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A marked increase in the number of multidrug-resist-
ant (MDR) tuberculosis (TB) cases entirely related to 
patients born in the Former Soviet Union was observed 
in France in the last two years. Very few cases were 
clustered, suggesting it is a consequence of recent 
immigration of patients already infected in their coun-
try of origin. This major increase challenges the exist-
ing structures for management of MDR and extensively 
drug-resistant TB (XDR-TB).

We report herein a drastic surge in the number of 
multidrug-resistant tuberculosis (MDR-TB) cases diag-
nosed in France in the last two years. MDR-TB, defined 
as TB with Mycobacterium tuberculosis strains resist-
ant to isoniazid (INH) and rifampicin (RMP), is a threat 
to public health in some parts of the world, notably in 
Eastern Europe and Central Asia [1-4]. In these regions, 
and particularly in Former Soviet Union (FSU) coun-
tries, nearly one third of new cases and two thirds of 
previously treated cases are MDR-TB cases [2,5]. In 
France, which is a low TB incidence country [6], MDR-TB 
represented 0.7% of new cases and 6.9% of previously 
treated cases up to 2004 [7]. 
Surveillance of resistant tuberculosis

All MDR-TB strains sent to the French National Reference 
Center for Mycobacteria (NRC-MyRMA) between 2006 
and 2012 for MDR confirmation and second-line drug 
susceptibility testing against ofloxacin (OFX), amika-
cin (AMK), kanamycin (KAN), and capreomycin (CAP) 
were included. Susceptibility tests were performed 
on Lowenstein-Jensen medium following the propor-
tion method [8], by using the critical proportion of 1% 
and the following concentrations: RMP 40 mg/L, INH 
0.2 and 1 mg/L, OFX 2 mg/L, AMK and CAP 40 mg/L, 
KAN 30 mg/L. Detection of mutations involved in the 
resistance to the above antibiotics was performed by 
using the line probe assays MTBDRplus and MTBDRsl 
(HAIN Lifescience) and by gyrA and gyrB sequencing. 

Extensively drug-resistant TB (XDR-TB) was defined as 
MDR-TB with additional resistance to any of the fluo-
roquinolones and to at least one of the three inject-
able drugs, KAN, AMK or CAP, and pre-XDR-TB was 
defined as MDR-TB with additional resistance to either 
fluoroquinolones or one of the three injectable drugs. 
Genotyping was performed using the 24-loci myco-
bacterial interspersed repetitive-unit variable-number 
tandem repeat (MIRU-VNTR) method. A cluster was 
defined as two or more patients whose strains had 
identical genotype pattern. 

Results
The NRC-MyRMA received 409 MDR strains from dis-
tinct patients between 2006 and 2012. The annual 
number of MDR-TB strains remained stable around 50 
between 2006 and 2010, but increased to 69 in 2011 
and 92 in 2012. The surge was related to an increase 
in patients born in the FSU, from an annual average 
of nine in 2006 to 2010 to 21 in 2011, and 47 in 2012 
(Figure 1). 

Figure 1
Distribution by country of birth of patients with 
multidrug-resistant tuberculosis identified in France, 
2006–12 (n=409)
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The annual number of patients born in Georgia rose 
from ca. two cases in 2006 to 2010 to five in 2011 and 
26 in 2012 (Figure 2); for those born in the Russian 
Federation from ca. four in 2006 to 14 in 2012; and for 
those born in Ukraine from two cases in 2007 to four 
cases in 2012. The number of patients who originated 
from other parts of the world remained stable, except 
for those born in Eastern Europe outside the FSU, who 
doubled from an annual average of four in 2006 to 
2008 to eight in 2009 to 2012. 

Furthermore, the annual number of XDR-TB cases 
increased from two in 2006 to 2008 (5% of MDR-TB) 
to four in 2009 (7% of MDR-TB), six in 2010 (13% of 
MDR-TB), seven in 2011 (10% of MDR-TB) and suddenly 
17 in 2012 (18% of MDR-TB) (Figure 3). 

Almost three quarters of the 40 XDR-TB strains (n=31) 
were isolated from patients born in FSU, the remain-
ing being born in other European countries (n=4) and 
in Africa (n=5). All 17 XDR strains identified in 2012 
were from patients born in FSU, including 14 born in 
Georgia. Among all 113 MDR strains identified in FSU-
born patients during the seven-year period, 31 (27%) 
were XDR, compared to nine of 296 (3%; p<0.001) 
among strains isolated from patients born in other 
countries. Among the 92 MDR strains in 2012, the 
proportion of XDR and pre-XDR strains was higher 
for patients born in Georgia (89%) than for other FSU 
countries (52%; p<0.01), and for non-FSU countries 
(9%; p<0.001) (Table).

Among the 47 FSU-born patients harbouring MDR 
strains isolated in 2012 with a mean age of 33 years, 36 
were male (28 for other countries; p=0.13), 31 smear-
positive (21 for other countries; p=0.05), and 28 previ-
ously treated (15 for others countries; p=0.01) (Table). 
The date of arrival in France was known for 29 of the 
47 FSU-born MDR-TB patients identified in 2012: 27 
arrived within one year before hospitalisation, includ-
ing 10 that arrived within one month. The two remain-
ing patients were in France for two and 10 years, 
respectively. 

The MIRU-VNTR patterns of the 47 strains isolated in 
2012 from FSU-born patients revealed that 32 (68%) 
belonged to the Beijing lineage, 10 (21%) to the LAM 
lineage, one to the Haarlem and one to the Ural line-
ages. Three isolates had MIRU-VNTR patterns referred 
as non-typable. Three clusters of five, nine and 10 
strains were identified among the 32 Beijing strains, 
and three clusters of two, two and three strains among 
the 10 LAM strains. The combination of phenotypic and 
genotypic antibiotic patterns with MIRU-VNTR patterns 
decreased the clustering to only one pair in the Beijing 
lineage and one pair in the LAM lineage, each related 
to individuals within one household. All other strains 
had distinct genotypic and phenotypic susceptibility 
profiles ruling out transmission. Of note, only six (two 
patients born in China, one in Mongolia, one in France 
and two in Africa) of the MDR strains from non-FSU 
patients belonged to the Beijing lineage.

Discussion
In France, the sudden increase in the number of MDR-TB 
strains isolated since 2011 was almost entirely related 
to the surge of MDR strains from FSU-born patients, 
who accounted for more than 50% of MDR-TB cases in 
2012. Specifically, the increase was related to patients 
born in Ukraine, the Russian Federation and above all 
in Georgia. 

In these three countries, TB incidence was estimated to 
be between 90 and 125 per 100,000 population in 2011 
and the percentages of MDR-TB cases are estimated 
to be 10–20% in new TB cases and ca. 45% in retreat-
ment cases [9-12]. Because Ukraine and the Russian 
Federation are countries with high numbers of inhab-
itants (45 and 143 million, respectively) in contrast to 
Georgia (4.3 million inhabitants), it is to be expected 
that more MDR-TB patients are observed originating 
from Ukraine and the Russian Federation than from 
Georgia. This is in contrast with what we observed in 
2012, when Georgian patients accounted for more than 
half of MDR-TB cases from the FSU. This suggests that 
Georgian patients with MDR-TB may be more likely to 
emigrate to France and that MDR-TB rates in emigrates 

Figure 2
Distribution by country of birth of patients with 
multidrug-resistant tuberculosis born in the former Soviet 
Union, France, 2006–12 (n=113)
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Figure 3
Distribution by country of birth of patients with 
extensively drug-resistant tuberculosis, France, 2006–12 
(n=40)
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cannot be deduced from rates observed in their coun-
tries of origin [13]. 

Previous TB treatment history is known to be a risk 
factor for resistance [14-16], and this is confirmed 
in France where two thirds of the FSU-born MDR-TB 
patients have been previously treated. In addition, 
more than one third of the FSU-born MDR-TB patients 
from 2012 had in fact XDR-TB, and all of the XDR-TB 
patients were FSU-born. Consequently, the important 
surge in MDR-TB observed recently in France is com-
pounded by a problematic management of antibiotic 
treatment regimens before the availability of compre-
hensive susceptibility tests results, reinforcing the 
importance of universal use of genotypic susceptibil-
ity tests in this population. While it is possible that an 
increase in immigration from the FSU overall could in 
part explain the observed increase in cases, it is worth 
mentioning that nine in 10 FSU-born MDR-TB patients 
are recent immigrants and that one in three arrived 
only a few days before hospitalisation. Therefore, the 
possibility needs to be considered that immigration to 
France may be driven by health reasons and clinicians 
should be aware of it when such patients arrive in the 
healthcare system.

In the present study, the genotyping analysis revealed 
four lineages (Beijing, LAM, Haarlem and Ural) already 
reported in the FSU [17-19], although the Beijing family 
was more frequent (68%) in our study. Of interest, the 
combination of MIRU-VNTR and antibiotic resistance 
genotypes and phenotypes suggested that almost all 
strains defined as clustered by MIRU-VNTR were in 
fact distinct. Thus, the recent increase in France in the 
number of FSU-born MDR-TB patients is more likely to 
be a result of recent immigration of patients infected 
in their country of birth where multiple MDR strains 
are circulating, than from cross-transmission in France 
among a closed group. 

In conclusion, this increase challenges the existing 
structures for management of MDR and XDR-TB espe-
cially in a low-endemic country for TB.
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Table
Characteristics of patients with multidrug-resistant tuberculosis identified in 2012, by region of birth, France (n=92)

Characteristic Georgia
(n=26)

FSU except Georgia
(n=21)

Total FSU
(n=47)

Other countries
(n=45) p valuea

Mean age (years) 36 30 33 28 0.01
Male n (%) 23 (89) 14 (65) 36 (77) 28 (62) 0.13
Smear positive n (%) 19 (73) 12 (62) 31 (66) 21 (46) 0.05
Previous treatment n (%) 18 (67) 10 (50) 28 (60) 15 (33) 0.01
XDR-TB n (%) 14 (54) 3 (14) 17 (36) 0 <0.01
Pre-XDR-TB n (%) 9 (35) 8 (38) 17 (36) 4 (9) <0.01
Pre-XDR and XDR-TB n (%) 23 (89) 11 (52) 34 (72) 4 (9) <0.01
Beijing lineage n (%) 16 (62) 16 (76) 32 (68) 6 (13) <0.01

FSU: Former Soviet Union; XDR-TB: extensively drug-resistant tuberculosis.
a Comparison between total FSU and other countries.
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