each postal code area

may act as a reservoir more difficult to act
on and, MDR may increase the persistence
and the infectious period in the host. There-
fore, this would provide more time for
transmission to occur.

The most prevalent cluster, containing 8
(6.1%) of all isolates, is designated Lisboa3
and has been identified consecutively each
year, across several health institutions, main-
taining its predominance among resistant
and susceptible strains. Belonging to this
cluster we found not only drug-resistant
strains but also pan-susceptible strains that
may represent ancestor clones of the current
MDR strains. These, have evolved by ac-
quiring resistance to the different antibacil-
lary drugs followed by clonal expansion.
Clusters containing pansusceptible isolates
only, have been detected and represent mi-

REVISTA
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nor transmission events of these type of
strains. Nevertheless, in Lisboa 9 cluster, 3
of 4 isolates are also HIV-infected, which
may pose a threat as it may favour the ac-
quisition of resistance or even MDR of a
strain that is already circulating at an appar-
ently high frequency. In cluster Al the op-
posite situation can be found, transmission
of a susceptible strain has occurred among
immunocompetent individuals only. Spe-
cial attention must be paid in order to con-
tain this strain before it reaches immunosu-
pressed individuals, causing then a more
serious public health problem.

We looked at the geographical distribution
of the analyzed patients in an attempt to
identify geographical hotspots were TB trans-
mission may be occurring. It was found that
the cases here analyzed had not an equal dis-

Vol XV N.°5 Setembro/Outubro 2009
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tribution across their respective residence ar-
eas, with some of these areas having a signifi-
cantly higher number of cases than others. In
addition, patients living on the same postal
code did not, in most cases, belonged to the
same genetic cluster (data not shown). Al-
though there is the possibility that some of
the patients’ addresses may not correspond to
their real residence, our data suggests that ac-
tive TB transmission might be occurring
mainly outside the area of residence.
Comparative genomic studies of M. tuber-
culosis clinical isolates have identified re-
gions of difference and single nucleotide
polymorphisms among different lineages or
families of strains'®-22. These genomic differ-
ences may account for differentiated or even
increased virulence, faster acquisition of re-
sistance or, higher transmissibility'®?2. A
more thorough genomic and physiological
characterization of Lisboa strains is ongoing
and will provide more clues to its virulence
and ability to spread.

Throughout the world special attention must
be paid to local prevalent families of strains.
One of the most recent examples is the KZN
family of strains that in 10 years evolved from
pansusceptibility to XDR. These strains
caused a XDR-TB outbreak associated with
high mortality rates in South Africa?®?. Lis-
boa strains have also evolved to XDR and
may cause a XDR-TB outbreak if they re-
main uncontrolled. Given the difficulty, and
sometimes the impossibility of treatment of
XDR-TB, such an outbreak would consti-
tute a very serious public health problem.

Conclusion
In conclusion, no significant TB outbreak
was detected among the patients attending

this studied hospital, although a conside-
rable proportion of the isolates belonged to
Lisboa family and approximately 27% of all
cases were probably due to recent transmis-
sion. Although we only found four MDR-
-TB strains, these poses a serious public
health problem and measures are necessary
to contain them. Susceptible Lisboa strains
should also be monitored, especially those
infecting HIV positive individuals, to pre-
vent the acquisition of resistance.
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