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TABLE 1. The profile of spoligotypes und RD105 deletion of the M. wberculosis isolates (n = 44)

§IT no” Spoligotype” Label is[i?g;[gi‘ éiﬁ:l‘();
1 I I I D s e e e e Bcijing 39 +
190 00000 0 00 T 1 [ Béijing 1 | -+
1793 Y 2 5 1 D W M B B 00 01000000 Undesignated T
— T T R ] New ) 1 (2460) +
— LTl b e b LR el e B L M W= New 1 (2488)
— 10 O S B ) e e New 1(2495) -

# —, unassigned in the SpolDDB4 databasc.

» The black and white boxes indicate the presence and absence of the specific spacer, respectively.

¢ The identification nmumber of the isolate is given in parentheses.

questions would be very helpful in achieving effective control
of TB in Heilongjiang Province as well as throughout China.

To determine the spreading characteristics and the genetic
relationships among the M. wberculosis isolates in a given
geographic region, a suitable genotyping method is the most
important means, i.e., one that is discriminatory, economical,
and reproducible. Spacer-oligonucleotide typing (spoligotyp-
ing) is a PCR-based method which is simple, highly reproduc-
ible, and applicable to a digital format (22). Spoligotyping
possesses the most features of an ideal typing method and is
the gold standard for identifying strains as belonging to the
Beijing family. However, due to the genetic homogeneity of
this family, this method is uninformative in the areas where the
Beijing family is prevalent (47) and is therefore limited to use
as a first-line typing method.

A genotyping method based on mycobacterial interspersed
repetitive unit-variable-number tandem repeats (MIRU-
VNTR), which is technically flexible to facilitate interlabora-
tory comparison and database management, is well accepted
and has recently been adapted to high-throughput techniques
(7, 39). The digital format of MIRU-VNTR patterns makes
this method suitable for the global study of the molecular
epidemiology of M. tuberculosis. A number of studies have
investigated the usefulness of different VNTR loci for typing
M. tuberculosis and have shown that the discriminatory power
of this method may be comparable to that of IS6/70 typing,
which is the most reliable method for the genetic differentia-
tion of M. tuberculosis isolates (33, 38). Because Beijing family
strains are prevalent in many developing areas of Asia, where
resources are definitely limited, MIRU-VNTR typing would be
the best choice here to study the molecular epidemiology of M.
tuberculosis strains.

Because TB, especially drug-resistant TB, constitutes a
heavy burden in Heilongjiang Province, it is important to un-
derstand the possible spreading mechanisms of M. fuberculosis
and particularly drug-resistant TB. In the present study, we
conducted the genotyping of M. mberculosis isolates to deter-
mine the prevalence of Beijing family strains and the genotypes
of M. tuberculosis isolates in Heilongjiang Province using
MIRU-VNTR analysis. The appropriate VNTR locus combi-
nation for genotyping the M. tuberculosis isolates in our area
was also evaluated and optimized. '

MATERIALS AND METHODS

Mycobacterial specimens. The study included 200 M. fuberculosis samples
isolated belween May 2007 and October 2008 from 200 patients from various

regions of Heilongjiang Provinee who had been diagnosed with pulmonary TB in
the Harbin Chest Hospital. All the patients were HIV-1 negative. The average
agc of the patients was 49.1 years, and 71.5% (143/200) were male. M. wbercu-
losis H37Rv was used as the reference strain.

DNA extraction and molecular identification of M. tuberculosis isolates and
RD10S deletion detection. Mycobacterial cultures were obtained from clinical
specimens after incubation in a BACTEC Mycobacterium Growth Indicator
Tube (MGIT) 960 Automated System (Beceton Dickinson). The culturcs were
inactivated by 70% cthanol for 2 h (9). DNA was cxtracted using lysozyme and
the phenol-chloroform method (46). Moleeular identification of the mycobacte-
vial isolates was performed based on PCR amplification of the 168 TRNA gene
and the Rv0577, Rv2073¢, and Rv3120 genes (15). Rv2073c amplification was
maodificd as follows: PrimeSTAR HS DNA polymerase (TakaRa, China) was
used instead of Tag polymerase, and 2 pl of dimethyl sulfoxide was added to
cnsure good amplification. The amplification cycle was 5 min at 9§°C followed by
25 eycles of 1 min al 98°C, 5 s at 65°C, and 40 § at 72°C, with « tinal 10 min at
72°C. The identification of genomic deletions in region of difference 105
(RD105) was performed by PCR as previously described (14, 26). Bricfly, cach
PCR mixture was prepared in a volume of 20 wl containing 50 ng of DNA, 0.25

U of Tag polymerase (TakaRa, China), 4 0.2 mM concentration of cach deoxy- -~

nucleoside triphosphate (ANTP), and 0.2 uM (cach) primer. The amplification
cycle was 10 min at 94°C followed by 25 cycles of 1 min at 94°C, 1 min at 60°C,
and 1 min at 72°C, with a final step for 10 min at 72°C.

Spoligotyping. Spoligotyping of the isolates was performed as described by
Kamerbeek ct al. (22). The direct repeat (DR) region was amplificd with the
primer pair, and the PCR products were hybridized to a sct of 43 oligonucleotide
probes corresponding Lo cach spacer, which were covalently bound to a mem-

TABLE 2. Allelic diversity of different MIRU-VNTR loci®

MIRU-VNTR No. of allcles (range) h
lacus Isolatc set 1 Isolate set 2 Isolate set 1 Isolate set 2

QUB26 7 (4-10) 8 (3-10) 0.706 0.581
QUBI1b 6 (3-8) 9 (0-8) 0.644 0.730
MIRU31 6 (2-T) 7 (2-8) 0.599 0.500
MIRUIL6 4 (2-6) 4 (2-6) 0.520 0.230
MIRU4 5(1-5) 6 (0-5) 0.517 0.260
MIRU26 5 (4-9) 8 (3-1 0.467 0.649
Mtub4 4(2-5) 6 (0-5) 0.413 0.463
MIRU40 5(1-5) 6 (1-6) 0.373 0.358
Mtub21 6 (1-8) 9(1-9) (1.307 0.493
Mtub39 4 (1-6) 6 (1-6) 0.229 © 0243
MIRU10 4 (1-4) 4 (1-4) 0.229 0.300
Mtub30 4 (2-5) 4 (2-5) 0.191 0.267
Mtub29 3(3-5) 5 (2-6) 0.189 (138
MIRU39 3(1-3) 4 (1-4) (.149 (.388
ETR A 2(3-4) 7 (0-0) o (1146 0.329
QUB4156 2 (2-4) 5(0-4) 0.107 0.182
ETRC 3(2-5) - 0.068

ETR B 2(1-2) 0.066

MIRU23 1(5) 0

7 Set 1 consists of 44 isolates obtained from May 2007 to Nu?qmbcr 2047, Set
2 consists of 200 isolates obtained from May 2007 1o October 2008,
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TABLE 3. The cumulative HGDI with successive addition of each MIRU-VNTR locus

Locus b No. of No. of No. of clusterod No. of isolates in Clusterin, : , -
combination” VNTR locus (4)" patlerns clusters isolates cach cluster rate (%)g HGDI (cumulative)

1 QUB11b (0.730)

2 MIRU26 (0.649) 35 19 184 241 82.5 0.9042
3 QUB26 ((.581) 84 33 149 ‘ 2-23 58.0 0.9686
4 MIRU31 (0.500) 112 33 121 ' 2-18 44.0 0.9808
5 Mtub21 ((.493) 126 33 107 2-16 37.0 (.9867
6 Mtub4 (.463) 135 30 95 2415 325 0.9888
7 MIRU39 ((1.388) 150 23 73 2-14 25.0 0.9913
8 MIRU40 ((1.358) 159 18 59 2-12 20.5 0.9935
9 ETR A (0.329) 164 16 52 2-12 18.0 (.9943
10 MIRU10 (0.300) 169 14 45 2-12 15.5 0.9950
1L ~ Mtub30 (0.267) 169 14 45 2~-12 158 0.9950
12 MIRU4 (0.260) 176 12 36 2-10 12.0 0.9967
13 Mtub39 (0.243) 178 10 32 2-10 11.0 0.9968
14 MIRUI6 ((.230) 179 11 32 2-8 10.5 0.9976
15 QUB4156 (0.182) 180 10 30 2-8 10.0 0.9977
16 Mtub29 (0.138) 180 10 30 2-8 10,0 0.9977

“ The successive addition of cach VNTR locus.
» The k value represents the diversity determined from the 200 isolates.

branc (22). Spoligotypes in binary format were compared with the SpolDB4
database, and the spoligotype international type (SIT) numbers and the clades
were also determined (4).

MIRU-VNTR typing. To identify a suitable MIRU-VNTR locus sct for geno-
typing M. ruberculosis isolates in this arca, 19 loci were sclected for analyzing the
first set of 44 M. wberculosis isolates (38). The PCR mixture and conditions were
the same those for the RD105 deletion identfication deseribed above. Genomic
DNA of the H37Rv strain and sterile distilled water were used as the positive and
negative controls, respectively, PCR products were analyzed on a 1.5% agarose
gel against a 100-bp DNA ladder (TakaRa, China), and the copy number at cach
locus was calculated using a Quantity 1 gel imaging system (Tanon, China). The
MIRU-VNTR allelic diversity (£) at a given locus was caleulaled as follows: A =
1~ 3 xn/(n ~ 1)), wherex; is the frequency of the ith allele at the locus, and
n is the number of isolates (35). The discrimination of the locus combination was
calculated using the Hunter-Gaston discriminatory index (HDGI) (16):

¥

1«
HGDL =1 - m}_{:gm, - 1)

je

where N is the total number of isolates in the typing method, s is the number of
distinet patterns discriminated by MIRU-VNTR, and #; is the number of isolates
belonging to the jih pattern. '

Phylogenetic and cluster analysis. Wo uscd the R software, version 2.11.1
(http://eran.r-project.org), for phylogenclic and cluster analysis. A dendrogram
was produced from the MIRU-VNTR genotypes of the 200 M. ruberculosis
isolates. First, the ropeat numbers of MIRU-VNTR genotypes were standard-
ized based on a z-score normalization. Then, a similarity coefficient matrix of the
M. tuberculosis isolates was oblained by calculating the Euclidean distances
between isolates from the standardized data. Finally, clustering was performed,
and a phylogenclic tree was constructed using Ward’s parameter with the matrix.
The M. tuberculosis isolates analyzed in this study were classified into two groups,
characterized by cluslered and nonclustered M. mbercudosis isolates. A molecular
cluster was defined as two or more M. wberculosis isolates having identical
genetic patierns as determined by MIRU-VNTR genotyping. The isolates with
unmatched genetic profiles were consideved nonclustered strains. Assuming that
one paticnt from cach cluster corresponded to the index case at the origin of
infection, the clustering rate was calculated vsing the following formula: cluster-
ing rate = (n. — ¢)/n, where i is the tolal number of clustered isolates, ¢ is the
number of isolate clusters, and # is the total number of isolates in the sample
37).

Statistical analysis. Associations among multiple categorical variables were
asscssed using R, version 2,111, by a chi-squarc Lest or Fisher’s exact test when
the theoretical frequency was less than five. Two-by-two tables were assessed by
a chi-squarc test (here, Yales’ conunuity correction was nceded wiien the value
was less than five), and results were expressed as odds ratios (OR) with 95%
confidence intervals {95% CI). The agreemem between spoligotyping and
RD105 delction Lyping was assessed using kappa slatistics; the agreemoent was

considered good for valucs of kappa above 0.75. P values of <20.05 were consid-
ered statistically significant,

RESULTS

Epidemic of Beijing family strains in Heilongjiang Province.
During-the study period, 200 M. tuberculosis isolates identified
using both the BACTEC 960 automated system and molecular
methods were . collected. First, we analyzed the correlation
between spoligotyping and RD105 deletion for the identifica-
tion of the Beijing genotype using 44 isolates collected from
May 2007 to November 2007. Among the 44 M. tuberculosis
isolates, spoligotypes of 41 isolates were classified into three
designated SITs according to the SpolDDB4 database (Table 1).
Among these, 40 isolates were Beijing family strains. The most
frequent genotype (39/41) was the typical Beijjing spoligotype
SIT1, which has only spacers 35 to 43; the only other Beijing
genotype belonged to spoligotype SIT190. One isolate, with an
SIT number of 1793, was not designated in the database. The
remaining three isolates showed new spoligotypes, which were
not registered in SpolDB4 database. Interestingly, one isolate
(2460) showed a unique genotype with only two spacers, 35 and
36. We found that 40 isolates lacking RDD105 exhibited Beijing
family spoligotypes (Table 1). The M. tuberculosis isolate 2460
also lacked RD105. The results of the kappa statistics analysis
showed that the agreement of spoligotyping and RD105 dele-
tion detection in identifying the Beijing family genotype was

ing, RD105 deletions in the other 156 M. tuberculosis strains
were examined, and we found that 179 of the 200 isolates
(89.5%) had the Beijing family genotype, while 21 (10.5%)
were non-Beijing family strains.

Optimal combination of MIRU-VNTR loci for genotyping
-M. tuberculosis isolates in Heilongjiang Province. First, to eval-
uate and determine the most suitable loci for genotyping the
M. tuberculosis isolates epidemic’in Heilongjiang Province, we
analyzed 19 MIRU-VNTR loci, which had been previously
identified as a suitable locus combination for genotyping M.
tuberculosis isolates in the regions where the Bejjing family is
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dominant (19, 27) (Table 2). The allelic diversity (#) of the first
set of 44 M. tuberculosis isolates at each MIRU-VNTR locus
varied significantly. Among the 19 loci, the allelic diversity for
2 loci (QUBIL1b and QUB26) exceeded 0.6, suggesting that
they are highly discriminating (30). Seven loci (MIRU4,
MIRU16, MIRU26, MIRU31, MIRU40, Mtub21, and Mtub4)
showed moderate discrimination (0.3 = h = 0.6), but ETR C
(h = 0.068) and ETR B (h = 0.066) were less polymorphic.
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Thus, the loci ETR C, ETR B, and MIRU?23, having discrim-
af | 11 inatory powers of less than 0.1, were excluded from the sub-
i sequent MIRU-VNTR analysis.

= Next, we analyzed the 200 M. fuberculosis isolates collected
from May 2007 to October 2008 using the remaining 16
MIRU-VNTR loci. All 16 loci displayed an allelic diversity
similar to the original 19 loci (Table 2). The highest diversity
among the 200 isolates was observed at QUB11b (h = 0.730),
| and the lowest diversity was observed at Mtub29 (4 = 0.138).
T The HGDI of the 16-locus set was as high as 0.9977. However,
%%é because the 16-locus procedure still did not meet the require-
%gg ments of cost and labor expenditure for high-throughput geno-
HhAl typing, we then tried to optimize the-locus combination while
b minimizing the number of loci. Based on the allelic diversity of
%g? each MIRU-VNTR locus, the cumulative HGDI of the locus
g} combination by successive addition of a locus was compared
i (Table 3). The cumulative HGDI and clustering rate of the
e 10-locus set were equal to that of the [1-locus set (HGDI,
Ao (.9950; clustcrihg rate, 15.5%); they were also the same for the
%@”’3 15- and the 16-locus sets (HGDI, 0.9977; clustering rate,
i 10.0%). The set of the first seven loct with the highest allelic
%}é@m“ diversity gave an HGDI of 0.9913 and a clustering rate of
§§§ 25.0%.

VNTR profiles and genotypes of the M. tuberculosis isolates
in Heilongjiang Province. The MIRU-VNTR genotyping re-
sults showed that the 200 isolates were classified into 180
genotypes. A total of 170 isolates had unique patterns, while
the remaining 30 isolates were in 10 clusters. A dendrogram
was constructed based on the genotypes of 200 isolates using
16 loci (Fig. 1). The isolates were divided into four groups
based on phylogenetic clustering and genotypic characteristics.
Groups I to IV contained 21, 13, 21, and 145 isolates, respec-
tively. Among the 179 Beijing family isolates, 144 (99.3%) were
in group IV; the remaining 35 isolates were in groups I, II, and
IIT (P << 0.0001), and all the clustered isolates were in group I'V
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family isolates and clustered isolates were distinctive among
the four groups (Table 4).

Characteristics of the clustered isolates. Thirty Beijing fam-
ily isolates (30/179, or 16.8% of the Beijing family strains) were
determined to be in 10 clusters (Al to A10), with the clustering
AL rate of 10.09% based on 15-locus MIRU-VNTR patterns. In
contrast, none of 21 non-Bejjing family isolates were clustered
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FIG. 1. Dendrogram of 200 M. fuberculosis isolates from Heilongji-
ang Province. The phylogenetic tree was produced from the MIRU-
H— VNTR genotypes which were derived from 16 of the 19 loci by exclud-
ing ETR B, ETR C, and MIRU23. Al to AL, cluster names.
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TABLE 4. Differences of M. tuberculosis characteristics among the four subgroups

Total no. of

No. (%) of isolates by subgroup” -~

Isolale characteristic . P valuc”
isolates 1 (n = 21) It (n = 13) I (n = 21) 1V (n = 145)

Resistance : :
Streptomycin 85 9 (42.9) 6 (46.2) 8 (38.1) 62 (42.8) 0.9704*
Isoniazid 92 9 (42.9) 8(61.5) 7(33.3) 68 (46.9) (0.4317*
Rifampin ' 55 4 (19.0) 7(53.8) 3(14.3) 41(28.3) (.0815
Ethambutol 48 4 (19.0) 6 (46.2) 3(14.3) 35 (24 1) 0.2070
MDR ) .51 4(19.0) 6 (46.2) 2(9.5) 39 (26.9) 0.1032
Four-drug susceptibility 77 8(38.1) 3(23.1) 9(42.9) 57(39.3) 0.6786*
Four-drug resistance 23 2(9.5) 3(23.1) 1 (4.8) 17(11.7) 0.4402

Obtained from a patient with acquired TB 126 17 (81.0) 9(69.2) 11(52.4) §9 (61.4) 0.2294

Obtained from a patient with hemoptysis 169 15 (71.4) 9(69.2) 20(95.2) 125 (66 2) 0.0562

Beijing strain ) 179 3(14.3) 12 (92.3) 20(95.2) 144 (99.3) <0.0001

Clustered 30 0(0) (M) a0 30 (20.7) 0.0018

“ 1, number of isolales in the subgroup.

5 Values marked with an aslerisk were determined by a chi-square test; other values were determined by a Fisher's exact test.

clusters were small: six (Al to A4, A7, and A8) contained only
two members; two (A5 and Al10) contained three members;
cluster A6 contained four members. The largest cluster, A9,
contained eight members. In addition, the clustering rates of
the two periods, May 2007 to May 2008 (106 isolates) and June
2008 to October 2008 (94 isolates), were 6.4% and 12.8%,
respectively (OR, 0.3240; 95% CI, 0.1161 to 0.8265; P =
0.0088).

To determine if there was any correlation between the clus-
tering characteristics and the geographical origins of the iso-
lates, we investigated the home addresses of the patients in the
clusters from the available medical records. We found that the
isolates belonging to clusters A2 and A7 were scattered
throughout the Heilongjiang Province while clusters A3 to A6,

"A9, and A0 were registered in Harbin City.

Drug susceptibility patterns of the M. tuberculosis isolates in
Heilongjiang Province. To determine the association between
drug resistance patterns and genotypic characteristics, drug
susceptibility to the four first-line antituberculosis drugs, i.e.,
streptomycin, jsoniazid, rifampin, and ethambutol, was exam-
ined using an automated BACTEC MGIT 960 SIRE system
(Becton Dickinson). A total of 77 isolates (38.5%) were sus-

ceptible to all four drugs; 123 (61.5%) were resistant to at least
one drug, and 51 (41.5%) were MDR M. tuberculosis (Tables 4
and 5). The drug susceptibility patterns of the isolates among
the four genotype groups were not significantly different (Ta-
ble 4). Of the 51 MDR M. tuberculosis isolates, 48 isolates were
found to be the Beijing family strains, and 3 were non-Beijing
family strains. Of the Beijing family strains, 26.8% (48/179)
were MDR, and 14.3% (3/21) of the non-Beijing family strains
were MDR. The rates of MDR M. fuberculosis among Beijing
and n(m—BLijing f'\mily slrains were not Qtatis‘tical]y diﬁ"cru)t

tancc to at lcast one drug was ()bsu vui motre frcquuntly among
Beijing family strains (63.1%, or 113/179) than among non-
Beijing family strains (47.6%, or 10/21), but the difference was
not statistically significant (OR, [.8771; 95% CT, 0.6828 to
5.2244; P = 0.1670) (Table 5).

DISCUSSION

The Beijing family strains currently prevail throughout
China. RD105 deletion has recently been reported to serve as
a genetic marker for Beijing family strains (44), and several

TABLE 5. Differences of M. wberculosis characteristics between Belijing and non-Beijing family

No. (%) of isolates”

Total no. of

Tsolate characteristic isolacs Beijing Non-Beijing OR 95% C1 P valuch
(n = 179) (n = 21)
Resistance
Streptomycin 85 78 (43.6) 7(33.3) 0.6488 0.2110-1.8176 0.3691
Isoniazid i 92 84 (46.9) §(38.1) .6972 0.2381-1.9189 .4423
Rifampin 55 52(29.1) 3(14.3) 0.4086 0.0739-1.4876 0.1517
Ethambutol . 48 45 (25.1) 3(14.3) 0.4978 (.0898-1.8235 0.4056*
MDR 51 48 (26.8) 3(143) (1.4564 0.0824-1.6670 0.2127
Four-drug susceptibility 77 66 (36.8) 11 (52.4) 1.8771 .6828~5.2244 0.1670
Four-drug resistance 23 21 (11.7) 2(9.5) 0.7928 0.0837-3.6902 .9510*
Obtained from a patient with acquired TB 126 109 (60.9) 17 (90.0) 2.7174 (1.8390-11.5638 0.0717
Obtained from a ‘pAUCI’)I with hemoptysis 169 153 (85.5) 16 (76.2) 1.8323 .4830-5.8459 0.4275%
Clustered 30 30 (16‘8) 0 () O -1.0241 0.0869*

“ i, number of isolates in the group.

“Valucs marked with an asicrisk were determi ncd by a continuity-adjusted chi-square test; other values were determined by a chi-square test.
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studies have used this method to identify them (6, 26, 45). Tt is
financially economical, labor saving, and especially suitable for
high-throughput analysis. In this study, we found good agree-
ment between RD105 deletion detection and spoligotyping.
One strain (2460) showed a novel spoligotype containing only
spacers 35 and 36 and an RD105 deletion. According to the
definition of the Beijing family spoligotype, these strains con-
tain at least three spacers among direct repeats 35 to 43;
however, strain 2460 can be included in the Beijing family
because it lacks RD105. ;

We found that 89.5% of the M. tuberculosis isolates in Hei-
longjiang Province were Beijing family strains. This genotype
accounts for 80 to 90% of the M. tuberculosis strains currently
epidemic in the Beijing area (19); it is also prevalent in Ningxia
(67%), Shanghai (89%), Zhejiang (70%), Tianjin (91.7%), and
Guangxi (55.3%) but less prevalent in Guangdong (25%) (5,
24, 25, 36, 48). Hence, Heilongjiang Province is one of the
regions where the proportion of the Beijing genotype is the
highest. This genotype is thought to be associated with drug
resistance (1, 10, 23, 41). However, less association has been
reported in other geographic settings (2, 3, 20, 43). In the
present study, the statistical analysis showed that there was no
difference between the Beijing and non-Beijing genotype
strains in drug resistance patterns, indicating that the Beijing
genotype is less likely to be associated with the high prevalence
of drug resistance and M. tuberculosis TB in our area.

Molecular typing by MIRU-VNTR has been used in epide-
miology studies, and its stability is adequate for tracking recent
transmission and distinguishing relapses and reinfections (39).
Currently, the system based on 12 loci (29) is most widely used
among the different sets of MIRU-VNTR loci. However, it is
not effective for the analysis of clustered isolates (7). Other sets
of MIRU-VNTR loci, such as the 14-locus set and the 15-locus
set, have improved the discrimination of unrelated isolates (23,
38). An optimized set of 24 loci has also been defined; how-
ever, not all 24 loci are required for genotyping M. tuberculosis
strains in any given situation (38) as the number of loci re-
quired depends on the lineage known to be prevalent in the
investigated area.

In the present study, we found that the 16 of the 19 loci had
high discriminatory diversity. This 16-locus set showed strong
discriminatory power in analyzing the M. tuberculosis strains in
our area (HGDI of 0.9977). Because the ability of the different
locus combinations to differentiate the M. fuberculosis strains
varied, we evaluated various sets of MIRU-VNTR loci to iden-
tify a minimal subset that provided discrimination comparable
to that of the 16 loci. We found that the locus Mtub29 could be
excluded from the set because the HGDI and clustering rate of
the remaining 15 loci were the same as those of the 16 loci. The
HGDI and the clustering rate of a 10-locus set were compa-
rable to those of the 16-locus set. Therefore, we suggest that
this 10-locus set be used as a first-line set for genotyping M.
tuberculosis isolates in Heilongjiang Province, especially for
routine epidemiological investigation and large-scale genotyp-
ing. Comparing the HGDI and the clustering rate of this locus

set with those of various locus sets reported in other areas of

China, we found that'the discriminatory power of the 15-locus
set used in the present study was the highest and that the
clustering rate was the lowest (Table 6).

However, MIRU-VNTR loci showed variation in the ability
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TABLE 6. Discriminatory index of different locus sets used in
various regions of China and the clustering rates

Arca Locus scl (ri“‘;ztb(;:)g HGDI Reference
Hong Kong 17 loci 174 (0.9900 23
Shanghai 16 loci 16.1 (.9982 52

7 loci 25.0 (.9957
Beijing 24 loci 153 (.9920 19
15 loci 18.1 (.9900
12loci - 397 (.7880
Fujian 12 loci 17.1 (0.9808 18
Gansu 15 loci 42.1 42
Zhejiang 15 loci 30.0 (.9905 49
Eight regions 12 loci 335 0.9780 13
Five regions 19 loci 15.7 (0.9949 27
Heilongjiang 15 loci 10.0 (.9977 This study
10 loci 15.5 0.9950
7 loci 25.0 .9913

to differentiate Beijing genotype strains from different geo-
graphical areas. Trying to explore the loci showing high dis-
criminatory power among Beijing genotype strains in various
areas of the world (Table 7), we found that at least 11 and 14
loci showed high enough diversity among the locally circulating
Beijing genotype strains in China and Japan, respectively.
Therefore, we recommend them as the predominant candi-
dates (Table 7, underlined median A value for China and Ja-
pan). Since the Beijing genotype is dominant in China and
Japan, we also suggest taking the 14 loci that show high diver-
sity among the strains epidemic in the two countries as the
predominant candidates for Asia (Table 7, underlined Asian
median values). Meanwhile, the loci showing very low diversity
(Table 7, boldface), 11 from China and 9 from Japan, may not
need to be included for future studies. However, there are still
some loci that showed high variation in differentiating Beijing
genotype strains. For example, the loci MIRU10 and MIRU16
showed moderate diversity in Hong Kong and Gansu but low
diversity in the other areas of China. The locus VNTR4120 was
highly discriminatory in Japan (A of 0.902) but less discrimina-
tory in China (& of 0.092).

In Japan, most of the loci reported showed comparatively
high discriminatory power; therefore, considering labor and
cost, some loci with moderate 4 values (>0.3) may not need to
be included. Russia is much different from Japan and China in
allelic diversity of the MIRU-VNTR loci, and the A values of
most loci are much lower than those in China and Japan. This
difference may imply that the loci which are suitable for geno-
typing the isolates epidemic in Asia may not be suitable 101
genotyping isolates in Russia.

Active transmission of drug-resistant M. fuberculosis strains
in a community is an emerging problem. It is generally as-
sumed that the proportion of clustered strains in a population
reflects the level of active transmission (11, 28). The present
study using 15 loci showed that the clustering rate in Heilongji-
ang Province is 10.0%, swhich is lower than the rates reported
in other areas (Table 6). Though some Joci that show moderate
or high discriminatory power in other arcas werg not included
in the present study, omitting them will not increase the clus-
tering rate in this area because the loci may decrease the
clustering trend of the strains by decreasing the diversity. The
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TABLE 7. Alielic diversity of different MIRU-VNTR loci for differentiating M. muberculosis Beijing family strains in different areas

Allclic diversity (1) by region®

Russia” Japan© China“
Locus .
St. Wost . . Hong Kong Hong Kong - S Median
I . . Kobe Japan Chiba \ . Beijing Shanghai N N Gansu Heilongjiang ; for Asia
P(‘n‘c__r_‘i‘g)g (i“f__”s‘fl‘) Median —(, ~181)  (n=2a0) (=185 oI 295 G = Tsoy frow, 1‘) SO0 =) @=1m) Median

VNTR4120 0.370 0.370 0.902 0.902 0.882 0.902 0.092* 0.092 0.892
QUB3232 (0.729 0.729 0.880 0.909 (0.813 0.880 0.804 0.804 0.847
VNTR3820 0.542 0.542 (1.860 0.871 .817 0.817 0.821 0.82 0.819
QUBL1b 0.205 0.210 0.208 0.772 (.815 0.763 0.772 0.651 0.689 0.618 1.669 0.704 0.669 0.697
QURIS 0740 0.740 0.629 0.629 (4.607 (0.740 0.488 0.607 0.618
Mtub24 0.591 0.614 0.603 0.223 0.223 0.591
QUB26 0.636 (.780.  0.708 0.741 (1.764 0.215 741 0.518 0.630 299 0.314 0.607 0.518 0.563
Mtub2l 0.330 0.110 0.220 0.393 0.598 4.537 0.537 0.556 0.544 ' 0.690 0.396 0.550 0.544
QUBlla 0.685 0.752 0.535 0.685 0.538 0.384 0.514 0.514 0.537
QUB3336 0.487 .642 0.482 0.487 0.214 0.214 0.485
QUB4156 0.082 3.082 0.611 0.623 4.603 0.611 0.395 0.469 0.167 0.182 0.289 0.469
Mtub4 0.000 (LOGO 0.459 0.468 0.581 0.468 0.306 0.266 0.391 0.306 0.425
MIRU24 0.520 0.520 0.383 0.314 0.283 0.314 0.353 0.614 0.200 0.560 0.596 0.560 0.368
QUB1R95 0.364 0.337 (1L468 0.364 0.365 0.229 0.206 0.229 0.351
VNTR2372- 0.595 0.345 0.470 0.177* 0.177 0.345
QUBIS (.537 0.629 0.583 0.032% 0.132 0.082 0.335
MiRU31 0.160 (1.000 0.080 0.322 0.270 0.379 0.322 0.169 0.328 0.156 0.370 0.395 0.328 0.325
ETRF 0.237 0.499 0.368 (.290 0.290 (0.290
MIRU10 0.082 0.082 0.419 (.431 0.291 0.419 0.144 0.239 0.377 0.160 0.154 0.160 0.265
MIRU40 0.122 0.350 0.256 0.327 0.229 0.473 (.327 0.194 0.147* (.196 0.350 0.292 0.196 (.261
MIRU16 0.082 0.082 0.310 0.258 0.421 (1.310 0.068 0.131 0.058 0.580 (.200 0131 0.229
ETR A 0.158 (.000 0.07% 0.147 0.223 0.165 0.165 0.232 0.031* 0.201 0.188 0.280 0.238 0.217 0.201
Mtub3$ 0.000 0.000 8.000 0.186 0.215 0.271 0.215 0171 0.061* 0.120 0.174 0.146 0.174
MIRU39 0.000 0.000 (.221 0.156 0.160 0.160 .119 (0.141 0.320 0.040 0.100 0.290 0.141 .158
Miub30 0.042 0.042 (.403 0.379 0.210 0.379 (.068 0.091* 0.090 0.133 0.090  0.133
Mtuh29 (L.087 0.180 0.134 0.043 0.095 0.103 0.095 (.119 0.061* 0.123 0.119 0.103
MIRU23 0.000 0.000 0.000 0.176 0.158 0.124 0.158 0.014 0.061* 0.030 0.030  0.093
QUBS(MIRU27) 0.000 0.000 0.115 (.081 0.074 0.081 0.014 0.031* 0.100 0.031 0.078
MIRU4 0.000 0.000 0.086 0.049 0.000 0.049 0.120 0.061 0.019 0.072 0.212 0.061 0.067
MIRUZ0 0.120 0.120 0.022 0.065 0.063 0.063 0.014 0.061* 0.038 0.061
ETR C 0.042 0.000 0.021 0.022 0.057 0.063 0.057 0.094 0.165 0.057 0.000 6.076 0.057
Mtub34 (.000 0.000 0.066 0.033 0.000 0.033 0.014 0.089* 0.052 0.033
QUB23 0.025 0.025 0.016 (1.016 0.021
ETR B 0.000 0.000 0.033 0.017 0.032 0.032 0.014 0.000* 0.000 0.064 4.020 0.014 0.019
VNTR0O569 0.011 0.011 0.000* 0.0060 0.006
QUBL451 (.033 0.033 (1.000* 0.008 0.004 0.008
MIRU2 0.000 0.000 0.000 0.008 0.000 0.000 0.000 0.000* 0.000 0.000
MIRU24 0.000 0.000 0.000 0.000 0.042 0.000 0.000 0.000* 0.000  0.000
ETRE 0.000 0.600 0.000

“ 1, number of isolates; underlining, corresponding locus was recommended; boldface, corresponding locus was not recommended.

& Sec the following references: for St. Petersburg, 31; for West Siberia, 40.

_“Sce the following references: for Kobe, 17; for Japan, 32; for Chiba. 51. The Japan strains were from a drug resistance survey in Japan in 2002.
“ Soc the following references: for Beijing, 19; for Shanghai, 52; for Hong Kong
¢ For values marked with an astorisk. the number of samples was 65.
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comparatively low rate and the small size of the clusters sug-
gest that the high resistance of M. tuberculosis in Heilongjiang
Province is not related to recent transmission but, rather, may
be related to reactivation or inappropriate therapy. However,
the clustering rate is still increasing and was much higher in
late 2008 (12.8%) than in 2007 (6.4%), suggesting that more
effective control strategies are needed.

This is the first report describing the molecular epidemiol-
ogy of M. wberculosis isolated from patients with pulmonary
TB in Heilongjiang Province, China. The low clustering rate in
our area indicates that only mild active transmission occurred
in the time period studied. We defined the most suitable
MIRU-VNTR locus set for analyzing the M. tuberculosis iso-
fates in Heilongjiang Province, where Beijing family strains are
prevalent. In our hands, the 15-locus set provided a high de-
gree of discrimination; the 10-locus set was shown to be ideal
for use in first-line molecular typing in future rescarch al-

though we still need to examine the discriminatory power of

the rest of the recommended loci.
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Drug resistance and i1S6770-RFLP patterns of Mycobacterium
tuberculosis in patients with recurrent tuberculosis in

northern Thailand
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Japan Anti-Tuberculosis Association, Tokyo, Japan, SNational Tuberculosis Reference Laboratory, Bureau of Tuberculosis, Bangkok, Thailand and
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ABSTRACT

The emergence of drug resistant Mycobacterium tuberculosis has become a global threat to tuberculosis
(TB) prevention and control efforts. This study aimed to determine the drug resistance profiles and DNA
fingerprints of M. tuberculosis strains isolated from patients with relapsed or retreatment pulmonary
TB in Chiang Rai province in northern Thailand. Significant differences in multidrug resistance (MDR)
(P = 0.025) and resistance to isoniazid (P = 0.025) and rifampin (P = 0.046) between first and second
registrations of patients with retreatment TB were found. However, there were no significant differences
in resistance to any drugs in patients with relapsed TB. The rate of MDR-TB strains was 12.2% among
new patients at first registration, 22.5% among patients with recurrence who had previously undergone
treatment at second registration and 12.5% at third registration. Two retreatinent patients whose initial
treatment had failed had developed MDR-TB with resistance to all TB drugs tested, including rifampin,
isoniazid, streptomycin and ethambutol. IS6110-RFLP analysis revealed that 66.7% (10/15 isolates)
of MDR-TB belonged to the Beijing family. In most cases, IS61 10-RFLP patterns of isolates from the
same patients were identical in relapse and retreatment groups. However, some pairs of isolates from
retreatment patients after treatment failure had non-identical 1S6110-RFLP patterns. These results
suggest that, after failure and default treatment, patients with retreatment tuberculosis have asignificantly

greater risk of MDR-TB, isoniazid and rifampin resistance than do other patients.

Key words drug resistance, IS67 10- restriction fragment length polymorphism patterns, recurrent tuberculosis.

Tuberculosis remains a major public health problem
worldwide. Almost two million people die of TB annu-
ally and an estimated one-third of the world’s population
has latent infection. The situation is worse in developing
countries in South-East Asia and Africa where MDR is on
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the increase. In six Asian countries, drug resistance is re-
portedly present in an estimated 2.8% of new and 18.8%
of previously treated TB patients (1). Thailand, which is
ranked 18th on a list of the 22 countries with the largest TB
burdens, had a prevalence of approximately 192/100,000
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people for all forms and an incidence rate of 62 new smear-
positive cases per 100,000 in 2007 (2). The first national
drug-resistance survey conducted in 2002 reported 1% of
MDR-TB in new TB cases and 20% in previously treated
cases (3). The rates had increased to 1.7% and 34.5%, re-
spectively, by the second survey in 2006 (3). Moreover, TB
surveillance during 1996-1998 showed that a high propor-
tion of TB cases with drug resistance occurred in Chiang
Rai province in northern Thailand.

In general, patients who have undergone successful
treatment with anti-TB drugs can develop active disease
again subsequently, referred to as recurrent TB. However,
the pathogenesis of recurrence and classification of
recurrent cases are still unclear (4). Recurrence of TB
may be a result of regrowth of the treated bacterial strain
in patients otherwise previously treated successfully, or
of re-infection (4). Relapse refers to a patient becoming
culture-positive again, or evidencing clinical or radio-
graphic deterioration consistent with active TB, sometime
after completion of apparently successful anti-TB drug
therapy that had resulted in culture-negativity (5). The
term retreatment refers to patients with recursent TB who
defaulted before completing their previous therapy or in
whom initial treatments failed (4). Whether recurrent TB
represents exogenous re-infection by a new strain of M.
tuberculosis or endogenous reactivation of the original
strain is controversial and has been debated for decades
(6, 7). The importance of each of these possibilities likely

varies according to the epidemiological context, the spread -

of MDR-TB, HIV infection (8), and the immigration of
people from developing countries, which could modify
disease transmission in areas at low risk of TB (8). In
patients infected with HIV and MDR-TB there is evidence
for agreater risk of reactivation than of re-infection (9, 10).
The most-widely used method for typing M. tuberculo-
sis to determine whether recurrent TB represents endoge-
nous reactivation or exogenous re-infection has been a
molecular method involving Southern blotting of Pyull-
digested chromosomal DNA and hybridization with the
insertion sequence (IS) 6110 (11). In practice, it is gener-
ally accepted that two or more isolates with identical or
near-identical (& one band) 1S6110 fingerprints (known
as clusters) represent a recent transmission event (12).
This technique is thus useful in distinguishing between
recent epidemiological events (transmission) and distant
epidemiological events (reactivation) (12). In a single TB
patient with a TB-free interval, it is assumed that isolates
with identical IS6110- RFLP patterns denote endogenous
reactivation of the previously infecting bacteria (13).
Apart from differentiating between endogenous reac-
tivation and exogenous re-infections, IS6110-RFLP has
allowed identification of different M. tuberculosis strains
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with varying degrees of virulence and drug resistance in
different geographical areas (14). Up to now, the largest
family of M. tuberculosis strain has been the Beijing family.
The highest prevalence of this family reportedly occurs
in Asian patients (15) and it is associated with various
phenotypes such as drug-resistance (14), treatment fail-
ure, relapse and febrile response to TB treatment (16). In
several Asian studies, the proportion of TB due to Bei-
jing strains has been > 50% (14). However, because the
IS6110-RFLP patterns vary between different geographi-
cal areas, there is so far limited available data regarding
recurrent TB in Thailand. Although there was a national
anti-TB drug resistance survey during 1997-1998 as part
of a global project to evaluate IS6110-RFLP patterns and
the extent of clustering, this study did not assess linkage to
TB treatment history and development of drug resistance.
Other subsequent study in Chiang Rai assessed acquired
drug resistance in patients who had become positive again
after completion, default from or failure of a standard-
ized treatment regimen (10). These researchers commonly
found non-identical IS6110-RFLPs in the first and subse-
quent episodes in TB-HIV patients. Successful treatment
of TB depends upon selection of an effective drug reg-
imen; however, drug resistance can evolve in originally
drug-susceptible strains during anti-TB treatment. There-
fore, this study aimed to evaluate the relationship between
the quality of treatment and development of resistance
by assessing drug resistant M. tuberculosis in relation to
the molecular patterns in recurrent TB patients with ei-
ther relapse or retreatment TB in Chiang Rai province in
northern Thailand.

MATERIALS AND METHODS

Isolates

Two hundred and three M. tuberculosis isolates from 77
pulmonary TB patients who had registered twice or more,
kindly provided by the Microbiology Laboratory, Chiang
Rai provincial hospital and the National TB Reference
Laboratory, Bureau of Tuberculosis, Thailand, were cul-
tured. These isolates were selected from isolates of patients
with recurrent TB that had been stored as part of a ten
year analysis of TB by Chiang Rai provincial hospital from
1 January 1997 to 31 December 2006, as mentioned
above. Among these 203 M. tuberculosis isolates, only 92
were successfully cultured and subjected to IS6110-RFLP
analysis. These 92 isolates were from 42 patients with
relapse or retreatment TB who had registered twice or
more with pulmonary TB and had been treated with
anti-TB drug regimens.

(€ 2012 The Societies and Wiley Publishirg Asia Pty Ltd



Drug resistance in recurrent TB

"Patients

The patients were diagnosed by medical history, chest ra-
diographic findings, microscopic examination for acid-
fast bacilli in sputum and positive cultures of M. tuber-
culosis, followed by species identification by biochemical
tests and gene probes (ACCUProbe, GenProbe, San Diego,
CA, USA) at the National TB Reference Laboratory,
Bureau of Tuberculosis, Thailand. The patients were cat-
egorized according to World Health Organization criteria
(17), which include ascertaining whether or not the pa-
tients have previously received TB treatment. The TB drug
regimens were based on the recommendations of the Na-
tional Tuberculosis Program, Ministry of Public Health,
Thailand. The standard TB treatment drugs were INH,
RMBP, PZA and EMB. Because immunocompromised pa-
tients are reportedly at greater risk of re-infection TB (10,
18), patients co-infected with HIV were excluded from this
. study by using particle agglutination assay (Serodia-HIV-
1/2, Fujirebio, Tokyo, Japan) and micro particle enzyme
immunoassay (AxSYM HIV Ag/Ab Combo, Abbott Lab-
oratories, Abbott Park, IL, USA).

This study was approved by the Ethical Review Com-
mittee for Research in Human Subjects, Ministry of Public
Health, Thailand (Reference number 3/ 2550).

Case definitions

According to World Health Organization definitions of
cases and treatment outcomes (17), a patient whose spu-
tum smear or culture is positive at the beginning of the
treatment but negative in the last month of treatment and
on at least one previous occasion is defined as “cured”. A
patient who completes treatment but does not have nega-
tive sputum smears or cultures in the last month of treat-
ment and on at least one previous occasion is defined as
“completed”. “Treatment success” is the sum of cured and
completed. “Failure” is patients whose sputum smears or
cultures are positive 5 months or more after commencing
treatment. A patient whose treatment is interrupted for
two or more consecutive months is defined as “default”.
“Died” refers to patient who have died for any reason dur-
ing the course of treatment. “Relapses” refer to new TB
episodes occurring after a period without TB. “Retreat-
ments” (after failure or default) are continuations of TB
episodes that require changes in treatment regimens: this
traditionally requires re-registration.

In TB, drug resistance can be primary or acquired,
primary resistance being defined as resistance in patients
without a history of previous treatment. Acquired drug
resistance is defined as resistance in those who have
previously undergone TB treatment. Drug-resistant TB
is classified as monodrug (resistance to a single first-line
drug), polydrug (resistance to two or more first-line
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drugs) and multidrug resistance (MDR) (resistant to
isoniazid and rifampicin, wit}; or without resistance to
any other drugs) (17). )

Antibiotic sensitivity testing

Drug susceptibility testing was performed by the fully au-
tomated BACTEC MGIT 960 system (Becton Dickinson
Biosciences, Sparks, MD, USA) for testing M. tuberculosis
susceptibility to SM, INH, RMP and EMB at the following
final drug concentrations: 1.0 pg/mL for-SM, 0.1 pug/mL
for INH, 1.0 pug/mL for RMP and 5.0 ug/mL for EMB.

Insertion sequence 61170-restriction
fragment length polymorphism

Insertion sequence 6110-RFLP analysis was done by
Southern blotting and DNA hybridization with an 1S6110
probe (10, 19, 20). Briefly, chromosomal DNA of M. tu-
berculosis was extracted by chloroform-isoamyl alcohol.
Three micrograms of DNA were digested with 10 U/uL
of Pyull (Boehringer Mannheim, Mannheim, Germany)
and electrophoresed in 0.8% agarose. The extracted DNA
from M. tuberculosis MT14323 strain was used as con-
trol marker. DNA fragments were transferred to a nylon
filter (Sigma Chemical, Saint Louis, MO, USA) by the
capillary method (11) and hybridized with digoxiginin-
labelled BamHI-Sall fragment of pDC73 (21). The plas-
mid pDC73 contains a portion of the insertion sequence
IS6110 on the right side of the Pvull restricted site. The
IS6110 hybridization patterns were analyzed using Gel-
compar II version 1.5 (Applied Maths, Kortrijk, Belgium).
Based on 78% or more similarity as previously described,
the isolates were classified as members of the Beijing family
or Nonthaburi group, (20).

Data analyses

The data were statistically analyzed using SPSS version
17.0. Comparison of pair isolates within individuals was
performed to assess similarity between patterns. Drug sen-
sitivity test profiles between the first and the subsequent
TB registrations were associated by X” test. A P value < p;
0.05 was considered statistically significant.

RESULTS

Clinical characteristics of patients

The median ages of patients in the relapse and retreatment
TB groups were 54 (range 25-74) and 47 (range 35-65)
years, respectively. Thirty-four and eight patients had two
and three registrations of pulmonary TB, respectively. The
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median interval between the first and second registrations
was 13 months (range 3-65), with 21 months (range 8-46)
for previous cure, 26 (range 7-63) for completed treat-
ment, 8 (range 4-16) for failed treatment and 24 (range
15-42) for default treatment. The median interval be-
tween the second and third registrations was 9 months
(range 2-38). Of the 42 patients, 28 were male (67.7%)
and 14 female (33.3%). Twenty-two patients (52.4%) had
relapsed TB after previously successful treatment (cure =
17, completed = 5), and the rest were retreatment TB, 16
(38.1%) after treatment failure and 4 (9.5%) after default
treatment. The second treatments resulted in 23 patients
(54.8%) having successful treatment (cure = 21, com-
pleted = 2), five (11.9%) treatment failures and 9 (21.4%)
default treatment. Five patients (11.9%) died during the
course of treatment. Eight patients received third treat-
ments. However, treatments outcomes were available for
only six of these patients: two with cure, two with failure
and two with death (Table 1).

Resistance to anti-tuberculosis drugs

Table 2 summarizes anti-TB drug resistance among M.
tuberculosis isolates from recurrent TB patients in rela-
tion to treatment outcomes. In the first, second and third
registrations, monodrug resistant strains from successful
and unsuccessful TB treatment comprised 7.3% (3/41),
5.0% (2/40) and 12.5% (1/8), respectively. Polydrug re-
sistant strains after unsuccessful TB treatment comprised
4.9% (2/41), 2.5% (1/40) and 25.0% (2/8), respectively.
MDR strains after unsuccessful TB treatment comprised
12.2% (5/41),20.0% (8/40) and 12.5% (1/8), respectively.
We found one MDR-TB strain in a case of successful TB
treatment (2.5%). In patients with retreatment TB after
unsuccessful treatment (failure and default), MDR (P =
0.025) and drug resistance to isoniazid (P = 0.025) and
to rifampin (P = 0.046) occurred significantly less fre-
quently in first registration than in second registration
M. tuberculosis isolates. However, we found no significant
differences in resistance to any TB drugs in isolates from
the first and second registrations of patients with relapsed
TB after successful treatment (completed and cure). We
found no significant differences between first and second
registrations in resistance of M. tuberculosis to ethambutol
(P = 0.157) and to streptomycin (P = 0.564) in patients
with retreatment after unsuccessful treatment (failure and
default). Obviously, we more commonly found acquired
MDR-TB strains in patients with failure (6/16) and default
treatment (2/4), and rarely in those with successful treat-
ment (1/22). Interestingly, two acquired MDR-TB strains
from patients with retreatment after treatment failure de-
veloped resistance to all anti-TB drugs tested including
RMP, INH, SM and EMB. '
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Table 1. Clinical characteristics of 42 patients with recurrent tuber-

culosis
Time interval between
Age/ TB treatment outcome First-  Second-
Sex second third

No. (years) First Second Third (months) (months)
1 B68F cure died - 46 -
2 62/M complete cure not-available 43 2
3 S56/F cure cure - 18 -
4 46/M cure default  died 43 19
5 46/M cure cure cure 17 38
6  47/F cure cure - 14 -
7 55/M complete complete - 65 ~
8 26/M cure cure - 17 -
9 25/M complete default - 63 -
10 28/F cure cure - 9 -
11 53/F cure died - 19 -
12 56/M complete failure - 12 -
13 46/F cure cure - 16 -
14 27/F cure died - 13 -
15 43/F cure cure - 26 -
16 62/M complete died - 11 -
17 65/M cure default - 23 -
18 67/F cure cure - 14 -
19 38/M cure cure - I -
20 74/M cure died - 22 -
21 69/ cure cure - 8 -
22 B61/M cure cure - 11 -
23 65/M default  default  failure 42 20
24 40/M default  default - 14 -
25 42N default  cure not-available 6 7
26 35/M default  default - 14 -
27 52/M failure cure - 7 -
28 43/F failure failure cure 6 8
29  61/F failure failure - 5 -
30 62M failure cure - 10 -
31 5UM failure cure - 6 -
32 44/F failure complete L - 5 -
33 47/M failure failure died 4 10
34 30/M failure cure - 5 -
35 33/F failure cure : - 14 -
36 65/M failure failure failure 3 3
37  53/F failure cure - 6 -
38  42M failure cure - 13 -
39 65/M failure default - 5 -
40 43/M failure default - 8 -
41 58/M failure default - 18 -
42 59/M failure cure - 7 -

Insertion sequence 6 110-restriction
fragment length polymeorphism patterns

The IS6110-RFLP patterns of M. tuberculosis isolates
can be classified into five groups as previously described
(20). Figure 1 shows sampling. examples of patients with
identical IS6110-RFLP patterns and two patients with
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Table 2. Development of anti-TB drug resistance among M. tuberculosis
isolates from recurrent TB patients in relation to treatment cutcomes

Table 3. 1S61 10-RFLP patterns of M. tuberculosis in recurrent TB patients
in the first, the second and the third registrations

Resistant isolates

First Second Third
registration  registration  registration
DST results Number (%) Number (%) Number (%)
Successful treatment
Monodrug resistance 3(7.3) 2(5.0) 1(12.5)
Rifampin 0 0 0
Isoniazid 2(4.9) 1(2.5) 1(12.5)
Streptomycin 0 0 0
Ethambutol 12.4) 1{(2.5) 0
Polydrug resistance 0 0 0
MDR 0 142.5) 0
Unsuccessful treatment
Monodrug resistance 3(7.3) 2(5.0) 1(12.5)
Rifampin 0 0 0
Isoniazid 12.4) 1(2.5) 0
Streptomycin 0 0 0
Ethambutol 2{(4.9) 1(2.5) 1(12.5)
Polydrug resistance 2(4.9) 1(2.5) 2(25.0)
MDR 5(12.2) 8(20.0) 1(12.5)

DST, drug susceptibility testing.

non-identical patterns and Table 3 shows the numbers of -
recurrent TB patients with various IS6110-RFLP patterns.
We found identical patterns in 40/42 isolates (95%) from
recurrent patients and non-identical patterns in 2 isolates
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Number of patients

Third
registration

Second
registration

First

IS67710-RFLP patterns registration

Identical patterns

Single band 5 5 1
2-5 bands 5 5 0
Beijing 21 21 6
Nonthaburi 3 3 1
Heterogeneous 6 0
Non- identical patterns :
2-5 bands 1 1 0
Beijing 1 1 0

(5%) in isolates from patients with retreatment after
failure. Among 40 isolates with identical patterns, 21
(50.0%) belonged to the Beijing family with 15-20 copies
and 3 (7.1%) to the Nonthaburi family with 11-15 copies
patterns. We were unable to group other isolates from six
patients (14.3%) with heterogeneous patterns with more
than five bands as either Beijing or Nonthaburi families.
Five patients (11.9%) had isolates hybridized at only one
position and were either 1.45 kb or 1.3 kb long; these.
isolates were likely to contain only a single copy of IS6110
(defined as single band pattern). We defined the isolates
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Fig. 1. Identical and non-identical 1S6770-RFLP patterns of M. tuberculosis isolates from seventeen pulmonary TB patients. Identical
patterns: $1-512 are subjects 1-12 from two registrations and $13-515 are subjects 13-15 from three registrations. Non-identical patterns: S16-517

are subjects 16 and 17 from two registrations.
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from five patients (11.9%) as having 2-5 bands patterns
with hybridization patterns of 2-5 copies. However, the
isolates of two of these patients (5%) had non-identical
patterns. One of these patient’s isolates had a 2-5 bands
pattern in the first and a Beijing pattern in the second
registration, whereas the other’s isolates had the Beijing
pattern in the first and a 2-5 bands pattern in the second
registration. In isolates from the patients with three
TB registrations, recurrent IS6110-RFLP patterns were
identical patterns of Beijing family type in six patients,
Nonthaburi family in one and single band pattern in one.

Insertion seduence 6110-restriction
fragment length polymeorphism patterns and
drug resistance

When we analyzed anti-TB drug resistance in relation
to IS6110- RFLP patterns (Table 4), we most commonly
found monodrug resistance in isolates with the Beijing
family pattern (8/12). The other monodrug resistant
isolates had single-band patterns (two isolates), the Non-
thaburi family pattern (one) and a heterogeneous pattern
(one). We found polydrug resistance in isolates with
Beijing family pattern (3/5) and single band pattern (2/5).
We found MDR-TB in four, eight and one isolates with
identical patterns in first, second and third registrations,
respectively. One isolate with a non-identical pattern
had MDR-TB at the first and second registrations. We
commonly found MDR-TB strains in isolates with Beijing
family patterns (10/15); the rest were heterogeneous (one
isolate) and 2-5 bands (four). For all treatment outcomes,
the strains that had been treated on the first registration
were most often the cause of recurrent TB, as shown by
their identical patterns, in which the Beijing family was
predominant. We found acquired MDR (resistance in
those who have previously undergone TB treatment) in M.
tuberculosis of the Beijing family. Of these, two isolates had
primary drug resistance (resistance without a history of
previous treatment) in the first registration whereas there
were six MDR-TB isolates in the second registration. Four
of these isolates had acquired MDR. The time intervals
between the first and subsequent registrations varied.

DISCUSSION

In this study, we analyzed anti-TB drug resistance and
IS6110-RFLP patterns of M. tuberculosis strains from
recurrent patients in their first, second and third TB regis-
trations. Resistance to INH, RMP, EMB and SM occurred
more frequently in M. tuberculosis strains from the second
registrations than in those from the first. The MDR rate
was 12.2% among new cases at first registration, 22.5%
among recurrent cases with previously treated TB at the
second registration and 12.5% at third registration, indi-
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cating higher rate of drugs resistance in recurrent TB. In
the present study, we found resistance to INH or RMP, with
or without resistance to any other drugs (MDR-TB), more
commonly in patients with fajlure and default treatment.
Moreover, two acquired MDR-TB isolates from retreat-
ment patients after treatment failure developed resistance
to all anti-TB drugs tested (RMP, INH, Sm and EMB).
These strains could well develop XDR-TB eventually. Re-
cently, it has been recognized that MDR-TB and XDR-TB
are serious problems for TB control program because
XDR-TB strains are virtually untreatable (22). There is ev-
idence that inadequate treatment is the main cause of en-
dogenous reactivation, which is likely to occur soon after
completion of treatment for the first episode (23). How-
ever, apparently successful treatment sometimes fails to to-
tally eradicate the bacteria from patients; they can then re-
activate later. TB patients who fail primary treatment have
significantly greater risks of any drug resistance or MDR-
TB than do those with successfully complete treatment
(treatment completion or cure) (24). There is evidence
that irregular drug administration causes development of
drug resistance during short-course therapy with multiple
drugs, because the drugs are taken for only a few killing
cycles and regrowth occurs when the drugs stop. During
each cycle, it is possible that selection of mutants that are
relatively resistant occurs (25). We found significant dif-
ferences in monodrug resistance to isoniazid or rifampin
and MDR among M. tuberculosis strains from primary
and secondary registrations, which could be attributable
primarily due to poorly administered TB treatment (1).
Recurrent TB is common in patients who have failed to
respond to first and second line drugs (26). In line with
this, our findings that MDR-TB occurs most commonly
in patients with failure and default treatment and rarely in
those with previously successful treatment (complete and
cure) imply that failure of previous treatment is associated
with drug resistance. Therefore, in areas with a high preva-
lence of drug resistance, we recommend use of alternative
regimens, especially during the continuation phase. Drug
resistant TB is a man-made phenomenon; inadequate
or poorly administered treatment regimens can allow
drug-resistant strains to become dominant in patients
with TB (1).

In general, there is a very high rate of unexplained re-
current TB in areas with a high incidence of TB (27).
Endogenous reactivation is possibly the main cause of
relapses after a period without TB and recurrent TB re-
quiring retreatment in Chiang Rai province, an area with
high prevalence of TB and a high proportion of drug resis-
tance (10). In this study, endogenous reactivation (30/42,
71.4%) was the major cause of recurrent TB either from
relapse or retreatment as evidenced by identical IS6110-
RFLP of Beijing (21/42, 50%), Nonthaburi (3/42, 7.1%)
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Table 4. The relationship between anti-TB drug resistance and 1S6770- RFLP patterns

Resistant isolates

Mono drug Poly drugs MDR
IS6710- RFLP patterns First Second Third First Second Third First Second Third
Single band 1 1 0 0 1 1 0 0 0
2-5 bands 0 0 0 0 0 0 2 2 0
Beijing 4 3 1 2 0 1 3 6 1
Nonthaburi 0 0 1 0 0 0 0 0 0
Heterogeneous 1 0 0 0 0 0 0 1 0

and heterogenous (6/42, 14.3%) patterns in alarge propor-
tion of isolated strains. The classical 1IS6110-RFLP method
fails to adequately differentiate M. tuberculosis strains with
identical patterns of low copy numbers of [S6110 with 2-5
band (5/42,11.9%) and single band patterns (5/42, 11.9%)
- (28). Other strain typing methods such as VNTR typ-
ing are required to infer epidemiological linkage between
low-copy number isolates (28). However, VNTR typing
systems cannot define all unique isolates. If the primary
genotype is IS6110-RFLP, VNTR typing is certainly use-
ful as a secondary means of typing M. tuberculosis with
small copy numbers of [S6110. (28). It is possible that the
identical IS6110-RFLP patterns that we found in first and
subsequent TB registrations did not truly represent en-
dogenous reactivation because these patterns appearances
may have reflected the duration of the study, incidence of
M. tuberculosis strains in the population and prevalence
of dominant strains. Therefore, we recommend further
comprehensive investigation of the prevalence of IS6110-
RFLP patterns among M. tuberculosis strains from this set
of patients during 1997 through 2006 to determine the
proportion of these strains in recurrent TB.

The non-identical IS6110-RFLP patterns observed in
two retreatment patients after failure could be caused by
either exogenous re-infection (2/42, 5%) with new M.
tuberculosis strains or mixed infection, which reportedly
occurs after successful treatment (29, 30) and even during
treatment (30). Exogenous re-infection plays a dominant
role in the pathogenesis of post-primary TB in areas with
a high incidence of the disease such as in South Africa
and China (30, 31). Simultaneous infection with multiple
strains of M. tuberculosis can cause exogenous reinfection
of patients: this provides further evidence for occurrence
of reinfection (32). ,

We found that the Beijing family IS6110-RFLP pattern
predominated among strains causing recurrent TB (50%).
The rest of the isolates belonged to the Nonthaburi fam-
ily, were heterogeneous, or had 2-5 band or single band
patterns. These findings are quite different from those of a
previous study in which the Beijing family was not the pre-
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dominant pattern in northern Thailand, comprising only
17.7% of isolates) (13). The prevalence rates of Beijing
strain in other geographical areas is diverse, for example
being 42% in Bangkok, 27.9% in central and 31.3% in
western Thailand (13). However, such discrepancies may
be attributable to previous studies including all forms of
pulmonary TB without differentiating between different
histories of anti-TB treatment. In this study, the major
patterns in MDR-TB belonged to the Beijing family, the
rest being heterogeneous and having 2-5 bands. Addi-
tionally, isolates with acquired MDR evidenced identical
[S6110-RFLP patterns of the Beijing family, suggesting its
strong association with response to treatment (14, 15).
In Germany, where the incidence of TB is steadily de-
creasing and the estimated overall percentage of MDR-TB
is less than 3% of all TB cases, researchers have found
similar evidence for Beijing genotypes among MDR-TB
strains (33). A study in Thailand between 1996 and 2007
proposed a classification of ancestral and modern Beijing
sublineages based on the VNTR in which they identified
78.8% as modern Beijing strains and the remaining 21.2%
as ancestral Beijing isolates (34). Although researchers
have further analyzed such data and combined it with
those of previous studies to construct a comprehensive
phylogenetic tree, they have not assessed linkage between
TB treatment history and development of drug resistance
(34). Therefore, we recommend further comprehensive
investigation of the genetic diversity and evolution of the
Beijing genotype in M. tuberculosis isolates from patients
with recurrent TB.
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Abstract Interferon-y (IFN-y) is a key molecule of T
helper 1 (Thl)-immune response against tuberculosis (TB),

and rare genetic defects of IFN-y receptors cause dissemi-

nated mycobacterial infection. The aim of the present study
was to investigate whether genetic polymorphisms found in
the Thl-immune response genes play a role in TB. In our
study, DNA samples were collected from two series of cases
including 832 patients with new smear-positive TB and 506
unrelated individuals with no history of TB in the general
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population of Hanoi, Vietnam. Alleles of eight microsatellite
markers located around Th1-immune response-related genes
and single micleotide polyiorphisms near the promising
microsatellites were genotyped. A set of polymorphisms
within the interferon gamma receptor 2 gene (I[FNGR2)
showed a significant association with protection against TB
(P = 0.00054). Resistant alleles tend to be less frequently
found in younger age at diagnosis (£ = 0.011). Luciferase
assays revealed high transcriptional activity of the promoter
segment in linkage disequilibrium with resistant alleles. We
conclude that the polymorphisms of JFNGR2 may confer
resistance to the TB development of newly infected indi-
viduals. Contribution of the genetic factors to TB appeared to
be different depending on age at diagnosis.

Introduction

Tuberculosis (TB) remains one of the major health prob-
lems worldwide (Lopez et al. 2006): According to an
estimate, approximately one-third of the world’s popula-
tion is infected with Mycobacterium tuberculosis (M.
tuberculosis), and more than 9 million people develop
active TB disease every year. Of these patients, 80% are
from 22 high-burden countries including Vietnam (World
Health Organization 2010).

Development of TB has been considered to be a two-
stage process, infection with M. tuberculosis and progres-
sion to disease. In total, 5-10% of immunocompetent
individuals initially infected with M. tuberculosis develop
active TB during their lifetime (Frieden et al. 2003). When
young vulnerable individuals fail to inhibit growth of the
pathogen, they often develop the disease within 2 years of
infection. In the remaining individuals, containment of
M. tuberculosis is successful, though the agent is not
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eliminated completely, which leads to life-long latent
infection (Russell 2007). When immune levels are
impaired after years of infection, reactivation of dormant
bacteria leads to disease manifestation, which contributes
to the development of elderly TB, though new TB patients
affected by re-infection also have to be taken into account
(Tufariello et al. 2003). Protective immunity to control the
initial infection, orchestrated by immune cells including T
cells and macrophages, is influenced by a variety of factors
including genetic predisposition (Moller et al. 2010a).

T helper 1 (Thl)-type immune system is crucial to
protection against mycobacterial diseases, in which inter-
feron-y (IFN-y) has a key role (Lin and Flynn 2010).
Although T cell response to mycobacterial infection in
human beings is difficult to be addressed experimentally
(Cooper 2009), it is known that genetic defects of Thl
molecules can be found in genes such as interferon gamma
receptor 1 (IFNGRI), interferon gamma receptor 2

- (IFNGR2), signal transducer and activator of transcription
1, 91 kDa (STATI), interleukin 12B (IL12B) and interleu-
kin 12 receptor, beta 1 (ILI2RBI) cause severe mycobac-
terial diseases (Zhang et al. 2008). These observations have
highlighted IFN-vy/interleukin-12 (IL-12) axis and their
polymorphisms have been investigated in mycobacterial
infection: association of promoter polymorphism in
IFNGRI1 with TB was reported in African populations in
independent studies, whereas association of /FNGR2 with
TB has not been published in the literature (Cooke et al.
2006; Stein et al. 2007). Associations with ILI2B and
ILI2RBI were not consistently shown (Moller et al.
2010b). In the present study, we analyzed genetic poly-
morphisms of major Thl cytokine receptors (IFNGRI,
IFNGR2, IL12RBI and ILI2RB2) and signal transduction
molecules (STAT! and STAT4) in Hanoi—Vietnamese and
reported a disease association and functional significance
of polymorphisms in IFNGR2.

Materials and methods
Study population

The patients and control subjects were recruited in Hanoi,
Vietnam (Horie et al. 2007). In total, 832 smear-positive
pulmonary TB patients without previous episodes of TB
(age 41 £+ 14.4, males 77.6%) and 506 healthy volunteers
without previous and present history of TB  (age
37 &£ 10.3, males 50.0%) participated in this sudy. All of
them were unrelated Hanoi, Vietnamese. TB patients were
all recruited immediately after the diagnosis was made.
The TB panel A (n = 277, age 41 £ 13.5, males 73.3%)
was collected in 2003-2004, and the second TB panel B
(n = 555, age 41 £ 14.8, males 79.8%) was collected in
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2007-2009. Pulmonary physicians diagnosed all the
patients as new active pulmonary TB and treated them
with anti-TB drugs based on the guidelines of the national
TB program. Informed consent was obtained from all
participants. The study protocol was approved by the
ethics committees of the Ministry of Health, Vietnam and
the National Center for Global Health and Medicine,
Japan. Since 4 patients in panel A were human immuno-
deficiency virus (HIV) positive by previously described
PCR assay (Panteleeff et al. 1999) with minor modifica-
tions and 49 patients in panel B were HIV seropositive
(Hang et al. 2011), they were excluded from further
analysis. A

Microsatellite markers

We used eight microsatellite markers (IFNGRI-MSI1,
IFNGR2-MS1, IFNGR2-MS2, ILI2RBI-MSI1, ILI2RB2-
MS1, ILI2RB2-MS2, STATI-MSI and STAT4-MS1) loca-
ted in the major Th1l-immune response genes (Tanaka et al.
2005) for screening of genetic polymorphisms associated
with active TB. A part of the samples, 98 TB patients from
the TB panel A and 200 controls were analyzed as
described under (Tanaka et al. 2005).

Single nucleotide polymorphisms (SNP) screening
in IFNGR?2 of Vietnamese samples

Forty-eight control samples were subjected to PCR ampli-
fications of promoter and seven exon regions of IFNGR2 and
their sequences were analyzed for polymorphisms. GC
content of genomic sequence upstream of the translation
initiation codon was high (78.2% of nucleotides —1 to
—500), and PCR condition was optimized for GC-rich tem-
plate. The genomic DNA was extracted from anticoagulated
blood with QIAamp DNA midi kit (QIAGEN, Hamburg,
Germany). PCR was performed using TaKaRa LA Taq with
GC buffer I (TaKaRa, Shiga, Japan) with primers 5'-CTCC
CAACAGGCGTCAAACGACATGGTG-3' and 5'-TGGTC
CCTGCTCCACCGCTGCTACTACAAA-3". PCR cycling
condition was 40 cycles of 95°C for 30 s, 67°C for 30 s and
72°C for 2 min. Amplified products (1,607 bp) were purified
and sequenced with BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA,
USA) using 3100 Genetic Analyzer (Applied Biosystems),
with primers 5'-AGCTTAATATGTACTTTGGGG-3' and
5'-CACCCACTCTGAGCACCCGG-3'. This method was
also used for the typing of three promoter SNPs, rs8134145,
rs8126756 and rs17882748. Sequencing primers that have
the allelic variant at their 3'-end 5'-GGAGGGGTGGGGGC
TCCAGGGAAA-3, 5'-GCAGGGCCCGCCTCTTCCCGA
GCA-3' and 5-GGGCTCCAGGGAAAGCCCGGGGGT-3'
were also designed, and allele-specific sequencing was
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performed to directly determine the haplotypes of the three
promoter SNPs.

Selection of representative SNPs around /FNGR2
and genotyping

Representative SNPs around IFNGR2 were selected from
HapMap database (The International HapMap Consortium
2005). SNP genotype data of Han Chinese in Beijing
(CHB) encompassing 350 kb from ILIORB to CRYZLI
were analyzed by Haploview 4.2 (Barrett et al. 2005), and
27 representative SNPs were chosen based on the method
of block-by-block tags in linkage disequilibrium (LD)
blocks determined by confidence interval method (Gabriel
et al. 2002). The IFNGR2 SNPs identified as mentioned
above and selected SNPs were genotyped in 273 TB
patients of panel A and 506 controls. Genotyping was
performed by the Digitag2 assay that has previously been
described in another study (Nishida et al. 2007).

Rapid amplification of cDNA end (5'-RACE)
of IFNGR2

The exact 5 end of exon 1 was confirmed with FirstChoice
RLM-RACE Kit (Ambion, Austin, TX, USA) using total
RNA of THP-1 cells (ATCC TIB-202) stimulated with
10 ng/ml of phorbol myristate acetate (Schwende et al.
1996), U937 cells (ATCC CRL-1593.2) and Jurkat cells
(ATCC TIB-152).

Luciferase assay

Promoter region of IFNGR2 (Rhee et al. 1996) consisting of
1,167 bp (position —1,172 to —6 of initiation codon) was
amplified by PCR and inserted into Xho I and Bgl 11 sites of
pGLA.10 vector (Promega, Madison, WI, USA). Three
plasmids of the observed haplotypes (CCC, ATC, ATT of
1s8134145, rs8126756 and rs17882748) were constructed,
and their sequences were confirmed to be devoid of any
additional nucleotide difference. Reporter plasmids were
mixed with pRL-TK (Promega) and transfected to Jurkat
human T-cell leukemia cells with Lipofectamin LTX
(Invitrogen, Carlsbad, CA, USA) in triplicate. Cells were
harvested after 24 h and luciferase activity was measured
using Dual-Luciferase Reporter Assay System (Promega).
The transfection experiments were repeated twice with
three independent subclones of each plasmid.

Statistical analysis
Disease associations with markers were assessed by Chi-

square test or Fisher’s exact test, and P values less than
0.05 were considered significant. Statistical analysis was

performed using Stata version 10 (StataCorp, College
Station, TX, USA). When necessary, P values were sub-
jected to Bonferroni’s correction for multiple comparisons.
To determine whether genotype frequencies in the popu-
lations are compatible with Hardy—Weinberg equilibrium,
Hardy-Weinberg exact tests were carried out using the
program Arlequin version.3.11 (Excoffier et al. 2007). To
assess pairwise LD between polymorphisms, we calculated
Lewontin’s D’ and r square () for polymorphisms by
Haploview version 4.2 (Barrett et al. 2005). TB disease
associated with genetic variations was assessed by odds
ratios unadjusted or adjusted for sex, age at recruitment and
its ‘interaction using logistic models. Tendency of having
resistant alleles in the order of age at diagnosis was also
tested using a similar logistic model within the TB group.
Difference in luciferase activity between the haplotype
under consideration and the other haplotypes was assessed
by Wilcoxon rank sum/Mann—-Whitney U test.

" Resulits

Microsatellite markers

Microsatellite marker /JFNGR2-MS1 located in 5'-upstream
region of IFNGR2 showed significant association with TB
even after Bonferroni’s correction (Table 1) and the fre-
quency of IFNGR2-MS1-325 allele was significantly lower
in TB patients than in controls (Supplementary table 1).
IFNGR2-MS2, the other microsatellite was located in
intron 2 of IFNGR2 and the frequency of IFNGR2-MS2-
252 allele was also lower in TB patients than in controls
(uncorrected P = 0.0024), but not significant after
Bonferroni’s correction. IFNGR2-MS1-325 allele and
IFNGR2-MS2-252 allele were in LD (D = 0.91, 7 = 0.64).

Screening of genetic polymorphisms in IFNGR2

Forty-eight control samples were subjected to PCR
amplifications of promoter and seven exons of JFNGR2 and
their sequences were analyzed for possible polymorphisms.
In the exonic sequences of /FNGR2, a non-synonymous
SNP, 159808753 was found in exon 2, and another SNP,
151059293 was shown in 3'-untranslated region (UTR) of
exon 7, while there were no SNPs in exon—intron bound-
aries. In the 5' region up to —850 bp of the translation
initiation codon, three SNPs, rs8134145, rs8126756 and
1517882748 were also identified.

Genotyping of selected SNPs around /FNGR2

Association of microsatellite markers of JFNGR2 with TB
prompted us to identify relevant SNPs that may show

@ Springer

197



