
accurately to assess the mortality from known HIV
infection in a geographically defined population. The
results underline the significance of the epidemic in
Riverside, and it is likely that similar results would be
found in other areas of the United Kingdom with a
high prevalence of HIV infection.

After a long term decline death rates among young
men in England and Wales have increased in most
years since 1985.'3 The reasons are not clear, and in
particular it is not certain how much of the increase is
due to HIV infection."4 ' McCormick has suggested
that between 8% and 30% of deaths associated with
HIV infection in young single men are not recognised
through death certification and national surveillance.'5
This study showed that in Riverside 94% of people
dying of known HIV infection could be identified
through national surveillance. The number of in-
dividuals dying before a diagnosis ofHIV infection was
made cannot be estimated from this study.
The study confirms that HIV or AIDS is rarely

recorded on death certificates and that the confidential
reporting system to the Office of Population Censuses
and Surveys is infrequently used. As a result routine
mortality statistics from the Office of Population
Censuses and Surveys on the causes of death in young
men are likely to be of limited value in areas with a
significant mortality from HIV infection. This problem
needs to be addressed. One solution would be to
improve the recording of HIV and AIDS on death
certificates-for example, by making information on
the certified cause of death confidential. Alternatively,
information from the national AIDS surveillance
systems could be shared with the Office of Population

Censuses and Surveys to enable them correctly to code
deaths due to HIV infection and thus ensure that
mortality statistics accurately reflect the impact ofHIV
infection.

We thank Dr John Porter, Dr Noel Gill, Ms Choloud
Porter, and Dr Anna McCormick for help and support.
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Evidence of transmission of tuberculosis by DNA fingerprinting

Peter Godfrey-Faussett, Philip R Mortimer, P Anthony Jenkins, Neil G Stoker

Abstract
Objective-To determine whether a subject who

had died oftuberculous meningitis had been infected
by a neighbour.
Design-Retrospective comparison of isolates of

Mycobacterium tuberculosis from the two cases and
from 10 controls by DNA fingerprinting.

Setting-Public Health Service Reference Labora-
tory for Mycobacteria and bacterial molecular
genetics unit of the London School of Hygiene and
Tropical Medicine.
Subjects-Deceased and neighbour; 10 controls

from the same city, from whom isolates had been
collected over three months before the subject's
death.
Main outcome measures-Identity and similarity

values (SAB) between fingerprint patterns from dif-
ferent isolates obtained by hybridisation of restriction
fragments produced by PvuII with a probe from the
insertion element IS6110/986, present in multiple
copies throughout the genome ofM tuberculosis.

Results-Isolates from the two cases under in-
vestigation had identical fingerprints whereas those
from the controls were all distinct. Two clusters
of isolates with a similarity coefficient >0*25 were
identified: in one, four out of five patients were born
in the midlands (the birth place of the fifth was not
known) and in the other all three patients were born
in the Indian subcontinent.
Conclusions-The data are consistent with, but do

not prove, transmission of tuberculosis from the
neighbour to the deceased. Geographical separation
of the pools of infection may have led to the

evolution of distinct clusters of fingerprint patterns.
DNA fingerprinting ofM tuberculosis is a powerful
new tool for study of the epidemiology and patho-
genesis of tuberculosis.

Introduction
The discovery of an DNA insertion element

(variously named IS6110 or IS986) that is present as
multiple copies scattered throughout the genome of
Mycobacterium tuberculQsis' has allowed the develop-
ment ofDNA fingerprinting techniques for identifying
different isolates.2'3 Although this insertion element
must be mobile, the rate of change of the DNA
fingerprint seems sufficiently slow to give these
methods great epidemiological power.

After the death of a patient from tuberculous
meningitis we were asked to help to determine whether
the infection was likely to have been transmitted from a
person living in the vicinity in whom cavitary,
pulmonary disease had been diagnosed six months
previously but who had not complied fully with
treatment despite having been advised of the risk of
infection. We believe that this is the first report of the
use of this method in a forensic or public health
investigation in the United Kingdom.

Methods
Isolates of M tuberculosis were available from a

postmortem meningeal biopsy specimen and from
sputum cultured from the neighbour. Ten further
isolates from the same city, collected over the three
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months before the patient's death, were used as
controls. Four of the controls were from Asian
immigrants, two of whom were born in India and two
in Pakistan. The eight other isolates came from
patients with British origins: six patients including the
two under investigation, were born in the midlands,
one was born in Scotland, and in one the place of birth
was not known.

Isolates were grown on Lowenstein-Jensen slopes.
Cells were scraped off the surface of the medium and
resuspended in 1 ml TE buffer (10 mM Tris HCI pH
8 0, 1 mM EDTA). DNA was extracted, digested with
restriction endonuclease PvuII, electrophoresed through
a 0-8% agarose slab gel, and vacuum blotted on to a
nylon membrane (Hybond N+, Amersham, United
Kingdom) as described by Hermans et al.24
A probe, 198 base pairs long, directed against the

insertion element IS6110/986 was prepared by amplify-
ing a segment of DNA with the polymerase chain
reaction.5 The probe was labelled with horseradish
peroxidase and hybridised to the membrane using an
enhanced chemiluminescence kit (Amershanm, United
Kingdom). After exposing the membranes to luminol
the positions of the insertion elements, indicated by
enhanced chemiluminescence catalysed by peroxidase,
were detected by exposing the membranes to Hyper-
film ECL (Amersham, United Kingdom).
DNA was extracted and digested on two separate

occasions from each isolate, and some of the digests
were electrophoresed on two separate gels to check
consistency. Each membrane was exposed several
times, with exposures varying from one minute to
several hours.

"Fingerprints" of the same isolate run on different
gels were compared between different autophoto-
graphs both visually and using a flat bed scanner and
Gelreader program, version 1 0 (public domain soft-
ware from the National Center for Supercomputing
Applications, University of Illinois at Urbana-
Champaign) to define the molecular weights of the
fragments. Each isolate produced a consistent pattern;
however the variability between the molecular weights
calculated by the computer for the same band on
different gels was greater than that between different
bands on the same gel. The patterns from different
isolates were therefore compared with each other
visually. Similarity coefficients (SAB) were calculated
by the formula:
SAB= [number of bands shared between A and
B]/[(number of bands in A)+(number of bands in
B)-(number of bands shared between A and B)].
This is a simplification of the formula used by Schmid
et al,6 and it ignores differences in intensity of hybridis-
ation. These differences are not important; as PvuII
cuts towards one end of the insertion sequence there
will be only a single copy of the target on a given
restriction fragment. If it is assumed that different
restriction fragments can be distinguished on the gel
each band should be an all or none signal. Identical
isolates have an SAB value of 1 0 whereas isolates with
no bands in common have a value of 0 0.
A dendrogram was constructed with the method

described by Schmid et al.6 This is a graphical
representation of relatedness.

Results
Figure 1 shows fingerprints from the 12 isolates. The

isolates from the dead patient and the neighbour (5509
and 8565) had identical fingerprint patterns, within the
resolution of the gel. There were no other matching
patterns among the remaining 10 isolates.

Figure 2 shows a dendrogram constructed from the
similarity coefficients of all combinations of isolates.
Two isolates (5354 and 7847) had an SAB value of 0-86,

which suggests that they diverged from a common
ancestor more recently than other isolates. No specific
epidemiological link was found between the patients to
explain this. The SAB values were generally low.
However there were two clusters (of five and three
isolates) with SAB values of greater than 0 25, designated
A and B in figure 2. Four of the five patients whose
isolates fell in cluster A were born in the same city. The
birth place of the fifth is unknown but her name is
Anglo-Saxon. In contrast, all three patients whose
isolates were members of cluster B were born in
the Indian subcontinent.

Discussion
We showed that the M tuberculosis strains isolated

from both the deceased and the neighbour give
identical fingerprints within the limits of this method.
The accuracy of the analysis depends on defining
visually which bands are shared between different
lanes. The limiting factors are the resolution of the gel
and minor variations in the separation achieved during
electrophoresis. For isolates with only a few bands an
error in determining whether a band matches another
will have a larger effect on the similarity coefficient
than for those with more bands.
The pattern seen in the index case and the deceased

were not shared by 10 isolates from the same time and
place. In studies in the Netherlands, where the
epidemiology of tuberculosis is probably similar to that
in the United Kingdom, unrelated isolates have always
had unique fingerprint patterns,' and our data support
this. Clearly, the identity of the fingerprints does not
prove that one patient passed the disease to the other.
Both could, for instance, have been infected by a
common source; however the matching pattern is
consistent with transmission whereas a mismatch
might have excluded it. A more classic epidemiological
study showed that the index case was a likely source.

Mag n
u

en
ax o OX CD

ao Ml-N
(kb) on 8 e P eLA w0 LA LA A% O

23.1--

5 w . .j ,.tl

6.6 -

4.4- P

2.3 -

2.0 -

FIG 1-Fingerprint patterns of M tuberculosis isolates. Lane M
molecular weight markers, lanes 5509 and 8565 isolatesfrom deceased
and neighbour, lanes 5354-7848 isolates from same time and city.
(Composite figure of three different exposures of the same membrane,
to compensate for different DNA loads)
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Place of birth
5739 Pakistan

7631 Scotland

5738 Midlands

78481 Unknown

5509 Midlands

8565 AMidlands

7847 Midlands

5354 Midlands

rl 6812] India

7386 B India

6258J Pakistan

7387 Midlands

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

SAB
FIG 2-Dendrogram constructed from S values. The similarity
between any two isolates or groups of isolates is represented by the
horizontal position of the node joining them. Place of birth ofpatients
is also shown

Symptomatic disease was present for some months
before treatment was started, and cavities were present
on the chest radiograph. Compliance with treatment
was not complete. The two children who lived with the
index case developed clinical tuberculosis, as did a
close relative living in the same road, butM tuberculosis
was not cultured from these subjects. The fact that
transmission may have occurred before the diagnosis
prevents any conclusion regarding the behaviour of the
index case.
Two isolates (7847 and 5354) were related, with an

SAB value of 0-86, but no epidemiological link between
them was found by reviewing their hospital records.
Fingerprints based on insertion element IS6110/986
'have been shown to be stable during passage through
culture and guinea pigs,2 and did not change over
several years in five patients with relapsed tuberculosis.7
The factors governing how and when the insertion
elements move are not yet known. Without a theoretical
model and estimates of the probability of specific
transpositions, SAB values are measures ofthe similarity
of patterns and it is not possible to generate true
phylogenetic distances between isolates.89 None the

less, it is reasonable to assume that isolates related by
higher SAB values evolved from common ancestors
more recently than those with lower values.
Two clusters of isolates were found to have SAB

values greater than 0-25. In one cluster four out of five
of the isolates came from patients who had been born in
the same city and the fifth also had an Anglo-Saxon
name whereas in the other cluster all three patients had
been born in India or Pakistan. Geographical separation
of the pools of infection may have led over a long period
to the evolution of distinct clusters of fingerprint
patterns. The patterns seen in the immigrant group
would then be the result of reactivation of infection
acquired as children in Asia.

This study confirms the potential use of DNA
fingerprinting techniques for studying routes of trans-
mission of tuberculosis. As more data accumulate a
global database of fingerprints should be established to
support this early suggestion that cases form clusters
by ethnic origin. Confirmation of this idea would allow
old questions about the relative importance of re-
activation and reinfection in the pathogenesis of
tuberculosis to be addressed anew.

We acknowledge the collaboration of Dr J van Embden
and his group in establishing this technique, S Hinshelwood
for useful discussions, and Detective Inspector Sawers of
West Midlands Criminal Investigation Department for
his help. PG-F is funded by a Medical Research Council
training fellowship, NGS is partly funded by the Overseas
Development Administration.
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Tobacco advertising on post
offices

Selena Gray, Gary Bolger, Giok Ong

Post offices are a valuable asset to the local community
and widely used by people of all ages. A study was
undertaken to document the amount of tobacco adver-
tising on post offices in Bristol, to examine the relation
between advertising and deprivation, and to provide
baseline data against which to monitor the effect of the
recent voluntary agreement on shopfront advertising.

Methods and results
The study included all Bristol sub post offices listed

in the Yellowv Pages telephone directory. Main post

offices (Post Office Counters Ltd) were excluded from
the analysis. - All were visited and photographed
between July and October 1991. Details ofthe different
sites used for tobacco advertising, of the type of items
sold, and whether smoking was banned on the premises
were collected. From the photographic record an esti-
mate was made of the total area of advertising on each
post office. Wards were defined as deprived if they had a
Jarman score of 1 SD above the mean (+ 16 or more).'

Eighty six post offices in 43 electoral wards (range
1-6 per ward) in Bristol were surveyed. Forty (46-5%)
of the 86 carried tobacco advertising, 31 (36 0%) on
windows, 18 (209%) on nameboards, six (7 0%) on
sunblinds, and 14 (16 3%) on other areas. Of the 40
post offices, halfhad advertising on one site only, 12 on
two sites, and eight on three or more sites; 15 of the 40
(37 5%) carried less than 1 m2 of advertising space, 10
(25%) 1-2 m2, six (15%) 2-3 m2, and nine (22-5%)
over 3 M2.
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