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Increasing antituberculosis drug resistance in the United
Kingdom: analysis of national surveillance data
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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 ondrugsusceptibility 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 ataround 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 t0 0.99, a year), place of birth
(1.49,1.16 t0 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

Resistance to antituberculosis drugs is increasing
globally, and transmission of drug resistant tubercu-
losis has been shown among marginalised groups in
urban areas, such as London.'? Data on drug suscept-
ibility have been routinely collected in the UK since
1993. Drug resistance, including multidrug resistance,
remained stable from 1993 to 1999.** We examined
recent trends in resistance to antituberculosis drugs
among cases reported in England, Wales, and North-
ern 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
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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

isolates identified as Mycobacterium tuberculosis
complex.?* To improve the demographic and clinical
information available, we matched MycobNet records
to the national enhanced tuberculosis surveillance
database,which provides information on cases
reported in England and Wales since 1998, and
Northern Ireland since 2000.°

Tuberculosis cases were either confirmed by culture
to be caused by M tuberculosis complex or met
predefined clinical criteria (see bmj.com).” In the UK
first line antituberculosis drugs are isoniazid, rifampi-
cin, pyrazinamide, and ethambutol (or more rarely
streptomycin). Multidrug resistant tuberculosis is
defined asresistance to at least isoniazid and rifampicin
and extensively drug resistant tuberculosis as resis-
tance to at least rifampicin, isoniazid, a fluoroquino-
lone, and one of three injectable second line drugs
(amikacin, kanamycin, capreomycin).

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. Multivariable models
adjusted for age, sex, place of birth (born in the UK or
elsewhere), ethnic group, region (London versus out-
side London), previous diagnosis and factors pre-
viously reported to be associated with resistance and
included site of disease.”® 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.'
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 London by region.

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 was collated for multidrug resistant
cases reported in 2004-5, and analysed to assess recent

transmission and the proportion clustered (n—1
method)."” See bmj.com for further details.

RESULTS

From 1998 to 2005, 34555 initial isolates were
identified as M tuberculosis complex and 53 602 cases
of tuberculosis were reported to the national surveil-
lance system. Matching of the two databases resulted in
28620 culture confirmed cases (82.8% of initial
isolates; 53.4% of case reports). We included 28 485
cases (99.5% of culture confirmed cases) with suscept-
ibility results for isoniazid and rifampicin in our
analyses.

The median age of culture confirmed 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%
(11851) of cases were reported from London. Similar
proportions were seen among cases not confirmed by
culture. See bmj.com for full details. 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
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 2005). Isoniazid resistance increased
from 5.0% to 7.2% in 2003 and remained stable
thereafter. Multidrug resistance and rifampicin resis-
tance increased from 0.8% to 0.9% and 1.0% to 1.2%,
respectively. Resistance to pyrazinamide and etham-
butol was low and no increases were noted (fig 1).
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, respec-
tively). Levels of multidrug resistance and rifampicin
resistance also showed a significant linear trend over
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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
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the period (1.06, 1.00 to 1.12, and 1.06, 1.01 to 1.11,
respectively).

Factors associated with trend

On multivariable analysis, only the rise in isoniazid
resistance in London remained significant (1.04, 1.0 to
1.1). Specifically, the rise in isoniazid resistance outside
London was no longer significant after adjustment for
ethnicity, place of birth, or age (P for year=0.19, 0.15,
and 0.11, respectively) (see full text on bmj.com). For
multidrug resistance adjustment for previous diagnosis
also had this effect (P for year=0.14) (fig 2).

In all models, younger age was significantly asso-
ciated with resistance, while sex was not. 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 (see full text and tables on bmj.com).

Patients with a previous diagnosis of tuberculosis
were significantly more likely to be resistant in all
models. Those with pulmonary disease were signifi-
cantly more likely to be rifampicin resistant (see full
text and tables on bmj.com).

Resistance to second and third line drugs among cases
with multidrug resistant tuberculosis

Information on susceptibility to second and third line
drugs was available for 99% of multidrug resistant cases
reported in 2002-5. 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 affecting 19 patients were identified. The
proportion clustered calculated with the n—1 method
was 19.7% (see bmj.com).

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 of 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."'

Strengths and limitations

In London, the prevalence of tuberculosis is high
among homeless people and problem drug users, who
might be disproportionately under-represented in
surveillance data. Another limitation is the inability
to adjust for the effects of some risk factors, such as
coinfection with HIV or deprivation. Although the
numbers of resistant cases were not large, potentially
obscuring significant effects, the consistency of the
results strengthens the conclusions. We needed to
match two databases to combine data on drug
susceptibility with demographic and clinical data, and
we cannot exclude some inaccurate matches. Data on
drug resistance were not available for 46% of reported
cases (most were not culture confirmed), allowing
scope for bias. This proportion remained stable over
the study period and excluded patients were similar in
terms of age, 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. This increase is probably related to increasing
numbers of drug resistant cases in people from sub-
Saharan Africa and the Indian subcontinent, only few
patients with drug resistant tuberculosis came from
China and the former Soviet Union (see bmj.com). In
London, the trend is probably related to the outbreak of
isoniazid monoresistant tuberculosis, first noted in
1999."° Additional analysis of the effect of the outbreak
on the trend in London confirmed this relation (see
bmj.com). The same analysis also suggested that this
outbreak accounts for the higher risk of isoniazid
resistance in patients born in the UK and living in
London. The outbreak is associated with imprison-
ment and drug misuse and more than 300 cases have
been identified to date. The outbreak is still continuing,
suggesting that control measures are insufficient.

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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Rifampicin resistance and multidrug resistance also
increased as a result of changes in demographic
characteristics as well as clinical characteristics of
patients. Nevertheless, the overall increase was small.

Transmission and management of multidrug resistance

The proportion of multidrug resistant cases resistant to
second and third line drugs was low, suggesting that
such patients are being managed effectively. The small
numbers of cases tested meant 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. With allowance for one potential source
case in each cluster, the estimated proportion of cases
clustered was 20%. Cases that arise de novo, rather than
asaresult of recent transmission, suggest that failures in
management of patients in the UK are contributing to
the occurrence of multidrug resistance.

Conclusions

The increase in isoniazid resistance underlines the
importance of using the recommended four drug
course in the initial treatment phase for patients with
tuberculosis'® and of implementing measures to con-
trol the isoniazid resistant outbreak in London. The
small increases in multidrug resistance and rifampicin
resistance suggest a potential trend, which needs to be
monitored.
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Crunching ice cube syndrome

The sound of crunching ice was obviously beginning to
irritate the other members of my regular golfing foursome.
Two were fellow doctors, but it was the retired garage
proprietor who was getting most unsettled.

It had crept up on me imperceptibly, but now there was
no mistaking that something odd was going on. Whatever
soft drink I consumed had to be fully topped up with ice,
while my regular lunchtime sherry was brimming over
with small cubes. It was only when the craving began to
afflict me at bedtime that I realised I had a problem.

My health otherwise seemed good, although I was tiring
more in the garden—but, at almost 80 years old, what else
could one expect? Only on the last day of the shooting
season did I think I wasreally failing. Shooting at the end of
January calls for alittle more exercise than simply standing
still while pheasants are driven to one, as happens earlier in
the season. At the end of that day I had no chest pain, no
marked breathlessness, just an overpowering feeling of
extreme fatigue.

My garage proprietor friend slipped a small cutting from
the Daily Expressacross the table to me as I sat crunching at
the golf club. It stated: “although the exact reason is

unclear, it is claimed crunching ice cubes may be a sign of
iron deficiency anaemia.”

“Old wives’ tale,” snorted my fellow golfing medics, but
one bent over and squinted at my conjunctiva. Silence for a
moment and then a gentle suggestion that my own doctor
should have a look.

Next day I handed my general practitioner the cutting. I
could sense the wheels turning as he surmised that I was
really getting past it to take such things seriously. “Better do a
blood test then. Phone up in a week, and you’ll get the result.”

Two days later the telephone rings, and a contrite voice
tells me that my haemoglobin is 8.1 and the cells are
microcytic and hypochromic.

I await gastroscopy and colonoscopy. Meanwhile a few
weeks of ferrous sulphate has perked me up no end, and
crunching ice now holds no attraction for me at all—but
why? At the golf club we have welcomed anew consultant:
he may have run a garage, but in our eyes he has fully
qualified as a medic of distinction.

Francois L P Fouin retired GP, Aberdeen
flpf@stjulien.f9.co.uk
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