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• Investigating TB transmission in contact investigations (CI) can 
be challenging. Exposure is difficult to measure, infectious peri-
ods are often hard to estimate, and contact tracing is sometimes 
incomplete due to factors like stigma or incomplete recall.  

• In the U.S., culture isolates from all culture-confirmed TB cases 
are genotyped at the CDC. Genotyping by the conventional    
method (spoligotyping + MIRU-VNTR) provides evidence of possi-
ble isolate genetic relatedness that can be used to inform contact 
investigations, but these methods cover only about 1% of the M. 
tuberculosis genome. Results can be limited and difficult to inter-
pret.  

• Whole genome sequencing (WGS) can provide added resolution 
for examining genetic relatedness of isolates and offers additional 
information for use in complex contact investigations. WGS co-
vers ~90% of the MTB genome, adding discriminatory power and 
revealing diversity between genotype-matched isolates.  

• Universal WGS became standard for all culture-confirmed TB 
cases in the U.S. in 2018.  

 

 

Background 

Methods 

Key Findings 

1. Case 1, 2, and 3 isolates are within one SNP of each other,     

supporting recent transmission in a household setting. 

2. Case 4 isolate is >100 SNPs distant from the rest of the      

cluster, ruling out recent transmission.  

3. Case 5 isolate is indistinguishable from Cases 1 and 3, sug-

gesting recent transmission via an unidentified epidemiologi-

cal link. 

4. Case 6 isolate is indistinguishable from Cases 1, 3, and 5, 

suggesting recent transmission via an unidentified epidemio-

logical  link. 

Scenario 

A cluster of six demographically diverse respiratory TB cases 
was reported in the Portland, Oregon metropolitan area be-
tween 2016-2018. Routine contact investigation revealed three 
epidemiologically linked cases and three cases with no known 
epi links. All cases in the cluster were genotyped-matched by 
conventional methods described above.  

We describe the use of WGS to augment routine contact investi-
gation. WGS plus phylogenetic analysis provides an estimate of  
the genetic relatedness of culture isolates and the likelihood, 
and possible routes of, recent transmission. Used in this way, 
molecular genetic information can confirm or rule out the trans-
mission hypotheses generated  by traditional epidemiological 
investigation methods.  

Cluster Timeline 

Case Summary 

The following transmission hypotheses were generated based 
on the findings of traditional contact investigation: 

Hypotheses 

Conventional Genotyping Results 
Conclusions 

All six isolates are identical by conventional genotyping methods  

Routine contact investigation was carried out as cases were re-
ported. Information obtained from case interviews was used to 
establish epidemiological links and generate transmission hy-
potheses.  

Six genotype-matched isolates were analyzed by conventional 
methods followed by whole genome sequencing and phyloge-
netic analysis.  

1.  WGS can help shape contact investigations. In this investiga-
tion, WGS confirmed transmission between 3 household epide-
miological links in 2016. This confirmed that Case 1 was highly in-
fectious and led to an expanded workplace investigation. 

2.  WGS can rule out transmission via known epidemiological  
links. In this scenario, WGS ruled out transmission in a hypothe-
sized epidemiological link. This resulted in the end of efforts to 
find a healthcare-related exposure around Case 4 and saved time 
and resources.  

3.  WGS can identify potential epidemiological links. Here, WGS 
identified a possible TB exposure between a healthcare worker 
and a patient in the same hospital. Identification of this possible 
exposure resulted in a detailed chart review that revealed previ-
ously unidentified direct care of Case 3 by Case 5, leading to an 
expanded hospital investigation involving patients and healthcare 
workers. 

4.  WGS cannot prove epidemiological links in the absence of 
other evidence. Although WGS suggested possible transmission 
to Case 6 from Case 1, Case 3, or Case 5, no epidemiological link 
was found and the route of transmission remains unknown.  

Case Age Sex National 

Origin 

Unique   

Characteristics 

Smear X-ray/CT Culture Drug  

Resistance 

Epi Links 

1 Adult M Micronesia Highly conta-

gious 

4+ Cavitary MTB+ None 2, 3 

2 Infant F US 
(Micronesian 
Household) 

Infant + Abnormal MTB+ None 1 

3 Adult F Micronesia Cancer patient + Abnormal MTB+ None 1 

4 Adult F Thailand Cancer patient 2+ Abnormal MTB+ None None  

(1?) 

5 Young 

Adult 

F United States Healthcare 

worker 

4+ Cavitary MTB+ None None      

(1? 3?) 

6 Young 

Adult 

F United States Immuno-

compromised 

- Cavitary MTB+ None None 
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GENType Spoligotype MIRU MIRU2 

G01284 0000000000003771 223325173533 44474442334a 
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Case 4 

Most Recent 
Common      
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1 SNP 

69 SNPs 
63 SNPs 

Case 1 Case 5 

Case 3 Case 6 

Micronesian 

US-born white 

US-born, Micro-

nesian family 

Thai 

0-1 SNPs 

Distances measured in single nucleotide pol-

ymorphisms (SNPs). Average mutation rate = 

0.5 SNPs/year. SNP distances >6 generally 

considered unrelated by recent transmission. 

WGS Results* 

 Transmission Hypotheses 

1 Cases 2 and 3 were exposed to Case 1 in household contact 

2 Case 4 was exposed to Case 1 in a health care setting 

3 Case 5 was exposed to Case 1 or Case 3 via hospital care 

4 Case 6 was exposed to Case 5 in a social or other non-healthcare setting 

*Diagram not to scale 


