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ABSTRACT: In the UK, HIV is considered to be a risk factor for antituberculosis drug resistance.

Evidence of the association is, however, inconclusive and there are few population-level data. The

present study investigated the association in England and Wales during the period 1999–2005.

National tuberculosis surveillance data for adults were matched to HIV/AIDS reports.

Unmatched cases were assumed to be HIV-negative. Separate analyses were conducted on

new tuberculosis cases and those with a previous diagnosis. Logistic regression was used for

univariable and multivariable analyses.

There were 1,657 previously diagnosed cases (80 HIV-positive) and 18,130 new cases (1,156

HIV-positive). Isoniazid resistance was found in 8.1% of previously diagnosed cases and 6.6% of

new cases, and multidrug resistance in 2.8% and 0.7%, respectively. There was no evidence of an

association between HIV and antituberculosis drug resistance among previously diagnosed

cases. Among new cases, there was no overall association between HIV and isoniazid or

multidrug resistance after adjusting for confounding factors. White HIV-positive patients were

more likely to have multidrug resistance, but numbers were small.

In contrast to some previous studies, this large, up-to-date study provides little evidence that

HIV co-infected tuberculosis patients in England and Wales are at increased risk of firstline

antituberculosis drug resistance.
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T
he proportion of tuberculosis patients co-
infected with HIV has been increasing
alongside the increasing incidence of tuber-

culosis in England and Wales (UK) [1, 2].
Antituberculosis drug resistance makes tubercu-
losis more difficult to treat and may prolong the
infectious period of the disease, resulting in
increased transmission [3]. It also adversely affects
clinical outcomes [4]. A recent survey of global
antituberculosis drug resistance highlighted that
the relationship between HIV and drug-resistant
tuberculosis is not well understood and that there
is a need for more population-level data on this
association [5].

Antituberculosis drug resistance may be initial
(i.e. in those with no previous tuberculosis
treatment) or acquired (in those who have been
previously treated) [5]. Infection with HIV could
influence antituberculosis drug resistance
through behavioural/environmental or biological
mechanisms. For example, certain HIV-positive
population groups, such as injecting drug users,
may have behavioural risk factors that make
them less likely to adhere to tuberculosis treat-
ment, resulting in the development of resistant
strains (acquired resistance), which are then

transmitted within that community (resulting in
initial resistance). Since immunocompromised
patients are more likely to develop disease and
to do so more rapidly than immunocompetent
patients [6], extensive transmission of drug-
resistant strains may occur. HIV-positive patients
might also be more likely to frequent settings in
which they could be exposed to drug-resistant
strains of tuberculosis, such as hospitals [7], and
may be more susceptible to drug-resistant tuber-
culosis strains that are possibly less virulent [8].
Furthermore, HIV infection may impair the
absorption of some antituberculosis drugs, con-
tributing to the development of resistance [9].
Drug interactions and adverse reactions may also
be more likely among HIV co-infected patients [9]
and could lead to treatment interruptions; this will
again promote the development of resistance.

In the UK, HIV is considered to be a risk factor for
antituberculosis drug resistance [10, 11]. The
current evidence on the association between HIV
and antituberculosis drug resistance is, however,
inconclusive. During the late 1980s and early 1990s,
a number of tuberculosis outbreaks occurred,
involving the transmission of multidrug-resistant
strains among HIV-positive persons in specific
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settings in the USA, including hospitals and correctional facilities
[12, 13]. There is also evidence of an association in Europe and
countries of the former Soviet Union [14–18]. In contrast, there is
little evidence of an association in Africa [19–21], although the
recent emergence of extensively drug-resistant tuberculosis,
particularly in areas with high levels of HIV infection [22], is of
concern. Two earlier studies in the UK have found that, during
the early to mid-1990s, HIV-positive patients were more likely to
have isoniazid and multidrug resistance, but these studies were
based on univariable analysis only and did not separate new and
previously diagnosed cases [23, 24]. CONATY et al. [25] found an
increased risk of initial isoniazid resistance among HIV-positive
patients during the period 1993–1994 but no association during
1999–2000, and an association with initial multidrug resistance in
the combined periods. There was no evidence of any association
between HIV and acquired drug resistance.

The present study investigates the association between HIV
and firstline antituberculosis drug resistance in England and
Wales during the period 1999–2005.

METHODS
In England and Wales, demographic and clinical information on
tuberculosis cases (individuals with disease due to
Mycobacterium tuberculosis complex: M. tuberculosis, M. bovis or
M. africanum) is collected through the Enhanced Tuberculosis
Surveillance (ETS) system. Drug susceptibility testing (DST)
results are reported through MycobNet, the UK Mycobacterial
Surveillance Network, and are matched to case reports
annually. The ETS system does not collect information on HIV
status, so this information was obtained by matching the ETS
case reports (for 1999–2005) with the national HIV/AIDS reports
database (for 1979–2006) using in-house matching software
based on soundex surname code [26], forename initial, date of
birth, sex, ethnic group and country of birth. Matching was not
carried out on cases aged ,15 yrs, as HIV in children is reported
separately. Tuberculosis cases that were not matched to HIV/
AIDS reports were considered to be HIV-negative (although it is
recognised that they are more accurately described as ‘‘not
known to be HIV-positive’’). Cases that were diagnosed with
HIV .1 yr after the date of tuberculosis diagnosis were
excluded, since it was unknown whether they were infected
with HIV at the time of tuberculosis diagnosis.

Five mycobacterial reference laboratories in England and Wales
carry out antituberculosis DST on initial isolates (the first isolate
from a patient in a 12-month period). Isolates are tested for
resistance to the four firstline drugs (isoniazid, rifampicin,
ethambutol and pyrazinamide), and some second-line drugs.
Reference laboratories use the resistance ratio or the proportion
method, and are subject to quality assurance systems.

Proportions were calculated among cases with known infor-
mation on that variable. Data were compared using the Chi-
squared or Fisher’s exact test, as appropriate. For linear
variables, the Chi-squared test for trend was used. Separate
analyses were conducted on new tuberculosis patients and
those with a previous diagnosis, because of the inherent
difference between initial and acquired drug resistance. The
proportion of resistant cases at start of treatment was
calculated as R/(R+S), where R is the number of resistant
cases and S is the number of susceptible cases. Cases with

M. bovis were excluded from calculations of pyrazinamide
resistance since they are usually intrinsically resistant to it. For
the calculation of multidrug resistance (resistance to at least
isoniazid and rifampicin), R was the number of cases resistant
to both isoniazid and rifampicin, and S was the number of
cases susceptible to isoniazid or rifampicin or both. Logistic
regression was used for univariable and multivariable ana-
lyses. Multivariable models were built using a forward-fitting
approach, and interactions were assessed using the likelihood
ratio test. The association of HIV with isoniazid and multidrug
resistance was examined in detail owing to the clinical
importance of these two types of resistance. Although
rifampicin monoresistance is also of importance, levels are
very low [27].

Ethics approval
The Health Protection Agency (UK) 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. The HIV surveillance
system uses surname soundex codes in place of patient
surnames. Strict confidentiality of all data is maintained.

RESULTS
Study population
During the period 1999–2005, 27,164 culture-confirmed tuber-
culosis cases aged o15 yrs were reported in England and
Wales, 117 of which were excluded because they were
diagnosed with HIV .1 yr after their tuberculosis diagnosis.
DST results (for at least isoniazid and rifampicin) were
available for 92.1% (24,912 out of 27,047) of the remaining
cases; these were eligible for inclusion in the study. Among the
study population, 6.1% were known to be HIV-positive, the
median (interquartile range) age was 36 (27–54) yrs, 56.9%
were male, 42.5% were reported in London, and 70.8% were
born abroad. The majority of cases belonged to the Indian/
Pakistani/Bangladeshi (36.7%), white (26.3%), and black
African (22.6%) ethnic groups.

Among those with missing DST results, the proportion of cases
who were HIV-positive was similar (6.6%), the sex ratio was
similar (56.2% were male), the median age was higher (44 (30–
66) yrs), a slightly lower proportion was reported in London
(39.1%) and was born abroad (61.7%), and a higher proportion
was white (38.7%).

HIV co-infection among tuberculosis cases
Among cases with a previous tuberculosis diagnosis, 4.8%
were known to be HIV-positive, and the proportion of co-
infected cases increased over the study period (p50.003).
Levels of HIV co-infection were highest in the following
groups: the 15–44 yrs age group (8.7%); cases reported in
London (7.9%); black Africans (23.4%); and recent entrants to
the UK, i.e. those who had entered the UK ,2 yrs prior to
being diagnosed with tuberculosis (15.4%; table 1).

There was a similar pattern among new tuberculosis cases:
6.4% were HIV-positive, and there was strong evidence of
increasing levels of co-infection during the study period
(p,0.001). Again, levels of HIV-co-infection were highest in
the following groups: 15–44 yrs age group (8.2%); cases
reported in London (7.3%); black Africans (21.1%); and recent
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entrants to the UK (12.3%). In addition, females had higher
levels of co-infection (7.1%; table 1).

Antituberculosis drug resistance among tuberculosis cases
Levels of resistance to the firstline antituberculosis drugs are
given in table 2. Isoniazid resistance was found in 8.1% of
those with a previous diagnosis and 6.6% of new cases, and
multidrug resistance in 2.8% and 0.7%, respectively.

Association between HIV and antituberculosis drug
resistance among cases with a previous tuberculosis
diagnosis
There was no evidence of an association between HIV and
any type of drug resistance among cases with a previous

tuberculosis diagnosis (table 2). Owing to the small numbers of
HIV-positive drug-resistant cases, no further analyses were
conducted on this group.

Association between HIV and antituberculosis drug
resistance among new tuberculosis cases
Among new tuberculosis cases, HIV-positive individuals were
more likely to be resistant to rifampicin (odds ratio (OR) 2.03,
95% confidence interval (CI) 1.29–3.18; p50.002) and to have
multidrug-resistant tuberculosis (OR 1.86, 95% CI 1.06–3.26;
p50.029). There was only weak evidence of an increased risk
of pyrazinamide resistance (OR 2.04, 95% CI 1.01–4.10;
p50.047) and any firstline drug resistance (OR 1.24, 95% CI
1.00–1.54; p50.047). There was no evidence that the level of

TABLE 1 Number and proportion of tuberculosis cases co-infected with HIV, according to case characteristics and previous
tuberculosis diagnosis status# in England and Wales, UK, 1999–2005

Case characteristic Previously diagnosed cases New cases

Total HIV-positive p-value"
Total HIV-positive p-value"

Total 1657 80 (4.8) 18130 1156 (6.4)

Year 0.003+ ,0.001+

1999 219 5 (2.3) 2163 50 (2.3)

2000 226 6 (2.7) 2231 81 (3.6)

2001 210 8 (3.8) 2435 127 (5.2)

2002 263 16 (6.1) 2656 188 (7.1)

2003 240 12 (5.0) 2687 239 (8.9)

2004 238 16 (6.7) 2805 238 (8.5)

2005 261 17 (6.5) 3153 233 (7.4)

Age group yrs ,0.001 ,0.001

15–44 744 65 (8.7) 12082 987 (8.2)

45–64 356 12 (3.4) 3424 158 (4.6)

o65 557 3 (0.5) 2624 11 (0.4)

Sex 0.697 ,0.001

Male 945 44 (4.7) 10258 596 (5.8)

Female 710 36 (5.1) 7845 558 (7.1)

Place of reporting ,0.001 ,0.001

Outside London 1072 34 (3.2) 10506 603 (5.7)

London 585 46 (7.9) 7624 553 (7.3)

Ethnic group ,0.001 ,0.001

White 687 13 (1.9) 4644 166 (3.6)

Black Caribbean 29 1 (3.5) 568 14 (2.5)

Black African 261 61 (23.4) 4111 869 (21.1)

Indian/Pakistani/Bangladeshi 525 2 (0.4) 6572 25 (0.4)

Other 136 3 (2.2) 2009 63 (3.1)

Place of birth (time since entry into the UK) ,0.001 ,0.001

UK 670 10 (1.5) 4999 139 (2.8)

Abroad (,2 yrs) 162 25 (15.4) 2469 304 (12.3)

Abroad (o2 yrs) 557 32 (5.7) 7974 547 (6.9)

Abroad (unknown) 157 11 (7.0) 1781 128 (7.2)

Site of disease 0.619 ,0.001

Extrapulmonary 398 16 (4.0) 6170 328 (5.3)

Pulmonary sputum smear positive 713 38 (5.3) 6287 401 (6.4)

Other pulmonary 545 26 (4.8) 5628 427 (7.6)

Data are presented as n or n (%), unless otherwise stated. #: cases with missing information on previous tuberculosis diagnosis status are not shown; ": for overall

differences between groups; +: test for trend.
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resistance to isoniazid or ethambutol was different among
HIV-positive cases compared with HIV-negative cases
(table 2).

Table 3 shows that isoniazid resistance increased linearly with
year of reporting (p50.031), and was more common in
younger age groups (p,0.001), the cases reported in London
(p,0.001), non-white ethnic groups (p,0.001) and those born
abroad (p50.002). There was no evidence that sex (p50.098) or
site of disease (p50.307) were associated with isoniazid
resistance. After adjusting for age, ethnic group and place of
residence (there was little evidence to keep any other factors in
the model), there remained no evidence of an association
between HIV and isoniazid resistance (adjusted OR 1.02, 95%
CI 0.80–1.30; p50.895).

On univariable analysis, multidrug resistance was more
common in younger age groups (p,0.001), cases reported in
London (p50.009), non-white ethnic groups (except black
Caribbeans; p,0.001) and those born abroad (p,0.001). There
was no evidence that year of reporting (p50.165), sex
(p50.382) or site of disease (p50.322) were associated with
multidrug resistance (table 4).

After adjusting for age group, ethnic group and time since
entry into the UK (there was little evidence to keep any other
factors in the model), there was no overall evidence that HIV-
positive patients had an increased risk of multidrug resistance
(adjusted OR 0.91, 95% CI 0.47–1.76; p50.775; table 4). There
was, however, evidence of an interaction between HIV and
ethnic group in the model (likelihood ratio test for interaction
p50.006): there was an increased risk of multidrug resistance
among white HIV-positive patients (adjusted OR 6.30, 95% CI
1.70–23.40), although the numbers of cases were small (3 out of
166 versus 10 out of 4,478). Meanwhile, among black Africans
there was no increased risk (adjusted OR 0.71, 95% CI

0.33–1.53; 11 out of 869 versus 40 out of 3,242). There were no
HIV-positive multidrug-resistant cases in the other ethnic
groups. The three white HIV-positive multidrug-resistant cases
were all male and were reported in broadly the same area of
England. However, they were reported during different years
and there was no evidence to suggest that they were
associated.

DISCUSSION
The present study provides national data on the association
between HIV and firstline antituberculosis drug resistance in
England and Wales during the period 1999–2005. In contrast to
previous studies from the UK and some other Western countries
[12–18, 23–25], this large, up-to-date study provides little
evidence that HIV co-infected patients are at increased risk of
drug-resistant tuberculosis. Among cases with a previous
tuberculosis diagnosis, there was no evidence of an association,
although numbers were small. Among new tuberculosis cases,
there was no overall association between HIV and isoniazid or
multidrug resistance after adjusting for confounding factors.
White HIV-positive patients were more likely to have multidrug
resistance, but numbers were very small.

The present analysis used national surveillance data from
seven consecutive years, which provided a large and repre-
sentative dataset. One of the main limitations of the study is
that, in order to obtain information on HIV status, it was
necessary to match tuberculosis cases to HIV/AIDS reports. It
is likely that the number of co-infected cases has been
underestimated. Although HIV is known to be an important
risk factor for the development of tuberculosis disease [6],
there is currently no policy in the UK to test all tuberculosis
cases for HIV. Therefore, it is probable that there are a number
of tuberculosis cases with undiagnosed HIV. Furthermore,
since no information is available on individuals with negative
HIV test results, it is not known what proportion of patients

TABLE 2 Antituberculosis drug resistance among previously diagnosed and new tuberculosis cases by HIV status, England and
Wales, UK, 1999–2005

Type of resistance All cases HIV-negative HIV-positive OR (95% CI)# p-value

Previously diagnosed cases

Isoniazid 135/1657 (8.1) 131/1577 (8.3) 4/80 (5.0) 0.58 (0.21–1.61) 0.297

Rifampicin 62/1657 (3.7) 57/1577 (3.6) 5/80 (6.3) 1.78 (0.69–4.57) 0.232

Ethambutol 20/1656 (1.2) 19/1576 (1.2) 1/80 (1.3) 1.04 (0.14–7.85) 0.972

Pyrazinamide" 17/1650 (1.0) 16/1570 (1.0) 1/80 (1.3) 1.23 (0.16–9.39) 0.842

Any first-line drug 153/1655 (9.2) 146/1575 (9.3) 7/80 (8.8) 0.94 (0.42–2.08) 0.876

MDR 47/1657 (2.8) 45/1577 (2.9) 2/80 (2.5) 0.87 (0.21–3.66) 0.853

New cases

Isoniazid 1195/18130 (6.6) 1108/16974 (6.5) 87/1156 (7.5) 1.17 (0.93–1.46) 0.186

Rifampicin 183/18130 (1.0) 161/16974 (0.9) 22/1156 (1.9) 2.03 (1.29–3.18) 0.002

Ethambutol 63/18123 (0.3) 57/16968 (0.3) 6/1155 (0.5) 1.55 (0.67–3.60) 0.309

Pyrazinamide" 74/18016 (0.4) 65/16864 (0.4) 9/1152 (0.8) 2.04 (1.01–4.10) 0.047

Any first-line drug 1288/18077 (7.1) 1189/16924 (7.0) 99/1153 (8.6) 1.24 (1.00–1.54) 0.047

MDR 125/18130 (0.7) 111/16974 (0.7) 14/1156 (1.2) 1.86 (1.06–3.26) 0.029

Data are presented as number of resistant cases/total cases (%), unless otherwise stated. OR: odds ratio; CI: confidence interval; MDR: multidrug resistance. #: HIV-

positive cases compared with HIV-negative cases; ": cases with Mycobacterium bovis were excluded from calculations of pyrazinamide resistance, since they are usually

intrinsically resistant.
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was tested. Misclassification of HIV status may underestimate
any association, but it is possible that patients with drug-
resistant tuberculosis are more likely to be tested for HIV; this
may result in an overestimation of the association between HIV
and antituberculosis drug resistance.

The lack of DST results for 10% of cases is likely to be due to
limitations of the process for matching ETS cases reports
with MycobNet isolates, rather than differential testing. In
addition, the characteristics of these excluded cases were
reasonably similar to those of the study population; thus, the
exclusion of these cases is unlikely to have resulted in any
substantial bias. Meanwhile, any misclassification of drug
resistance will most likely be due to random laboratory or
data input errors, or limitations of the matching procedure.
Such misclassification is likely to be minimal and would not
be influenced by HIV status. Therefore, any resulting bias
would be nondifferential. Information on previous tubercu-
losis diagnosis is generally self-reported and is thus subject
to recall bias. This is unlikely to be a serious concern, owing

to the nature of tuberculosis treatment, i.e. patients are
generally unlikely to forget having been previously treated.
However, as the analyses were stratified by previous history
of tuberculosis, cases with missing data on this variable
could not be included in the analysis; this may have
introduced some bias, and will have reduced the power of
the study.

There was no evidence of an association between HIV and
isoniazid resistance in this study. Earlier studies in the UK
have found an increased risk of isoniazid resistance among
HIV-positive cases during the 1990s [23, 24] but, because these
studies did not analyse new and previously diagnosed cases
separately, it is difficult to compare the results with those of
the present study. CONATY et al. [25] found an increased risk of
initial isoniazid resistance among HIV-positive patients in
England and Wales during 1993–1994 but no association in
1999–2000. An outbreak of isoniazid-resistant tuberculosis
began in 1999–2000 [28] and has not been associated with
HIV infection.

TABLE 3 Univariable and multivariable analyses for isoniazid resistance among new tuberculosis cases in England and Wales,
UK, 1999–2005

Case characteristic Resistance Univariable analysis Multivariable analysis

OR 95% CI p-value AOR 95% CI p-value

HIV status 0.186

Negative 1108/16974 (6.5) 1 1 0.895

Positive 87/1156 (7.5) 1.17 0.93–1.46 1.02 0.80–1.30

Year (linear variable) 1.03 1.00–1.06 0.031#

Age group yrs ,0.001 ,0.001

15–44 957/12082 (7.9) 1 1

45–64 177/3424 (5.2) 0.63 0.54–0.75 0.70 0.59–0.83

o65 61/2624 (2.3) 0.28 0.21–0.36 0.34 0.26–0.44

Sex 0.098

Male 704/10258 (6.9) 1

Female 490/7845 (6.2) 0.90 0.80–1.02

Place of reporting ,0.001 ,0.001

Outside London 534/10506 (5.1) 1 1

London 661/7624 (8.7) 1.77 1.58–1.99 1.52 1.34–1.72

Ethnic group ,0.001 ,0.001

White 193/4644 (4.2) 1 1

Black Caribbean 91/568 (16.0) 4.40 3.37–5.74 3.11 2.36–4.08

Black African 324/4111 (7.9) 1.97 1.64–2.37 1.22 1.00–1.50

Indian/Pakistani/Bangladeshi 400/6572 (6.1) 1.49 1.25–1.78 1.18 0.99–1.42

Other 168/2009 (8.4) 2.10 1.70–2.61 1.40 1.12–1.76

Place of birth (time since entry into the UK) 0.002

UK 275/4999 (5.5) 1

Abroad (,2 yrs) 182/2469 (7.4) 1.37 1.13–1.66

Abroad (o2 yrs) 562/7974 (7.0) 1.30 1.12–1.51

Abroad (unknown) 116/1781 (6.5) 1.20 0.96–1.50

Site of disease 0.307

Extrapulmonary 427/6170 (6.9) 1

Pulmonary sputum smear positive 415/6287 (6.6) 0.95 0.83–1.09

Other pulmonary 350/5628 (6.2) 0.89 0.77–1.03

Resistance data are presented as number of resistant cases/total number of cases (%). OR: odds ratio; CI: confidence interval; AOR: adjusted OR. #: test for trend.
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In the present study, there was no overall association between
HIV and initial multidrug resistance after adjusting for
confounding factors. An earlier UK study [25], as well as
several studies in Western Europe [15–17], found an associa-
tion between HIV and initial multidrug-resistant tuberculosis.
The reason for the differing finding in the present study could
be related to the different time periods studied, lack of
adjustment for confounders in previous studies [17], or
possibly the differing demographics of tuberculosis cases.
Meanwhile, although there is well-documented evidence of the
transmission of multidrug-resistant tuberculosis among HIV-
positive patients in the USA, this occurred during outbreaks in
specific settings [12, 13].

The finding of an association between HIV and multidrug-
resistant tuberculosis only in the white ethnic group suggests
a behavioural, rather than biological, explanation. The ETS
system does not collect information on behavioural factors,
such as problem drug use, imprisonment and homelessness,
so these could not be adjusted for in the current analysis. Such
factors are known to play an important role in the

epidemiology of tuberculosis [29] and may be confounders
of the observed association. The collection of information on
these factors is an important consideration for future
surveillance. Meanwhile, further investigation, including the
use of strain-typing data, may help determine the cause of the
association in the white ethnic group and inform appropriate
public health interventions. That the association between HIV
and antituberculosis drug resistance seems to vary in different
parts of the world may support the suggestion of a
behavioural explanation in the present study. Associations
have been most commonly observed in countries with a low
incidence of both tuberculosis and HIV, e.g. Western Europe
and the USA, and in these areas both diseases tend to be
concentrated in population subgroups, e.g. in those with
unique risk factors, such as problem drug use [29, 30].
Conversely, both diseases are much more widespread in the
general population in Africa, where there is little evidence of
an association [19–21]. This is also consistent with the finding
of no increased risk among HIV-positive black Africans in the
present study.

TABLE 4 Univariable and multivariable analyses for multidrug resistance (MDR) among new tuberculosis cases in England and
Wales, UK, 1999–2005

Case characteristic MDR Univariable analysis Multivariable analysis

OR 95% CI p-value AOR 95% CI p-value

HIV status 0.029 0.775

Negative 111/16974 (0.7) 1 1

Positive 14/1156 (1.2) 1.86 1.06–3.26 0.91 0.47–1.76

Year (linear variable) 1.07 0.97–1.17 0.165#

Age group yrs ,0.001 0.010

15–44 108/12082 (0.9) 1 1

45–64 12/3424 (0.4) 0.39 0.21–0.71 0.52 0.27–0.99

o65 5/2624 (0.2) 0.21 0.09–0.52 0.35 0.14–0.90

Sex 0.382

Male 66/10258 (0.6) 1

Female 59/7845 (0.8) 1.17 0.82–1.66

Place of reporting 0.009

Outside London 58/10506 (0.6) 1

London 67/7624 (0.9) 1.60 1.12–2.27

Ethnic group ,0.001 0.323

White 13/4644 (0.3) 1 1

Black Caribbean 3/568 (0.5) 1.89 0.54–6.66 1.40 0.39–5.01

Black African 51/4111 (1.2) 4.47 2.43–8.24 2.02 0.88–4.64

Indian/Pakistani/Bangladeshi 39/6572 (0.6) 2.13 1.13–3.99 1.33 0.61–2.90

Other 16/2009 (0.8) 2.86 1.37–5.96 1.39 0.56–3.45

Place of birth (time since entry into the UK) ,0.001 0.028

UK 19/4999 (0.4) 1 1

Abroad (,2 yrs) 37/2469 (1.5) 3.99 2.29–6.95 2.23 1.08–4.63

Abroad (o2 yrs) 53/7974 (0.7) 1.75 1.04–2.97 1.19 0.59–2.38

Abroad (unknown) 11/1781 (0.6) 1.63 0.77–3.43 1.24 0.53–2.91

Site of disease 0.322

Extrapulmonary 35/6170 (0.6) 1

Pulmonary sputum smear positive 46/6287 (0.7) 1.29 0.83–2.01

Other pulmonary 44/5628 (0.8) 1.38 0.88–2.16

MDR data are presented as number of MDR cases/total number of cases (%). OR: odds ratio; CI: confidence interval; AOR: adjusted OR. #: test for trend.

C.E. FRENCH ET AL. HIV AND ANTITUBERCULOSIS DRUG RESISTANCE

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 32 NUMBER 3 723



Conclusion
Overall, the present study provides little evidence that HIV co-
infected tuberculosis patients are at increased risk of initial or
acquired drug-resistant tuberculosis. Although there is some
evidence of an increased risk of initial multidrug-resistant
tuberculosis among white HIV-positive patients, the risk is still
very low (,2%), and may be due to behavioural factors.
Routine HIV testing of tuberculosis patients would help inform
clinical care and allow a better understanding of the impact of
HIV co-infection on the epidemiology of tuberculosis.

ACKNOWLEDGEMENTS
The authors would like to acknowledge all those who provided
information on tuberculosis and HIV/AIDS diagnoses in
England and Wales. Many thanks to D. Quinn (Health
Protection Agency Centre for Infections, London, UK) for
preparing the Enhanced Tuberculosis Surveillance dataset for
analysis, and for his role in the data-matching processes.

REFERENCES
1 Health Protection Agency. Focus on Tuberculosis: Annual

Surveillance Report 2006 – England, Wales and Northern
Ireland. London, Health Protection Agency Centre for
Infections, 2006. Available from: www.hpa.org.uk/web/
HPAweb&HPAwebStandard/HPAweb_C/1195733800680

2 Ahmed AB, Abubakar I, Delpech V, et al. The growing
impact of HIV infection on the epidemiology of tubercu-
losis in England and Wales: 1999–2003. Thorax 2007; 62:
672–676.

3 Goble M, Iseman MD, Madsen LA, Waite D, Ackerson L,
Horsburgh CR. Treatment of 171 patients with pulmonary
tuberculosis resistant to isoniazid and rifampin. N Engl J
Med 1993; 328: 527–532.

4 Quy HT, Cobelens FGJ, Lan NTN, Buu TN, Lambregts CSB,
Borgdorff MW. Treatment outcomes by drug resistance
and HIV status among tuberculosis patients in Ho Chi
Minh City, Vietnam. Int J Tuberc Lung Dis 2006; 10: 45–51.

5 Aziz MA, Wright A, Laszlo A, et al. Epidemiology of
antituberculosis drug resistance (the Global Project on
Anti-tuberculosis Drug Resistance Surveillance): an
updated analysis. Lancet 2006; 368: 2142–2154.

6 Lienhardt C, Rodrigues LC. Estimation of the impact of the
human immunodeficiency virus infection on tuberculosis:
tuberculosis risks re-visited? Int J Tuberc Lung Dis 1997; 1:
196–204.

7 Pearson ML, Jereb JA, Frieden TR, et al. Nosocomial
transmission of multidrug-resistant Mycobacterium tubercu-
losis. A risk to patients and health care workers. Ann Intern
Med 1992; 117: 191–196.

8 Telenti A. Genetics and pulmonary medicine. 5. Genetics
of drug resistant tuberculosis. Thorax 1998; 53: 793–797.

9 Burman WJ, Jones BE. Treatment of HIV-related tubercu-
losis in the era of effective antiretroviral therapy. Am J
Respir Crit Care Med 2001; 164: 7–12.

10 Control and prevention of tuberculosis in the United
Kingdom: Code of Practice 2000. Joint Tuberculosis
Committee of the British Thoracic Society. Thorax 2000;
55: 887–901.

11 National Institute for Health and Clinical Excellence.
Tuberculosis. Clinical Diagnosis and Management of

Tuberculosis, and Measures for its Prevention and Con-
trol. London, National Institute for Health and Clinical
Excellence, 2006. Available from: www.nice.org.uk/
guidance/index.jsp?action5byID&o510980

12 Centers for Disease Control (CDC). Transmission of
multidrug-resistant tuberculosis among immunocompro-
mised persons in a correctional system – New York, 1991.
MMWR Morb Mortal Wkly Rep 1992; 41: 507–509.

13 Edlin BR, Tokars JI, Grieco MH, et al. An outbreak of
multidrug-resistant tuberculosis among hospitalized
patients with the acquired immunodeficiency syndrome.
N Engl J Med 1992; 326: 1514–1521.

14 Faustini A, Hall AJ, Perucci CA. Risk factors for multidrug
resistant tuberculosis in Europe: a systematic review.
Thorax 2006; 61: 158–163.

15 Robert J, Trystram D, Truffot-Pernot C, Jarlier V.
Multidrug-resistant tuberculosis: eight years of surveil-
lance in France. Eur Respir J 2003; 22: 833–837.

16 Haar CH, Cobelens FGJ, Kalisvaart NA, van der Have JJ,
van Gerven PJHJ, van Soolingen D. Tuberculosis drug
resistance and HIV infection, the Netherlands. Emerg Infect
Dis 2007; 13: 776–778.

17 Ferrara G, Richeldi L, Bugiani M, et al. Management of
multidrug-resistant tuberculosis in Italy. Int J Tuberc Lung
Dis 2005; 9: 507–513.

18 World Health Organization/International Union Against
Tuberculosis and Lung Disease. Anti-tuberculosis Drug
Resistance in the World: the WHO/IUATLD Global Project
on Anti-tuberculosis Drug Resistance Surveillance, 2002-
2007. Report no. 4. WHO/HTM/TB/2008.394. Geneva,
World Health Organization, 2008.

19 Anastasis D, Pillai G, Rambiritch V, Abdool Karim SS. A
retrospective study of human immunodeficiency virus
infection and drug-resistant tuberculosis in Durban, South
Africa. Int J Tuberc Lung Dis 1997; 1: 220–224.

20 Kenyon TA, Mwasekaga MJ, Huebner R, Rumisha D,
Binkin N, Maganu E. Low levels of drug resistance amidst
rapidly increasing tuberculosis and human immunodefi-
ciency virus co-epidemics in Botswana. Int J Tuberc Lung
Dis 1999; 3: 4–11.

21 Warndorff DK, Yates M, Ngwira B, et al. Trends in
antituberculosis drug resistance in Karonga District,
Malawi, 1986–1998. Int J Tuberc Lung Dis 2000; 4: 752–757.

22 Singh JA, Upshur R, Padayatchi N. XDR-TB in South
Africa: no time for denial or complacency. PLoS Med 2007;
4: e50.

23 Irish C, Herbert J, Bennett D, et al. Database study of
antibiotic resistant tuberculosis in the United Kingdom,
1994–6. BMJ 1999; 318: 497–498.

24 Djuretic T, Herbert J, Drobniewski F, et al. Antibiotic
resistant tuberculosis in the United Kingdom: 1993–1999.
Thorax 2002; 57: 477–482.

25 Conaty SJ, Hayward AC, Story A, Glynn JR,
Drobniewski FA, Watson JM. Explaining risk factors for
drug-resistant tuberculosis in England and Wales: con-
tribution of primary and secondary drug resistance.
Epidemiol Infect 2004; 132: 1099–1108.

26 Mortimer JY, Salathiel JA. ‘‘Soundex’’ codes of surnames
provide confidentiality and accuracy in a national HIV
database. Commun Dis Rep CDR Rev 1995; 5: R183–R186.

HIV AND ANTITUBERCULOSIS DRUG RESISTANCE C.E. FRENCH ET AL.

724 VOLUME 32 NUMBER 3 EUROPEAN RESPIRATORY JOURNAL



27 Health Protection Agency. The UK Mycobacterial
Surveillance Network Report 1994–2003: 10 years of
MycobNet. London, Tuberculosis Section, Health
Protection Agency, Centre for Infections, 2005. Available
from: www.hpa.org.uk/web/HPAweb&HPAwebStandard/
HPAweb_C/1195733800680

28 Ruddy MC, Davies AP, Yates MD, et al. Outbreak of
isoniazid resistant tuberculosis in north London. Thorax
2004; 59: 279–285.

29 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: 667–671.

30 The UK Collaborative Group for HIV and STI Surveillance.
Testing times. HIV and other Sexually Transmitted
Infections in the United Kingdom: 2007. London, Health
Protection Agency, Centre for Infections, 2007. Available
from: www.hpa.org.uk/web/HPAweb&HPAwebStandard/
HPAweb_C/1204100473908

C.E. FRENCH ET AL. HIV AND ANTITUBERCULOSIS DRUG RESISTANCE

EUROPEAN RESPIRATORY JOURNAL VOLUME 32 NUMBER 3 725


