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Abstract

This retrospective molecular study involving restriction fragment length polymorphism, using insertion sequence 6770 as a marker, was
conducted in order to provide an initial insight into the genetic diversity of Mycobacterium tuberculosis strains isolated in the slums of the
Complexo de Manguinhos, located in the city of Rio de Janeiro, Brazil. Of the 67 strains evaluated, 23 (34.3%) were found to belong to
clusters (total clusters, 10). Household and social chains of transmission were associated with clustering, in 20% and 60%, respectively. Living
in the Conjunto Habitacional Programado 2 slum was associated with clustering. Although not significant, it is relevant that 26% of the
clustered strains presented primary resistance. These findings, although possibly underestimating the prevalence due to the failure to analyze
all strains, could help improve the local tuberculosis control program.
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Resumo

Este estudo retrospectivo envolvendo polimorfismo de fragmento de restri¢do e utilizando como marcador a seqiiéncia de insercéo 6770, foi
realizado para fornecer informacdes iniciais quanto a diversidade genética das cepas de Mycobacterium tuberculosis isoladas em favelas do
Complexo de Manguinhos, na cidade do Rio de Janeiro. Das 67 cepas isoladas, 23 (34,3%) foram agrupadas em clusters (total de clusters,
10). A transmissdo entre comunicantes domiciliares e extra-domicialiares estave associada a 20% e 60% dos c/usters, respectivamente. Ser
morador do Conjunto Habitacional Programado 2 foi associado a presenca de c/usters. Embora néo significativo, ¢ relevante o fato de que
26% das cepas em c/uster apresentaram resisténcia primaria. Estes achados, embora possivelmente subestimados devido a impossibilidade de
analisar todas as cepas, fornecem subsidios para a melhoria do programa local de controle da tuberculose.

Descritores: Tuberculose; Epidemiologia molecular; Mycobacterium tuberculosis/transmissdo; Polimorfismo de Fragmento de Restri¢do.
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Tuberculosis (TB) remains a disease associ-
ated with overcrowding, poor nutrition and poor
housing, occurring primarily in developing countries.
Nevertheless, as long as there are individuals with
active TB, Mycobacterium tuberculosis will prevail
in the world, since, due to its airborne nature, the
transmission of TB encounters few barriers inhib-
iting broad dissemination within the community.

Brazil occupies the 22nd position in global inci-
dence rates of TB. Most (39,836) of the new cases
of TB in Brazil have been reported in the south-
eastern region, and the state of Rio de Janeiro is
the second largest contributor in that region, with
a rate of 99/100,000 population."” However, in
some low-income Rio de Janeiro communities, such
as Complexo de Manguinos (CM), an urban area
composed of 12 slums, the rate exceeds 150/100,000.
According to previous studies,*¥ cases of TB in
this area were concentrated in two of the slums,
Conjunto Habitacional Programado 2 (CHP2), and
Parque Carlos Chagas, the two poorest communi-
ties of the area, from 1986 to 1994, whereas, from
2000 to 2002, the incidence in those two slums,
although still high, declined, and similar or higher
rates emerged in other slums, suggesting that TB
continues to be endemic in the area, making it an
interesting target for epidemiological studies.

Located Area Programadtica 3.1 (AP-3.1, Health
Care Zone 3.1),? which is situated in the north zone
of the city of Rio de Janeiro, CM has 42,100 inhab-
itants distributed approximately in 8,000 dwellings
with approximately five persons per dwelling. The
Tuberculosis Control Program (TCP) in this area oper-
ates out of the Centro Satide Escola Germano Silval
Faria/Escola Nacional de Saude Publica/Fundacdo
Oswaldo Cruz (CSEGSF/ENSP/Fiocruz, Germano
Silval Faria College Health Care Center/National
College of Public Health/Oswaldo Cruz Foundation).
The CSEGSF serves the CM population as a priority
and is integrated into the Family Health Program.
The TCP provides bacillus Calmette-Guérin vaccina-
tion and passive case finding. In the present study,
retrospective molecular typing of 67 M. tuberculosis
isolates, based on restriction fragment length poly-
morphism (RFLP), was applied in order to provide
an initial insight of TB transmission in this area.>®
The samples were obtained from a previous study”
and represent 31% of all cases diagnosed between
October of 2000 and December of 2002.
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The use of DNA fingerprinting yielded ten
clusters, comprising 23 (34.3%) of the 67 strains.
Among those 23 strains, the RFLP-pattern presented
100% and 959% similarity, respectively, in 16 and 7.
The majority of the clusters exhibited an insertion
sequence 6770 (1S6770) copy number ranging from
8 to 16 (mean, 11) and only one cluster exhibited
2 copies of 1S6770. Patient ages ranged from 18 to
77 years (mean, 36 + 14 years), and 65.7% were
male. All patients had been tested for HIV, and 6%
were seropositive.

Clinical and demographic characteristics of
patients analyzed by risk factor (Table 1), according
to the RFLP patterns of the M. tuberculosisisolates,
showed that dwelling in slum communities such as
CHP2, Mandela de Pedra, Parque Oswaldo Cruz, Vila
Turismo and Nelson Mandela increased the prob-
ability of clustering by 4 times in comparison with
other communities (OR = 4.2; 95% CI: 0.9-20.9;
p = 0.048), although most of the clustered patients
(11/23, 47.8%) were identified in CHP2. Being female
correlated strongly with clustering (OR = 6.0; 95%
Cl: 1.7-21.7; p = 0.002). Although there was no
significant association between clustering and drug
resistance (OR = 3.4; 95% Cl: 0.9-12.8; p = 0.069),
it should be borne in mind that 40% of the clusters
included primary resistant strains, comprising 26%
(6/23) of the clustered patients (Table 2).

The proportion of clustered cases was 34.3% or
31.3%, depending on whether the strains with only
2 copies are included in the analysis. Strains with
a low banding-RFLP genotypic pattern are better
discriminated using a secondary typing method such
as spoligotyping or mycobacterial interspersed repet-
itive unit typing,® neither of which were applied in
the present study, since only two patients harbored
strains with less than 6 copies of 1S6770 and had
no epidemiological link (Table 2). The number of
strains might have been underestimated due to the
small sample size and a relatively short study period.
Nevertheless, our findings are in accordance with
the proportions recently described for transmission
in developing countries (20% to 38%), although
epidemiological information linking clustered
patients is usually unavailable.®'? The presence of
few strains presenting low copy numbers have been
described in earlier studies conducted in Brazil as
well in other countries. However, a study performed
in India showed higher numbers.(1®1?
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Table 1 - Demographic, clinical and microbiological data of patients living in Complexo de Manguinhos, Rio de Janeiro
(2000-2002), according to insertion sequence 6770-based restriction fragment length polymorphism clustering.

Risk Factor Cluster Non-cluster 0dds ratio P
(n=23) (n = 44) (95% CI1)

Community 0.048
CHP2*/MP/POC/VT/NM 20 27 4.2 (0.9-20.9)
Ex-Comb/PCC/PJG/SM/VU 3 17 1.0

Gender
Male 9 35 1.0
Female 14 9 6.0 (1.7-21.7) 0.002

Age (years)
<30 24 1.0
>30 15 20 2.2 (0.1-7.3) 0.200

Previous treatment
No 18 36 1.0
Yes 8 1.2 (0.3-5.1) 0.752

HIV status
Negative 22 34 1.0
Positive 1 3 0.5 (0.1-6.2) 1.000
Unknown 0 7

Sputum smear microscopy
Negative 4 9 1.0
Positive 19 35 0.9 (0.2-4.4) 1.000

Drug resistance
Sensitive 14 37 1.0
Resistant 9 7 3.4 (0.9-12.8) 0.069
Primary 4 2
Acquired 4 5
MDR 3 5

CHP2: Conjunto Habitacional Programado 2; Ex-Comb: Ex-Combatente; MP: Mandela de Pedra; NM: Nelson Mandela; PCC:
Parque Carlos Chagas; POC: Parque Oswaldo Cruz; SM: Samora Machel; VT: Vila Turismo; VU: Vila Unido; and MDR: multidrug

resistance. *CHP2 accounted for 11 of the 20 clustered patients.

(Clinically active TB was predominant in young
malesin CM. However, there was a significant number
of clustered female cases in the present investiga-
tion, probably reflecting female confinement in the
community, which would lead to greater exposure
and transmission. Clustering has been associated
with age, previous treatment and acid-fast bacilli
(AFB)-positive smears, although epidemiological
links have been difficult to establish.(%>'% In our
study, being infected with a resistant strain and
having an AFB-positive smear were not significantly
associated with clustering. However, M. tuberculosis
isolates were not available for all patients diagnosed
in the period. Therefore, there might be a tendency
to underestimate the proportion of resistant strains
in a given cluster. Although being infected with a
resistant strain was not significantly correlated with

clustering, it is of note that 40% of the clusters
were involved in the transmission of primary resist-
ance, including multidrug-resistant (MDR) strains
(Table 1). The transmission of resistant strains
leads to problems related to noncompliance with
treatment, reflecting failure on the part of the local
TCP.” A similar result in the genotyping of MDR
strains was described in a previous study conducted
in Brazil.'”® However, the authors of that study
found that the occurrence of MDR was significantly
associated with previous TB treatment, as well as
with TB treatment failure.

One epidemiological study demonstrated that
household transmission was associated with 20%
of the clusters, and that 60% of the clusters were
involved in the social chain of transmission, most
of them with a potential epidemiological link, as

J Bras Pneumol. 2008;34(12):1063-1068



Mendes JM, Machado SMA, Lourenco MC, Ferreira RMC, Fonseca LS, Saad MHF

1066

‘wstydiowAjod
y3bud| Juswbely uondLISAU 1dT4Y "AAuINbIs uowAsuL S| "}e[non ogor anbied :Drd OWSUN] BlIA A ([PYIBIA BIOWES S ‘Zni) oplemsQ anbied :)0d ‘B[PPUBIA UOS[IN AN ‘Bipad
3p BPRpUBy dIA ¢ opewelboid [euoweligeH ounfuo) :gdHD Jurlsisal paunbdy i, fquelsisal Aewd ty, ((A1/HNL) JueISISAL Brupnw tyiA <oInquieyld sgiNg cuoidweju iy
tpizetuost tHN| uAwoldans (\S $9AlISuds-bni(q :S snoudnenjul Al (3|q1ssod ALBL[IDIWLOP-BLIXD 1dq PIUWLU0D ALBLDIWOP-BAXD :DF {PIOYISNOY pawiuod :q) {[edtbojowaptdauon :N

waHLA
tdH) ‘Wdd 100z/oz/LL  100Z/8¢/L0 (N) (8€) (20) (€ 18d)
N -Pippe b LA swnjs #2350y ‘UHNL  000Z/0L/1l 000Z/L0/1l (d) (c¥) (cO) 001 (1€ 1ed) IIX
wHNL  200Z/81/90 200Z/10/¥0 (N) (1¥)  (96) (0€1ed)
di Ryow s,gz udned ddqelq  9rd swnys wHNL  1002/12/50 100Z/10/10 (4) (L)  (11) (621ed)
H) JUSWEIL) YIM DUBHAWOIUON  ZdHD  #SNOYSWeS  wHNL  100Z/c0/L0  000Z/10/1L  (4) (a¥)  (11) 001 (8T1ed) IX
syuaped 13430 3y} 1edu S €00z/z1/co cooz/io/zt () (8L)  (11) (L2 18d)
SIAL pue 97 Juaned smouy Gz Judned S 100Z/50/11 100Z/10/11 () (FT) (11) (9zned)
di 133435 dues ‘puatyy sdybnep s,yg S 000z/8¢/c1 000z/8c/oL  (4) (L2)  (11) (g21ed)
RE| judned £661 ut gl pey iybneq  zdH) win|s awes S 000¢/8z/11 000Z/10/OL (4) (6%) (11) 001 (bored) X
LA S £o0z/9lfeL zooz/aL/ol  (d) (£€)  (91) (813ed) (L1
N juduged g tenbau snoald  D0d swn|s # 1e4 wdAIN  T00T/S0/L0 200T/S0/90 (N) (19)  (41) G6 Jed) IMIA
Gl judlied o AN 100g/iz/eo 1ooz/oz/zo  (4)  (1v) (1) (911ed)
HD JJIM JUSWIEIL YUM dueldwoduoN  ZdHD  Ishoydwes  » AN 9661/C1/60 9661/60/60 () (0¥)  (L1) 001 (a1 1ed) TTA
suos s,£1 ¢dHd S 7007/LT/€0 200T/60/20 (d) (9T)  (11) (V11ed)
dd judned 4o pudlL| 6661 UL gL pey uos  |A  SWN|S #3S0[) S Looz/zL/LL 1oozfzifol  (4) (€9) (01) 6 (€13ed) IA
AN S 700Z/11/Y0 200T/¥0/c0  (4) (99)  (60) (z11ed)
dd -gl Aeuoybuen g swn|s #9s0) S 1002/12/90 100Z/12/c0 (d) (0€) (60) 001 (L13ed) A
NS S zooz/LL/zl  zooz/iLjol  (d) (0T) (cl) (011e4d)
N Pippe Bruq dmageld  J0d swn|s # leg S zooz/iz/8o cooz/iz/Lo (W) (ev)  (21) 001 (61ed) AL
dloyodje  prd S 1002/02/90 100Z/61/50 (4) (L2)  (11) (8 1ed)
di pue J1ppe Bniq (A1) Pippe Bruq  ¢dH)  Swn|S # 3s0[) S 1002/60/90 1002/60/¥0 (N) (v€)  (11) 001 (21ed) TII
spippe Brup (A1) dIA wWINS  007/8T/v0 00Z/10/v0 (N) (22)  (11) (c3ed)
da yog 100z/Aieniqa, ut uosud Y gdH)  Swn|s #deg WS 100T/¥1/20 1002/60/90 (W) (€€) (c1) 56 (11ed) 1
uied
dAY yuy Alwuixold — AJARISUS  uoneniul 13su0 # (%)
|edtbojorwaprdy Sewy ql wn|s dwydeiboan bniq juwiedlr]  woldwAs x9S by Ado) Auepwis  13snp
‘|lzeirg

WIDISEAYINOS UL PAedO| ‘A}1d OLRUEL P O1Y JO A} Y} JO UOZ You Y} Ul BB WOdUI-MO| B ‘soyuinbuely ap oxddwo) woly sutdped 193snp wstydiowAjod
Y6ud| Judwbedy UoBIUISAL PIseq-//9 NUINDIS uonadsul Yym sutenys Huuogiey syuaned jo dnsualdeleyd [edtbojoiwdpids pue dwyderSowdp ‘[edwul) - Z qeL

J Bras Pneumol. 2008;34(12):1063-1068



Molecular diversity of Mycobacterium tuberculosis strains in a slum area of Rio de Janeiro, Brazil

shown in Table 1. Other studies have reported that
links could clearly be confirmed only in a small
number of the cluster cases, since casual contact
is difficult to assess through conventional inter-
view applied in our investigation."® Tn our study,
this might have been the case for clusters 111 and V,
which comprised patients living in geographic prox-
imity and therefore possibly belonging to a recent
chain of transmission, although the index case was
not identified.

Recent transmission of strains exhibiting
the same genetic pattern, except for one to four
bands, has been described, although a single-band
change is the most common.!"”"® Clusters I, VI and
XI displayed transmission with strains of slightly
different patterns, although the link for patients in
cluster VI was defined as possible. In cluster XI, a
domiciliary link was confirmed for the mother and
daughter, and the link was believed to be extra-
domiciliary for the third patient. Although the link
with the institutionalized patient in cluster I might
not be clear, since that patient resided geographi-
cally far from the others, the patients belong to a
common rtisk group, and the infective strains were
primarily resistant. However, there is a possibility
that the strain (SM®) might have been imported
from the prison to the community. Unfortunately,
there have been no RFLP strain genotyping studies
involving isolates from inmates in Rio de Janeiro,
and is therefore not possible to compare patterns.
The other possibility is that the patient was latently
infected prior to incarceration and, due to the stress
of prison, the disease became active, still being
in development when the prisoner was released,
resulting in the SMR strain being spread throughout
the community. Our data, like those of other
studies, suggest that cluster analyses based only on
identical strains can result in an underestimation of
the extent of transmission.'%2) However, it is also
possible that strains with a single-band difference
belong to a genotypic family with a narrow variety
of patterns. Since we did not recover strains from all
TB cases, the patterns obtained represent the situ-
ation in a limited group; other patients harboring
these banding patterns might have been over-
looked, leading to an underestimation of the cluster
proportion in CM.

The largest slum (CHP2), with partial sanitary
structure (treated water and a sewage system),
presented the highest proportion of clustered
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patients. This is not surprising considering that
the people in this crowded community spend
most of their time outside, which involves intense
contact among the multitude, facilitating transmis-
sion. Another area in Rio de Janeiro with similar
characteristics (AP-1), as well as similar areas in
other countries, has been associated with clus-
tering. However, unlike CHP2, AP-1 accounts for
higher H1V infection rates among reported cases of
TB.0% Tn the smallest slum, Conjunto Agricola de
Higiendpolis (195 inhabitants), there were no TB
cases reported during the entire period evaluated.*”
The fact that Conjunto Agricola de Higienopolis is
isolated from the other slums might have hampered
transmission.

In the present study, in addition to the clas-
sical transmission among relatives, contact outside
the home might have played an important role in
overcrowded area transmission. This is supported
by our findings related to clusters VI, X and XI,
in which at least one of the patients had previous
household TB contact. However, the strains in those
cases, excluding those in cluster XI, were not avail-
able for typing. The other patients included in those
clusters had come into contact with the infection,
whether that contact was intense or casual, outside
the home.

Most of the clusters were composed of only
two patients, perhaps due to the failure to recover
strains from all patients, leading to missed links
with other patients in the CM chain of transmission.
Further studies involving all M. tuberculosis-positive
cultures obtained over a longer period are needed in
order to monitor the evolution of TB transmission
in the area. However, one of the principal problems
in working in such low-income communities is the
urban violence that frequently disrupts commu-
nication with the official health facility.”? The
present study offers an initial outline of the diver-
sity of M. tuberculosis strains in patients in CM.
Although the prevalence might have been underes-
timated, since strains could not be isolated from all
patients, the findings could help improve local TCP
strategies.
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