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Abstract
Background—Tuberculosis (TB) is trans-
mitted by close contact with an infectious
person. It is assumed that close contact
occurs amongst household members and
that contact outside the house is “casual”
and does not play a major role in the
transmission of TB.
Methods—This study was conducted in an
impoverished area with a high incidence
of TB and a low HIV seropositive preva-
lence. Thirty three households with 84 TB
patients were identified between February
1993 and April 1996 and the transmission
of TB was studied by combining Mycobac-
terium tuberculosis fingerprinting with in
depth sociological interviews.
Results—Forty two strain genotypes were
identified in the 84 patients. In 15 house-
holds all the patients had identical strains,
in nine households all the patients had
diVerent strains, and in nine households
some patients had identical strains and
one had a diVerent strain. In 26 houses at
least one patient had a strain which
formed part of a larger community cluster
and in 12 of these households the pa-
tient(s) had contact with a community
member who had the identical strain. In
58% of the cases the contact took place
while drinking in social groups.
Conclusion—In high incidence areas con-
tact outside the household may be impor-
tant for the transmission of TB. This
contact often takes place during recreation
which, in the case of this study of impover-
ished people, consisted of drinking in social
groups. Social interaction patterns should
be studied and understood for eVective
implementation of control strategies.
(Thorax 1999;54:136–140)
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Transmission of Mycobacterium tuberculosis
occurs due to contact with an infectious
individual1 and several clinical and epidemio-
logical studies of infection or disease after con-
tact with tuberculosis (TB) have been
published.2 3 Although households are re-
garded as places of close contact and high risk
for transmission of TB, the exact definition of a
“household” or “close contact” is not clear4 5

and the relative importance of crowding or
contact with a TB patient outside the house-
hold has not been established.2 5 6 Alcohol and

drugs are regarded as risk factors for develop-
ing TB,6–8 but it is uncertain whether suscepti-
bility to TB is increased by the alcohol and
drugs per se, or by the fact that alcohol and
drug users may be in close contact with
untreated TB patients.

DNA fingerprinting of M tuberculosis strains
by the insertion element IS6110 has recently
indicated that, in patients with identical strains
who are considered to reflect a chain of recent
transmission, social contact could be proved
only in a minority of cases.9 10 Additional
probes11 12 classify M tuberculosis more accu-
rately into clusters, thereby increasing the like-
lihood of finding contact between patients.11

Limited variation has been recorded in M
tuberculosis strains from households13 and close
contacts,14 suggesting transmission of M tuber-
culosis. However, in these studies the possibility
that the transmission might have taken place in
the community was not addressed.

The aim of this study was to investigate the
transmission of TB in households by using
IS6110 and MTB484(1) DNA fingerprinting
of M tuberculosis organisms from patients in the
same household, combined with an in depth
anthropological assessment of social interac-
tion patterns in a high incidence area.

Methods
The study was performed between February
1993 and April 1996 in the Western Cape
Province of South Africa where the tuberculo-
sis notification rate for 1995 was 682/100 00015

and the prevalence of HIV seropositivity is just
more than 1%.16 The tuberculosis notification
rate in the suburbs studied (population 34 294,
surface area 2.42 km2) was >1000/100 000.17

Treatment for TB is provided by two local
authority health clinics and patients receive a
six month antituberculosis treatment regimen
daily under direct supervision (DOTs).

During the study period all sputum samples
of TB patients were cultured by radiometric
assay (BACTEC®) and subcultured onto
Löwenstein-Jensen slants. DNA was isolated
and genotyped by IS6110 and MTB484(1).11 18

The IS6110 DNA fingerprints were analysed
using GelCompar software and compared
using the UPGMA and Dice coeYcients.19 The
MTB484(1) DNA fingerprints were analysed
visually.

M tuberculosis strains were classified into
clusters if two or more people had an identical
strain with both probes. If a number of people
in diVerent households had the identical strain
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it was called a “community cluster”. If all the
people with an identical strain lived in the same
household the strain was called a “unique
household cluster”. If a strain did not match
any other strain from the community it was
called a “unique strain”.

Information regarding contact between pa-
tients was obtained by a medical anthropologist
through informal interviews conducted in pa-
tients’ homes or in a secluded part of the clinic.
Occasionally patients were met in neighbour-
hood bars in order to observe the alcohol
consumption and the social contact in these
bars. Confidentiality was maintained at all times.

We defined a household as a house and asso-
ciated informal dwelling(s) at the same address
on the same plot of land. Plot sizes ranged in
size from 250 m2 to 800 m2, there was always a
single entrance to the plot and access to the
associated informal dwellings was obtained by
walking through the main house.

Results
IS6110 AND MTB484(1) FINGERPRINTING AND

SOCIAL INTERVIEWS

During the study period (February 1993 to
April 1996) 622 patients residing in the area
were shown to be infected with M tuberculosis
organisms, having 283 diVerent banding pat-
terns on IS6110 fingerprinting, and the degree
of clustering was calculated at 40–50%. During

this period 44 of the 5345 households in the
community were identified in which two or
more household members had cultures positive
for M tuberculosis. Eleven households were
excluded from the study as all the household
members could not be interviewed (in one
household both patients had died while at least
one patient of each of the remaining 10 house-
holds had moved). The final sample consisted
of 33 households with 84 patients who were all
interviewed and whose cultures revealed 42 M
tuberculosis strains. There were 26 households
(79%) in which at least one patient had a strain
which formed part of a community cluster. In
five of the 33 households there was a strain of
M tuberculosis shared by the patients in that
specific household but which did not occur in
any other member of the community (unique
household clusters). Of the 84 patients 14
(17%) had a unique M tuberculosis strain not
shared by any other patient in the community.

The households were grouped into three dif-
ferent categories.

(1) Households where patients in each house had
identical strains
In all 15 households where the patients within
the same household had identical M tuberculo-
sis strains the patients in the same household
shared the same dwelling (table 1) and in 14
households the patients were close relatives. In

Table 1 Data of patients and Mycobacterium tuberculosis strains in households where all patients per household had the identical strain of M tuberculosis

Household
No. of bands
with IS6110

No. of patients
with identical
strains Relationship UC/CC

No. of other people
in community
cluster

No.of household
patients drinking in
social group

No. of other people in
community cluster in contact
with patient(s)

1 11 2* Uncle and niece CC 2 1 0
2 19 4* Brothers and sister, daughter CC 7 3 1
3 4 2* Common-law spouses CC 15 2 3(s)
4 3 2* Ex-spouses UC - 1
5 3 2* Brothers CC 3 2 0
6 1 2* Friends CC 6 2 1(s)
7 4 2* Mother and son CC 4 1 0
8 9 2* Father and son CC 2 2 0
9 14 2* Father and son UC - 1
10 9 3* Mother, daughter and cousin UC - 1
11 14 2* Spouses CC 3 1 0
12 17 2* Mother and son CC 1 2 0
13 5 2* Common-law spouses CC 8 2 1
14 14 2* Brother and cousin CC 2 2 1(s)
15 14 6* Brothers, sister and sister’s

boyfriend
CC 10 6 0

UC = unique household cluster; CC = community cluster; *same dwelling; (s) = social contact took place while drinking.

Table 2 Data of patients and Mycobacterium tuberculosis strains in households where each patient in a household had a diVerent strain of M tuberculosis

Household
No. of bands
with IS6110

No. of patients with
identical strains Relationship U/UC/CC

No. of other people
in cluster

No. of household patients
drinking in social group

No. of other people in community
cluster in contact with patient(s)

1 12 2* Uncle and
niece

U - 1 -

4 CC 6 1
2 10 2* Tenant CC 1 2 0

15 U - -
3 12 2† Tenant U - 1 -

14 U - -
4 11 2† Tenant CC 4 2 3(s)

21 CC 1 0
5 10 2* Tenant U - 2 -

12 CC 1 1
6 9 2† Cousins CC 10 2 0

12 CC 2 0
7 9 2* Spouses U - 2 -

14 U - -
8 14 2* Tenant CC 3 2 0

15 CC 5 2(s)
9 15 2† Tenant U - 2 -

4 U - -

U = unique strain; UC = unique household cluster; CC = community cluster; *same dwelling; †diVerent dwelling; (s) = social contact took place while drinking.
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three of the households the patients in the
household had identical M tuberculosis organ-
isms which formed a unique household cluster
and the organism did not form part of a bigger
cluster shared by other patients in the commu-
nity. In 12 households the M tuberculosis strain
formed part of a bigger community cluster (on
average six other people in the cluster). At least
one patient per household regularly drank in
social groups with community members who
had tuberculosis. In patients from five house-
holds, close contact with a community member
with an identical M tuberculosis strain could be
confirmed and in patients from three of the five
households (60%) this contact occurred while
drinking in social groups.

(2) Households where each patient in the
household had a diVerent strain
Of the 18 patients living in the nine households
where patients in each household had diVerent
M tuberculosis strains, nine had unique strains
and nine had strains which formed part of a
community cluster (on average four other
patients in the cluster; table 2). Regular drink-
ing in social groups occurred in 16 of the 18
patients. In four patients whose strain formed
part of a community cluster, contact with other
community members with the identical M
tuberculosis strain could be proved, and in two
of the four cases this contact took place while
drinking in social groups. In only two of the
nine households were the patients close
relatives or spouses, and in six of the nine
households the patients lived in the same
dwelling.

(3) Households where at least two patients had
identical strains and at least one patient had a
diVerent strain
There were nine households with a total of 28
patients where two or more patients with TB in
the same household had identical M tuberculo-
sis strains and an additional patient had a strain
diVerent from the others (table 3). There were
19 patients in eight of the households who had
an M tuberculosis strain which formed part of a
community cluster and 17 of these regularly
drank in social groups. In three cases close
contact with other patients in the community
who had the identical M tuberculosis strain was
identified and in two of the three cases the
contact occurred while drinking in social
groups. In all the households the patients who
had identical M tuberculosis strains lived in the
same dwelling and in six of the nine dwellings
these patients were relatives. In three of the
households the patient with the diVerent M
tuberculosis strain lived in a diVerent dwelling
on the same plot of land.

DRINKING IN SOCIAL GROUPS

Social contact outside the household was
established in members of 12 of the 26 house-
holds where the M tuberculosis strains in the
household formed part of a community cluster.
In seven of these 12 households (58%) this
contact took place during drinking in social
groups. Of the 84 patients in this household
study, 62 (74%) regularly drank in socialTa
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groups. This type of drinking took place either
in a local neighbourhood informal bar (she-
been) or in small gatherings at peoples’ homes.
In the shebeens 30–40 people drank together in
a space of about 35 m2, while in the homes
usually 3–6 people gathered in a 9–10 m2 area
while drinking. Each patient drank 4–5 times
per week and would often spend up to 30 hours
a week drinking in social groups.

Discussion
There have been numerous reports of TB and
of skin test conversion amongst family
members,2 5 suggesting transmission in the
house. Recently two reports of family members
or closely associated individuals living in the
same house13 14 indicated limited variation in
the RFLP patterns, suggesting transmission in
the house. No indication is given on their pos-
sible contact with other TB patients outside the
house.

In communities where people live in over-
crowded conditions one would expect that, if
two or more people in one household have TB,
their M tuberculosis strains would be identical.
Our findings from an area with a high
incidence of TB demonstrate that, when two or
more people in the same household have TB,
they do not always have the same strain of M
tuberculosis and therefore household transmis-
sion cannot always be implied. Transmission as
defined by identical M tuberculosis strains
occurred more commonly in patients who were
relatives living in the same dwelling than in
non-related individuals or if relatives lived in
diVerent dwellings. We have found that, in 18
of the 33 (55%) households, at least one
patient had a strain which was not shared by
another household member, suggesting that
tuberculosis is being transmitted either outside
the households or occurs due to reactivation of
latent infection. In seven of these households
the diVerent strain could be explained by the
fact that one patient of each household lived in
a separate dwelling (backyard shack). In the
community studied, where there is a high inci-
dence of TB (>1000/100 000/year) and where
people live in conditions of poverty, the
diYculty of tracing the transmission of TB is
illustrated by the complexity of the household
structures where living at the same address
does not always imply living in the same dwell-
ing. Even when people live in the same dwelling
they often do not even know each other as their
living arrangements are merely business trans-
actions and do not necessarily imply close con-
tact with each other.

Our study suggests that, even when house-
hold members have identical M tuberculosis
strains, transmission within the household can-
not be assumed since the M tuberculosis strain
in 59 of the 84 patients (70%) in these house-
holds formed part of a community cluster. In
12 of the households contact with non-
household members with the identical M
tuberculosis strain had taken place and in seven
of these 12 (58%) households contact took
place while drinking in social groups. During
these regular drinking episodes very close con-

tact (kissing, hugging, dancing) occurred in
confined spaces (1–2 m2 per person).

Contact outside the house or the family
including casual, short periods of contact
amongst family members and co-workers or
casual contact in a physician’s oYce,21 in shel-
ters for the urban homeless,22–24 housing facili-
ties for HIV positive patients,25 a church
choir,26 a church,27 and in a crack house28 has
been reported as important in the transmission
of TB. A neighbourhood bar has been
implicated in the transmission of TB amongst
its regular patrons, but without RFLP
evidence.29 Transmission of TB in bars has
been proved by RFLP data, but only in HIV
infected individuals.30 These studies all looked
at the transmission of TB within relatively con-
fined areas and did not report the eVect of
transmission of TB in the wider community
outside these confined areas.

We therefore suggest that, while in low inci-
dence areas transmission of TB often takes
place in confined areas like the household, in
high incidence areas contact outside the house
may play a major role in the transmission of
TB. In our study, in an economically depressed
area with no recreation except for social drink-
ing, we found that 74% of all the patients drank
regularly in social groups. Our findings further
indicate that contact outside the house is not
necessarily “casual” and that, while drinking in
social groups, very close and intimate contact
occurred which could easily have contributed
to the transmission of TB. Similar conditions
are probably prevailing in many other develop-
ing countries with high incidences of TB, thus
making extrapolation from studies on the
transmission of TB in low incidence developed
countries impossible and dangerous. We sug-
gest that the social interaction patterns in a
community should be studied before the trans-
mission of TB in the area can be properly
understood and eVective TB control strategies
can be put into place.

We are indebted to the people of Uitsig and Ravensmead who
eVortlessly allowed us a glimpse into very personal spheres of
their lives, Mrs S M Carlini and Mrs M Bosman for help with
the M tuberculosis cultures, Dr I Toms and Dr T Fish for
permission to conduct the study in the local authority health
clinics, Glaxo Wellcome Action TB Research Program for
financial support, and the Commission of the European
Communities, Directorate General XII , Biomedical and Health
Research, Biomed 1, contract BMH1-CT93–1614 for assist-
ance with the Gelcompar software
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