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Two major genotyping methods are currently 

used by mycobacteria laboratories world-wide: 

• Spoligotyping (‘medium’ resolution) 

 

• Variable number tandem repeat (VNTR) 

analysis  also referred to as ‘mycobacterial 

interspersed repetitive units’ (MIRU), or ‘multiple locus 

variable number tandem repeat analysis’ (MLVA) (‘high’ 

resolution) 
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Spoligotyping (‘spacer oligonucleotide typing’) 

• Exploits the presence of a direct repeat (DR) region in the genome of 

Mycobacterium tuberculosis and M. bovis 

• This region contains varying numbers of 36 base pair direct repeats and 

intervening ‘spacer’ sequences 

• The mutation rate for a spoligotype locus is ~ 0.1 – 0.01 per year (Reyes & Tanaka 2010) 

• Spoligotyping detects these spacer sequences via reverse line blot hybridization 

assay 



Safeguarding Animal Health 

Spoligotyping (‘spacer oligonucleotide typing’) 

• PCR is used to amplify the DR 

region 

• PCR products are applied to a 

membrane containing bound 

oligonucleotides representing the 

spacer sequences 

• PCR products bound to the oligos on 

the membrane are visualized by a 

chemiluminescent reaction 

• CDC contract labs now use 

Luminex® bead-based protocol (no 

longer membrane-based) 
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Spoligotyping (‘spacer oligonucleotide typing’) 

 

• Conversion of banding patterns to a binary code simplifies spoligo profile 

 

• Conversion of binary code to octal code simplifies still further and permits ready 

comparison via online databases 
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Spoligotyping (‘spacer oligonucleotide typing’) 

ID No.              Octal Code  

Example of spoligotyping profiles generated for 7 M. tuberculosis isolates 

using the BioNumerics software package 
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Mycobacterial interspersed repetitive units (MIRU) & 

Variable Number Tandem Repeat (VNTR) analyses 

● Exploits the presence of repeats regions in the genome of M. tuberculosis 

 

● The genome contains large numbers of these repeats 

 

● Mutation rate of a given VNTR / MIRU locus is ~ 10-3 per year (Reyes and Tanaka 2010) 

 

● Some of these repeats display variability among strains within a species 

 

● Accordingly, variability in repeat numbers between strains can be a genotyping tool 

 

● ‘simple’ and straightforward as opposed to spoligotyping 
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‘close up’ view of a VNTR / MIRU repeat region from the genome 

of M. tuberculosis strain H37Rv:  locus 4052, known as ‘QUB 26’ 
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Historically, the mycobacterial research community has used nested 

sets of 12, 15, or 24 different loci for MIRU / VNTR analyses… 
….we at the MB Section at the NVSL use a set of 11 loci (highlighted in yellow) derived 

from the ‘Master List’ of  24 
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MIRU / VNTR assay logistics 

• Each strain / isolate of M tuberculosis is queried for the presence of 

11 different MIRU / VNTR loci 

• Use a multiplex PCR assay that covers each locus 2X – 3X 

• PCR products are separated by capillary electrophoresis using an 

ABI 3500 sequencing instrument 

• The PCR products sizes, and calculation of repeats per locus, are 

done using GeneMapper® software 

• BioNumerics® software is used to compare VNTR profiles among 

cohorts / sets of M. tuberculosis 
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MIRU / VNTR assay data 

Example of VNTR profiles generated for 5 M. tuberculosis isolates using 

the BioNumerics software package 

ID No. 
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Genotyping of M. tuberculosis from 

elephants 

• As of March 2011, 48 entries from 33 different 

elephants 

 

• Samples acquired from 1997 – present 

 

• Trunk wash and tissue sample-derived isolates 

 

• 11 states represented 
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TB  No.            Sta  Owner   Code                           Animal ID_Code__   Spoligo octal code_______                   

Spoligotype comparison for elephant M. tuberculosis isolates  
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M. tuberculosis isolates from elephants with histories of sharing a 

Circus / Zoo / Sanctuary display similar spoligotypes 

Owner Code     Animal Code                                Spoligotype 
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Spoligotype information: the SpolDB4 website for M. tuberculosis 
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Spoligotype information: the MIRU-VNTRplus website for  

M. tuberculosis 
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Comparison with Reference strains: isolate No. 

162337 CC217 (2002), owner ‘ZGR’,  
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Comparison with Reference strains: isolate No. 

36240 (2000), owner ‘FRFB’,  
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Spoligotype information: matching elephant strains with reference strains 

of Mycobacterium tuberculosis using national / international databases 

CDC data courtesy of Lauren Cowan 

Accession Number Octal code CDC Spoligo database Family / 

Lineage

No. of isolates in 

CDC database 

sharing this 

spoligo

SITVIT / SpolDB4 

Database shared-type  

number (SIT)*

162337 000000000003771 East Asian (Beijing) 7845 International Type 1

45767 037637607760731 EuroAmerican LAM 3 no match

15650 407777777760771 EuroAmerican 11 International Type 411

36240 477777777760731 EuroAmerican 4 International Type 783

560783 773603777760771 EuroAmerican 0 no match

10-029062 776377057760771 EuroAmerican S 0 no match

11-002174 776377774020771
EuroAmerican both S and Haarlem 

signatures
0 International Type 383

6628 776377777760771 EuroAmerican S 557 International Type 34

365261 777774077560731 EuroAmerican 32
International Type 

1232

10-038510 777776777760771  EuroAmerican X 2945 International Type 119

16164 777777607760771  EuroAmerican LAM 1947 International Type 42

89121 777777777740371 EuroAmerican 11 International Type 519

70967 777777777760771 EuroAmerican 4751 International Type 53

562603 000000007760771 Latin American - Mediterranean 183 International Type 4
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Genotyping of M. tuberculosis from 

elephants: spoligotyping results 

• Fourteen different spoligotypes represented 

• Three spoligotypes have no match with 

International Type strains (?) 

• 11 spoligotypes represented in CDC in-house 

reference database 

• Spoligotypes are representative of common 

lineages (Beijing, EuroAmerican, LAM) 
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Comparison with Reference strains: isolates No. 02-2450 and 11-002174 from 

elephant ‘99’, owner ‘SWAP’ 

Evidence of infection with two different strains of M. tuberculosis in ~ 8 years ? 

Spoligotyping 
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Spoligotyping VNTR 
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One elephant (‘1’) from Southeastern region, 2000, remains 

the only elephant from which both M. tuberculosis and M. 

bovis were recovered 

The VNTR and spoligotype for  

this elephant’s M. bovis isolate 

are similar / identical to five 

other isolates in the 

database…  
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One elephant (‘000’) from a Mid-Atlantic zoo, 2000, is the other 

entry in the NVSL database from which M. bovis was recovered 

Spoligotyping VNTR 
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The spoligotype and VNTR profiles of this isolate of M. bovis remain unique (no match with >1550 isolates 

in the NVSL database) 
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Genotyping of M. tuberculosis from 

elephants: VNTR results 

• 17 different VNTR profiles represented 

 

• In general, partitioning by spoligo matched that of the 

VNTR profiles for isolates (i.e., good agreement with the 

two different genotyping methods) 

 

• [In the process of generating ‘standardized’ VNTR 15 

data for all elephant isolates] 
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Breaking development: M. tuberculosis isolate from a trunk wash 

from a 39 year-old Asian elephant from a zoo located in the Mid-

West: March 22 - 28, 2011 

● SITVIT database finds one match, a clinical isolate from 

New York City, with no Shared Type designation (i.e., an 

‘orphan’).  

 

● NYC patient not US-born, had extrapulmonary TB 

(pyrazinamide resistant)          (courtesy Dr B. Perri, NYC Dept Health and Mental Hygiene) 
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M. tuberculosis isolate from a trunk wash from a 39 year-old 

Asian elephant from a zoo located in the Mid-West: March 22, 

2011 

For spoligotype, the MIRU-VNTRplus database has no match, 

‘nearest neighbors’ are isolates from Germany, SpolDB4 

shared type 138, lineage EAI5 (East African - Indian) 
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M. tuberculosis isolate from a trunk wash from a 39 year-old 

Asian elephant from a zoo located in the Mid-West: March 22, 

2011 

For VNTR-15, the MIRU-VNTRplus database has no exact 

match for the elephant isolate profile…… again, nearest 

neighbor is lineage EAI5 
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Summary: Genotyping data 

• Elephant isolates predominantly represented by EuroAmerican 

spoligo lineage of M. tuberculosis  

 

• Successive isolates from the same elephant tend to have matching 

genotypes (recrudescence Vs newly acquired infections) 

 

• Elephant ‘99’ appears to have harbored two different strains of M. 

tuberculosis in 2002 and 2011 

 

• Elephants with histories of shared exposures tend to harbor M. 

tuberculosis with similar genotypes 

 

• Some M. tuberculosis strains recovered from elephants may 

represent rare or novel lineages 
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Future endeavors 

• Subject all elephant isolates to analysis with ‘universal’ VNTR-15 set 

 

• Use VNTR-15 data to further refine relationships with reference M. 

tuberculosis strains / lineages and support ‘One Health’ 

investigations into human disease risk 

 

• Query elephant isolates for TbD1 element (‘modern’ Vs ‘ancestral’) 

 

• Screen elephant isolates for antibiotic resistance 

 

• In-depth sequencing of elephant isolates ? 
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Mycobacteria and Brucella Section specimen processing team (left to 

right): D. A. Hebeisen and H. Wilson (ISU students), A. Martindale, J. 

Case, J. Gerding, P. Dykema, and J. Fevold 
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Mycobacteria and Brucella Section molecular biology 

team: D. Farrell, T. Stuber, J. Higgins, P. Camp 
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