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Abstract Abstract 

Wee determined the frequency of strains of two sub-groups of the Mycobacterium 
tuberculosistuberculosis Beijing clade (typical Beijing family and atypical Beijing) in Vietnam, 
Thee Netherlands, and Hong Kong and assessed their associations with drug resistance 
andd patient characteristics. The typical Beijing family isolates are the most prevalent 
type.. The proportion of typical Beijing family strains was lowest among patients aged 
>755 years. Furthermore, the prevalent typical Beijing family isolates were more 
frequentlyy isolated from BCG-vaccinated individuals than atypical Beijing strains. 
Thesee data suggest that BCG vaccination may have favourably selected for typical 
Beijingg family strains rather than atypical Beijing isolates. Furthermore, atypical 
Beijingg isolates were significantly more often isoniazid and multidrug resistant and 
lesss often streptomycin resistant than typical Beijing family isolates. This work 
suggestss that the measures used to fight the tuberculosis epidemic have selected for 
moree adapted tuberculosis strains. 

Introductio n n 

Thee Mycobacterium tuberculosis Beijing genotype family is one of the major 
contributorss to the current worldwide tuberculosis epidemic (4,11,12,27). This 
geneticallyy highly conserved family of M. tuberculosis predominates in the Beijing 
areaa of China and is also highly prevalent in other Asian countries and in the former 
Soviett Union (12). In some areas, such as Vietnam (1) and the Archangel Oblast (22), 
thiss genotype family is emerging. It has been suggested that M. tuberculosis Beijing 
genotypee strains represent 'escape variants' of mass BCG vaccination (27). Recent 
experimentss in a BALB/c mouse model have provided support for this hypothesis 
(17)(Grodee et al., submitted for publication). However, although M. tuberculosis 
isolatess of the Beijing clade were found more frequently among BCG-vaccinated 
individualss than among non-vaccinated individuals in Vietnam and Indonesia, these 
differencess were not significant (1,23). Several studies have reported an association 
betweenn Beijing clade strains and resistance to antituberculosis drugs (12). This 
associationn between phenotype and genotype has, however, not been found in all 
geographicc areas. In New York, Cuba, Estonia, Vietnam, and the Samara and 
Archangell  Oblasts in Russia, Beijing family strains were strongly associated with 
drugg resistance (1,5,9,10,15,22). In other areas studied, this association has been 
shownn to be weak or absent (12). Remarkably, a study in Hong Kong showed that 
strainss of the Beijing clade were less likely to be isoniazid resistant than non-Beijing 
cladee strains (8). These differences in associations with drug resistance may be 
explainedd by differences in spread of separate lineages of the Beijing clade in these 
areas. . 

Thee M. tuberculosis Beijing clade consists of at least two sub-groups; typical Beijing 
familyy strains and atypical Beijing strains, which share the characteristic spoligo 
patternn consisting of at least three of the last nine spacers in spoligotyping (14,16,18). 
Inn the vast majority of previously published studies on M. tuberculosis Beijing 
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genotypee strains no distinction was made between these sub-groups. In this work we 
usee the term 'Beijing clade' to designate all strains with a Beijing characteristic 
spoligotype,, in accordance with the definition of the Beijing lineage (14). 

Typicall  Beijing family strains exhibit multi-copy 1S61J0 restriction fragment length 
polymorphismm (RFLP) patterns with many of the IS6JJ0 copies in common and they 
showw mutations in putative mut genes. These genes are thought to enhance the ability 
off  the strains to adapt to the intracellular hostile environment and, hence, also to gain 
drugg resistance (21,27). The W strains, causing large outbreaks of drug resistant 
tuberculosiss in the United States, are members of the typical Beijing family (4,6,16). 
Atypicall  Beijing strains show more diverse IS6110 RFLP patterns and do not have 
mutationss in their putative mut genes (14,16,18,21). They more closely resemble the 
commonn ancestor of the Beijing clade (18). The different sub-groups of the Beijing 
cladee may have different abilities to gain resistance or resist the BCG vaccine-induced 
immunologicall  defence. If so, the distribution of these sub-groups may explain the 
differencess found in the prevalence of the Beijing clade or the differences in 
associationn with drug resistance observed in various areas. It was, for instance, 
previouslyy observed that in Vietnam the Beijing genotype of M. tuberculosis was 
associatedd with young age and, hence, with emergence (1). However, it was not clear 
whetherr the typical Beijing family or atypical Beijing strains were spreading. So far 
onlyy few studies reported on the prevalence of the atypical Beijing clade strains 
(18,22).. Thus, it is largely unknown what the distribution of this sub-group is. No 
studyy has been undertaken to investigate possible differences in characteristics 
betweenn these two sub-groups. 

Wee determined the distribution of typical and atypical strains of the M. tuberculosis 
Beijingg clade in The Netherlands, Vietnam, and Hong Kong. Furthermore, we 
investigatedd the correlation of these sub-groups of the Beijing clade and drug 
resistance,, and the patient's BCG-status and age. Our results highlight that the 
dynamicss of the population structure of M. tuberculosis may be influenced by the 
emergencee of genetic lineages with particular selective features. 

Material ss and Methods 

Studyy populations 
Thiss study used the data of studies described previously (1,7,8). 
InIn the Netherlands, 415 (6%) of 6,829 M. tuberculosis isolates with a known IS677Ö 
RFLPP pattern from patients with matching patient information in the period 1993-
20000 were of the M. tuberculosis Beijing clade (7,24). Two isolates were excluded 
becausee repeatedly no PCR product was obtained and for three isolates the drug 
susceptibilityy data were missing, leaving 410 isolates for analysis. 

InIn Vietnam, 301 (53%) of 563 new tuberculosis cases collected in 1998 and 1999 in 
Hanoii  and Ho Chi Minh City were of the M. tuberculosis Beijing clade (1). Two 
hundredd eighty-five of these 301 Beijing clade strains were available for multiplex 
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PCRR analysis, and of these, 13 repeatedly yielded no PCR product or a non-
interpretablee PCR product, and four had missing drug susceptibility data, leaving 268 
Beijing-cladee isolates for analysis. 

Off  500 randomly selected M. tuberculosis isolates from pre-treatment patients from 
Hongg Kong in the period 1998-1999, 355 (71%) were of the Beijing clade (8). Three 
hundredd forty-five of these samples were available for PCR analysis. 

Informationn on the patient's sex and age were available for the isolates from The 
Netherlands,, Vietnam and Hong Kong. Drug susceptibility data of the respective 
isolatess and the patient's BCG status were only available for the isolates from The 
Netherlandss and Vietnam. Analysis of the Dutch data was done with permission of the 
Registrationn Commission of the Netherlands Tuberculosis Register (ref. number 
08/2004). . 

Beijingg sub-group determination 
Beijingg clade strains were defined on the basis of their typical spoligotype pattern 
(13,14).. Sub-groups of the Beijing clade (W strain / typical Beijing family / atypical 
Beijing)) were differentiated by using the multiplex PCR of Plikaytis et al. (20). With 
thiss PCR the presence of specific IS6110 insertions in the origin of replication (dnaA-
dnaNdnaN region) are recognised. One insertion is characteristic of the typical Beijing 
familyy strains (16). The W strain, as a member of the typical Beijing strains, contains 
thiss same IS insertion and an additional 1S6110 insertion in this region (16,20). These 
dnaA-dnaNdnaA-dnaN region insertions also separate typical Beijing strains from all other M. 
tuberculosistuberculosis strains, including the atypical Beijing strains (20). 

Beijingg sub-group determination versus RFLP 
Thee reliability of the multiplex PCR to recognize different M. tuberculosis Beijing 
cladee groups was assessed by correlating the PCR results to 1S6110 RFLP pattern 
similarityy and using DNA of the W strain as a reference. The 1S6110 RFLP patterns 
fromm the 410 Beijing clade strains isolated in The Netherlands were clustered on basis 
off  similarity with BioNumerics software (Applied Maths, Sint-Martens-Latem, 
Belgium;; Dice coefficient, 1% position tolerance and optimization). These strains 
weree previously divided into two sub-groups; clade 47 (which was defined on basis of 
IS6110IS6110 RFLP to represent the Beijing family) and clade 61 (14). Table 1 shows the 
correlationn between IS6110 RFLP and multiplex PCR results. The PCR described by 
Pikaytiss et al. (20) yielded different sub-grouping in the Beijing clade, but the 
correlationn between the PCR results and the IS6U0 RFLP pattern similarities was 
highh (Table 1). Using an IS6110 RFLP similarity of 73.3% as cut-off (which defined 
thee most homogeneous IS6110 RFLP group), 321 (98.2%) of 327 Beijing family 
strainss were consistently identified as 'typical Beijing family', and 81 (97.6%) of the 
833 remaining Beijing clade strains were classified as 'atypical Beijing' by the multi-
plexx PCR. The Kappa value for agreement between the tests is 0.922. 
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Tablee 1. Correlation between IS6710 RFLP pattern similarity and multiplex PCR results of three 
groupss (A, B, and C) of related RFLP patterns of 410 M. tuberculosis isolates from The Netherlands. 

Multiplexx Representative 1S61J0 RFLP patterns and similarity" of group (clade) 
PCRR result 

AA (47) B (47) C (61) 

 __f — vv:: — ; *- i 

>73.3%% 61.2-73.3% 49.6% 

Beijingg family 321 2 0 
Atypicall  Beijing 6 57 24 

Totall  327 59 24 

""  The IS6110 RFLP pattern similarity of groups B and C is relative to the RFLP patterns of group A. 
Withinn group C the similarity of the patterns was at least 58.0%. 

Statisticall  analysis 
Differencess in the distribution of sub-groups of the Beijing clade, and associations of 
sub-groupss with drug resistance, the patient's sex, age and BCG-status were assessed 
usingg the % test, the % trend test or logistic regression analysis (SPSS 12.0 for windows). 
Al ll  measured variables were included in the multivariate model to determine risk 
factorss for drug resistance. Because drug resistance was considered to be dependent 
onn the genotype, this variable was excluded from the multivariate model to determine 
riskk factors for the atypical Beijing type. Because our analysis focused on determining 
possiblee differences between correlations of the sub-groups of the Beijing clade and 
drugg resistance, isolates without drug susceptibility data were excluded from these 
analyses. . 

Results s 

Of,, in total, 1,023 M. tuberculosis Beijing clade isolates it was determined whether 
theyy belonged to the W-family, the typical Beijing family, or to the atypical Beijing 
group.. These isolates originated from The Netherlands (n=410), Hong Kong (n=345), 
andd Vietnam (rc=268) (Table 2). The study included 634 male and 345 female 
patients;; of 44 patients from Vietnam the sex could not be traced. The mean age group 
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off  the patients was 25-34 years, and over 75% of the patients were younger than 45 
yearss old. The frequency of the W strain was low; no W strains were observed in The 
Netherlands,, and only two were encountered in both Hong Kong (2/345; 0.6%) and 
Vietnamm (2/268; 0.7%). Therefore, below these W strains are not mentioned 
separately,, but are simply included in the typical Beijing family group. 

Thee distribution of the two major Beijing sub-groups was equal for men (81% typical 
Beijingg and 19% atypical Beijing) and women (80% typical Beijing and 20% atypical 
Beijing),, but varied by country and age. The proportion of atypical Beijing strains was 
thee highest in Vietnam, where 68 (25.4%) of 268 Beijing clade isolates were of this 
sub-groupp (Table 2). In the Netherlands, 87 (21.2%) of the 410 Beijing clade strains 
weree atypical, this was not significantly lower than the percentage found in Vietnam 
(P=0.208).. In Hong Kong the atypical Beijing strains were less frequently 
encounteredd than in Vietnam (P<0.001) and The Netherlands (P=0.007); 13.6% 
(47/345)) (Table 2). The prevalence of the Beijing sub-groups seemed stable among 
patientss from different age groups in Hong Kong (Fig. 1). An increasing proportion of 
atypicall  Beijing isolates with age was observed in The Netherlands and Vietnam (Fig. 
1).. Only in The Netherlands the increase in the proportion of atypical Beijing TB 
casess with increasing age was significant (x2

trend4.5 and P<0.035). Significantly more 
atypicall  Beijing isolates were observed among patients aged 75 years and over (odds 
ratioo (OR) 2.96, 95% confidence interval (CI) 1.15-7.67) (Table 3), suggesting a more 
recentt introduction and spread of typical Beijing family strains. 

Too investigate whether BCG vaccination might be a driving force behind the shift in 
prevalencee of the two Beijing sub-groups, the distribution of these sub-groups among 
BCGG vaccinated and non-BCG vaccinated individuals was investigated. Sixty-nine 
(27.7%)) of 249 Beijing clade strains were of the atypical Beijing type among non-
vaccinatedd individuals. The proportion of atypical Beijing strains among BCG 
vaccinatedd individuals was significantly lower; 20.8% (55/265) (adjusted OR 0.60, 
95%% CI 0.38.-0.95) (Table 3). The proportions per genotype emphasised this finding; 
44,4%% of atypical Beijing strains and 53.8% of typical Beijing family strains were 
isolatedd from BCG vaccinated individuals. 

Tablee 2. Number of M. tuberculosis Beijing clade and Beijing sub-group cases included in the study, 
byy country (Chisquare test ZMXOOl). 

Countryy Beijing clade total Typical Beijing (%) Atypical Beijing (%) 

Vietnamm 268 200(74.6) 68(25.4) 

Netherlandss 410 323(78.8) 87(21.2) 

Hongg Kong 345 298(86.4) 47(13.6) 

Totall  1,023 821(80.3) 202(19.7) 
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Thee association between typical Beijing family strains and BCG vaccination was very 
strongg in the data from The Netherlands, where 14.2% of the Beijing clade strains 
isolatedd from BCG vaccinated individuals and 31% of the Beijing clade strains from 
non-vaccinatedd individuals were atypical (adjusted OR 0.39, 95% CI 0.20-0.76). In 
thee dataset from Vietnam this was 26.2% versus 24.4%, but this was not statistically 
significant. . 

Tablee 4 shows that the M. tuberculosis Beijing sub-groups exhibited different drug 
susceptibilityy patterns and that the drug resistance levels varied by country. In 
Vietnamm the drug resistance percentages were significantly higher than in The 
Netherlands;; 6.7% versus 2.0% of all the Beijing strains were multidrug resistant 
(MDR),, 32.1% versus 11.0% were isoniazid (INH) resistant, and 44.0% versus 15.9% 
weree streptomycin resistant (Table 4). The atypical Beijing isolates were more often 
INHH resistant than typical Beijing family isolates; 25.2% versus 17.6% (OR 1.58, 95% 
CII  1.00-2.49). Furthermore, atypical Beijing clade strains were more often MDR; 
7.1%% versus 2.9% (OR 2.48, 95% CI 1.09-5.65). Atypical Beijing strains were less 
oftenn streptomycin resistant; 21.3% versus 28.7% of the typical Beijing strains (OR 
0.59,, 95% CI 0.37-0.93). Thus, the atypical Beijing isolates were associated with INH 
resistancee and MDR and significantly less likely to be streptomycin resistant than the 
typicall  Beijing family isolates. 
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Figure.. Age distribution of the proportion of atypical Beijing strains among M. tuberculosis Beijing 
cladee strains in Vietnam, The Netherlands, and Hong Kong. Note that the data point of the 75+ age cate-
goryy from the Vietnamese dataset was omitted because there was only a single patient in this age group. 
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Tablee 3. Risk factors for the atypical type of M. tuberculosis Beijing clade strains in 678 tuberculosis 
cases,, in Vietnam and The Netherlands. 

Atypicall  Beijing Total Odds ratio (95% confidence interval) 
Riskk factor Beijing 

nn % No. Crude Adjusted" 

Country y 
Vietnam m 
Netherlands s 

Sex x 
Male e 
Female e 
Unknown n 

Age e 
<25 5 
25-34 4 
35^14 4 
45-54 4 
55-64 4 
65-74 4 
75+ + 

BCGG vaccination 
No o 
Yes s 
Unknown n 

Total l 

68 8 
78 8 

93 3 
48 8 
14 4 

36 6 
51 1 
29 9 
7 7 
9 9 
13 3 
10 0 

69 9 
55 5 
31 1 

146 6 

25.4 4 
21.2 2 

22.4 4 
21.9 9 
31.8 8 

22.0 0 
23.7 7 
20.7 7 
13.7 7 
25.0 0 
26.0 0 
45.5 5 

27.7 7 
20.8 8 
18.9 9 

21.5 5 

268 8 
410 0 

415 5 
219 9 
44 4 

164 4 
215 5 
140 0 
51 1 
36 6 
50 0 
22 2 

249 9 
265 5 
164 4 

678 8 

1 1 
0.79 9 

1 1 
0.97 7 
1.62 2 

1 1 
1.11 1 
0.93 3 
0.57 7 
1.19 9 
1.25 5 
2.96 6 

1 1 
0.68 8 
0.61 1 

(0.55-1.14) ) 

(0.66-1.44) ) 
(0.82-3.17) ) 

(0.68-1.80) ) 
(0.54-1.61) ) 
(0.24-1.36) ) 
(0.51-2.75) ) 
(0.60-2.60) ) 
(1.18-7.41) ) 

(0.46-1.03) ) 
(0.38-0.98) ) 

1 1 
0.82 2 

I I 
1.01 1 
1.92 2 

1 1 
1.05 5 
0.80 0 
0.45 5 
1.03 3 
1.07 7 
2.96 6 

1 1 
0.60 0 
0.61 1 

(0.52-1.29) ) 

(0.67-1.51) ) 
(0.90-4.11) ) 

(0.64-1.73) ) 
(0.45-1.42) ) 
(0.18-1.12) ) 
(0.44-2.45) ) 
(0.50-2.30) ) 
(1.15-7.67) ) 

(0.38-0.95) ) 
(0.36-1.04) ) 

aa Adjusted for country, sex, age group and BCG vaccination. 

Discussion n 

InIn previous studies it was shown that 96% of the M. tuberculosis Beijing clade strains 
inn Russia and 98.1% of these strains in the Archangel Oblast (18,22) represented the 
typicall  Beijing family and only a minor proportion represented atypical Beijing 
strains.. In our study populations the proportion of typical Beijing family strains 
amongg the Beijing clade isolates ranged from 74.6% in Vietnam to 86.4% in Hong 
Kong.. Thus, especially in Vietnam a significant proportion of the Beijing clade strains 
aree atypical (25.4%). Furthermore, of the 1,023 Beijing clade strains from the three 
differentt countries in this study only four (0.4%) were W strains. In addition, no W 
strainss were found in Indonesia (unpublished data of (23)). Although large outbreaks 
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weree caused by W strains in the USA in the early 1990s (4,5), on a worldwide scale 
WW strains do not seem to play a major role in the tuberculosis epidemic. 

Itt was suggested previously, in a study that included mainly typical Beijing family 
isolates,, that BCG vaccination might be selecting in favour of the M. tuberculosis 
Beijingg genotype family (27). Findings of the current study are supportive of this 
hypothesis.. First, typical Beijing family isolates were significantly less frequently 
foundd among patients aged >75 years (54.5% versus 78.3% on average in all younger 
patients).. Considering that most of these oldest patients are suffering from a 
reactivationn of a latent infection, the strains isolated from patients in this age group 
aree expected to represent the population structure of M. tuberculosis of about 50 years 
ago.. Second, typical Beijing family isolates were significantly more often isolated 
fromm BCG-vaccinated individuals. These observations suggest that the more prevalent 

Tablee 4. Risk factors for drug resistance in 678 tuberculosis cases infected with Beijing clade strains, 
inn Vietnam and The Netherlands. 

Resistancee Adjusted" odds ratio (95% confidence interval) 
Riskk factor n 

MDRR 1NH SM MDR INH SM 

Genotype e 
Typicall  Beijing 
Atypicall  Beijing 

Country y 
Vietnam m 
Netherlands s 

Sex x 
Male e 
Female e 
Unknown n 

Age e 
<25 5 
25-34 4 
35-44 4 
45-54 4 
55-64 4 
65-74 4 
75+ + 

BCGG vaccination 
No o 
Yes s 
Unknown n 

Totall  no. 

523 3 
155 5 

268 8 
410 0 

415 5 
219 9 
44 4 

164 4 
215 5 
140 0 
51 1 
36 6 
50 0 
22 2 

249 9 
265 5 
164 4 

678 8 

2.9 9 
7.1 1 

6.7 7 
2.0 0 

3.6 6 
2.7 7 
11.4 4 

3.7 7 
4.7 7 
4.3 3 
3.9 9 
2.8 8 
2.0 0 
0 0 

4.0 0 
4.2 2 
3.0 0 

26 6 

17.6 6 
25.5 5 

32.1 1 
11.0 0 

18.6 6 
19.2 2 
27.3 3 

13.4 4 
24.7 7 
25.0 0 
17.6 6 
16.7 7 
10.0 0 
4.5 5 

22.1 1 
19.6 6 
14.6 6 

131 1 

28.7 7 
21.3 3 

44.0 0 
15.9 9 

28.0 0 
22.4 4 
40.9 9 

25.0 0 
28.4 4 
30.0 0 
33.3 3 
27.8 8 
16.0 0 
18.2 2 

28.9 9 
30.9 9 
17.7 7 

183 3 

1 1 
2.48 8 

1 1 
0.21 1 

1 1 
0.91 1 
2.39 9 

1 1 
0.93 3 
0.7 i 7 i 
0.68 8 
0.60 0 
0.40 0 

--

1 1 
0.63 3 
2.44 4 

(1.09-5.65) ) 

(0.06-0.76) ) 

(0.34-2.44) ) 
(0.67-8.54) ) 

(0.32-2.70) ) 
(0.21-2.41) ) 
(0.12-3.77) ) 
(0.07-5.45) ) 
(0.04-3.66) ) 
--

(0.22-1.83) ) 
(0.54-11.04) ) 

1 1 
1.58 8 

1 1 
0.20 0 

1 1 
1.34 4 
0.90 0 

1 1 
1.76 6 
1.46 6 
0.91 1 
0.99 9 
0.63 3 
0.31 1 

1 1 
0.71 1 
1.64 4 

(1.00-2.49) ) 

(0.11-0.34) ) 

(0.86-2.11) ) 
(0.41-1.97) ) 

(1.00-3.12) ) 
(0.78-2.74) ) 
(0.37-2.27) ) 
(0.35-2.81) ) 
(0.22-1.85) ) 
(0.04-2.50) ) 

(0.43-1.17) ) 
(0.84-3.21) ) 

1 1 
0.59 9 

1 1 
0.21 1 

1 1 
0.87 7 
0.88 8 

1 1 
0.94 4 
0.82 2 
0.92 2 
1.05 5 
0.57 7 
1.06 6 

1 1 
0.99 9 
1.26 6 

(0.37-0.93) ) 

(0.13-0.33) ) 

(0.58-1.31) ) 
(0.43-1.78) ) 

(0.57-1.54) ) 
(0.47-1.43) ) 
(0.44-1.95) ) 
(0.44-2.52) ) 
(0.23-1.39) ) 
(0.32-3.49) ) 

(0.63-1.54) ) 
(0.70-2.24) ) 

aa Adjusted for genotype, country, sex, age group and BCG vaccination. 

242 2 



ChapterChapter 9 

typicall  Beijing family strains may have a higher ability to circumvent the BCG-
inducedd immunity. A reduced sensitivity to vaccine-induced immunity of the typical 
Beijingg family strains also explains the significantly higher proportion of typical 
Beijingg strains in Hong Kong, where mass BCG vaccination was started earlier than in 
Vietnamm (in 1952 in Hong Kong versus in 1980 in Vietnam). Before mass BCG 
vaccinationn of children was started in Vietnam, in 1980, the coverage of BCG 
vaccinationn was low (40-50%) since its introduction in 1960. The data of this study 
confirmm previous findings in a mouse model, in which it was demonstrated that the 
currentt BCG vaccine does not protect against typical Beijing family strains 
(17)(Grodee et al., submitted for publication). 

AA limitation of this study towards our analysis on the associations with BCG 
vaccinationn is that 164 of 678 patients had an unknown BCG status. In these patients 
(fromm the Dutch study), the proportion of atypical Beijing strains was lower, and 
almostt similar as in the patients with BCG vaccination. Therefore, if all the patients 
withh an unknown BCG status were considered non-vaccinated, the association with 
thee typical Beijing family strains and BCG vaccination would disappear. However, 
thee lack of BCG status data in the National Tuberculosis Register is most likely due to 
thee fact that simply the BCG status for these patients was not checked, and we assume 
noo bias was introduced by the absence of this data. To investigate this further, we 
extendedd the analysis of the Dutch study population by including all patients with a 
knownn BCG status («=4004). The proportion of typical Beijing family strains was 
54.2%% among BCG vaccinated individuals, and 45.8% among non-BCG vaccinated 
individuals.. For all non-Beijing family strains (including atypical Beijing strains), 
thesee proportions were 44.5% versus 55.5%, respectively. Thus, including all isolates 
withh a known BCG status, typical Beijing family isolates were still significantly more 
frequentlyy isolated from BCG vaccinated individuals (P=0.008). 

Besidess a shift in the bacterial population due to BCG vaccination, another possible 
explanationn for the higher frequency of atypical Beijing strains among patients aged 
overr 75 years may be that strains of the atypical Beijing sub-group have a different 
incubationn period from the typical Beijing family strains, with less primary 
progressionn to disease and more reactivation of the disease after longer time periods. 
Alternatively,, age-specific loss of immunity could be advantageous for specifically 
thee atypical Beijing strains. The complicated interplay between circulating atypical 
mycobacteriaa and the BCG-induced immunity may also facilitate selection of 
particularr genotypes. Furthermore, a higher death rate of typical Beijing family-
infectedd individuals could also be suggested to explain this finding. However, the 
deathh rate due to typical Beijing TB should be 42% to 52% in the >75 years age group 
too explain the difference in proportion of typical and atypical Beijing TB among the 
youngerr patients and the patients aged >75 years. In absence of age-specific death rate 
data,, we have estimated the TB death rate among TB cases in this highest age group 
too be maximum 17% (using a worst-case scenario; using a death rate of 3.1% among 
TBB patients in Vietnam determined by the WHO (28), and attributing all these deaths 
too typical Beijing family TB and to people aged 65+). A higher death rate of typical 
Beijingg isolates is therefore not likely to explain this difference. 
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Thee differences observed in this study between the sub-groups of the Beijing strains in 
drugg resistance are remarkable. The atypical Beijing strains were more often INH 
resistantt and MDR, whereas they were less likely to be streptomycin resistant than the 
prevalentt typical Beijing family strains. Previously, M, tuberculosis strains with 
mutationss in their mut genes were suggested to more easily gain drug resistance (21). 
Thee results presented here are contradictory to this idea, as particularly typical Beijing 
familyy isolates have mutations in these mut genes and not the atypical Beijing strains, 
whichh were more resistant in this study (21). Another possible explanation for the 
observedd differences in association with drug resistance could be that the different 
Beijingg sub-groups have different mechanisms of drug resistance. While INH 
resistancee in general is a negative risk factor for transmission of TB, INH resistant 
strainss with a mutation at amino acid position 315 of the katalase-peroxidase (katG) 
genee are equally well transmitted as INH sensitive strains (25,26) (van Doorn et al., 
submitted).. Therefore, we looked at the prevalence of this mutation in a part (n=44) of 
thee INH resistant isolates included in this study. It appeared that this mutation was 
presentt in 63.6% of the strains of both sub-groups (unpublished data). Thus, the 
differencee in association of the Beijing sub-groups and INH resistance cannot be 
explainedd by more frequent use of particular mechanisms of INH resistance. 

Itt should be emphasized that the associations with drug resistance mentioned above 
weree observed in data from The Netherlands and Vietnam. Because both the 
percentagee of MDR TB and the percentage of atypical Beijing strains were 
significantlyy higher in Vietnam, this could be attributed to cause the association 
betweenn MDR and atypical Beijing. However, even after adjustment for country, the 
atypicall  Beijing strains were significantly associated with MDR. Previous studies 
fromm other areas, such as the United States, Estonia, Azerbaijan and the Archangel 
Oblastt have demonstrated that in these particular areas typical Beijing family strains 
weree associated with MDR (5,15,19,22). In most of these studies the typical Beijing 
familyy strains were not just resistant to INH and rifampicin, but also to streptomycin 
andd other drugs. In a few studies the scenario of drug resistance acquisition was 
determinedd and it was found that these MDR typical Beijing family strains developed 
resistancee to rifampicin and INH only after their ancestors had acquired streptomycin 
resistancee first (3,6). The prevalent typical Beijing family strains in our study were 
significantlyy associated with streptomycin resistance. This association was also found 
inn other areas (2,3). Thus, the typical Beijing family strains may gain streptomycin 
resistancee more easily, which in the end leads to MDR TB. 

Thiss study shows that even within the presumed clonal and recently spread M. 
tuberculosistuberculosis Beijing genotype, sub-groups with different characteristics exist. It is 
likelyy that in different geographic areas different lineages of the Beijing clade have 
developed,, possibly due to differences in intrinsic strain characteristics, differences in 
antituberculosiss drug regimen and BCG-vaccination strategies, by chance, or by a 
combinationn of these. Furthermore, this work suggests that the measures used to fight 
thee tuberculosis epidemic have selected for more adapted tuberculosis strains. It 
confirmss the need to test new tuberculosis vaccines with strains of different M. tuber-
culosisculosis genotypes (17) and sub-groups of genotypes. It also suggests that treatment of 
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infectionss by different M. tuberculosis genotypes may require different antituber-
culosiss treatment strategies. 

Acknowledgments s 

Financiall  support was obtained from the European Union (project QLK2-CT-2000-
00630).. Dr. Reinout van Crevel (University Medical Center Nijmegen, Nijmegen, The 
Netherlands)) is kindly acknowledged for use of the Indonesian dataset. Dr. Pablo 
Bifanii  (Institute Pasteur de Lille, Lille, France) and Dr. Natalia Kurepina (Public 
Healthh Research Institute, Newark, New Jersey, USA) are acknowledged for sharing 
DNAA of the W strain and for helpful discussions. Dr. Frank Cobelens (KNCV 
Tuberculosiss Foundation, The Hague, The Netherlands) is acknowledged for helpful 
commentss on the manuscript. We are grateful to all members of the Mycobacteria 
Referencee Unit of the RIVM for their work on DNA fingerprinting and drug 
susceptibilityy testing of M. tuberculosis isolates. 

References s 

1.. Anh, D. D., M. W. Borgdorff , L. N. Van, N. T. N. Lan, T. van Gorkom, K. Kremer, and D. 
vann Soolingen. 2000. Mycobacterium tuberculosis Beijing genotype emerging in Vietnam. 
Emerg.. Infect. Dis. 6:302-305. 

2.. Baker, L., T. Brown, M. C. Maiden, and F. Drobniewski. 2004. Silent nucleotide polymor-
phismss and aphylogeny for Mycobacterium tuberculosis. Emerg. Infect. Dis. 10:1568-1577. 

3.. Bifani, P., B. Mathema, M. Campo, S. Moghazeh, B. Nivin, E. Shashkina, J. Driscoll, S. S. 
Munsiff ,, R. Frothingham, and B. N. Kreiswirth . 2001. Molecular identification of strepto-
mycinn monoresistant Mycobacterium tuberculosis related to multidrug-resistant W strain. 
Emerg.. Infect .Dis 7:842-848. 

4.. Bifani, P. J., B. Mathema, N. E. Kurepina, and B. N. Kreiswirth . 2002. Global dissemination 
off  the Mycobacterium tuberculosis W-Beijing family strains. Trends Microbiol. 10:45-52. 

5.. Bifani, P. J., B. Mathema, Z. Liu , S. L. Moghazeh, B. Shopsin, B. Tempalski, J. Driscol, R. 
Frothingham,, J. M. Musser, P. Alcabes, and B. N. Kreiswirth . 1999. Identification of a W 
variantt outbreak of Mycobacterium tuberculosis via population-based molecular epidemiology. 
JAMAA 282:2321-2327. 

6.. Bifani, P. J., B. B. Plikaytis, V. Kapur , K. Stockbauer, X. Pan, M. L. Lutfey, S. L. 
Moghazeh,, W. Eisner, T. M. Daniel, M. H. Kaplan, J. T. Crawford , J. M. Musser, and B. 
N.. Kreiswirth . 1996. Origin and interstate spread of a New York City multidrug-resistant 
MycobacteriumMycobacterium tuberculosis clone family. JAMA 275:452-457. 

7.. Borgdorff , M. W., P. de Haas, K. Kremer, and D. van Soolingen. 2003. Mycobacterium 
tubercuiosistubercuiosis Beijing genotype, the Netherlands. Emerg. Infect. Dis. 9:1310-1313. 

8.. Chan, M. Y., M. W. Borgdorff , C. W. Yip, P. E. W. de Haas, W. S. Wong, K. M. Kam, and 
D.. van Soolingen. 2001. Seventy percent of the Mycobacterium tuberculosis isolates in Hong 
Kongg represent the Beijing genotype. Epidemiol. Infect. 127:169-171. 

9.. Diaz, R., K. Kremer, P. E. de Haas, R. I. Gomez, A. Marrero , J. A. Valdivia, J. D. van 
Embden,, and D. van Soolingen. 1998. Molecular epidemiology of tuberculosis in Cuba 
outsideoutside of Havana, July 1994-June 1995: utility of spoligotyping versus \S6110 restriction 
fragmentt length polymorphism. Int. J. Tuberc. Lung Dis. 2:743-750. 

245 5 

file:///S6110


TypicalTypical and atypical Beijing strains 

10.. Drobniewski, F., Y. Balabanova, M. Ruddy, L. Weldon, K. Jeltkova, T. Brown, N. 
Malomanova,, E. Elizarova, A. Melentyey, E. Mutovkin , S. Zhakharova, and I. Fedorin. 
2002.. Rifampin- and multidrug-resistant tuberculosis in Russian civilians and prison inmates: 
dominancee of the Beijing strain family. Emerg. Infect. Dis. 8:1320-1326. 

11.. Filliol , I., J. R. Driscoll, D. van Soolingen, B. N. Kreiswirth , K. Kremer, G. Valetudie, D. 
A.. Dang, R. Barlow, D. Banerjee, P. J. Bifani, K. Brudey, A. Cataldi, R. C. Cooksey, D. V. 
Cousins,, J. W. Dale, O. A. Dellagostin, F. Drobniewski, G. Engelmann, S. Ferdinand, D. 
Gascoyne-Binzi,, M. Gordon, M. C. Gutierrez, W. H. Haas, H. Heersma, E. Kassa-
Kelembho,, M. L. Ho, A. Makristathis , C. Mammina, G. Martin , P. Mostrom, I. 
Mokrousov,, V. Narbonne, O. Narvskaya, A. Nastasi, S. N. Niobe-Eyangoh, J. W. Pape, V. 
Rasolofo-Razanamparany,, M. Ridell, M. L. Rossetti, F. Stauffer, P. N. Suffys, H. Takiff , J. 
Texier-Maugein,, V. Vincent, J. H. De Waard, C. Sola, and N. Rastogi. 2003. Snapshot of 
movingg and expanding clones of Mycobacterium tuberculosis and their global distribution 
assesedd by spoligotyping in an international study. J. Clin. Microbiol. 41:1963-1970. 

12.. Glynn, J. R., J. Whiteley, P. J. Bifani, K. Kremer, and D. van Soolingen. 2002. Worldwide 
occurrencee of Beijing/W strains of Mycobacterium tuberculosis: a systematic review. Emerg. 
Infect.. Dis 8:843-849. 

13.. Kamerbeek, J., L. Schouls, A. Kolk, M. van Agterveld, D. van Soolingen, S. Kuijper , A. 
Bunschoten,, H. Molhuizen, R. Shaw, M. Goyal, and J. Van Embden. 1997. Simultaneous 
detectionn and strain differentiation of Mycobacterium tuberculosis for diagnosis and epide-
miology.. J. Clin. Microbiol. 35:907-914. 

14.. Kremer, K., J. R. Glynn, T. Lillebaek, S. Niemann, N. E. Kurepina, B. N. Kreiswirth , P. J. 
Bifani ,, and D. van Soolingen. 2004. Definition of the Beijing/W lineage of Mycobacterium 
tuberculosistuberculosis on the basis of genetic markers. J. Clin. Microbiol. 42:4040-4049. 

15.. Kruuner , A., S. E. Hoffner, H. Sillastu, M. Danilovits, K. Levina, S. B. Svenson, S. 
Ghebremichael,, T. Koivula, and G. Kallenius. 2001. Spread of drug-resistant pulmonary 
tuberculosiss in Estonia. J. Clin. Microbiol. 39:3339-3345. 

16.. Kurepina, N. E., S. Sreevatsan, B. B. Plikaytis, P. J. Bifani, N. D. Connell, R. J. Donnelly, D. 
vann Soolingen, J. M. Musser, and B. N. Kreiswirth . 1998. Characterization of the phylogenic 
distributionn and chromosomal insertion sites of five 1S6110 elements in Mycobacte-rium 
tuberculosis:tuberculosis: non-random integration in the dnaA-dnaN region. Tuber. Lung Dis. 79:31-42. 

17.. Lopez, B., D. Aguilar , H. Orozco, M. Burger, C. Espitia, V. Ritacco, L. Barrera, K. 
Kremer,, P. R. Hernandez, K. Huygen, and D. van Soolingen. 2003. A marked difference in 
pathogenesiss and immune response induced by different Mycobacterium tuberculosis 
genotypes.. Clin. Exp. Immunol. 133:30-37. 

18.. Mokrousov, I., O. Narvskaya, T. Otten, A. Vyazovaya, E. Limeschenko, L. Steklova, and 
B.. Vyshnevskyi. 2002. Phylogenetic reconstruction within Mycobacterium tuberculosis Beijing 
genotypee in northwestern Russia. Res. Microbiol 153:629-637. 

19.. Pfyffer, G. E., A. Strassle, T. van Gorkum, F. Portaels, L. Rigouts, C. Mathieu, F. 
Mirzoyev,, H. Traore, and J. D. A. Van Embden. 2001. Multidrug-resistant tuberculosis in 
prisonn inmates, Azerbaijan. Emerg. Infect. Dis. 7:855-861. 

20.. Plikaytis, B. B., J. L. Marden, J. T. Crawford , C. L. Woodley, W. R. Butler, and T. M. 
Shinnick.. 1994. Multiplex PCR assay specific for the multidrug-resistant strain W of 
MycobacteriumMycobacterium tuberculosis. J. Clin. Microbiol. 32:1542-1546. 

21.. Rad, M. E., P. Bifani, C. Martin , K. Kremer, S. Samper, J. Rauzier, B. Kreiswirth , J. Blazquez, 
M.. Jouan, D. van Soolingen, and B. Gicquel. 2003. Mutations in putative mutator genes of 
MycobacteriumMycobacterium tuberculosis strains of the W-Beijing family. Emerg. Infect. Dis. 9:838-845. 

22.. Toungoussova, O. S., P. Sandven, A. O. Mariandyshev, N. I. Nizovtseva, G. Bjune, and D. 
A.. Caugant. 2002. Spread of drug-resistant Mycobacterium tuberculosis strains of the Beijing 
genotypee in the Archangel Oblast, Russia. J. Clin. Microbiol. 40:1930-1937. 

23.. van Crevel, R., R. H. H. Nelwal, W. de Lenne, Y. Veeraragu, A. G. van der  Zanden, Z. Amin, 
J.. W. M. van der  Meer, and D. van Soolingen. 2001. Mycobacterium tuberculosis Beijing 
genotypee strains associated with febrile response to treatment. Emerg. Infect. Dis. 7:880-883. 

246 6 



ChapterChapter 9 

24.. van Embden, J. D. A., M. D. Cave, J. T. Crawford , J. W. Dale, K. D. Eisenach, B. Gicquel, 
P.. Hermans, C. Martin , R. McAdam, T. M. Shinnick, and P. Small. 1993. Strain 
identificationn of Mycobacterium tuberculosis by DNA fingerprinting: recommendations for a 
standardizedd methodology. J. Clin. Microbiol. 31:406-409. 

25.. van Soolingen, D., M. W. Borgdorff , P. E. W. de Haas, M. M. G. G. Sebek, J. Veen, M. 
Dessens,, K. Kremer, and J. D. A. van Embden. 1999. Molecular epidemiology of tuberculosis 
inn the Netherlands: a nationwide study from 1993 through 1997. J. Infect. Dis. 180:726-736. 

26.. van Soolingen, D., P. E. W. de Haas, H. R. van Doorn, E. Kuijper , H. Kinder , and M. W. 
Borgdorff .. 2000. Mutations at amino acid position 315 of the katG gene are associated with 
high-levell  resistance to isoniazid, other drug resistance, and successful transmission of 
MycobacteriumMycobacterium tuberculosis in The Netherlands. J. Infect. Dis. 182:1788-1790. 

27.. van Soolingen, D., L. Qian, P. E. W. de Haas, J. T. Douglas, H. Traore, F. Portaels, H. Z. 
Qing,, D. Enkhsaikan, P. Nymadawa, and J. D. A. van Embden. 1995. Predominance of a 
singlee genotype of Mycobacterium tuberculosis in countries of East Asia. J. Clin. Microbiol. 
33:3234-3238. . 

28.. Worl d Health Organization. 2004. Global tuberculosis control; surveillance, planning, 
financing.financing. Geneva, Switzerland, WHO7HTM/TB/2004.331. 

247 7 




