
 

V<JOURNAL OF CUNlCAL MICROBIOLOGY, July 2009, p. 2026-2032 0095-

1137/09/$08.00+0 doi: 10.1128/JCM.02308-08 

Copyright @ 2009, American Society for Microbiology. AlI Rights Reserved. 

Vol. 47, No. 7 

Prospective Universal Application of Mycobacterial Interspersed 
Repetitive-Unit-Variable-Number Tandem-Repeat Genotyping To 

Characterize Mycobacterium tuberculosis Isolates for Fast 
Identification of Clustered and Orphan Cases v 

Noelia Alonso-Rodriguez!t Miguel Martínez-Lirola,3t M. Luisa Sánchez,6 Marta Herranz,1,2 Teresa 
Peñafiel,6 Magdalena del Carmen Bonillo,5 Milagros Gonzalez-Rivera,7 Juan Martínez,8 

 Teresa Cabezas,4 Luis Felipe Diez-García,3 Emilio Bouza!,2 and Darío García de Viedma1,2* 
Servicio de Microbiologúl, Hospital General Universitario Gregorio Marañón, Madrid, Spain1; CIBER EnfermRdades Respiratorios 

(CIBERES), Spain2; Complejo Hospitalario Torrecárdenas, Almena, Spain3; Empresa Publica Hospital de Poniente, El Ejido, Almena, 

Spain4; Distrito Atención Priman a Levante-Alto Almanzora, Huercal-Overa, Almena, Spain5; Unidad de Tuberculosis de Poniente, El 

Ejido, A!rnerúl, Spain6; U Secuenciación, HospiJal General Universitario Gregario Marañón, Madrid, Spain 7; and Centro 

Penitenciario El Acebuche, Almena, Spain8 

IS
M

ir 

al 

h 

el 

d 

d 

P 

a 

g 

g 

p 

( 

ic 

( 

Received 2 December 2oo8/Returned for modification 9 February 2oo9lAccepted 8 May 2009 

Tbe use of molecular tools for genotyping Mycobacterium tuberculosis isolates in epidemiological surveys in order 
to identify cIustered and orphan strains requires faster response times tban tbose olfered by tbe reference method, 
186110 restriction fragment lengtb polymorpbism (RFLP) genotyping. A metbod based on PCR, tbe mycobacterial 
interspersed repetitive-unit-variable-number tandem-repeat (MIRU-VNTR) genotyping tecbnique, is an option for fast 
fingerprinting of M. tuberculosis, altbough precise evaluations of correlation between MIRU-VNTR and RFLP 
findings in population-based studies in dilferent contexts are required before tbe metbods are switcbed. In tbis study, 
we evaluated MIRU-VNTR genotyping (witb a set of 1510ci [MIRU-15]) in parallel to RFLP genotyping in a 39-
montb universal population-based study in a cballenging setting witb a bigh proportion of immigrants. For 81.9% 
(281/343) of tbe M. tuberculosis isolates, botb RFLP and MIRU-VNTR types were obtained. Tbe percentages of 
cIustered cases were 39.90/0 (112/281) and 43.1% (121/281) for RFLP and MIRU-15 analyses, and tbe numbers of 
cIusters identified were 42 and 45, respectively. For 85.4% of tbe cases, tbe RFLP and MIRU-15 results were 
concordant, identifying tbe same cases as cIustered and orpban (kappa, 0.7). However, for tbe remaining 14.6% of tbe 
cases, discrepancies were observed: 16 of tbe cases cIustered by RFLP analysis were identified as orphan by MIRU-15 
analysis, and 25 cases identified as orpban by RFLP analysis were cIustered by MIRU-15 analysis. When discrepant 
cases sbowing subtIe genotypic dilferences were tolerated, tbe discrepancies fell from 14.6% to 8.6%. Epidemiological 
links were found for 83.8% of tbe cases cIustered by botb RFLP and MIRU-15 analyses, wbereas for tbe cases 
cIustered by RFLP or MIRU-VNTR analysis alone, links were identified for only 30.8% or 38.9% of tbe cases, 
respectively. Tbe latter group of cases mainly comprised isolates that could also bave been cIustered, if subtIe 
genotypic dilferences had been tolerated. MIRU-15 genotyping seems to be a good alternative to RFLP genotyping for 
real-time interventional scbemes. Tbe correlation between MIRU-15 and IS6110 RFLP findings was reasonable, 
aUhougb some uncertainties as to tbe assignation of cIusters by MIRU-15 analysis were identified. 

s

Molecular tools have been widely used to characterize My-

cobacterium tuberculosis isolates, with the aim of better under-

standing the epidemiology of tuberculosis (TB) (1, 6, 8,18,23). 

This has enabled us to document suspected outbreaks (4, 28, 34), 

identify risk factors associated with TB transmission (13, 20, 36), 

and evaluate the efficiency of control programs by observing the 

dynamics of cIustered cases (9, 12, 17, 22, 24). 

Restriction fragment length polyrnorphism (RFLP) analysis 

based on the IS6110 sequence is the reference genotyping method 

for M. tuberculosis (35). However, its limitations (mainly response 

times) make its adaptation unsuitable for 

real-time intervention epidemiological schemes. New genotyping 

techniques based on PCR have recently been developed and are 

more suitable for these purposes. 

One of the most promising PCR-based methods is mycobacterial 

interspersed repetitive-unit-variable-number tandem-repeat (MIRU-

VNTR) genotyping (21, 30-32). A novel format based on 15 loci 

has improved upon the initial12-loci version. Its discriminatory 

power has been found to be equivalent to that of the standard 

approach on the basis of reference method, and its response time 

could be competitive. However, very few long-term analyses apply 

this technique universally in parallel to the reference method to 

identify advantages and pitfalls (1, 25, 27, 33). 

In order to compare both techniques, we selected the province of 

Almería, in southeast Spain, because of the complexity of its 

socioepidemiological population profile, which challenges us to 

develop new and more-efficient methods of surveying TB 

transmission. In Almería, around 60% of the cases 
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T ABLE 1. Sizes and distributions oí clusters

    No. (%) of:    

Method  

 
Clustered 

Clusters 
Cases in Autochthonous Immigrant, Immigrant, Mixed

 cases  each cluster clusters uninational clusters multinational clusters clusters 

IS6110 RFLP 112 (39.9) 42 2-8 13 15 5 9 

MIRU-15 121 (43.1) 45 2-8 14 17 5 9 

For all cases in which either RFLP or MIRU- VNTR analysis offered discrepant 

results, both assays were repeated to confirm them. 

Cluster analysis. Genotypic patterns were analyzed using Bionumerics 4.6 (Applied 

Maths, Belgium). Dendrograms were generated using the unweightedpair group 

method with arithmetic averages and the Dice coefficient or the categorical coefficient 

for RFLP and MIRU-15 analyses, respectively. 

RFLP clusters were defined for M. tuberculosis isolates sharing identical fin-

gerprints. Isolates differing only in a low-molecular-weight band «1.10 kb) of the 

RFLP pattern and sharing identical spoligotypes were also clustered. RFLP clusters 

defined by isolates with fewer than six RFLP bands were also required 

 to share identical spoligotypes. 

MIR U- VNTR clusters were defined for isolates sharing identical patterns. 

Epidemiological survey. We analyzed clusters by using an advanced survey 

(26). Briefly, transmission of TB was investigated using two information sources: data 

obtained with the standard approach (based on conventional contact tracing) and those 

obtained by applying two interviews. The objective of the first standardized interview 

was to collect complete data and photographs from the patients. The second interview, 

performed only for the clustered cases, was an attempt to compile new data for them 

and to search for potential epidemiologicallinks based on nominaVphotographic 

recognition among the clustered cases. 

involve immigrants who are dispersed throughout the province and

who are highly mobile and difficult to access. Our group had

already developed a new advanced system for studying clustered

cases by active compilation of data through a newly developed

computer application, GenContacTB, and standardized interviews 

of the patients on the basis of nominal and photographic

identification (26). These aspects make Almería a suitable context 

for exploring novel, rapid M. tuberculosisgenotyping tools. Our 

study aimed to evaluate MIRU-VNTR genotyping with a set of 15

loci (MIRU-15) over a 39-month period by using a prospective

design for most of the period (data for 2005 were retrospectively

studied to increase analytical power), and the coverage of the

population was universal (all M tuberculosis isolates were 

included). 

MATERIALS AND METHODS 

Sample. The population covered by the study centers-health centers of the Servicio 

Andaluz de Salud (Regional Health Service) and the public network of 

mycobacteriology laboratories (Hospital de Poniente, C. H. Torrecárdenas, and 

Hospital La Inmaculada)-ranged from 565,310 inhabitants in 2003 to 665,099 

inhabitants in 2008 (average, 617,547 inhabitants). Our sample was composed 

exclusively of patients with microbiological diagnoses of TE. The M. tuberculosis 

isolates were prospectively genotyped by RFLP analysis for the entire period and by 

MIRU- VNTR analysis for the 2oo6-to-2008 periodo To increase the analytical power, 

we extended the MIRU-VNTR analysis to include the 2005 isolates, which were 

studied retrospectively. 

Microbiological procedures. Clinical specimens were processed according to 

standard methods. Susceptibility testing was performed using a BacTI Alert 3D 

instrument (bioMérieux España SA, Madrid, Spain). 

Genotyping procedures. M. tuberculosis isolates were genotyped by RFLP analysis 

(35); when the RFLP type contained fewer than six bands, spoligotyping (19) was used 

as a second-line genotyping method. Genotypes were analyzed using Bionumerics 4.6 

(Applied Maths, Belgium). 

For the retrospective period, MIRU-VNTR analysis was performed using the 

purified DNA preparations from RFLP analysis; for the prospective period, MIRU-

VNTR analysis was performed direcUy on cultures grown in BacT/Alert liquid 

medium. One milliliter was centrifuged, and the pellet was boiled for 7 min in the 

presence of GenProbe Iysis reagent (1:16 diluted; bioMérieux, Geneva, Switzerland). 

Five microliters of the crude extract (1:4 diluted) was used as a template for MIRU-

VNTR multiplex PCR. MIRU-VNTR analysis was performed as described elsewhere 

(2, 30), although with some modifieations for the MIRU-15 forma!: the final volume 

reaction mixture of 50 ¡LI contained 1 ¡LI (1 U) of Taq DNA polyrnerase (ROCHE) 

and 2 ¡LI of dimethyl sulfoxide for Mixl (580[MIRU4], 2996[MIRU26], and 

802[MIRU40)) and Mix2 (960[MIRUlO], 1644[MIRUI6], and 3192[MIRU31)) and 6 

¡LI for Mix3 (424[Mtub04], 577[ETRC), and 2165[ETRA)), Mix4 (2401 

[Mtub30], 3690[Mtub39], and 4156[QUB4156)), and Mix5 (2163b[QUB11b], 1955 

[Mtub21] and 4052 [QUB26)). One microliter of the PCR products was mixed with 9 

¡LI of formamide and 0.5 ¡LI of GeneScan 2500 ROX size standard (Applied 

Biosystems). DNA fragments were separated by eapillary electrophoresis using an 

ABI Prism 3100 genetic analyzer (Applied Biosystems). Run parameters were created 

from the GeneSean36 PON default module, with the run voltage changed from 15 to 

11 kV and the run time set to 3,600 s. Sizing of the PCR fragments was done using 

GeneSean software (Applied Biosystems). 

The MIRU-VNTR type was determined after the results for the 15 loci were 

combined in the following order: MIRU4, MIRU26, MIRU40, MIRUIO, MIRUl6, 

MIRU31, Mtub04, ETRC, ETRA, Mtub30, Mtub39, QUB4156, QUB11b, Mtub21, 

and QUB26. 

RESULTS

Between January 2005 and March 2008, we obtained 343 M 

tuberculosis isolates. Of these, 205 (59.8%) were from immigrants, 

mainly from North Africa (73/205; 36%) and Sub-Saharan Africa 

(56/205; 27.3%). For 297 (86.6%) iso late s, an RFLP type was

obtained, and for 312 (91 %) isolates, a MIRUVNTR type was 

obtained. The MIRU-VNTR type was obtained within a 2-week 

period for 57.1 % of the isolates and within a 3-week period for 

87.5% of the isolates. As for RFLP analysis, the shortest time for

obtaining a genotype was 5 weeks. The response times were

measured from the moment the cultures were received in the

analysis center. Both RFLP and MIRU-VNTR types were available 

for 286 (83.4%) isolates. Five confounding cases were excluded

from the analysis; two of them were clustered by both RFLP and

MIRU-VNTR analyses but were linked to difIerent cases by each of

these methods, and the remaining three excluded cases comprised

patients who were related to the two confounding cases. In total,

281 cases were included in the analysis. 

RFLP analysis distributed the sample into 112 cases (39.9%) 

grouped in 42 clusters and 169 orphan strains, whereas MIRU-

VNTR analysis distributed the sample into 121 cases (43.1 %)

grouped in 45 clusters and 160 orphan strains. The sizes and

distributions of the clusters according to the nationalities of the

included patients (autochthonous, uninational, multinational, or 

mixed) are shown in Table 1. 

For 240/281 isolates (85.4%), the iso late s identified as clustered 

and orphan by RFLP and MIRU-VNTR analyses were identical: 

34.2% (96/281) of the isolates analyzed were clus 

tered and 51.2% (144/281) were identified as orphan by both 

techniques. The results were discrepant for 14.6% of the isolates 

(Fig. 1): 16 cases were clustered by RFLP analysis but 
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FIG. 1. Discrepant cases. (a) Isolates cIustered by RFLP analysis but identified as orphan by MIRU-VNTR analysis. (b) Isolates cIustered by MIRU-
VNTR analysis but identified as orphan cases by RFLP analysis. Shown are patient codes, countries of origin, RFLP and MIRU-VNTR types and 
corresponding codes, degrees of discrepancy (specified as percent similarity for RFLP data and number of loci with variations for MIRU-VNTR data), 
presence (YES) or absence (NO) of epidemiologicallinks, and unavailability of epidemiological data (n.a.). DLV, doublelocus variation; SLV (1), SLV 
based on differences in one repetition; SLV (2), SLV based on differences in two repetitions.

identified as orphan by MIRU-VNTR analysis, and 25 cases were 

clustered by MIRU-VNTR analysis but identified as orphan by 

RFLP analysis (Fig. 1). Therefore, the correlation between the 

findings for the two methods was good (kappa, 0.7). 

We analyzed the discrepant cases (Fig. 1) to check the degree of 

genotypic difference supporting them. We independentiy evaluated 

the following discrepancies: (i) identification as clustered by RFLP 

analysis but as orphan by MIRU-VNTR analysis and (ii) 

identification as clustered by MIRU- VNTR analysis but as orphan 

by RFLP analysis. Among the 16 cases grouped by RFLP analysis 

in nine clusters and identified as orphan by MIRU-VNTR analysis, 

we identified 6 as sharing high similarity with the other 

representatives of the corresponding RFLP cluster (showing single-

Iocus variations [SLVs], three with differences in one repetition 

and three with 

differences in two repetitions for a single locus) (Fig. la). For the 

remaining cases, MIRU-VNTR analysis identified marked 

differences with the representatives of the same RFLP cluster 

(variations in two to eight loci). On the other hand, for the 25 cases 

grouped by MIRU-VNTR analysis in 14 clusters but identified as 

orphan by RFLP analysis, we identified 11 cases as showing high 

similarity (from 91.2% to 99%) with the other representatives in the 

cluster (Fig. lb). If these low-degree discrepancies were tolerated, 

the number of discrepant cases would pass from 41 to 24 and the 

percentage of discrepancies would therefore fall from 14.6% to 

8.6%. 

With the aim of evaluating whether the extended set of 24 loci 

could clarify the cases which were clustered by MIRU-15 analysis 

but identified as orphan by RFLP analysis, we reanalyzed these 

cases by applying the 9 loci that are not included in the MIRU-15 

formato Identical genotypes were obtained by 
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1 
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563-06 SPAIN 15-1 2 5 5 4 3 2 3 2 2 I 2 2 2 3 6 100%   1 1     
1
1 
   1    
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1 
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1 
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1 
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1 
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1
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    1   11 1      1 1    NO 
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1 
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1
1

  1  n.a. 

792-08 ROMANIA 326-1 2 5 4 3 I 3 2 4 3 2 5 2 3 2 5 76,2%    

1

1
1 
       1     111       1    VES 

326-05 ROMANIA 326-1 2 5 4 3 I 3 2 4 3 2 5 2 3 2 5 76,2%    
11
11 

    1 11  111     1 1   n.a. 

500-06 SP AIN 353-1 2 4 I 4 2 3 2 4 2 1 2 2 2 3 4 !OO%    1111      
11
1 
    11   1   VES 

573-06 SPAIN 353-1 2 4 I 4 2 3 2 4 2 1 2 2 2 3 4 !OO%      

1
1
1 

        
11
1 
    11   1   VES 

353-05 SPAIN 353-1 2 4 1 4 2 3 2 4 2 I 2 2 2 3 4 86,7%    1111I 111      11     n.a. 

425-05 SPAIN 353-1 2 4 1 4 2 3 2 4 2 I 2 2 2 3 4 95,2%      111       
1 
1 
    11   I   VES 

363-05 SPAIN 363-1 2 5 3 5 3 2 2 3 3 3 3 3 2 3 5 92,3%  1  
1
1
        1        111 1111     n.a. 

511-06 SPAIN 363-1 2 5 3 5 3 2 2 3 3 3 3 3 2 3 5 92,3%  1  
1
1
     I   1       1111     
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1
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   1 VES
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11 

  
1
1

   1 NO 

807-08 SPAIN 450-1 2 5 3 5 3 3 2 3 3 4 4 3 3 3 7 87%      1         1    
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1 
  111   1  VES
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1
1 
 

1
1
    n.a. 
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1 
 

1
1
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     --                                             
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11 

1 
          

1

1
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1
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       1         I     
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1

I    NO 
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771-08 MOROCCO 625-1 2 5 4 3 I 3 2 4 3 2 5 2 4 2 5 88,9%  
1 
, 
  1 11      

11
1 
   I 11     NO 

682-07 SENEGAL 327-1 2 5 3 5 3 3 2 3 3 4 5 I 5 2 7 100%   1    1    1   I      1     
1
1
1

  1  VES

327-05 SENEGAL 327-1 2 5 3 5 3 3 2 3 3 4 5 I 5 2 7 !OO%   I   1    
1 
1 

      1     
1
1
1

  1  VES

              -.--    --                                

413-05 SENEGAL 327-1 2 5 3 5 3 3 2 3 3 4 5 I 5 2 7 99%   1 1      1  1              
111
1 

1 1  VES

         FIG. l-Continued.                                  
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MIRU-24 analysis for the discrepant cases for all but 3 of the 14 

MIRU-15-defined clusters with so me cases split by RFLP analysis, 

and for these 3 clusters, only subtle differences were observed (SL 

Vs involving MIRU20 and MIRU23 for clusters 294-1 and 450-1 

and a double-Iocus variation involving MIRU23 and VNTR2347 

for cluster 450). 

We used the advanced survey system implemented in Almería 

(based on standardized interviews and nominal/photographic 

recognition between the clustered cases) to check the existence of 

epidemiologicallinks between the clustered cases as defined by 

RFLP and MIRU-15 analyses. Of the 135 cases clustered by any of 

the techniques, the advanced survey was performed with 105 cases: 

74 of these cases were clustered by both techniques, with 

epidemiological links found for 62 of these cases (83.8%); 13 cases 

were clustered by RFLP analysis only, with epidemiologicallinks 

found for 4 cases (30.8%); and 18 cases were clustered by MIRU-

VNTR analysis only, with links found for 7 of these cases (38. %). 

J. CUN. MICROBIOL.

that the evaluation was restricted to cases clustered by RFLP 

analysis. It did not allow us to evaluate MIRU- VNTR genotyping 

for cases identified as orphan by RFLP genotyping (that is, most of 

the cases), considering that 36.8% of the cases in Almería were 

clustered in that study. The present study offers a more solid 

evaluation of MIRU-15 in a real-life context, as it was long-term 

(39 months) and prospective for most of the period (data for 2005 

were analyzed retrospectively to increase analytical power), the 

coverage was universal (Le., all M. tuberculosis isolates were 

included in the study), and the discrepancies were evaluated in all 

senses (identification as orphan by RFLP analysis and as clustered 

by MIRU-VNTR analysis or vice versa). 

As our intention was to evaluate MIRU-VNTR genotyping in an 

intervention, we first compared the response times for obtaining a 

fingerprint. MIRU- VNTR type was obtained within a 2-week 

period for 57.1 % of the isolates and within a 3-week period for 

87.5% of the isolates. As for RFLP analysis, the shortest time for 

obtaining a genotype was 5 weeks. The response times were 

measured from the moment the fresh subcultures were received 

from Almería in the analysis center (Hospital Gregorio Marañón) 

until the genotype was obtained. This enabled us to evaluate the 

response times in a real dayto-day context so that the impact of the 

growth of the cultures received could be included in the analysis. In 

this sense, the MIRU-VNTR method enabled the samples to be 

analyzed on arrival, whereas with RFLP analysis, an incubation 

period was necessary before DNA extraction or, in cases with poor 

and slow growth, new subcultures, in order to guarantee the amount 

of bacterialload required to obtain definitive results. MIRU-VNTR 

analysis enabled a fingerprint pattern to be obtained in more cases 

than did RFLP analysis (91% versus 86.6% ). 

The next step was to evaluate the distribution of cases identified 

as clustered or orphan by each of the techniques evaluated. MIRU-

VNTR genotyping has been reported to identify as many clustered 

cases as RFLP genotyping (27), which led MIRU- VNTR-based 

genotyping to be chosen for the epidemiological survey in different 

institutions (5, 8). However, in our study, MIRU-VNTR genotyping 

clustered iso late s in a higher proportion than did RFLP 

genotyping. These data alert one to the existence of geographic 

settings in which there are high levels of heterogeneity among 

circulating strains and the 

behavior of RFLP genotyping is not equivalent to that of MIRU-

VNTR genotyping. The increase in immigration means that 

contexts with an expected gene tic heterogeneity of circulating M. 

tuberculosis strains are likely to be more frequent. 

We then evaluated whether the links found for the cases 

clustered by only one of the techniques and identified as orphan by 

the other corresponded to those cases that could also be clustered if 

subtle genotypic differences were tolerated. The four cases with 

links in the group clustered by RFLP analysis and identified as 

orphan by MIRU-VNTR analysis corresponded to cases split by 

MIRU- VNTR analysis on the basis of differences in one or two 

loci, whereas most of the remaining cases without links were those 

split by differences in a higher number of MIRU-VNTR loci (three 

to eight loci) (Fig. la). With regard to the other discrepancies, Le., 

cases clustered by MIRU-VNTR analysis but identified as orphan 

by RFLP analysis, most of the links corresponded to cases that 

were clustered if subtle differences in RFLP types were tolerated, 

whereas most of the cases without links differed more markedly in 

their RFLP types (Fig. lb). 

DISCUSSION 

Molecular tools for genotyping M. tuberculosis are being sought 

to improve standard epidemiology. Different systems have been 

developed to integrate molecular and epidemiological data to 

achieve more-efficient control of TB (23, 26, 29, 36). Our group is 

involved in the integration of molecular genotyping of M. 

tuberculosis in schemes that could allow intervention. Almería, in 

southeastern Spain, is the province with the highest percentage of 

TB among immigrants in Spain. Most of these immigrants are 

dispersed throughout the region outside the main cities and are 

highly mobile and difficult to access. We activated an advanced 

system to study clustered cases. This system was based on active 

compilation of data supported by a newly developed computer 

application, GenContacTB, and on standardized interviews using 

nominal and photographic identification (26). One of the main 

limitations of this design was the time required for identification of 

clusters by RFLP analysis, making it difficult to reveal potential 

transmission chains before ending the contact tracing, that is, the 

period when intervention is most possible. In a previous report (3), 

we evaluated MIRU-15 in Almería and showed good response 

times, discriminatory power, and correlation with RFLP findings, 

although the analysis was somewhat limited due to its retrospective 

design and to the fact 

The percentage of multinational or mixed clusters reveals the 

frequency of cross-transmission between nationalities or between 

the immigrant and autochthonous populations (10, 18,24,26). The 

distributions among autochthonous, immigrant uninational, 

immigrant multinational, and mixed clusters were equivalent for 

RFLP and MIRU- VNTR analyses. It is interesting that, whereas 

MIRU-VNTR genotyping split 16 cases from 6 of 20 immigrant 

clusters and 3 of 9 mixed clusters, it did not split any case among 

the 13 autochthonous clusters. Although highly speculative, this 

notion could suggest greater genetic stability for M. tuberculosis 

strains involved in transmission chains that are homogeneous in 

hosts (autochthonous) than for other strains that are more 

heterogeneous (multina 
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tional and mixed) and in which MIRU-VNTR variants are more 

frequently found. However, not all the homogenous-host clusters in 

our study behaved in the same way, and MIRUVNTR analysis also 

split isolates from uninational immigrant clusters. 

The most relevant aspect of this evaluation was the analysis of 

the correlation between both techniques. If we had ¡ntended to 

switch to a rapid intervention scheme and base our analysis on the 

MIRU- VNTR method, we would first need to have known whether 

the observations would have differed from those obtained if RFLP 

genotyping had remained the preferred too!. Although the 

correlation between the findings for the two techniques was good 

(kappa, 0.7), we still consider relevant the fact that some cases 

(14.6%) ofIered difIerent results, depending on whether RFLP or 

MIRU-VNTR genotyping was used. Both tendencies-RFLP clusters 

split by MIRU-VNTR analysis and vice versa-were found. 

A detailed analysis of the discrepancies shows that a percentage 

could be tolerated if we relaxed the clustering criteria, albeit 

minimally. Some studies (7, 16) have shown that applying slightly 

relaxed criteria for defining clusters by RFLP analysis allows 

epidemiologically related cases to be imported. When we tolerated 

SLVs and compared the results from both techniques, identifying 

those isolates with more than 90% similarity in their RFLPs as 

clustered, the percentage of discrepancies fell from 14.6% to 8.6%. 

In addition, five of the remaining discrepancies involved a genotype 

belonging to the Haarlem lineage (identified with the code 28 in this 

study), which has been found to be markedly split by MIRU-VNTR 

analysis, suggesting that RFLP analysis is unable to offer enough 

discrimination to analyze with precision some of the isolates within 

this lineage (3, 11, 27, 30, 31, 34). If we did not 

count cases involving these Haarlem strains, the number of 

discrepancies would fall to as low as 6.8%. 

As a final step in the analysis, we used the GenContacTB 

standardized interview scheme in Almería to obtain information 

about the percentage of clustered cases for which epide-

miologicallinks could be identified. The clusters identified by both 

RFLP and MIRU-VNTR analyses appeared solid, as 

epidemiological links were found for most of the cases involved, 

reaching values that were similar only to other schemes applying 

refined surveys (83.8%) (14,15,27,34). However, the opposite was 

found for cases clustered by RFLP or MIRUVNTR analysis alone. 

We failed to find epidemiologicallinks for most of these cases. For 

the few cases in which links were found in discrepant clusters, they 

seemed to correlate mainly with those cases showing discrepancies 

due only to subtle genotypic difIerences. Nevertheless, when an 

RFLP cluster was clearly split by MIRU- VNTR analysis or vice 

versa, epidemiologicallinks were generally not found. 

MIRU-15 analysis seems to fulfill the requirements of realtime 

interventional schemes. The correlation with RFLP results was 

reasonable. It is still necessary to identify some ge 

ther studies in challenging settings, such as those involving 

theoretically high genotypic heterogeneity among circulating 

strains, would demonstrate the advantages and uncertainties of 

switching our traditional genotyping schemes to other schemes that 

are better adapted to new requirements. 
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