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ABSTRACT 

Genotyping of Mycobacterium tuberculosis isolates contributes to tuberculosis 
(TB) control through detection of possible outbreaks. However, 20% of U.S. 
cases do not have an isolate for testing, and 10% of cases with isolates do not 
have a genotype reported. TB outbreaks in populations with incomplete geno-
typing data might be missed by genotyping-based outbreak detection. There-
fore, we assessed the representativeness of TB genotyping data by comparing 
characteristics of cases reported during January 1, 2009–December 31, 2010, 
that had a genotype result with those cases that did not. Of 22,476 cases, 
14,922 (66%) had a genotype result. Cases without genotype results were more 
likely to be patients ,19 years of age, with unknown HIV status, of female sex, 
U.S.-born, and with no recent history of homelessness or substance abuse. 
Although cases with a genotype result are largely representative of all reported 
U.S. TB cases, outbreak detection methods that rely solely on genotyping data 
may underestimate TB transmission among certain groups. 
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Since 2004, the Centers for Disease Control and Pre-
vention (CDC) has offered routine genetic character-
ization (i.e., genotyping) of all U.S. tuberculosis (TB) 
cases with Mycobacterium tuberculosis (M.  tuberculosis) 
isolates.1 Genotyping is a laboratory method used to 
determine the relatedness of isolates; although not 
a perfect measure of transmission,2 this tool contrib-
utes to TB control in multiple ways. Genotyping data 
contribute to TB control, including the detection 
of genotype clusters that might represent remote 
or recent transmission (including outbreaks).3–6 TB 
genotyping data are also important for defining the 
scope of outbreaks,7 monitoring outbreaks over time,8 
distinguishing relapse from reinfection,9 detecting or 
confirming false-positive culture results,10,11 confirming 
known epidemiologic links, and finding unknown links 
between cases.3,4,12 The utility of genotyping is limited 
in populations for which few cases are genotyped, 
because potential transmission relationships between 
cases might be missed. TB genotyping is most effective 
when data are representative of the entire population 
of TB cases.13–15

Applying TB genotyping data to TB control requires 
that an isolate be submitted for genotyping and that 
the genotyping result be linked to the patient’s demo-
graphic and clinical information. While some states 
have independent systems for generating and linking 
genotyping data, most states rely on the national CDC-
funded system. In this system, an isolate is submitted 
for genotyping to the CDC-funded national genotyp-
ing laboratory, and genotyping results are linked to 
the patient’s demographic and clinical data, which 
are reported to the National Tuberculosis Surveil-
lance System (NTSS).16 This linkage is facilitated by 
a CDC-developed and -funded national Web-based 
genotyping database, which includes both NTSS and 
genotyping data. 

First, specimens are collected from a suspected TB 
patient. Specimens are generally sent to a jurisdictional 
public health laboratory for culturing and processing 
and, when a specimen yields a culture that is positive 
for M. tuberculosis, an isolate is sent to the national geno-
typing laboratory. In some cases, a viable culture might 
not be available to be submitted for genotyping. In 
other cases, a viable culture might be available but not 
submitted to the genotyping laboratory. These latter 
cases represent a missed opportunity for genotyping. 
Although it is not possible to determine whether or 
not a viable culture was available for submission from 
nationally reported data, we can use the presence of 
drug susceptibility testing (DST) results, testing that 
requires a viable culture, to identify cases for which a 

viable culture was likely available to be submitted for 
genotyping. 

Once the isolate is genotyped, the result is entered 
into the national Web-based genotyping database. In 
parallel with this process, the patient’s demographic 
and clinical data are submitted to jurisdictional public 
health authorities for reporting to NTSS; these data are 
then uploaded into the national Web-based genotyping 
database. The state TB program is responsible for the 
critical step of linking the surveillance report to the 
genotyping result, using a state-assigned identification 
number. Failure to link the genotyping and surveillance 
records will result in the case appearing to have not 
been genotyped. Because surveillance and genotyping 
data are linked by the state, it is not possible at CDC to 
distinguish between cases that have not been genotyped 
and cases that have been genotyped but not linked. 

National TB genotyping coverage is defined as the 
proportion of TB cases with a culture yielding M. tuber-
culosis (referred to as “culture-positive cases”) that are 
linked to a genotype result in the national Web-based 
genotyping database. In 2010, national genotyping 
coverage was 88%. However, approximately 20% of TB 
cases in the United States are not culture positive and, 
therefore, do not have an isolate available for genotyp-
ing.17 A case could be missing a genotype result for 
three general reasons: it did not have an M. tuberculosis 
isolate, it had an isolate that was not genotyped, or 
the genotyping result was not linked to NTSS data in 
the national Web-based genotyping database. Our aim 
was to characterize cases that did not have a genotype 
result for any of these reasons to identify populations 
in which outbreaks might be missed by genotype-based 
outbreak detection methods, and to identify opportuni-
ties to increase genotyping.

METHODS

Surveillance records for TB cases in the 50 U.S. states 
and the District of Columbia reported to NTSS during 
January 1, 2009–December 31, 2010, were linked to 
genotyping results in the national Web-based genotyp-
ing database using the state-assigned case identifier. 
Three states had technical problems with linking dur-
ing 2010 and were excluded from the analysis. A case 
was considered to be genotyped if it was linked to a 
genotype record, even if the genotype result reported 
for that isolate was invalid (i.e., incomplete genotype 
result). Isolates with invalid genotype results were 
included as genotyped because they represented cases 
with an isolate that was submitted for genotyping and 
linked to surveillance data.
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We compared demographic and clinical character-
istics of genotyped cases with non-genotyped cases. 
We repeated the same analysis restricted to culture-
positive cases, because the isolation of M. tuberculosis, 
which is required for genotyping, is associated with 
certain case characteristics (e.g., young age). For this 
analysis, we also compared the presence or absence of 
DST results. Using SAS® version 9.3,18 we conducted 
bivariate analyses using chi-squared statistics and risk 
ratios with 99% confidence intervals (CIs). 

RESULTS

During 2009–2010, a total of 22,719 cases of TB were 
reported in the United States, of which 17,303 (76.2%) 
were culture positive. After excluding 243 cases from 
three states with technical problems linking genotyping 
results, 22,476 cases were used for the final analysis, 
including 17,125 culture-positive cases (Table). Among 
all TB cases, 14,922 (66%) had a linked genotype; 
14,839 (87%) culture-positive cases had a linked geno-
type. Eighty-three cases were not reported as culture 
positive but had a linked genotype result, and 17 cases 
were linked to a genotype record with an invalid geno-
type result. These cases were included in the analysis. 

Genotyping among all reported cases
Among all TB cases, regardless of culture results, the 
patient characteristics associated with a lower likelihood 
of having a linked genotype result were age ,5 years, 
5–11 years, or 12–19 years; female sex; being U.S.-born; 
having unknown human immunodeficiency virus sta-
tus; and having no reported history of homelessness, 
excess alcohol use, or non-injecting drug use in the 
year before diagnosis (Table). 

Genotyping among culture-positive cases
Among culture-positive cases, characteristics associated 
with a lower likelihood of having a linked genotype 
result were age 65 years; being U.S.-born; having 
positive, missing, or unknown human immunodefi-
ciency virus status; and having no reported history 
of homelessness in the year before diagnosis (Table). 
Cases with no DST result reported were less likely to 
have a linked genotype result than cases with a DST 
result. DST results were available for 16,634 cases; 
among these cases, 14,597 (88%) had a linked genotype 
record (Table) and 2,037 (12%) did not.

DISCUSSION

U.S. TB cases with a linked genotype result are largely 
representative of all reported TB cases, with the likeli-

hood of genotyping rarely differing by more than 10% 
between groups. However, outbreak detection methods 
that rely solely on genotyping surveillance data19 might 
underestimate transmission-related cases among groups 
underrepresented by genotyping data, such as children 
and those who are U.S.-born.

We observed several characteristics associated with 
having a linked genotype result among all TB cases. 
However, some of these differences can be explained 
by the likelihood that a case is culture positive. For 
example, TB disease in children is less likely to be 
culture positive than in adults and is, therefore, less 
likely to have an isolate available for genotyping.20 In 
our analysis among all TB cases, patients ,5 years of 
age and patients 5−12 years and 12–19 years of age were 
less likely to have a linked genotype result than patients 
aged 20−44 years. However, in our analysis limited to 
culture-positive cases, no association between young 
age and risk of genotyping was observed, indicating 
that the overall association was driven by the lower 
ratio of culture-positive cases for younger age groups. 
Although some differences persisted after looking only 
at culture-positive cases, these differences were small. 

While these data indicate that the genotyping data 
in the United States are largely representative, it is 
important to consider that some groups are under-
represented in genotyping data. The underrepresen-
tation of some groups may affect routine TB-control 
activities, such as detecting clusters that might repre-
sent outbreaks, defining the scope of outbreaks, and 
monitoring outbreaks over time. However, it is reassur-
ing that cases in patients experiencing homelessness 
and alcohol abuse are more likely to have a linked 
genotype result; in two-thirds of TB outbreaks recently 
investigated by CDC, more than 50% of cases exhibited 
these characteristics.21 Accurate identification of trans-
mission and outbreaks in these populations is critical 
to prevent future cases.

A culture-positive case might not have a linked 
genotype result for various reasons. An isolate might 
not be sent for genotyping, either because of logistical 
and financial issues or because laboratories might be 
unaware of the need to refer isolates for genotyping. 
Although some states have statutes requiring all TB 
isolates to be submitted to the state public health labo-
ratory, other states have no such regulations (Personal 
communication, Melisa Thombley, JD, MPH, CDC 
Division of Tuberculosis Elimination, April 2012). Addi-
tionally, without linking the genotype and surveillance 
records in the national database, a case may appear 
to be missing a genotype result even when one exists.

We used the result of the DST, which is often con-
ducted at a public health laboratory, as a proxy for 
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cases that had a viable isolate and presumably could 
have been genotyped. A case with a DST result but no 
genotype result might represent a missed opportunity 
to increase overall genotyping coverage. We identified 
a number of cases that met this criterion.

Limitations
Our study had several limitations. We might have mis-
classified genotyped cases as non-genotyped if they were 
not linked to the corresponding result. Additionally, 
NTSS data are limited by the quality of the data pro-
vided by reporting jurisdictions.22 For example, 88 cases 
that were not reported as culture positive were linked 
to a genotype result, suggesting either inaccuracies in 
reported data or incorrect linking. 

CONCLUSION

Increasing genotyping coverage will further increase 
the representativeness of genotyping data. One 
potential approach to improve coverage is to target 
the 13% of cases with isolates of M. tuberculosis that 
have DST results reported but do not have linked 
genotype results. Continued work toward achieving 
comprehensive genotyping coverage in the United 
States is important for ensuring that outbreaks and 
recent transmission are not missed by routine TB-
control methods. State-based versions of this analysis 
might also have a role in informing local TB-control 
efforts and improving coverage.
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