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Usefulness of Mycobacterial Interspersed Repetitive-Unit Locus PCR
Amplification in Rapid Diagnosis of Beijing Lineage Strain

Infection among Pediatric Tuberculosis Patients�
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We assessed the usefulness of mycobacterial interspersed repetitive-unit–variable-number tandem-repeat
loci 26, 31, ETR-A, Mtub30, and Mtub02 and a deletion-targeted multiplex PCR in identifying pediatric
Mycobacterium tuberculosis Beijing lineage strain infection. We found that the Beijing lineage isolates accounted
for �62% (130/210) of the study isolates.

The wide spread of the Mycobacterium tuberculosis Beijing
lineage strain infection worldwide and its associations with
multidrug resistance, treatment failure, and HIV coinfection
have been well documented (2, 6, 12). The observation that
Beijing family isolates can multiply rapidly in human macro-
phages further suggests the likelihood of hypervirulence of this
genetic family of M. tuberculosis (12). Given the importance of
Beijing family strains in the global tuberculosis (TB) epidemic,
a rapid and accurate identification of Beijing lineage isolates
can significantly impact the global TB control.

However, spoligotyping, known as the gold standard for iden-
tifying Beijing lineage isolates, is more technically demanding and
time-consuming than PCR-based assays (5). Therefore, several
PCR-based methods for the rapid identification of Beijing family
isolates have been developed (3, 9, 10). In this study, we assessed
the usefulness of PCR-based assays targeting several previously
described mycobacterial interspersed repetitive-unit–variable-
number tandem-repeat (MIRU-VNTR) loci (4, 9, 10) and the
deletion-targeted multiplex PCR (DTM-PCR) assay developed
by Chen et al. (3) in the identification of Beijing family isolates
from pediatric TB cases.

The study sample comprised 210 isolates from 210 pediatric
TB cases diagnosed in the Children’s Hospital of Chongqing
Medical University from January 2002 to December 2009. All
the isolates were spoligotyped, as described previously by Ka-
merbeek et al. (8). They were then subjected to five PCR-based
assays to evaluate five MIRU-VNTR loci (MIRU 26, MIRU
31, ETR-A, Mtub02, and Mtub30) as well as to the DTM-PCR
assay (3, 4, 9, 10), using primers and programs described pre-
viously (1). The PCR products were analyzed by 2% agarose

gel electrophoresis in 0.5� Tris-borate-EDTA (TBE) buffer
(Fig. 1).

Forty-four spoligotypes were observed among the 210 iso-
lates, of which 30 involved only a single isolate, while the
remaining 12 were shared by 180 of the 210 isolates. Based on
their spoligotypes, 130 (61.9%) of the 210 study isolates were
determined to belong to the Beijing family, while the remain-
ing 80 (38.09%) were classified as non-Beijing family isolates.

Despite the well-recognized global spread of the Beijing family
strain infection, its contribution to the burden of pediatric TB is
largely unknown. Previous studies conducted in East Asia coun-
tries, including China, reported much higher rates (approximately
80% to 90%) of Beijing family strain infection than those found
in our study (7, 9, 11). Our observation raised the question of
whether the rates of Beijing family strain infection differ between
the adult and the pediatric TB patient populations. Future pop-
ulation-based studies will allow a more thorough investigation to
answer this question.

The five MIRU-VNTR PCR assays were performed on the
same set of isolates double blindly. A seven-repeat allele at the
MIRU 26 locus was found in 84.62% (110/130) of the Beijing
family isolates and 12.50% (10/80) of the non-Beijing family
isolates, while 15.38% (20/130) of the Beijing family isolates
and 87.50% (70/80) of the non-Beijing family isolates had an
allele with less or more than seven repeats. A four-repeat allele
at the ETR-A locus was found in 87.69% (114/130) of the
Beijing family isolates and 32.50% (26/80) of the non-Beijing
family isolates. At the Mtub30 locus, a four-repeat allele was
observed in 97.69% (127/130) of the Beijing family isolates and
10.00% (8/80) of the non-Beijing family isolates. For the
MIRU 31 locus, 81.54% (106/130) of the Beijing family isolates
and 12.50% (10/80) of the non-Beijing genotype isolates had
an allele with five repeats, while 18.46% (24/130) of the Beijing
family isolates and 87.50% (70/80) of the non-Beijing family
isolates had an allele with less than five repeats. For the
Mtub02 locus, 98.46% (128/130) of the Beijing family isolates
and 1.25% (1/80) of the non-Beijing family isolates showed a
negative result, and the rest of the isolates had a positive result
(Fig. 1).

Using spoligotyping as the gold standard for defining Beijing
family isolates, we evaluated the sensitivity and specificity of
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the PCR assays targeting the five MIRU-VNTR loci in the
detection of Beijing family isolates. We also evaluated the
concordance between spoligotyping and each of the five
MIRU-VNTR PCR typings (Table 1).

The Mtub02 locus PCR assay showed the highest concor-
dance (98.57%), sensitivity (98.46%), and specificity (98.75%)
among the five loci. The other MIRU-VNTR PCR that
showed a high sensitivity, specificity, and concordance was the
Mtub30 locus PCR (Table 1). Although the Mtub30 locus PCR
has been used for M. tuberculosis genotyping, this is the first
time it has been found to be a useful method for the detection
of Beijing isolates. A good concordance with spoligotyping was
found for PCR assays targeting the Mtub02 and Mtub30 loci.

The DTM-PCR resulted in a product of 1,466 bp in 85 of the
210 study isolates and a 761-bp product in the remaining 125
isolates (Fig. 2). Of the 125 isolates with the 761-bp PCR
product, 123 (98.4%) were Beijing family isolates, accounting
for 94.62% of the 130 Beijing family isolates. In contrast, the
majority (78/85 [91.76%]) of the isolates with the 1,466-bp
PCR product were non-Beijing family isolates. The DTM-PCR
assay showed the highest sensitivity (99.23%) for the detection
of Beijing family isolates compared with the sensitivities of all

the other five MIRU-VNTR PCR assays. However, its speci-
ficity was lower than that of the Mtub02 PCR assay (98.75%
versus 91.25%).

We also assessed the sensitivity, specificity, and concordance
of the various combinations of Mtub02 PCR, Mtub30 PCR,
and DTM-PCR (Table 1). A combination of any two or all of
the three methods generated a sensitivity of 100%. However,
the combined specificity and concordance were lower than
those resulting from the Mtub02 PCR assay alone.

Taken together, the Mtub02 and Mtub30 locus PCR as-
says and the DTM-PCR assay can serve as some good al-
ternatives to spoligotyping in resource-limited countries
where the infection by Beijing family strains is prevalent. If
resources allow, a combination of the Mtub02 locus PCR
with DTM-PCR assays is recommended to achieve higher
sensitivity and specificity. Nevertheless, because the Beijing
family comprises a diverse population of clinical isolates and
the population structure of M. tuberculosis can vary among
geographic regions, the recommendation needs to be vali-
dated using isolates collected from a broader geographic
region.
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FIG. 1. Examples of the Mtub02 locus PCR results. Lanes 1 and 8,
100-bp DNA ladder; lane 2, laboratory reference strain H37Rv; lanes
3, 4, and 5, non-Beijing family isolates; lane 6, Beijing family isolate;
lane 7, negative control (double-distilled water).

TABLE 1. Concordance between spoligotyping and five different
MIRU-VNTR PCR assays and the DTM-PCR in genotyping of

210 pediatric isolates of M. tuberculosis and sensitivity and
specificity of the studied MIRU-VNTR PCR assays

and the DTM-PCR for the identification of
Beijing family isolates, using spoligotyping

as the gold standard

PCR assay(s) Concordance
(%)

Sensitivity
(%)

Specificity
(%)

Mtub02 98.75 98.46 98.75
DTM-PCR 96.19 99.23 91.25
Mtub30 94.76 97.69 90.00
MIRU 26 85.71 84.62 87.50
MIRU 31 83.33 83.08 87.50
ETR-A 81.43 87.69 67.50
Mtub02 and DTM-PCR 94.76 100 92.50
Mtub02 and Mtub30 93.81 100 91.25
DTM-PCR and Mtub30 91.90 100 86.25
Mtub02, Mutb30, and DTM-PCR 91.90 100 86.25

FIG. 2. Examples of the deletion-targeted multiplex PCR results.
Lanes 1, 3, and 4, Beijing family isolates; lanes 2 and 5, non-Beijing
family isolates; lane 6, strain H37Rv; lane 7, negative control (double-
distilled water); lane 8, 100-bp DNA ladder.
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