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Molecular epidemiology of tuberculosis in London
1995-7 showing low rate of active transmission
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Background: Tuberculosis notification rates for London have risen dramatically in recent years.
Molecular typing of Mycobacterium tuberculosis has contributed to our understanding of the epidemi-
ology of tuberculosis throughout the world. This study aimed fo assess the degree of recent transmission
of M tuberculosis in London and subpopulations of the community with high rates of recent
transmission.

Methods: M tuberculosis isolates from all persons from Greater London diagnosed with culture posi-
tive tuberculosis between 1 July 1995 and 31 December 1997 were genetically fingerprinted using
IS6110 restriction fragment length polymorphism (RFLP) typing. A structured proforma was used during
record review of cases of culture confirmed tuberculosis. Cluster analysis was performed and risk fac-
tors for clustering were examined in a univariate analysis followed by a logistic regression analysis with
membership of a cluster as the outcome variable.

Results: RFLP patterns were obtained for 2042 isolates with more than four copies of 1S6110; 463
(22.7%) belonged to 169 molecular clusters, which ranged in size from two (65% of clusters) to 12
persons. The estimated rate of recent transmission was 14.4%. Young age (0-19 years) (odds ratio
(OR) 2.65, 95% confidence interval (Cl) 1.59 to 4.44), birth in the UK (OR 1.55, 95% Cl 1.04 to
2.03), black Caribbean ethnic group (OR 2.19, 95% ClI 1.15 to 4.16), alcohol dependence (OR
2.33,95% ClI 1.46 to 3.72), and streptomycin resistance (OR 1.82, 95% CI 1.15 to 2.88) were inde-
pendently associated with an increased risk of clustering.

Conclusions: Tuberculosis in London is largely caused by reactivation or importation of infection by
recent immigrants. Newly acquired infection is also common among people with recognised risk fac-
tors. Preventative interventions and early diagnosis of immigrants from areas with a high incidence of
tuberculosis, together with thorough contact tracing and monitoring of treatment outcome among all
cases of tuberculosis (especially in groups at higher risk of recent infection), remains most important.

assisted by the advent of restriction fragment length

polymorphism (RFLP) typing using the insertion se-
quence 1S6110,' since epidemiologically related isolates will
have identical banding patterns. Strains that are indistin-
guishable are therefore generally assumed to represent
recently transmitted infection (rather than reactivation).
However, they can reflect reactivation of strains common in
the past. Furthermore, identical banding patterns may occur
as a result of preferred insertion sites.*” Nevertheless, the
technique has proved useful in many parts of the world for
exploring the epidemiology of tuberculosis.*"

Between 1992 and 1998 the tuberculosis notification rate in
London rose from 23 to 35 per 100 000, representing 41% of
notifications in England and Wales in 1998." Previous studies
in England and Wales have suggested poverty” " or ethnic
origin'* as important reasons for increased incidence of tuber-
culosis. Tuberculosis and HIV co-infection has been increasing
in parts of London and recent reports have suggested that HIV
may be contributing to this rise.”"’

METHODS

Study population

A multicentre study was conducted in London to describe the
RFLP patterns of isolates of Mycobacterium tuberculosis from
July 1995 to the end of 1997 to assess the degree of apparent
recent transmission, to identify subpopulations with high
rates of recent transmission, and to determine the magnitude
of potential risk factors associated with recent transmission.

E pidemiological studies of tuberculosis have been greatly

Ethical approval for the study was obtained from all district
and trust ethics committees in London. Isolates of M tuberculo-
sis from persons diagnosed with tuberculosis between 1 July
1995 and 31 December 1997 in any participating laboratory in
Greater London (54 NHS laboratories inside the London
orbital motorway, M25) were included. Isolates archived at the
Public Health Laboratory Service (PHLS) Mycobacterium Ref-
erence Unit (MRU) at Dulwich Public Health Laboratory and
at the reference facility of the Royal Brompton Hospital were
obtained. Isolates of mycobacteria other than tuberculosis
were excluded.

Molecular analysis

Isolates of M tuberculosis were genetically fingerprinted using
I1S6110 RFLP typing using the international standard
protocol' at St George’s Hospital Medical School (SGHMS)
and the Royal Free & University College Medical School
(RF&UCMS). All patterns were entered by one researcher
(AD) onto a database using GelCompar software (Version 4.0,
Applied Maths, Koutrai, Belgium) at RF&UCMS and then
were analysed independently with the aid of GelCompar at the
University of Surrey. Cluster analysis was performed using the
Dice coefficient. Similarity defined by this coefficient was cal-
culated using the parameter settings at 1.2% band position
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Table 1  Epidemiological and risk factor data for
2495 culture positive tuberculosis patients from
Greater London, 1 July 1995 to 31 December 1997
Variable % (n/N)
Age
0-19 7.1 (178/2495)
20-34 39 (972/2495)
35-59 32.5(812/2495)
60+ 17.6 (437/2495)
Unknown 3.9 (96/2495)
Sex
Male 57.4 (1433/2495)
Famals 40.1 (1001,/2495)
Unknown 2.4 (61/2495)
Birth in UK
UK born 14 (273/1951)
Not UK born 57.3(1117/1951)
Unknown 28.8 (561/1951)
Ethnic origin
White 17.9 (348/1947)
IsC 22.1 (431/1947)
Black Caribbean 2.9 (56/1947)
Black African 25.2 (490/1947)
Black other 1.7 (33/1947)
Other 9.4 (182/1947)
Unknown 20.9 (407/1947)
Sputum smear
Positive 39.5 (770/1951)
Negative 26.5(516/1951)
Unknown 34.1 (665/1951)
Site of infection lung 64.2 (1196/1864)
Previous treatment
Yes 7.4 (145/1951)
No 52.3 (1020/1951)
Unknown 40.3 (786/1951)
Immigrant screen
Yes 3.2 (63/1951)
No 70.7 (1379/1951)
Unknown 26.1 (509/1951)
Contact trace
Vees 2.7 (53/1951)
No 72.4 (1412/1951)
Unknown 24.9 (486/1951)
Ever homeless?
Vs 4.4 (110/2495)
No 22.6 (564/2495)
Unknown 73 (1821/2495)
Residential institution
Yes 0.8 (16/1951)
No 5.6 (110/1951)
Unknown 93.5 (1825/1951)
Prison
Yes 1.2 (23/1951)
No 25.9 (505/1951)
Unknown 72.9 (1423/1951)
Alcohol abuse
Yes 6.5 (126/1951)
No 40.9 (797/1951)
Unknown 52.7 (1028/1951)
Intravenous drug use
Yes 1.0 (20/1951)
No 33.8 (659/1951)
Unknown 65.2 (1272/1951)
Other substance abuse
Yes 1.3 (26/1951)
No 27 (526/1951)
Unknown 71.7 (1399/1951)
Immunosuppressed
Yes 7.9 (155/1951)
No 24.2 (472/1951)
Unknown 67.9 (1324/1951)
Retroviral
Yes 5.8 (114/1951)
No 3.5 (69/1951)
Unknown 90.6 (1768/1951)
Multidrug resistant tuberculosis
Ve 1.9 (47,/2495)
No 98.1 (2448/2495)
ISC=Indian subcontinent.
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Table 1 Continued  Epidemiological and risk factor
data for 2495 culture positive tuberculosis patients
from Greater London, 1 July 1995 to 31 December
1997
Variable % (n/N)
Antibiotic % resistant
Rifampicin 2 (49/2479)
Isoniazid 7.6 (189/2479)
Ethambutol 0.5 (13/2478)
Pyrazinamide 1.1 (26/2468)
Streptomycin 5.8 (144/2475)
Rifabutin 40 (6/15)
Ciprofloxacin 1.5 (3/206)
Clofazimine 56.2 (9/17)
Clarithomycin 18.1 (4/22)
Amikacin 0
Ethanolamine 12.8 (11/86)
Capreomycin 4.6 (3/65)
PAS 0
Cycloserine 9.5 (6/63)
ISC=Indian subcontinent.

tolerance with optimisation. A molecular cluster was defined
as a series of isolates with identical banding patterns (100%
identity), subject to visual verification. Strains that differed by
one band were regarded as not belonging to the same molecu-
lar cluster. Isolates with only 1-4 copies of IS6110 were
considered unevaluable and were excluded from the analysis.
These isolates were submitted to secondary typing analysis
and the data will be presented elsewhere.

Isolates were also excluded from the study if they were the
result of a laboratory contamination event, fulfilling all of the
following criteria: (1) only one culture was obtained from the
patient, (2) there was no evidence of smear positivity on any
sample, (3) the date of specimen processing in the source
laboratory was within five working days of an indistinguish-
able isolate from another patient, and (4) the clinical course
(in retrospect) was not consistent with tuberculosis infection.

The percentage clustering was calculated by subtracting the
number of clusters from the number of isolates in the clusters
and dividing by the total number of isolates. This procedure
avoids double counting of clustered isolates by reducing the
size of each cluster by one.*

Epidemiological data collection

A structured proforma was used during record review to col-
lect information about cases of culture confirmed tuberculo-
sis. Over 150 clinicians and clinic staff at more than 50 hospi-
tals (or clinics) assisted with data collection unaware of
cluster status. Two health authorities (in east and south east
London) were able to provide data that were stored in local
databases. Additional microbiological data from the Mycobac-
terial Reference Unit and the Royal Brompton Hospital were
obtained from the PHLS UK antimicrobial resistance surveil-
lance network (Mycobnet) database. Ethnic groups were
those used in the 1991 census. Potential links between mem-
bers of the clusters were determined by reference to these
proformas after molecular cluster results were known.

Cluster analysis
Established links between members of a cluster were consid-
cred to exist if members were known to each other, were
named contacts or family members, or had close social or
institutional contact. Possible links were judged to exist if two
or more members lived in the same or an adjacent four digit
postcode area and either (a) one member had a risk factor
(HIV, alcohol misuse, homelessness) or (b) two members had
the same ethnic group or country of birth.

Risk factors for “clustering” were examined initially in a
univariate analysis. Two models were then constructed in a
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Figure 1 Frequency distribution of number of copies of IS6110 for
2490 clinical isolates of Mycobacterium tuberculosis.
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Figure 2 Percentage of clustered isolates against IS6110 copy
number demonstrating the poor differentiation of strains with <4
copies.

logistic regression analysis with membership of a cluster as
the outcome variable. Both included demographic variables
(age, sex, ethnic group); one also included epidemiological
variables and the other microbiological variables. A further
model, which will be discussed further in this paper, was con-
structed using the demographic variables and those which
were significant (p=0.05) from either the epidemiological or
the microbiological models. Epidemiological analyses were
carried out using Stata Statistical Software, Release 5.0, 1997
(StataCorp, College Station, Texas, USA).

RESULTS

Epidemiological and risk factor data were collected on 2495
patients (table 1). RFLP patterns were obtained for 2779
isolates of M fuberculosis. After eliminating multiple isolates
from the same patient, 2500 individual patients were included
in the study comprising 77% of the total number of isolates
from individuals in London (n=3260) reported as culture
confirmed cases in the relevant time frame to Mycobnet. Ten
further isolates were excluded as showing evidence of
originating through cross contamination, making a final study
population of 2490 individuals. Missed isolates were not
systematically different in respect of age, sex, ethnic group, or
source hospital.

There was a bimodal distribution of I1S6110 copy number
(fig 1): 448 isolates (17.9%) had 1-4 copies and 2042 isolates
had five or more copies (modal value=11). The low copy
number isolates are generally regarded as not fully evaluable
with 1S6110 due to the low degree of discrimination shown,
although there is no consistent definition of the cut off. In this
study, analysis of clustering by band number showed that the
isolates with five copies were well differentiated (fig 2) and we
therefore included these in the multicopy group.

Of the 2042 isolates with more than four copies of 1S6110
there were 463 individuals (22.7%) whose isolates fell in 169
clusters which ranged in size from 2 to 12 persons (fig 3). Most
of these clusters were small: 110 (65%) contained only two
members and only 14 (8.3%) had more than four members.
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Figure 3 Frequency distribution of cluster size for isolates with =5
copies of IS6110.

Assuming that clustering represents recent transmission, the
estimated rate of active transmission of tuberculosis in
London was 14.4%.

Description of clusters

The largest cluster (designated cluster 3908) involved 12
people; eight were known to have been born in Somalia, all of
whom had arrived in the UK since 1990 (five during or since
1995). All 12 members lived in widely separated areas of Lon-
don (table 2) in seven different districts and they were
diagnosed at 11 different hospitals. There were no known
connections between them apart from their ethnic group.
Three had pulmonary disease and one was known to have
been smear positive. Seven had organisms that were sensitive
to all the main antimicrobial agents (pyrazinamide, isoniazid,
rifampicin, ethambutol, streptomycin); four had streptomycin
resistance and the second case with a specimen date in
September 1995 who had arrived from Somalia earlier that
year had multidrug resistant (MDR) tuberculosis (resistant to
isoniazid and rifampicin).

The next largest cluster involved 10 patients (cluster 2066).
Members were of mixed ethnic group (four white, one black
African, one black Caribbean, and one Chinese). Three were
known to have been born outside the UK (one China, one Ire-
land, one Nigeria), arriving in 1983 from Ireland and in 1992
from Nigeria. Members mainly lived in different parts of Lon-
don (seven districts, diagnosed at eight different hospitals;
table 2), although two were in adjacent four digit postcode
areas. Eight had pulmonary disease and six were sputum
smear or culture positive. No connections were found between
them except that three were alcohol dependent.

There were two clusters involving seven people. The first
(cluster 905) involved seven men aged 29-64 years; four of five
whose ethnicity was known were white and the other was
black Caribbean, and four of these five were UK born includ-
ing the black Caribbean. The country of birth for the remain-
der of this cluster was unknown. Four lived in south east Lon-
don, two of whom were in adjacent four digit postcode areas.
Three were alcohol dependent including one with HIV
infection and other substance misuse who was non-compliant
with treatment, and a second patient who also misused other
recreational drugs. An additional 42 year old white patient was
homeless. The second cluster of seven (cluster 4350)
comprised people of mixed ethnicity of whom four were
known to have been born in the UK.

One cluster of six people (cluster 1171) included a husband
(with retroviral infection noted to be poorly compliant with
treatment) and wife who were both black Caribbean with
MDR tuberculosis. Four of the six had adjacent postcodes. The
other cluster of six (cluster 4143) involved five white men and
one white woman aged 33-66 years (three alcoholic and one
with retroviral infection). Three were contacts and poor com-
pliance with treatment was noted.
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Transmission links
For 14 clusters (8.3%), including clusters 1171 and 4143 (table
c 2), transmission links were established. In a further 27
2 clusters (15.9%) links were possible (including clusters 905,
£ z 2066, and 3908;table 2), but 128 clusters (79.8%), including
gi’:’ cluster 4350, remained unexplained. Transmission routes that
=38 | @ o O < < were identified included household spread, family links, and
2 > 9 close social contact or other close contact within an
= T + . . .
e | 7 T~ - institution.
S | E — 35— 24 =
§|2 gegpdi. z
X = 5805 %%é . G Statistical analysis of clustering
= a S—350o=< g g z o Detailed epidemiological and risk factor information was
2|2z 85889 > S obtained for 1578 (77%) of the 2042 individuals with a high
c =3 c.27T 029 5 = [¢} PR
g |[—2 oBaamiz? = ™ copy number (>4 I1S6110 bands) strains; age, sex, and
antimicrobial sensitivity data were derived from Mycobnet for
F 0 all 2042 cases.
[ 3 >
§ — gg ; In the multivariate statistical analysis (table 3) young age
g goé ~oSE £ 3 (0-19 years, OR 2.65, 95% CI 1.59 to 4.44), birth in the UK (OR
o § - BIZeTs " §> 5 2 1.55, 95% CI 1.04 to 2.03), black Caribbean ethnic group (OR
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g3 g_é’—‘g g’_‘é’ ‘§ E 2 §‘§ :;':"’ CI 1.46 to 3.72), and streptomycin resistance (OR 1.82, 95% CI
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Table 3  Multivariate analysis: final model variables with odds ratios (OR) and 95% confidence intervals (Cl)
Unadjusted odds ratios (OR) Adjusted odds ratios (OR)
Variable No % clustering OR 95% ClI OR 95% ClI
Age
0-19 150 88.8 2.49 1.59 to 3.89 2.65 1.59 to 4.44
20-34 831 24.2 1.54 1.111t02.14 1.51 1.02 to 2.22
35-59 648 23.6 1.59 1.141t02.24 1.43 0.97 to 2.11
60+ 335 16.7 1.00 Reference 1.00 Reference
Sex
Male 1169 24.5 1.00 Reference 1.00 Reference
Female 827 21 0.82 0.66 10 1.01 0.88 0.69 10 1.12
Unknown* 50 14 0.50 0.22t0 1.12 0.46 0.10t0 2.15
Ethnic group
White 274 37.2 1.00 Reference 1.00 Reference
ISC 340 13.2 0.26 0.1710 0.38 0.34 0.22 10 0.52
BC 48 54.2 1.99 1.07 to 3.70 2.19 1.15t0 4.16
BA 409 33.5 0.85 0.62t0 1.17 1.02 0.68to 1.53
Black other 24 29.2 0.69 0.28 t0 1.73 0.76 0.30 to 1.96
Other 156 19.9 0.42 0.26 to 0.66 0.52 0.31 to 0.86
Unknown* 328 23.8 0.53 0.37 t0 0.75 0.62 0.41 t0 0.92
Birth in UK
UK born 221 40.3 2.12 1.56 to 2.88 1.55 1.04 to 2.03
Not-UK born 928 24.1 1.00 Reference 1.00 Reference
Unknown* 431 26.4 0.87 to 1.47 1.17 0.87to 1.57
Other factors
Alcohol dependence 94 48.9 2.78 1.82 10 4.23 2.33 1.46 10 3.72
Streptomycin resistant 115 32.2 1.66 1.11 to 2.49 1.82 1.1510 2.88
BA=black African; BC=black Caribbean; ISC=Indian subcontinent.
*Information not known following record review.

not associated with clustering, which is similar to the findings
of some previous studies’ * 7’ but not others.® '* Previous stud-
ies have shown an association of multiple drug resistance with
apparent recent transmission.” We did not find such an associ-
ation and these results are similar to those of van Soolingen et
al.” An association was noted with birth in the UK. We suggest
that in those not born in the UK a high proportion will have
acquired tuberculosis outside the UK and thus will be part of
clusters not seen in this study. A further association with
clustering is observed with streptomycin resistance but not
with any other antimicrobial agent. We conclude that this
observation is confounded by an association between Somali
born and both clustering and streptomycin resistance, noted
in cluster 3908; country of birth was not a factor in the multi-
variate analysis.

Our study suggests that recent transmission in London
plays a lesser role in the occurrence of tuberculosis than in the
other cities studied, and that most tuberculosis in London is
due to reactivation of previous infections or importation of
infection by recent immigrants. It is notable that the largest
cluster identified was composed largely of Somalis, and may
represent transmission before arrival in London. On further
analysis it is clear that cluster 3908 forms part of a closely
related family (80% similarity), of which 73% (36/49) of the
isolates of known country of birth are Somali. We conclude
that cluster 3908 belongs to a family of isolates common to
Somalis in London and, by inference, common in Somalia,
although we have not been able to confirm this. There is evi-
dence that newly acquired infection is also common among
people with recognised risk factors such as alcohol depend-
ence. The association with the black Caribbean ethnic group
independent of country of birth may indicate a population in
whom contact tracing is particularly important. The results
suggest that tuberculosis control in London would be
improved by maximising opportunities for preventive inter-
vention and early diagnosis among immigrants from areas
with a high incidence of tuberculosis. Ensuring thorough con-

tact tracing and monitoring of treatment and outcome among
all cases of tuberculosis, especially in groups at higher risk of
recent infection, remains of paramount importance.
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