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ABSTRACT: Drug resistance surveillance and trend monitoring resistance rates bring some

insights into tuberculosis (TB) control. The current study reports the characteristics of TB and

drug resistance during a 10-yr prospective surveillance of culture-positive TB in France.

Data for the current study was collected from 1995–2004 via a sentinel network of laboratories

from university hospitals that complied with the international recommendations for the

surveillance of drug resistance. Susceptibility test results were performed in each individual

laboratory.

Data on 13,283 patients were collected during the 10-yr period, 49% of whom had been born in

France, 10% were HIV co-infected and 8% had previously been treated. As expected, previously

treated and HIV co-infected patients were more likely to harbour resistant strains, especially

rifampicin (RMP)-resistant strains. Among new patients, the mean resistance rate to at least one

drug was 8.8%, and there was an upward trend in resistance to isoniazid and RMP (0.8–1%)

related to the increase in the proportion of patients who had been born outside of France (38–

53%). Among previously treated patients, the mean resistance rate to one drug was 20.6% and

there was no significant time trend in resistance rates.

The sentinel network provided valuable data on trends regarding the characteristics of

tuberculosis and on drug resistance rates and reinforced the interest of analysing data by country

of birth and history of treatment.
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D
rug resistance surveillance is considered
to be of major interest in tuberculosis (TB)
surveillance as resistance may be a major

threat to TB control. The prevalence of anti-TB
drug resistance and especially multidrug resist-
ance (MDR), i.e. resistance to at least isoniazid
(INH) and rifampicin (RMP), is related to the
proportion of previously treated cases [1]. Low
resistance rates are associated with good manage-
ment practices, such as short-course chemother-
apy and directly observed treatments. For these
reasons, the World Health Organization (WHO)
and the International Union Against TB and
Lung Disease issued guidelines for the surveil-
lance of anti-TB drug resistance [2]. These guide-
lines were further modified, adapting to the
epidemiological and technical situations found
in European countries [3]. The main principles
underlined in the guidelines are: 1) to report drug
resistance on a representative number of cases; 2)

to stratify results on patients’ previous treatment
histories; and 3) to stratify results on patients’
origin. The main objectives of this surveillance
were to monitor the trends for TB infection and
identify high-risk populations.

In France during 2004, approximately 5,500 cases
of TB were reported to the French Health
Authorities through the national mandatory
notification system and the incidence of TB in
metropolitan France was given as 9.2 per 100,000
inhabitants [4]. Consequently, France is con-
sidered to be a low incidence country for TB.
There is currently no national directly observed
therapy programme, although the rate for suc-
cessful TB treatment is estimated at .85%. TB
notification is mandatory throughout France,
although until recently no data on drug resis-
tance had been collected through the mandatory
system. The surveillance of drug resistance,
established in the early 1960s at the Pasteur
Institute (Paris, France) [5], stopped in the early
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Salpêtrière Hospital, Paris, and
"Laboratory of Bacteriology, Haut
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1970s. Surveillance resumed in 1995, thanks to a new
laboratory-based network of university hospitals [6]. Data
collected through this network are not linked to the mandatory
notification system and therefore the network is considered as
a sentinel surveillance system. In a previous report [6], the
current authors described the results of the first 3 yrs of the
surveillance system. The present authors found patients’
characteristics were similar to those of patients notified
through the mandatory notification system and that drug
resistance rates for France ranked it in the lower range of
European countries, when considering resistance rates.

The current study presents the characteristics for TB and drug-
resistance rates during a 10-yr prospective surveillance of
culture-positive TB. The surveillance was performed by a
network of university hospitals complying with international
recommendations for the surveillance of drug resistance. The
present authors’ analyses focused on drug resistance in
patients born outside of France, HIV co-infected patients and
time trends over the 10-yr period.

MATERIALS AND METHODS
The network of microbiologists from the university hospitals,
called the AZAY-Mycobacteria Study Group, was established
in 1994 and surveillance began in 1995. After 3 yrs of
consolidation [6], the 19 initial laboratories were progressively
joined by new laboratories in order to increase geographical
coverage. At the end of the study period in 2004, the network
included 33 laboratories.

All culture-positive TB patients diagnosed in each laboratory
from the network, during the 10-yr period, were included in
the surveillance. Microbiologists prospectively collected the
following data: basic demographical data; place of birth; site of
TB, by clinical examination, chest radiographs and laboratory
results; HIV co-infection; prior history of treatment with anti-
TB drugs and microbiological results. Susceptibility to first line
antimicrobials, i.e. INH, RMP, ethambutol (EMB) and strepto-
mycin (STM), was conducted independently by each labora-
tory; except for a few laboratories with too few numbers of
cases that transmitted positive-culture slants for susceptibility
testing to another laboratory within the network. The method
used for susceptibility testing relied on the proportion method,
either on Löwenstein–Jensen (LJ) [7] or liquid media [8].
Criteria for drug resistance on LJ medium were o1% colony
growth at 28 and 40 days compared with the drug-free control
medium at the following drug concentrations: 0.2, 40, 2 and
4 mg?L-1 for INH, RMP, EMB and STM, respectively [7]. For
the BACTEC MGIT 960 system (Becton-Dickinson, Baltimore,
MD, USA), critical drug concentrations were 0.1 and 0.4 mg?L-1

for INH, 1 and 4 mg?L-1 for STM, and 1 and 5 mg?L-1 for RMP
and EMB, respectively. Data on pyrazinamide were not
collected because of the uncertainties found in its interpret-
ation [8]. Quality of susceptibility results was assessed by
internal and external quality controls. The National Reference
Centre (NRC) participated in the proficiency testing of the
susceptibility of Mycobacterium tuberculosis organised by WHO.
The NRC organised blind quality controls in the network. This
was undertaken by sending strains of the bacterium, with a
well-defined resistant pattern, to each participating laboratory.
Results of these blind controls were satisfactory with regards to
the WHO standards.

Patients were classified as new, previously treated or chronic
cases according to international definitions [7]. Patients with
unknown HIV status were grouped with HIV-negative
patients for analysis. MDR was defined by resistance to a
minimum of INH and RMP.

Data were collected on standardised forms, computerised and
analysed using computer software. Categorical variables were
compared by using Chi-squared tests or Fisher’s exact test.
Trends were analysed by using the Chi-squared tests for trend.
To determine the independent importance of major risk factors
for drug resistance, the current authors developed uncondi-
tional logistic regression models with bootstrapping. Age was
dichotomised at the median to be introduced in the models.
Birthplace outside of France or the different French regions of
birth were used alternatively for model building. All variables
were included in the models and backward analysis was
performed. Only the most parsimonious models, i.e. those
having the most significance with the least variables, are
presented. Model fitness was assessed by using the Hosmer–
Lemeshow test. The p-values are two-tailed unpaired and
p,0.05 was considered statistically significant.

RESULTS

Population
During the 10-yr surveillance period, the number of labora-
tories participating in the network increased from 17 in 1995 to
19 in 1998 and reached 33 in 2004. Consequently, the number
of French metropolitan regions covered by the network
increased from nine out of the 22 administrative regions in
1995 to 19 out of 22 administrative regions in 2004. The annual
number of patients increased from 1,052 in 1995, remaining
stable at ,1,150 patients until 2000, reaching 1,732 in 2004.
During the initial 3 yrs of the surveillance, the number of
patients included in the surveillance represented a mean
proportion of 10% from the total number of patients recorded
each year by the French national mandatory notification
system for TB [4]. This proportion reached 29% during the
latter 3 yrs of the surveillance [4]. The Paris area included 43%
of the patients over the 10-yr period.

A total of 13,283 patients were included during the 10-yr
surveillance, of whom 8,642 (65%) were male (table 1). The
mean age was 48.6 yrs and 72% of the patients were aged
between 15–64 yrs. Half of the patients (6,554 out of 13,283;
49%) were born in France, whilst 5,806 (44%) were born
outside of France, with the remaining 923 (7%) patients having
an unknown country of birth. The proportion of HIV co-
infected patients was 10%. Patients born outside of France
were more likely to be HIV co-infected (13.6%) than patients
who had been born in France (7.5%, p,0.01). A total of 10,707
(80%) patients were new or previously untreated cases, 1,019
(8%) had previously received anti-TB drugs for .1 month, and
treatment history was unknown for the remaining 1,557 (12%)
patients. The majority of patients (70%) had pulmonary TB,
including 53% smear-positive cases, 22% had extra-pulmonary
TB and the remaining 8% of patients had combined pulmonary
and extra-pulmonary TB. HIV-positive patients with extra-
pulmonary TB were more likely to be smear-positive than HIV-
negative patients (44 versus 23%; p,0.001). In contrast, the
difference in positive smears for pulmonary TB was not
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significant between HIV-positive and HIV-negative patients
(57 versus 53%; p50.06).

During the 10-yr surveillance period there was a significant
increase in the proportion of patients born outside of France,
from 38% in 1995 to 53% in 2004 (p,0.001, Chi-squared test for
trend; fig. 1). Overall, the most frequent regions of birth for the
patients born outside of France were sub-Saharan Africa
(16.6%), Maghreb (12.5%) and Asia (6.9%). During the 10-yr
study period, there was a constant increase in the proportion of
patients who originated from sub-Saharan Africa (12.0–21.9%;
p,0.001). In addition, a significant increase was observed in
the first part of the study period for patients born in Maghreb
(9.1% in 1995 to 14.0% in 1998; p,0.001) and in Asia (4.8% in
1995 to 7.8% in 2000; p,0.001), but these proportions remained

stable afterwards for both populations (p50.42 and p50.32,
respectively). The proportion of patients with a previous
history of treatment decreased from 11 to 8% (p,0.001). The
proportion of HIV co-infected patients remained stable at
,10% during the 10-yr period (p50.62). There was no
difference in trends observed for all the above characteristics
between laboratories participating in the surveillance since the
beginning of the programme (n519, referred to as the initial
laboratories) and the laboratories that joined the network
afterwards (n514, referred to as the new laboratories).

Primary resistance
The overall resistance rate to at least one first line drug or STM
in new cases was 8.8%. STM resistance was the most frequent
(6.6%), followed by INH resistance (4.2%). MDR was observed
in 0.7% (n578) of the new cases (table 2). Resistance to at least
one drug was more likely in patients born outside of France
(11%) than in French-born patients (7%; p50.001). Among
those patients who had been born in France, resistance to at
least RMP or EMB was more frequent in HIV co-infected
patients (2.0 and 1.2%, respectively) than in other patients (0.4
and 0.3%, respectively; p,0.01). In addition, the resistance rate
to RMP alone (monoresistance) was higher among HIV co-
infected patients than among other patients (1.0 versus 0.04%;
p,0.001). There was no statistically significant difference
among HIV co-infected patients and other patients for
resistance to at least STM, INH or MDR. Compared with
non-HIV co-infected patients, HIV co-infected patients born
outside of France, had higher resistance rates to STM (10.6
versus 6.6%, p,0.001), INH (9.2 versus 5.9%, p50.002), RMP
(3.0 versus 1.1%, p,0.001) and MDR (2.7 versus 0.9%; p,0.001).

Factors independently associated with primary resistance to at
least one of the four drugs in multivariate analysis (table 3)
were: age ,45 yrs (odds ratio (OR) 1.2); born outside of France
(OR 1.5); and HIV co-infection (OR 1.4). Sub-Saharan Africa
(OR 1.5) or Asia (OR 1.6) were the two regions of birth strongly
associated with resistance, as compared with other regions
when introduced in the logistic regression model in place of
birth outside of France. Factors independently associated with

TABLE 1 Characteristics of the study population

Treatment history

Previously untreated 10707 (80)

Previously treated 1019 (8)

Unknown 1557 (12)

Country of birth

France 6554 (49)

Other 5806 (44)

Western Europe 422 (3.2)

Eastern Europe 216 (1.6)

Maghreb 1654 (12.5)

Sub-Saharan Africa 2207 (16.6)

Asia 921 (6.9)

All other countries 193 (1.5)

Unknown 923 (7)

HIV+ status 1326 (10)

Age yrs

0–14 176 (1)

15–64 9530 (72)

o65 3473 (27)

Tuberculosis#

Pulmonary" 9262 (70)

SM+, HIV+ 457 (5)

SM+, HIV- 4445 (48)

SM-, HIV+ 350 (4)

SM-, HIV- 3929 (43)

Extra-pulmonary+ 2870 (22)

SM+, HIV+ 91 (3)

SM+, HIV- 591 (21)

SM-, HIV+ 117 (4)

SM-, HIV- 1992 (72)

Combined 1125 (8)

Diagnosis for each region of France

Paris area 5732 (43)

North west 2208 (17)

North east 1074 (8)

South west 2541 (19)

South east 1726 (13)

Total 13283 (100)

Data are presented as n (%). +: positive; -: negative. #: Tuberculosis site was

unknown for 26 patients; ": smear (SM) result was unknown for 81 patients;
+: SM result was unknown for 79 patients.
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FIGURE 1. Evolution of the country of birth and previous history of treatment

for tuberculosis for patients surveyed from 1995–2004 in France. $: patients born

outside of France; &: previously treated patients.
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MDR were place of birth outside France (OR 2.7) and HIV co-
infection (OR 2.6). Younger age was not significantly asso-
ciated with MDR (OR 1.6, p 0.11). Finally, when analysing risk
factors for resistance to RMP alone, only HIV co-infection
remained significantly associated with an increased risk (OR
8.9, 95% confidence interval (CI) 2.9–27.6).

There was no significant time trend (p50.81) in the overall
resistance to at least one drug, STM or RMP among new cases
during the 10-yr surveillance (fig. 2). However, there was an
upward trend in resistance to INH (3.7 to 4.3%; p50.01), and in
MDR (0.81 to 1%, p50.02). When separately analysing the data
from initial laboratories, an upward trend was observed for

TABLE 2 Mycobacterium tuberculosis drug resistance by country of birth# and HIV status among previously untreated patients
between 1995–2004 in France

Result from drug susceptibility testing All patients Born in France Born outside of France

HIV- HIV+ HIV- HIV+

Fully sensitive 9769 (91.2) 4731 (93.4) 368 (90.9) 3729 (90.0) 539 (85.6)

Any resistance 938 (8.8) 334 (6.6) 37 (9.1) 416 (10.0) 91 (14.4)

Any STM resistance 671 (6.3) 267 (5.3) 20 (4.9) 273 (6.6) 67 (10.6)

Any INH resistance 452 (4.2) 108 (2.1) 14 (3.5) 245 (5.9) 58 (9.2)

Any RMP resistance 92 (0.9) 18 (0.4) 8 (2.0) 44 (1.1) 19 (3.0)

Any EMB resistance 61 (0.6) 16 (0.3) 5 (1.2) 30 (0.7) 7 (1.1)

Monoresistance 674 (6.3) 278 (5.5) 29 (7.2) 273 (6.6) 47 (7.5)

STM 450 (4.2) 217 (4.3) 16 (4.0) 157 (3.8) 28 (4.4)

INH 193 (1.8) 52 (1.0) 8 (2.0) 104 (2.5) 15 (2.4)

RMP 11 (0.1) 2 (,0.1) 4 (1.0) 4 (0.1) 1 (0.2)

EMB 20 (0.2) 7 (0.1) 1 (0.2) 8 (0.2) 3 (0.5)

Multidrug resistance

INH+RMP resistance 78 (0.7) 16 (0.3) 3 (0.7) 39 (0.9) 17 (2.7)

INH+RMP 24 (0.2) 3 (0.1) 1 (0.2) 15 (0.4) 5 (0.8)

INH+RMP+EMB 8 (0.1) 1 (,0.1) 2 (0.5) 4 (0.1) 0 (0.0)

INH+RMP+STM 33 (0.3) 8 (0.2) 0 (0.0) 15 (0.4) 9 (1.4)

INH+RMP+EMB+STM 13 (0.1) 4 (0.1) 0 (0.0) 5 (0.1) 3 (0.5)

INH+other resistance 189 (1.8) 44 (0.9) 5 (1.2) 110 (2.7) 28 (4.4)

INH+STM 171 (1.6) 38 (0.8) 3 (0.7) 94 (2.3) 26 (4.1)

INH+EMB 10 (0.1) 4 (0.1) 1 (0.2) 12 (0.3) 1 (0.2)

INH+EMB+STM 8 (0.1) 2 (0.0) 1 (0.2) 4 (0.1) 1 (0.2)

RMP+other resistance 2 (0.0) 1 (0.0) 1 (0.2) 0 0

RMP+STM 2 (0.0) 1 (0.0) 1 (0.2) 0 0

RMP+EMB 0 0 0 0 0

Total tested 10707 (100) 5065 (100) 405 (100) 4145 (100) 630 (100)

Data are presented as n (%). STM: streptomycin; INH: isoniazid; RMP: rifampicin; EMB: ethambutol; HIV-: HIV-negative; HIV+: HIV-positive. #: country of birth was

unknown for 462 patients.

TABLE 3 Multivariate analyses of risk factors for drug resistance to tuberculosis between 1995–2004 in France

Characteristics Resistance o1 drug Resistance to at least INH+RMP

New patients

Age ,45 yrs 1.2 (1.01–1.4) 1.6 (0.9–207)

Born outside of France 1.5 (1.3–1.7) 2.7 (1.5–5.0)

HIV co-infection 1.4 (1.2–1.8) 2.6 (1.4–4.7)

Previously treated patients

Age ,45 yrs 1.9 (1.3–2.8) 2.0 (1.1–3.6)

Born outside of France 1.9 (1.3–2.8) 5.5 (2.8–10.7)

HIV co-infection 1.9 (1.2–2.9) NS

SM+ 1.6 (1.1–2.2) NS

Data presented as odds ratio (95% confidence interval). INH: isoniazid; RMP: rifampicin; SM+: smear positive; NS: nonsignificant.
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MDR, but not for INH resistance. After stratification on the
place of birth, no time trend was observed for INH and MDR,
or for French-born or non-French-born patients.

Secondary resistance
The overall resistance to at least one first-line drug or STM in
previously treated cases was 20.6%. INH resistance was the
most frequent (14.0%), followed by STM resistance (11.7%).
Resistance to RMP was observed in 8.9% of the cases, and
MDR resistance in 6.9% (n570; table 4). Resistance to at least
one drug was more likely in patients born outside of France
(29%) than in French-born patients (14%, p,0.001). Among
French-born previously treated patients, resistance to at least
RMP or to RMP alone was more frequent among HIV co-
infected patients (28.6 and 22.4%, respectively) than among
other patients (2.2 and 0%, respectively; p,0.001 for both
comparisons). There was no statistically significant difference
among HIV co-infected patients and other patients for
resistance to other drugs and MDR. As for French-born
patients, HIV co-infected patients born outside of France had
higher resistance rates to RMP alone (8.6%) than non-HIV co-
infected patients (0%; p,0.001). No other statistical difference
was observed among patients born outside of France after
stratification on HIV status.

Factors independently associated with resistance to at least one
of the four drugs among previously treated patients in
multivariate analysis (table 3) were the same as those for
new patients i.e. aged ,45 yrs (OR 1.9), born outside of France
(OR 1.9), and HIV co-infection (OR 1.9). In addition, smear-
positive patients were at a greater risk of resistance to at least
one drug (OR 1.6). As for new patients, being born in Sub-
saharan Africa (OR 1.5, 95% CI 1.04–2.3), but not in Asia, was
significantly associated with resistance. In addition, being born
in European countries other than France was also associated
with resistance to at least one drug (OR 2.3, 95% CI 1.2–4.6).
Factors independently associated with secondary MDR were
birth outside of France (OR 5.5) and age ,45 yrs (OR 2.0).
However, smear status and HIV co-infection were not
significantly associated with MDR. Finally, HIV co-infection
was the only factor significantly associated with secondary

RMP monoresistance. All patients harbouring monoresistant
strains were HIV-positive.

There was no significant time trend in resistance rates to at
least one drug (fig. 2), or to each drug taken separately, among
previously treated cases.

DISCUSSION
Surveillance of TB drug resistance is of major interest for TB
control and is used as an indicator for TB treatment quality. In
France, the surveillance of drug resistance is conducted by a
sentinel network that investigates almost one-third of all
culture-positive cases. The network provides two important
pieces of information regarding the general epidemiology of
TB in France. These are: 1) the increase in the proportion of
patients born outside of France; and 2) the increase in the
proportion of new cases. The results of the surveillance show
that anti-TB drug resistance is not a major health issue in
France, at least among never-treated patients. Nevertheless,
drug resistance is significantly associated with those born
outside of France and HIV co-infection and therefore needs to
be carefully monitored in these populations. Finally, a slight
upward trend was observed for MDR strains among new
patients over the 10-yr period.

In the last 10 yrs, many European countries witnessed changes
in the epidemiology of TB, similar to those observed in the
current study; a significant decrease in the incidence of TB in
the local-born population and an increased proportion of non-
local-born patients [9]. In France, the national mandatory
notification system observed an increase in the incidence of TB
in the foreign population since 1999, involving mostly the
younger ages (15–39 yrs) [4]. Such a change has to be taken
into account for the correct interpretation of resistance data at
the national level and particularly to analyse trends. Indeed, it
is well established that drug resistance is closely linked to the
country of origin of the patient. The current authors observed
an increase in the relative proportion of patients born in sub-
Saharan Africa, where the prevalence of resistance has been
reported to be higher than in most other parts of the world [10].
Consequently, the observed increase in the prevalence of
primary resistance in the current study is likely to be linked to
both an increase in the proportion of patients born outside of
France and to a change in the country of origin of those
patients not born in France.

The proportion of drug resistance among new patients
(primary resistance) is an indicator of the transmission of TB
strains in a population. In 2004, overall primary resistance rates
to INH (4.2%) and RMP (0.9%) in France were similar to those
observed in Belgium (3.7 and 1.0%, respectively), the
Netherlands (5.5 and 0.3%, respectively) and Switzerland (5.6
and 0.9%, respectively). However, they were lower than in
Germany (7.9 and 1.6%, respectively), Italy (8.0 and 2.2%,
respectively) and the UK (6.9 and 2.2%, respectively) [11]. In
the present study, resistance rates among new patients who
were born in France were far ,5%, the threshold reported by
WHO as the upper level for good national programmes [12].
However, rates exceed 5% in untreated patients who were not
born in France. In addition, two-thirds of the MDR patients
were born outside of France, suggesting that exposure
occurred outside of France or transmission by other
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FIGURE 2. Evolution of resistance rates to a minimum of one first-line drug in

previously treated (&) and previously untreated ($) patients.
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non-French-born persons within France. Although patients
who were born outside of France may represent a source for
resistant strains, it has been shown in two low incidence
countries that MDR found in patients born outside of the
country they inhabit rarely cause secondary cases in the local
population [13, 14]. The difference in the prevalence of drug
resistance in the local and the non-local-born population
reinforces the importance of stratifying drug resistance rates
by patients’ origin as stated in the WHO guidelines [3]. In new
patients, a majority of RMP-resistant strains are MDR strains.
Therefore, RMP resistance is a good marker for MDR,
underlining the usefulness of rapid technologies for assessing
resistance to this drug.

As expected, the prevalence of drug resistance in France was
far higher among previously treated patients than among
untreated patients. Overall secondary resistance rates to INH
(14.0%) and RMP (8.9%) in France are close to those observed
in Bosnia (14.3 and 7.8%, respectively), and Portugal (12.8 and
7.4%, respectively) in 2004. They are lower than the rates
observed in Germany (26.1 and 15.2%, respectively) and Italy
(36.4 and 20.5%, respectively), but higher than those observed
in the UK (6.8 and 2.7%, respectively) or Switzerland (3.4 and

3.4%, respectively) [11]. The close association between HIV co-
infection and RMP or MDR resistance is clear, as previously
reported [6, 15, 16]. This may be due to nonadherence to
therapy or drug interaction. In contrast to what was observed
in the untreated population, monoresistance to RMP is at least
as frequent as MDR among HIV co-infected patients.
Therefore, RMP resistance cannot be considered as a proxy
for MDR among HIV-positive persons who were previously
treated for TB, reinforcing the value of a reliable and rapid test
for INH resistance, in addition to the currently available rapid
test for RMP resistance [17].

Sustaining surveillance over a long time-period, while assuring
data quality, is challenging. In the present study, the
characteristics of the network have evolved over the 10-yr
study period. Indeed, the national geographical coverage has
been enlarged, increasing the number of patients included in
the surveillance. Consequently, the network represents almost
one-third of all culture-positive cases reported to the NCR in
the last 3 yrs of the surveillance. In the national mandatory
notification system, the proportion of patients from the Paris
area within France was 48% in 2000 and 41% in 2005, and the
proportion of pulmonary involvement, French-born patients

TABLE 4 Mycobacterium tuberculosis drug resistance by country of birth# and HIV status among previously treated patients
between 1995–2004 in France

Result from drug susceptibility testing All patients Born in France Born outside of France

HIV- HIV+ HIV- HIV+

Fully sensitive 809 (79.4) 411 (88.4) 30 (61.2) 265 (73.0) 52 (64.2)

Any resistance 210 (20.6) 54 (11.6) 19 (38.8) 98 (27.0) 29 (35.8)

Any STM resistance 119 (11.7) 28 (6.0) 5 (10.2) 65 (17.9) 12 (14.8)

Any INH resistance 143 (14.0) 37 (8.0) 3 (6.1) 82 (22.6) 16 (19.8)

Any RMP resistance 91 (8.9) 10 (2.2) 14 (28.6) 48 (13.2) 16 (19.8)

Any EMB resistance 36 (3.5) 5 (1.1) 1 (2.0) 25 (6.9) 3 (3.7)

Monoresistance

STM 41 (4.0) 13 (2.8) 3 (6.1) 16 (4.4) 5 (6.2)

INH 39 (3.8) 17 (3.7) 0 (0.0) 16 (4.4) 6 (7.4)

RMP 18 (1.8) 0 (0.0) 11 (22.4) 0 (0.0) 7 (8.6)

EMB 4 (0.4) 2 (0.4) 1 (2.0) 0 (0.0) 0 (0.0)

Multidrug resistance

INH+RMP resistance 70 (6.9) 9 (1.9) 2 (4.1) 48 (13.2) 8 (9.9)

INH+RMP 21 (2.1) 6 (1.3) 2 (4.1) 10 (2.7) 3 (3.7)

INH+RMP+EMB 8 (0.8) 0 (0.0) 0 (0.0) 7 (1.9) 1 (1.2)

INH+RMP+STM 19 (1.9) 1 (0.2) 0 (0.0) 14 (3.9) 2 (2.5)

INH+RMP+EMB+STM 22 (2.1) 2 (0.4) 0 (0.0) 17 (4.7) 2 (2.5)

INH+other resistance

INH+STM 34 (3.3) 11 (2.4) 1 (2.0) 18 (5.0) 2 (2.5)

INH+EMB 1 (0.1) 0 (0.0) 0 (0.0) 1 (0.3) 0 (0.0)

INH+EMB+STM 1 (0.1) 0 (0.0) 0 (0.0) 1 (0.3) 0 (0.0)

RMP+other resistance

RMP+STM 2 (0.2) 0 (0.0) 1 (2.0) 0 (0.0) 1 (1.2)

RMP+EMB 1 (0.1) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0)

RMP+EMB+STM 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Total tested 1019 (100) 465 (100) 49 (100) 363 (100) 81 (100)

Data are presented as n (%). STM: streptomycin; INH: isoniazid; RMP: rifampicin; EMB: ethambutol; HIV-: HIV-negative; HIV+: HIV-positive. #: country of birth was

unknown for 61 patients.
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and previously treated patients were 73%, 52–55%, and 8–9%,
respectively between 2001 and 2005 [18, 19]. These proportions
are very close from those observed in the present surveillance
network, i.e. 43% of patients were from the Paris area, 70% of
pulmonary involvement, 53% of French-born patients (among
informed cases) and 8% of previously treated patients, suggest-
ing an adequate representative of the network. Although no
formal evaluation of the network has been performed, it has
been shown in a recent study by GUERRIN-TRAN et al. [20] that
concordance of data collected through the network and through
the mandatory notification system was highly satisfactory.

The changes of the network over time could have induced
changes in the population under surveillance and con-
sequently could explain the observed trends. Patients recruited
through the laboratories that joined the network over time
(new laboratories) had similar characteristics to those included
by laboratories participating in the surveillance since the
beginning of the programme (original laboratories). In add-
ition, trend analysis performed with data extracted from
original laboratories showed similar tendencies to the total
population, except for isoniazid resistance. Therefore, trends
observed over the 10-yr period are likely to be real and not
biased by the addition of new laboratories.

In conclusion, the AZAY-Mycobacteria network provided
useful data on the characteristics of tuberculosis in France as
well as on resistance to first-line drugs. The sustained efforts of
microbiologists over a long time-period allowed the analyses
of trends in respect to resistance rates. Drug resistance is not a
major issue in patients who were born in France. Observed
rates in the current study were close to those estimated in good
national programmes. However, close monitoring is needed in
the population that were not born in France, especially those
born in sub-Saharan Africa, and those previously treated and
born in Eastern Europe.
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P.M. KHUÊ ET AL. TB DRUG RESISTANCE IN FRANCE

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 30 NUMBER 5 943



15 Ridzon R, Whitney CG, McKenna MT, et al. Risk factors for
rifampin mono-resistant tuberculosis. Am J Respir Crit Care
Med 1998; 157: 1881–1884.

16 Munsiff SS, Joseph S, Ebrahimzadeh A, Frieden TR.
Rifampin-monoresistant tuberculosis in New York city,
1993–1994. Clin Infect Dis 1997; 25: 1465–1467.

17 Brossier F, Veziris N, Truffot-Pernot C, Jarlier V,
Sougakoff W. Performance of the genotype MTBDR line
probe assay for detection of resistance to rifampin and
isoniazid in strains of Mycobacterium tuberculosis with low-
and high-level resistance. J Clin Microbiol 2006; 44: 3659–3664.

18 Cailhol J, Che D, Campese C, Decludt B. Les cas de tuber-
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