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Objectives

1. Provide a brief overview of genotyping and how it 
is used with M. tuberculosis specimens

2. Review the TB GIMS system and its application of 
genotyping for identifying outbreak clusters

3. Examine prominent TB clusters in Michigan

4. Discuss best practices for investigating clusters



Content
• Genotyping overview for Tuberculosis

– Best practices for cluster investigations

– Using genotype information to assist in contact investigations

• TB GIMS 
– Overview of cluster reports

– Interpretation of cluster reports

• Genotype clusters in MI 
– Trends in primary Michigan clusters

– Compare with clusters nationwide

• Intro to new cluster survey tool



OVERVIEW OF 
GENOTYPING 

FOR 
TUBERCULOSIS

What does it mean?



National Tuberculosis Genotyping Surveillance 
Coverage* by Year: United States**, 2004–2014
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QUESTION:
What is TB Genotyping?
a. Laboratory method to detect TB infection

b. A blood test to detect drug-resistant TB

c. Laboratory approach to analyze genetic material 
(DNA) of Mycobacterium tuberculosis 
(M. tuberculosis)

d. Tool to help understand transmission of 
M. tuberculosis

e. Both c and d

DNA = deoxyribonucleic acid



ANSWER:
TB Genotyping Is
a. Laboratory method to detect TB infection

b. A blood test to detect drug-resistant TB

c. Laboratory approach to analyze genetic material 
(DNA) of M. tuberculosis

d. Tool to help understand transmission of 
M. tuberculosis

e. Both c and d

DNA = deoxyribonucleic acid



TB Genotyping

• Only for culture-confirmed TB
– The technique requires material 

from a culture

• Matching genotypes may 
indicate that TB cases are 
related



Genotypes and M. tuberculosis 
Transmission

• Genotyping helps us understand transmission 
relationships between TB cases

• We expect genotypes from transmission-related TB cases 
to match



Matching Game –
Do the Pictures Match?

Unauthorized use of these images is prohibited.



Genotype Clusters



How Can Genotyping be Useful in 
TB Control?

• Assist with contact investigations
– Confirm or refute patient connections

• Find previously unidentified contacts
• Detect and prevent outbreaks
• Refute outbreaks
• Distinguish relapse from new 

infection
• Detect false-positive culture results



Case Scenario 1: A Household

Persons diagnosed with TB spent most of their time together 
at the same house
• Likely related by transmission



Mother G08464
Son G08464
Neighbor G08464

Case Scenario 1: A Household

Genotype results for TB cases linked to household:



• All cases had matching genotypes

• All spent time together in the same house

• These cases were likely transmission-related 
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Case Scenario 1: A Household
Interpretation of Genotyping Results



• Contact investigation 
did not find any other 
cases

• Two other family 
members were 
diagnosed and treated 
for TB infection

• Neighbor with TB did not 
identify any other 
contacts aside from this 
family

Case Scenario 1: A Household
Back to the Household



Mother G08464
Son G08464
Neighbor G08464
Patient A G08464
Patient B G08464
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Case scenario 1: A HouseholdReview of 
Genotype Data for 

County A – 2013 



• Five cases with matching genotypes within 6 months

• Cases may all be related by transmission, but
– When?

– Where?

• More information is needed

20

Case Scenario 1: A Household
What do the Genotype Results Indicate?



• Investigate to understand relationship of Patient A 
and Patient B to the other patients in the cluster
– Identify likely locations of transmission

– Determine if there are missed contacts

• Review
– Public health records
– Contact investigation logs
– Estimated infectious periods
– Re-interview TB patients and contacts

21

Case Scenario 1: A Household
Next Steps



Case Scenario 2: A Workplace

• Within one month
– Three women diagnosed with TB

– All work at the same casino

– All work on the same evening shift

• One woman’s boyfriend also diagnosed with TB



Case Scenario 2: A Workplace
QUESTION: 

Are these TB cases related 
by transmission?

a. Yes

b. No

c. Maybe
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a. Yes
b. No
c. Maybe!
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Case Scenario 2: A Workplace
ANSWER: 

Are these TB cases related 
by transmission?



Employee 1 G08464
Employee 2 G15185
Employee 3 G00010
Boyfriend G16470

Case Scenario 2: A Workplace
Genotype Results for TB Cases Linked to Casino 



Case Scenario 2: A Workplace 
QUESTION: 

How to interpret the genotype results?

a. The genotype data are wrong

b. The genotype data could be wrong, since cases 
are linked epidemiologically

c. These cases are not related by transmission

d. I don’t know



a. The genotype data are wrong

b. The genotype data could be wrong, since cases 
are linked epidemiologically

c. These cases are not related by transmission

d. I don’t know

Case Scenario 2: A Workplace
ANSWER:

How to interpret the genotype results?



Case Scenario 2: A Workplace 
Interpretation of Genotype Results

• Genotype results from all cases were different
– These cases are not related by transmission

– This was a coincidence

• Four contact investigations are needed
– Three in same work site

• Not an outbreak



THE COMPOSITION 
OF A GENOTYPE

How is it created?



How are Genotyping Results 
Obtained?

Specimen

TB isolated 
from culture

TB genotype test result

Person with suspected TB



Initial 12-locus MIRU-
VNTR1: 223325173533

Spoligotype: 
000000000003771

PCRType:
PCR00002

Additional 12-locus 
MIRU-VNTR (MIRU2): 
4445344234282

+

GENType:
G00010

Sequentially assigned 
for each unique 
spoligotype and initial 
12-locus MIRU-VNTR 
combination

Sequentially assigned for each 
unique spoligotype and 24-locus 
MIRU-VNTR combination

Definition for Tuberculosis Genotyping
in the United States

1 Mycobacterial interspersed repetitive unit–variable number tandem repeat.

2 The complete set of 24 loci is referred to as 24-locus MIRU-VNTR and is used for GENType designation for genotype in the United States.



A Few Examples
GENType PCRType ClusterName2 Spoligotype MIRU MIRU2

G16470 PCR00766 MI_0065_001 777777777760771 228325163423 236234223736

G11100 PCR00743 MI_0011_001 777776777760771 224225153324 433434423638

G15185 PCR00291 MI_0008_001 777777777760700 223325133224 242524224225

G15165 PCR00013 MI_0004_001 777777777760600 223325133224 242524224225

G00010 PCR00002 MI_0016_001 000000000003771 223325173533 444534423428

G01835 PCR00012 MI_0002_001 000000000003771 322325173543 445544423329

G00012 PCR00002 MI_0016_003 000000000003771 223325173533 445644423328

G23048 PCR00012 000000000003771 322325173543 44554442332%

G15184 PCR00291 MI_0008_002 777777777760700 223325133224 242424224225

G00392 PCR00803 000000000003771 222325173533 345544423328

G24832 PCR17412 000000000003771 2233251b3533 444744423348

G23020 No Result 234325152324 241334223128

G25354 PCR22382 703777740003771 224425183523 224--4223248



Differences by Spoligotype
GENType PCRType ClusterName2 Spoligotype MIRU MIRU2

G16470 PCR00766 MI_0065_001 777777777760771 228325163423 236234223736

G11100 PCR00743 MI_0011_001 777776777760771 224225153324 433434423638

G15185 PCR00291 MI_0008_001 777777777760700 223325133224 242524224225

G15165 PCR00013 MI_0004_001 777777777760600 223325133224 242524224225

G00010 PCR00002 MI_0016_001 000000000003771 223325173533 444534423428

G01835 PCR00012 MI_0002_001 000000000003771 322325173543 445544423329

G00012 PCR00002 MI_0016_003 000000000003771 223325173533 445644423328

G23048 PCR00012 000000000003771 322325173543 44554442332%

G15184 PCR00291 MI_0008_002 777777777760700 223325133224 242424224225

G00392 PCR00803 000000000003771 222325173533 345544423328

G24832 PCR17412 000000000003771 2233251b3533 444744423348

G23020 No Result 234325152324 241334223128

G25354 PCR22382 703777740003771 224425183523 224--4223248



Differences by MIRU
GENType PCRType ClusterName2 Spoligotype MIRU MIRU2

G16470 PCR00766 MI_0065_001 777777777760771 228325163423 236234223736

G11100 PCR00743 MI_0011_001 777776777760771 224225153324 433434423638

G15185 PCR00291 MI_0008_001 777777777760700 223325133224 242524224225

G15165 PCR00013 MI_0004_001 777777777760600 223325133224 242524224225

G00010 PCR00002 MI_0016_001 000000000003771 223325173533 444534423428

G01835 PCR00012 MI_0002_001 000000000003771 322325173543 445544423329

G00012 PCR00002 MI_0016_003 000000000003771 223325173533 445644423328

G23048 PCR00012 000000000003771 322325173543 44554442332%

G15184 PCR00291 MI_0008_002 777777777760700 223325133224 242424224225

G00392 PCR00803 000000000003771 222325173533 345544423328

G24832 PCR17412 000000000003771 2233251b3533 444744423348

G23020 No Result 234325152324 241334223128

G25354 PCR22382 703777740003771 224425183523 224--4223248



Differences by MIRU2
GENType PCRType ClusterName2 Spoligotype MIRU MIRU2

G16470 PCR00766 MI_0065_001 777777777760771 228325163423 236234223736

G11100 PCR00743 MI_0011_001 777776777760771 224225153324 433434423638

G15185 PCR00291 MI_0008_001 777777777760700 223325133224 242524224225

G15165 PCR00013 MI_0004_001 777777777760600 223325133224 242524224225

G00010 PCR00002 MI_0016_001 000000000003771 223325173533 444534423428

G01835 PCR00012 MI_0002_001 000000000003771 322325173543 445544423329

G00012 PCR00002 MI_0016_003 000000000003771 223325173533 445644423328

G23048 PCR00012 000000000003771 322325173543 44554442332%

G15184 PCR00291 MI_0008_002 777777777760700 223325133224 242424224225

G00392 PCR00803 000000000003771 222325173533 345544423328

G24832 PCR17412 000000000003771 2233251b3533 444744423348

G23020 No Result 234325152324 241334223128

G25354 PCR22382 703777740003771 224425183523 224--4223248



TB GENOTYPING 
INFORMATION SYSTEM 

(TB GIMS)
REPORTS

How is it used?





















PRIMARY 
GENOTYPE 

CLUSTERS IN 
MICHIGAN

What’s been observed?



Genotyped and Clustered Cases, 
2012-2014
United States
• 21,075 Genotyped Cases

• 4,544 (22%) Clustered Cases

Michigan
• 273 Genotyped Cases

• 241 GENTypes

• 33 Clusters

• 66 (24%) Clustered Cases

GENType
MI Cluster 

Name
No. in 

MI
No. in 

Rest of US

G15185 MI_0008_001 10 2

G15165 MI_0004_001 5 0

G01835 MI_0002_001 5 6

G08464 MI_0047_001 4 2

G16470 MI_0065_001 4 7

G00010 MI_0016_001 4 173

G00012 MI_0016_003 1 139

G05056 1 114

G00013 MI_0046_001 1 86

G12500 1 58

G10508 1 52

G00734 1 45
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Cases of TB in Genotype Cluster G01835
Michigan vs. Rest of U.S., 2009-2015
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CLUSTER 
INVESTIGATION 

TOOL

What else can be done?



Take Home Points

• TB genotyping can be useful in TB control
– Find additional contacts

– Detect and prevent outbreaks

– Refute outbreaks

• Interpreting genotyping results can be as simple as, 
“Do the pictures match?”

• The number and proportion of clustered genotype 
cases in Michigan decreases each year”



CDC Resources on Genotyping

• CDC TB genotyping website
www.cdc.gov/tb/programs/genotyping/default.htm

• TB genotyping best practices
www.cdc.gov/tb/publications/factsheets/statistics/Genotyping_B
estPractices.pdf

• TB Genotyping Information Management System 
(TB GIMS) 
https://ajtv-nifm-web2.cdc.gov/TBGIMS/

• Email CDC
tbgenotyping@cdc.gov



Thank You!

Acknowledgements
• CDC’s Division of Tuberculosis Elimination

• MDHHS TB Units

References
• Introduction to Tuberculosis Genotyping Facilitator Guide 

http://www.cdc.gov/tb/programs/genotyping/default.htm

• TB GIMS Reports

Contact
smiths79@michigan.gov


