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ABSTRACT
Objective To identify recent trends in, and factors
associated with, resistance to antituberculosis drugs in
England, Wales, and Northern Ireland.
Design Cohort of tuberculosis cases reported to the
enhanced tuberculosis surveillance system matched to
data on drug susceptibility and national strain typing data.
Setting England, Wales, and Northern Ireland 1998-2005.
Main outcome measures Unadjusted and adjusted odds
ratios for drug resistance and associated factors.
Proportion of multidrug resistant tuberculosis cases
clustered.
Results 28 620 culture confirmed cases were available for
analysis. The proportion of cases resistant to isoniazid
increased from 5% to 7%. Rifampicin resistance increased
from 1.0% to 1.2% and multidrug resistance from 0.8% to
0.9%. Ethambutol and pyrazinamide resistance remained
stable at around 0.4% and 0.6%, respectively. Regression
analyses showed a significant increase in isoniazid
resistance outside London (odds ratio 1.04, 95%
confidence interval 1.01 to 1.07, a year, associated with
changes in age (0.98, 0.98 to 0.99, a year), place of birth
(1.49, 1.16 to 1.92), and ethnicity (P<0.05). In London, the
rise (1.05, 1.02 to 1.08, a year) was related mainly to an
ongoing outbreak. Increases in rifampicin resistance
(1.06, 1.01 to 1.11, a year) and multidrug resistance
(1.06, 1.00 to 1.12, a year) were small. A fifth of patients
with multidrug resistant tuberculosis in 2004-5 had
indistinguishable strain types, and one case was
identified as extensively drug resistant.
Conclusions The rise in isoniazid resistance reflects
increasing numbers of patients from sub-Saharan Africa
and the Indian subcontinent, who might have acquired
resistance abroad, and inadequate control of
transmission in London. The observed increases highlight
the need for early case detection, rapid testing of
susceptibility to drugs, and improved treatment
completion.
INTRODUCTION
Since 1987 the incidence of tuberculosis in England,
Wales, and Northern Ireland has increased significantly, with more than 8000 cases reported in 2006.1

BMJ | ONLINE FIRST | bmj.com

Resistance to antituberculosis drugs is increasing
globally,2 and transmission of drug resistant tuberculosis has been shown among marginalised groups in
urban areas, such as London.3 These factors may
contribute to the prevalence and transmission of drug
resistant strains in the United Kingdom and potentially
hamper tuberculosis control.
Data on drug susceptibility have been routinely
collected in the UK since 1993. Drug resistance,
including multidrug resistance, remained stable from
1993 to 1999.4 5 We examined recent trends in
resistance to antituberculosis drugs among cases
reported in England, Wales, and Northern Ireland
from 1998 to 2005 and investigated factors associated
with resistance.
METHODS
Data on drug susceptibility for initial isolates were
available from the UK Mycobacterial Surveillance
Network (MycobNet), which collates information from
all UK mycobacterial reference laboratories on first
isolates identified as Mycobacterium tuberculosis complex
within a 12 month period. Drug susceptibility testing
was performed with the resistance ratio or the
proportion method.6 Reports resulting from laboratory
cross contamination are removed from the database.
To improve the demographic and clinical information
available, we matched MycobNet records to the
national enhanced tuberculosis surveillance
database.1 This database provides information on
tuberculosis cases reported in England and Wales
since 1998 and in Northern Ireland since 2000 but does
not include data from Scotland. Detailed information
on data collection methods since 1999, the 1998
national tuberculosis survey, and MycobNet, has
been reported previously.4 7-9
Tuberculosis cases were either confirmed by culture
to be caused by M tuberculosis complex or met the
following criteria: a clinician’s judgment that the
patient’s clinical or radiological signs are compatible
with tuberculosis and clinician’s decision to treat the
patient with a full course of antituberculosis treatment.
In the UK first line antituberculosis drugs are isoniazid,
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rifampicin, pyrazinamide, and ethambutol (or more
rarely streptomycin).10 Multidrug resistant tuberculosis is defined as resistance to at least isoniazid and
rifampicin and extensively drug resistant tuberculosis
as resistance to at least rifampicin, isoniazid, a
fluoroquinolone, and one of three injectable second
line drugs (amikacin, kanamycin, capreomycin).11 All
analyses were performed among M tuberculosis complex
isolates that were matched to the surveillance database
and had results on drug susceptibility for at least
isoniazid and rifampicin. As most M bovis isolates are
resistant to pyrazinamide, we excluded these from
analyses of pyrazinamide resistance.
We inspected trends in resistance to first line drugs
from 1998 to 2005 and tested significance of odds ratios
for a linear trend using univariable and multivariable
logistic regression modelling (SPSS version 14.0).
Multivariable models adjusted for age, sex, place of
birth (born in the UK or elsewhere), ethnic group
(white, black Caribbean, black African, black other,
Indian/Pakistani/Bangladeshi, Chinese, other including mixed), region (London versus outside London),
and previous diagnosis, factors previously reported to
be associated with resistance.12-14 We also included site
of disease (pulmonary with or without extrapulmonary
versus extrapulmonary disease only) to explore
Table 1 | Characteristics of patients with culture confirmed tuberculosis with results on drug
susceptibilityforisoniazid andrifampicinand allotherreported tuberculosispatients.Figuresare
numbers* (percentages) of patients, unless stated otherwise
Culture confirmed cases (tested
for isoniazid and rifampicin)
All cases
Median (IQR) age (years)
Male
Born in UK

Non-culture confirmed cases (or
not tested for isoniazid and
rifampicin)

28 485

25 117

35 (26-54)

38 (25-59)

16 164 (56.8)

13 239 (52.8)

8035 (31.4)

8318 (37.6)

17 522 (68.6)

13 811 (62.4)

4 (2-13)

5 (2-17)

7541 (27.7)

7235 (30.3)

Born outside UK:
Total
Median (IQR) time since entry to UK
(years)
Ethnic group:
White
Black Caribbean
Black African
Black other
Indian, Pakistani, Bangladeshi

770 (2.8)

560 (2.3)

5967 (21.9)

4257 (17.8)

241 (0.9)

159 (0.7)

9963 (36.6)

9405 (39.3)

Chinese

448 (1.6)

309 (1.3)

Other

2327 (8.5)

1986 (8.3)

Reported in London

11 851 (41.6)

10 702 (42.6)

Pulmonary disease†

18 997 (67.0)

12 437 (50.4)

Previous diagnosis

1889 (8.3)

2069 (10.3)

Species:
27884 (99.4)

—

M bovis

123 (0.4)

—

M africanum

33 (0.1)

—

9909 (60.6)

2340 (26.3)

M tuberculosis

Positive result on sputum microscopy

IQR=interquartile range.
*Numbers do not always add up to total because of missing data.
†Pulmonary with or without extrapulmonary disease.
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potential effects on transmission. As we were aware
of an outbreak of isoniazid monoresistance in London,
with limited evidence of transmission outside London,
we stratified analyses for isoniazid resistance by
region.2 Interactions between previous diagnosis,
region, place of birth, and ethnic group were investigated and multiple interactions of P<0.01 supported
stratification of the analyses for isoniazid resistance by
region of reporting.
To identify trends in second line drug resistance and
cases of extensively drug resistant tuberculosis, we
undertook a review of second line drugs for cases of
multidrug resistant tuberculosis for 2002-5. Strain
typing information based on 15 loci variable number
tandem repeats (MIRU-VNTR), performed as
described previously,15 16 was collated for multidrug
resistant cases reported in 2004-5, entered into
BioNumerics version 4.5 (Applied Maths, St-MartinLatem, Belgium),17 and analysed by use of the
categorical coefficient to assess recent transmission.
The proportion clustered was calculated with the n−1
method.18
RESULTS
From 1998 to 2005, 34 555 initial isolates were identified
as M tuberculosis complex and 53 602 cases of tuberculosis
were reported to the national surveillance system.
Matching of the two databases resulted in 28 620 culture
confirmed cases (82.8% of initial isolates; 53.4% of case
reports). Results of drug susceptibility testing for
isoniazid and rifampicin were available for 28 485
cases (99.5% of culture confirmed cases), and we
included these in our analyses.
Table 1 shows the characteristics of culture confirmed
cases with results on drug susceptibility compared with
non-culture confirmed cases. The median age of these
patients was 35 (interquartile range 26-54); 57% were
male (16 164); 69% (17 522) were born outside the UK,
24% of whom entered less than two years before
diagnosis; 8% (1889) had had a previous diagnosis of
tuberculosis; and 42% (11 851) of cases were reported
from London. Similar proportions were seen among
non-culture confirmed cases. Patients with culture
confirmed tuberculosis more often had pulmonary
disease (67% v 50% of all other cases) and more often
had positive results on sputum smear tests (61% v 26%).
The proportion of patients who were culture confirmed
remained stable at about 55% over the study period.
Trends in first line drug resistance
Figure 1 and table 2 show the proportion of cases
resistant to each first line drug, any first line drug, and
those with multidrug resistant tuberculosis by year.
From 1998 to 2005 the percentage of cases resistant to
any first line drug increased from 5.6% to 7.5% (with a
peak of 7.9% in 2004). Isoniazid resistance increased
from 5.0% to 7.2% in 2003 and remained stable
thereafter. Multidrug resistance and rifampicin resistance increased from 0.8% to 0.9% and 1.0% to 1.2%,
respectively. Resistance to pyrazinamide and
BMJ | ONLINE FIRST | bmj.com
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Factors associated with trend
On multivariable analysis, the increase in isoniazid
resistance outside London and the increases in
rifampicin resistance and multidrug resistance were
no longer significant. In London, the rise in isoniazid
resistance remained significant (1.04, 1.0 to 1.1).
Specifically, adjustment for ethnicity, place of birth,
or age each resulted in the rise in isoniazid resistance
outside London no longer being significant (P for
year=0.19, 0.15, and 0.11, respectively). For multidrug
resistance adjustment for previous diagnosis also had
this effect (P for year=0.14). Figure 2 shows the levels of
drug resistance by year after adjustment for these four
variables and shows that nationally the increase in
isoniazid resistance remained significant, while the
increases in rifampicin resistance and multidrug
resistance were no longer significant.
In all models, younger age was significantly associated with resistance, while sex was not (tables 3 and
4). Patients born outside the UK had a higher risk of
drug resistance, including isoniazid resistance outside
London, but a lower risk of isoniazid resistance in
London. Compared with the white ethnic group, the
risk of isoniazid resistance was significantly higher in
black Caribbean patients in London (2.9, 2.1 to 4.1).
Outside London, and for rifampicin resistance and
multidrug resistance, the risk was higher in the black
African, black other, Indian-Pakistani-Bangladeshi,
and the Chinese ethnic groups (tables 3 and 4).
Patients with a previous diagnosis of tuberculosis
were significantly more likely to be resistant in all

Multidrug resistant (P=0.04)
Pyrazinamide (P=0.12)
Ethambutol (P=0.74)

Any first line drug (P<0.1)
Isoniazid (P<0.1)
Rifampicin (P=0.01)
Percentage resistant

ethambutol was low and no increases were noted. No
further analysis was undertaken for these two drugs.
There was a significant linear trend of increasing
isoniazid resistance apparent in univariable analyses,
inside and outside London (1.05, 95% confidence
interval 1.02 to 1.08, and 1.04, 1.01 to 1.07, respectively, table 3). Levels of multidrug resistance and
rifampicin resistance also showed a significant linear
trend over the period (1.06, 1.00 to 1.12, and 1.06, 1.01
to 1.11, respectively, table 4).
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Fig 1 | Proportion of tuberculosis cases confirmed by culture
(with test results for both isoniazid and rifampicin) resistant to
first line drugs, multidrug resistant, and resistant to any first
line drug by year, and significance of trend over time

models (tables 3 and 4). Those with pulmonary disease
were significantly more likely to be rifampicin resistant.
Resistance to second and third line drugs among cases of
multidrug resistant tuberculosis
Information on susceptibility to second and third line
drugs was available for 99% of multidrug resistant cases
reported in 2002-5. Because of the small numbers, it is
difficult to assess trends in second line drug resistance.
Resistance to second and third line drugs was low, with
the exception of resistance to para-aminosalicylic acid
(14%) and ethionamide (9%) (data available from
authors). In 2003 one patient with no history of
tuberculosis was found to have extensively drug
resistant tuberculosis.
Molecular clusters of multidrug resistant tuberculosis
We had information on strain typing for 82% (66/81) of
multidrug resistant cases reported in 2004-5. Six
clusters of indistinguishable MIRU-VNTR patterns
were identified. The proportion clustered, calculated
with the n−1 method, was 19.7%. A cluster of six
patients (Beijing strain), five of whom lived in the same

Table 2 | Number (percentage) of culture confirmed tuberculosis cases with first line drug resistance, multidrug resistance, and any
first line drug resistance by year, 1998-2005
Year

Isoniazid

Rifampicin

Pyrazinamide*

Ethambutol

Multidrug

Any first line
drug

All cases†

1998

154 (5.0)

31 (1.0)

19 (0.6)

14 (0.5)

23 (0.8)

170 (5.6)

3058

1999

172 (5.8)

20 (0.7)

17 (0.6)

13 (0.4)

17 (0.6)

189 (6.3)

2980

2000

176 (6.0)

38 (1.3)

21 (0.7)

11 (0.4)

27 (0.9)

198 (6.7)

2942

2001

217 (6.5)

36 (1.1)

17 (0.5)

13 (0.4)

24 (0.7)

238 (7.2)

3317

2002

267 (7.1)

41 (1.1)

27 (0.7)

18 (0.5)

31 (0.8)

291 (7.7)

3776

2003

276 (7.2)

68 (1.8)

20 (0.5)

19 (0.5)

49 (1.3)

303 (7.9)

3823

2004

295 (7.2)

57 (1.4)

27 (0.7)

17 (0.4)

43 (1.0)

324 (7.9)

4114

2005

310 (6.9)

54 (1.2)

13 (0.3)

16 (0.4)

39 (0.9)

336 (7.5)

4475

All years

1867 (6.6)

345 (1.2)

161 (0.6)

121 (0.4)

253 (0.9)

2049 (7.2)

28485

*Excludes cases of M bovis.
†All culture confirmed cases with susceptibility testing results for at least isoniazid and rifampicin.
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area/city, was known to be an outbreak. All were from
ethnic minority groups but included people born
within and outside the UK. Four MDR-TB cases
(LAM10 CAM) were part of the outbreak of isoniazid
mono-resistance originating in north London2 but
might have acquired rifampicin resistance additionally
as a result of poor compliance.19 Another cluster of
three or four cases (CAS1 Delhi) was less likely to be
caused by transmission within the UK, with two
patients having arrived in the UK from Asia in the
previous five years, and with no known epidemiological link within the UK. The remaining three clusters
were of two cases each, one likely to be caused by
household transmission (LAM9).
DISCUSSION
The proportion of cases of tuberculosis resistant to
isoniazid has increased during 1998-2005 in England,
Wales, and Northern Ireland. This rise reflects the
increasing proportion of patients with tuberculosis who
are not born in the UK and who are from certain ethnic
minority groups, as well as inadequate control of
transmission in London. Levels of multidrug resistance
and rifampicin resistance also showed a small increase.
Levels of multidrug resistance in the UK are similar to
those in other Western European countries.20
Strengths and limitations
In London, the prevalence of tuberculosis is high
among homeless people and problem drug users, who

are often infectious, difficult to treat, and have drug
resistant disease.21 Such cases might be disproportionately under-represented in surveillance data, which
might lead to an underestimate of the proportion of,
and increase in, drug resistance in London. Another
limitation of this study is the inability to adjust for the
effects of some risk factors, such as coinfection with
HIV or deprivation, on the observed trends in drug
resistance. As in other observational studies, we cannot
exclude the effect of residual confounding related to
factors in the model. Although the numbers of resistant
cases were not large, potentially obscuring significant
effects, the consistency of the results strengthens the
conclusions. Stratification of the analysis for isoniazid
resistance also affects statistical power but was deemed
necessary because of a priori knowledge of the
isoniazid resistant outbreak in north London.2
We needed to match two databases to combine data
on drug susceptibility with demographic and clinical
data. As the variables used for record linkage might be
incomplete or incorrect in either database, we cannot
exclude some inaccurate matches. As we used the same
matching algorithm over the time period studied,
however, it is unlikely that such errors would affect the
trends observed. Data on drug resistance were not
available for 46% of reported cases (most of these cases
were not culture confirmed), allowing scope for bias.
Nevertheless, this is attenuated by the fact that this
proportion remained stable over the study period and
that excluded patients were similar in terms of age,

Table 3 | Oddsratios(95%confidenceinterval)forisoniazidresistanttuberculosisinEngland,Wales,andNorthernIreland,1998-2005,stratifiedbyregionofreporting
London

Age (linear)

No
tested

%
resistant

11 848

8.5

Outside London
Multivariable model†

No
tested

%
resistant

Univariable model

Multivariable model†

0.98 (0.98 to 0.99)*** 0.99 (0.98 to 0.99)***

16 633

3.0

0.98 (0.98 to 0.98)***

0.98 (0.98 to 0.99)***

7227

2.9

0.94 (0.82 to 1.08)

0.81 (0.69 to 0.96)*

9381

3.1

Univariable model

Sex:
Female

5056

8.1

Male

6783

8.8

0.91 (0.80 to 1.04)

0.92 (0.79 to 1.08)

Reference

Reference

Born in UK:
No

8822

7.9

Yes

1806

11.1

0.69 (0.59 to 0.82)***

8700

3.2

Reference

0.76 (0.60 to 0.95)*

6229

2.7

Reference

1.92 (1.63 to 2.25)***

1.49 (1.16 to 1.92)*

Reference

Ethnic group‡:
White

1747

7.7

5794

2.3

Black Caribbean

470

21.5

3.27 (2.47 to 4.33)

2.93 (2.11 to 4.09)

300

2.1

1.82 (1.08 to 3.08)

1.35 (0.77 to 2.36)

Black African

3877

8.7

1.14 (0.92 to 1.40)

1.08 (0.80 to 1.45)

2090

2.1

2.11 (1.67 to 2.66)

0.99 (0.68 to 1.43)

Black other

174

10.9

1.46 (0.88 to 2.43)

1.38 (0.75 to 2.55)

67

1.2

1.51 (0.47 to 4.87)

0.99 (0.30 to 3.28)

Indian, Pakistani, Bangladeshi

3606

6.8

0.87 (0.70 to 1.08)

0.89 (0.66 to 1.19)

6357

4.0

2.14 (1.78 to 2.57)

1.26 (0.94 to 1.69)

Chinese

174

9.8

1.29 (0.76 to 2.20)

1.41 (0.75 to 2.64)

274

5.1

2.96 (1.88 to 4.66)

1.71 (0.99 to 2.95)

Other

Reference

1464

8.4

1.10 (0.85 to 1.41)

1.04 (0.74 to 1.46)

863

3.2

3.07 (2.32 to 4.07)

1.65 (1.11 to 2.44)

11 851

8.5

1.05 (1.02 to 1.08)**

1.04 (1.00 to 1.07)*

16 634

3.0

1.04 (1.01 to 1.07)*

1.01 (0.98 to 1.05)

Yes

655

10.2

1.23 (0.95 to 1.60)

1.35 (1.02 to 1.78)*

1234

3.2

1.44 (1.14 to 1.82)**

1.80 (1.40 to 2.32)***

No

8504

8.5

12 278

0.7

Year (linear)
Previous diagnosis:

Reference

Reference

Site of disease:
Pulmonary

7556

9.0

Extrapulmonary

4247

7.7

1.18 (1.03 to 1.36)*

1.06 (0.89 to 1.25)

Reference

11 441

2.8

5097

3.4

0.73 (0.63 to 0.84)***

0.82 (0.69 to 0.98)

Reference

*P<0.05, **P<0.01, ***P<0.001.
†Adjusted for age, sex, place of birth, ethnic group, previous diagnosis, and site of disease.
‡Overall significance: P<0.001 for univariable and multivariable models for London and univariables model for outside London; P<0.05 for multivariable models outside London.
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Table 4 | Odds ratios (95% confidence interval) for rifampicin and multidrug resistant tuberculosis in England, Wales, and Northern Ireland, 1998-2005
Rifampicin resistance

Age (linear)

Multidrug resistance

No tested

% resistant

Univariable model

Multivariable model†

% resistant

Univariable models

Multivariable model†

28 481

1.2

0.98 (0.97 to 0.99)***

0.98 (0.97 to 0.99)***

0.9

0.97 (0.96 to 0.98)***

0.98 (0.97 to 0.99)***

0.92 (0.74 to 1.14)

0.83 (0.64 to 1.08)

0.9

0.96 (0.75 to 1.24)

0.80 (0.59 to 1.08)

Sex:
Female

12 283

1.2

Male

16 164

1.3

Reference

0.9

Reference

Born in UK:
No

17 522

1.4

Yes

8035

0.7

1.93 (1.46 to 2.56)***

1.88 (1.24 to 2.86)**

1.1

White

7541

0.7

Black Caribbean

770

9.1

1.82 (0.93 to 3.60)

1.28 (0.59 to 2.79)

0.5

1.40 (0.49 to 4.01)

1.01 (0.30 to 3.43)

Black African

5967

1.7

2.36 (1.69 to 3.30)

0.98 (0.59 to 1.64)

1.3

3.60 (2.34 to 5.55)

1.77 (0.92 to 3.41)

Black other

241

2.5

3.54 (1.51 to 8.31)

1.87 (0.69 to 5.06)

1.7

4.53 (1.58 to 13.01)

2.44 (0.68 to 8.81)

Indian, Pakistani, Bangladeshi

9963

1.2

1.69 (1.22 to 2.33)

0.94 (0.59 to 1.50)

1.0

2.64 (1.73 to 4.02)

1.63 (0.91 to 2.95)

Chinese

448

1.3

1.88 (0.81 to 4.40)

0.83 (0.28 to 2.45)

1.1

3.03 (1.16 to 7.88)

1.77 (0.56 to 5.54)

Reference

0.5

Reference

0.4

2.17 (1.54 to 3.05)***

1.62 (0.99 to 2.66)‡

Reference

Ethnic group§:

Other

Reference

2327

1.7

2.42 (1.61 to 3.66)

0.97 (0.54 to 1.75)

1.2

3.15 (1.85 to 5.36)

1.32 (0.62 to 2.84)

28 485

1.2

1.06 (1.01 to 1.11)*

1.03 (0.98 to 1.09)

0.9

1.06 (1.00 to 1.12)*

1.01 (0.95 to 1.08)

London

11 851

1.5

1.50 (1.22 to 1.86)***

0.81 (0.62 to 1.05)

1.0

1.25 (0.97 to 1.60)‡

1.04 (0.76 to 1.42)

Outside London

16 634

1.0

4.29 (3.11 to 5.90)***

5.44 (3.88 to 7.63)***

Year (linear)
Region of reporting:

Reference

0.8

Previous diagnosis:
Yes

1889

3.5

No

20 782

1.0

3.82 (2.89 to 5.06)***

4.72 (3.50 to 6.35)***

Reference

2.8
0.7

Reference

Site of disease:
Pulmonary
Extrapulmonary

18 997

1.3

9344

1.0

1.35 (1.06 to 1.72)*

1.48 (1.10 to 1.98)*

Reference

1.0
0.8

1.26 (0.95 to 1.66)

1.40 (1.00 to 1.96)‡

Reference

*P<0.05, **P<0.01, ***P<0.001.
†Adjusted for age, sex, place of birth, region of reporting, ethnic group, previous diagnosis and site of disease.
‡Borderline significance (P<0.1).
§Overall significance: P<0.001 for univariable models for rifampicin and multidrug resistance.

place of birth, and ethnic group, which were associated
with both drug resistance and year of reporting.
Explanations for increases in drug resistance
The increase in isoniazid resistance outside London
was related to increasing numbers of patients born
outside the UK and also to changes in ethnic group and
age. We found a strong association between drug
resistance and the Chinese ethnic group. Antituberculosis drug resistance is particularly high and
increasing in some provinces of China and in countries
of the former Soviet Union.22 23 Additional analyses,
however, showed that few patients with drug resistant
tuberculosis came from these regions (1.3% and 0.5%
with any first line drug resistance, respectively) nor
from the Eastern European countries that have recently
joined the European Union (0.4%). The increase in
isoniazid resistance is probably related to increasing
numbers of patients with drug resistant tuberculosis
from sub-Saharan Africa and the Indian subcontinent.
The increase in cases from these parts of the world
reflects, at least in part, a general change in the UK
population resulting from ongoing migration.
In London, the trend cannot be explained by
changing demographic characteristics of patients and
is probably related to a major outbreak of isoniazid
BMJ | ONLINE FIRST | bmj.com

monoresistant tuberculosis, first noted in 1999.1 2
Additional analysis of the effect of the outbreak on
the trend in London confirmed this relation (including
membership of the outbreak into the multivariable
model resulted in a non-significant odds ratio for year
of 1.01, 0.97 to 1.05). The same analysis also suggested
that this outbreak, which includes mainly white and
black Caribbean people born in the UK, accounts for
the higher risk of isoniazid resistance in patients born in
the UK and living in London. The outbreak is
associated with imprisonment and drug misuse. More
than 300 cases have been identified to date as part of
this outbreak, mainly in north London. The outbreak is
still continuing, suggesting that control measures are
insufficient. Clinicians within London, including general practitioners, should be more aware in UK born
people presenting with symptoms consistent with
tuberculosis and refer them promptly. When appropriate, clinical services should also provide additional
support to ensure that patients complete treatment.
Rifampicin resistance and multidrug resistance also
increased as a result of changes in demographic
characteristics and as well as clinical characteristics of
patients. Nevertheless, the overall increase was small:
rifampicin resistance rose from 1.0% in 1998 to 1.2% in
2005 and multidrug resistance from 0.8% to 0.9%.
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Fig 2 | Proportions of isoniazid, rifampicin, and multidrug
resistance adjusted for age, place of birth, ethnic group, and
previous diagnosis by year and significance of trend over time

Furthermore the reported level of multidrug resistance
in 1993-9 was higher (1.2%).4 Although this change
might not be substantial, further measures are warranted to prevent a sustained increase.
Transmission and management of multidrug resistant
tuberculosis
The proportion of multidrug resistant cases resistant to
second and third line drugs was also low, with only one
case of extensively drug resistant tuberculosis identified. The low proportion could suggest that such
patients are being managed effectively, preventing the
emergence of further resistance. Because of the small
numbers of cases tested, however, we could not assess
whether levels have increased over time.
Most cases of multidrug resistant tuberculosis are not
caused by recent transmission in the UK. Among the 66
patients with strain typing information, 19 were part of
six clusters of identical MIRU-VNTR patterns. After
allowance for one potential source case in each cluster,
the estimated proportion of cases clustered was 20%,
suggesting that transmission of multidrug resistant
tuberculosis within the UK is limited. Cases that arise
de novo, rather than as a result of recent transmission,
suggest that failures in management of patients in the
UK are contributing to the occurrence of multidrug
resistance.

WHAT IS ALREADY KNOWN ON THIS TOPIC
Antituberculosis drug resistance is increasing globally
Resistance to antituberculosis drugs in the UK remained stable between 1993 and 1999
Little information is available on potential transmission of multidrug resistant tuberculosis

WHAT THIS STUDY ADDS
From 1998 to 2005 the proportion of tuberculosis cases resistant to isoniazid increased in
England
This increase was associated with increasing numbers of cases from sub-Saharan Africa and
the Indian subcontinent, and inadequate control of transmission in London
Multidrug resistance increased only slightly and seems to be largely associated with problems
in individual treatment, rather than transmission of infection
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Conclusions
The increase in isoniazid resistance underlines the
importance of using the recommended four drug
course in the initial treatment phase for patients with
tuberculosis10 and of implementing measures to control the isoniazid resistant outbreak in London. The
small increases in multidrug resistance and rifampicin
resistance suggest a potential trend, which needs to be
monitored. Increased awareness, early case detection,
rapid drug susceptibility testing, completion of treatment, continuous surveillance, and a contribution to
control of tuberculosis in high incidence countries are
needed to halt the observed trends.
We thank all staff of the microbiology laboratories involved in culture and
testing of cultures of M tuberculosis isolates for their work and all
tuberculosis nurses, chest physicians, and regional coordinators who
submitted data to the enhanced tuberculosis surveillance system. We also
thank Pam Sonnenberg for her extensive comments on the manuscript
and Nick Andrews for statistical advice.
Contributors:MEK participated in the study design, analysed the data, and
wrote the manuscript. IA was extensively involved in the design of the
study, interpretation of the results, and writing the manuscript and is
guarantor. CA was responsible for the collation and maintenance of the
data and advised on their interpretation. FD supervised the drug
susceptibility testing of isolates and generation of data, was involved in
study design and interpretation of results, and gave scientific and medical
advice. TJB performed the review of second line drugs and cluster analysis
and was involved in interpretation of the results. JGM and EGS supervised
the drug susceptibility testing of isolates and generation of data and
provided scientific advice. JMW initiated the study and contributed to the
study design and drafting of the manuscript. AS was involved in the
initiation of the study and interpretation of the results. All authors
reviewed and approved the final report.
Funding: None.
Competing interest: None declared.
Ethical approval: This study was carried out with national surveillance
data. The Health Protection Agency has Patient Information Advisory
Group approval to hold and analyse national surveillance data for public
health purposes under Section 60 of the Health and Social Care Act 2001.
Provenance and peer review: Not commissioned; externally peer
reviewed.
1

Kruijshaar ME, French CE, Anderson C, Abubakar I. Tuberculosis in the
UK. Annual report on tuberculosis surveillance and control in the UK
2007. London: Health Protection Agency,
2007. www.hpa.org.uk/webw/HPAweb&HPAwebStandard/
HPAweb_C/1204100459636?p=1158945066450.
2 Ruddy MC, Davies AP, Yates MD, Yates S, Balasegaram S, Drabu Y,
et al. Outbreak of isoniazid resistant tuberculosis in north London.
Thorax 2004;59:279-85.
3 WHO. Global tuberculosis control: surveillance, planning, financing.
Geneva: World Health Organization, 2007.
4 Djuretic T, Herbert J, Drobniewski F, Yates M, Smith EG, Magee JG, et al.
Antibiotic resistant tuberculosis in the United Kingdom: 1993-1999.
Thorax 2002;57:477-82.
5 Irish C, Herbert J, Bennett D, Gilham C, Drobniewski F, Williams R, et al.
Database study of antibiotic resistant tuberculosis in the United
Kingdom, 1994-6. BMJ 1999;318:497-8.
6 Drobniewski FA, Caws M, Gibson A, Young D. Modern laboratory
diagnosis of tuberculosis. Lancet Infect Dis 2003;3:141-7.
7 Rose AM, Watson JM, Graham C, Nunn AJ, Drobniewski F, Ormerod LP,
et al. Tuberculosis at the end of the 20th century in England and
Wales: results of a national survey in 1998. Thorax 2001;56:173-9.
8 Tuberculosis Section, Health Protection Agency. Annual report on
tuberculosis cases reported in 2000 in England, Wales and Northern
Ireland. London: Health Protection Agency, 2003.
9 Tuberculosis Section, Health Protection Agency. Focus on
tuberculosis: annual surveillance report 2006—England, Wales and
Northern Ireland. London: Health Protection Agency, 2006.
10 National Collaborating Centre for Chronic Conditions. Tuberculosis:
clinical diagnosis and management of tuberculosis, and measures for
its prevention and control. London: Royal College of Physicians, 2006.
11 World Health Organization. XDR-TB—extensively drug-resistant TB.
Geneva: WHO,
2006. www.who.int/tb/xdr/news_update_01nov06/en/index.html.
BMJ | ONLINE FIRST | bmj.com

RESEARCH

12 Espinal MA, Laserson K, Camacho M, Fusheng Z, Kim SJ, Tlali RE, et al.
Determinants of drug-resistant tuberculosis: analysis of 11 countries.
Int J Tuberc Lung Dis 2001;5:887-93.
13 Faustini A, Hall AJ, Perucci CA. Risk factors for multidrug resistant
tuberculosis in Europe: a systematic review. Thorax 2006;61:158-63.
14 Moniruzzaman A, Elwood RK, Schulzer M, FitzGerald JM. A populationbased study of risk factors for drug-resistant TB in British Columbia. Int
J Tuberc Lung Dis 2006;10:631-8.
15 Frothingham R, Meeker-O’Connell WA. Genetic diversity in the
Mycobacterium tuberculosis complex based on variable numbers of
tandem DNA repeats. Microbiology 1998;144:1189-96.
16 Mazars E, Lesjean S, Banuls AL, Gilbert M, Vincent V, Gicquel B, et al.
High-resolution minisatellite-based typing as a portable approach to
global analysis of Mycobacterium tuberculosis molecular
epidemiology. Proc Natl Acad Sci U S A 2001;98:1901-6.
17 BioNumerics manual. Sint-Martens-Latem, Belgium: Applied Maths
BVBA, 2004.
18 Glynn JR, Vynnycky E, Fine PE. Influence of sampling on estimates of
clustering and recent transmission of Mycobacterium tuberculosis
derived from DNA fingerprinting techniques. Am J Epidemiol
1999;149:366-71.

BMJ | ONLINE FIRST | bmj.com

19 Maguire H, Ruddy M, Bothamley G, Patel B, Lipman M, Drobniewski F,
et al. Multidrug resistance emerging in North London outbreak. Thorax
2006;61:547-8.
20 EuroTB, National Coordinators for Tuberculosis Surveillance in the
WHO European Region. Surveillance of tuberculosis in Europe. Report
on tuberculosis cases notified in 2005. Saint-Maurice, France: Institut
de Veille Sanitaire, 2007.
21 Story A, Murad S, Verheyen M, Roberts W, Hayward AC. Tuberculosis
in London—the importance of homelessness, problem drug use and
prison. Thorax 2007;62:667-71.
22 Aziz MA, Wright A, Laszlo A, De Muynck A, Portaels F, Van Deun A, et al.
Epidemiology of antituberculosis drug resistance (the global project
on anti-tuberculosis drug resistance surveillance): an updated
analysis. Lancet 2006;368:2142-54.
23 Falzon D, Infuso A, Ait-Belghiti F. In the European Union, TB patients
from former Soviet countries have a high risk of multidrug resistance.
Int J Tuberc Lung Dis 2006;10:954-8.

Accepted: 26 March 2008

page 7 of 7

