
Characterizing tuberculosis genotype clusters along the United 
States–Mexico border

B. J. Baker*,† and P. K. Moonan†

*Epidemic Intelligence Service, Centers for Disease Control and Prevention, Atlanta, Georgia, 
USA

†Division of Tuberculosis Elimination, Centers for Disease Control and Prevention, Atlanta, 
Georgia, USA

SUMMARY

We examined the growth of tuberculosis (TB) genotype clusters during 2005–2010 in the United 

States, categorized by country of origin and ethnicity of the index case and geographic proximity 

to the US–Mexico border at the time of TB diagnosis. Nationwide, 38.9% of cases subsequent to 

Mexico-born index cases were US-born. Among clusters following US-born Hispanic and US-

born non-Hispanic index cases, respectively 29.2% and 5.3% of subsequent cluster members were 

Mexico-born. In border areas, the majority of subsequent cases were Mexico-born following US-

born Hispanic (56.4%) and US-born non-Hispanic (55.6%) index cases. These findings suggest 

that TB transmission commonly occurs between US-born and Mexico-born persons. Along the 

US–Mexico border, prioritizing TB genotype clusters following US-born index cases for 

investigation may prevent subsequent cases among both US-born and Mexico-born persons.
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IN 2010, 60% of reported tuberculosis (TB) cases in the United States occurred among 

foreign-born persons, including 21% in Mexico-born persons.1 Previous studies have noted 

high TB morbidity along the US–Mexico border.2,3 Studies of TB transmission dynamics 

(using TB genotyping data) between foreign-born and native-born persons in the United 

States vary by setting and by population studied.4–6 We examined the effect of the country 

of origin and ethnicity of the index case and geographic proximity to the US–Mexico border 

at the time of TB diagnosis on the demographic characteristics of subsequent TB genotype 

cluster members.
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STUDY POPULATION AND METHODS

All cases reported to the US National Tuberculosis Genotyping Service with complete 

genotype results (spoligotyping and 12-locus mycobacterial interspersed repetitive unit–

variable number of tandem repeats [MIRU-VNTR] typing) during the period from January 

2005 to December 2010 were eligible for analysis.7 The most likely geographic cluster for 

each genotype was derived using spatial analysis and a Poisson probability model, SaTScan 

(Kulldorff, Boston, MA, USA), tested for statistical significance (P < 0.05) using 999 Monte 

Carlo replications.8,9 The maximum radius was set at 50 km based on the resident zip code 

centroid coordinates of each genotyped case within four overlapping 3-year window periods 

(2005–2007, 2006–2008, 2007–2009 and 2008–2010). A cluster from one 3-year period 

could be linked to a cluster in a subsequent, overlapping 3-year time period by means of at 

least one overlapping case. This methodology allowed us to identify likely chains of 

transmission across the entire study period. There was no duplicative case counting between 

window periods. Cases with missing or invalid zip code were excluded. A genotype cluster 

was defined as ≥2 cases with matching genotype results within the same geographic cluster. 

Cases with non-matching genotypes or who were not geographically clustered using 

SaTScan were considered non-clustered.

An index case was defined as the first TB case identified in a genotype cluster by case date 

(i.e., earliest of count date, treatment start date or report date). Clusters were excluded from 

the analysis if the presumptive index case occurred on or before 31 December 2005 to 

reduce misclassification of subsequent cases as index cases, and to eliminate clusters with 

long-standing transmission before the start of the study. As a result, most common 

genotypes were excluded from the analysis. We censored data 36 months after the index 

case (i.e., potential index cases had to occur during 2006–2008) to allow an equal chance of 

cluster growth.

Cases were categorized by country of origin and ethnicity as Mexico-born, US-born 

Hispanic, US-born non-Hispanic or foreign-born from a country other than Mexico (other 

foreign-born). Cases for whom information on country of origin was missing were excluded. 

Border proximity was defined as three mutually exclusive categories: non-border states (i.e., 

all states except for California, Texas, Arizona and New Mexico), border areas within US–

Mexico border states (defined by Public Use Microdata Areas used by the American 

Community Survey; Figure), and non-border areas within border states.10 Trends were 

analyzed using the Cochran-Armitage test.

As the data collected were part of routine TB surveillance, this project was determined by 

the US Centers for Disease Control and Prevention not to be research involving human 

subjects.

RESULTS

Among 76 710 cases reported in the United States during 2005–2010, 45 573 (59.4%) 

culture-positive genotyped cases were eligible for inclusion in the study. Cases for whom 

zip code (n = 623) and place of birth (n = 34) were missing were excluded. A total of 14 142 
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cases meeting the inclusion criteria were studied, including 831 index cases and 2049 

subsequent clustered cases; 11 262 cases were not in a TB genotype cluster.

Among clusters that followed the diagnosis of US-born non-Hispanic index cases, 82.1% of 

the subsequent cases were also US-born non-Hispanic, while 5.3% were Mexico-born 

(Table). In border areas, 22.2% of the subsequent cases were US-born non-Hispanic, while 

55.6% of the subsequent cases were Mexico-born. Among clusters that followed the 

diagnosis of US-born Hispanic index cases, 33.2% of the subsequent cases were US-born 

Hispanic, 32.7% were US-born non-Hispanic and 29.2% were Mexico-born. In border areas, 

56.4% of the subsequent cases were Mexico-born. Among the 27 US-born index cases in 

border areas, 81.5% were US-born Hispanic, including 18.2% aged <14 years.

Mexico-born index cases had respectively 55.2% Mexico-born, 20.8% US-born Hispanic, 

and 18.1% US-born non-Hispanic subsequent cluster members. Among the 54 US-born 

Hispanic cluster members subsequent to Mexico-born index cases, 25.9% were aged <14 

years. Clusters subsequent to Mexico-born index cases became more homogeneous moving 

from non-border states (48.1% Mexico-born), to non-border areas of border states (56.4%), 

to border areas (62.3%, P < 0.05).

DISCUSSION

This study revealed that the country of origin and ethnicity of the index case and US–

Mexico border proximity were associated with the demographic characteristics of 

subsequent cluster members. We found that the majority of clusters subsequent to US-born 

non-Hispanic index cases were homogeneous; nationwide, 82.1% of subsequent cases were 

also US-born non-Hispanic. Meanwhile, clusters subsequent to US-born Hispanic index 

cases demonstrated a more heterogeneous picture: only 33.2% of sub sequent cases were 

US-born Hispanic, while 32.7% were US-born Hispanic and 29.2% were Mexico-born. In 

border areas, the majority of the cases that followed US-born Hispanic (56.4%) and US-born 

non-Hispanic (55.6%) index cases were Mexico-born. These findings suggest a novel 

concept: border-area clusters following US-born index cases (both Hispanic and non-

Hispanic) may contribute to TB transmission to Mexico-born persons and to the higher case 

rates seen in this latter group. Among clusters following Mexico-born index cases, 20.8% of 

subsequent cases were US-born Hispanic (of which 25.9% were children), suggesting that 

the proportion of TB transmission occurring between Mexico-born and US-born persons 

was larger than previously reported.4,5

Of note, when compared with the population demographics of non-border states, border 

areas had an eight-fold increase in the proportion of the population that was US-born 

Hispanic and a nine-fold increase in the proportion that was Mexico-born.10 However, 

clusters following other foreign-born index cases did not have a larger proportion of 

subsequent US-born Hispanic or Mexico-born cases in border states or border areas, 

suggesting that demographic changes in border areas do not alone account for our findings.

There are several limitations to the study. First, index cases may not represent the source of 

localized transmission. However, examining index cases, as defined in this analysis, 
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simulates the conditions that a local health department might experience before cluster 

growth (i.e., a single, as yet non-clustered, case of TB disease). Second, 24-locus MIRU-

VNTR was not routinely performed during the study period; using 12-locus MIRU-VNTR 

may overestimate clustering, a surrogate marker for TB transmission. Third, Mycobacterium 

bovis clusters were included in the analysis, which may not reflect person-to-person 

transmission; however, a sensitivity analysis excluding M. bovis clusters did not impact the 

results of the study. Finally, cases who were missing zip code or data on origin, and were 

excluded from the analysis, may have been part of a chain of transmission.

CONCLUSIONS

Overall, we found that clusters subsequent to Mexico-born index cases had more US-born 

cases than previously reported. In addition, clusters subsequent to US-born index cases in 

border areas commonly included Mexico-born cases. Along the US–Mexico border, 

prioritizing TB clusters occurring after the diagnosis of US-born index cases for 

investigation may help prevent subsequent cases among both US-born and Mexico-born 

persons.
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Figure. 
Border areas defined by PUMAs. A map of the four US states bordering Mexico (from left 

to right: California, Arizona, New Mexico and Texas). Dark lines represent state borders, 

grey lines represent county borders. PUMAs are composed of one or more counties; 

counties with fewer than 100 000 inhabitants are combined for American Community 

Survey population estimates. Shaded areas indicate PUMAs that share a geographic border 

with Mexico (considered ‘border areas’ for this analysis). PUMA = Public Use Microdata 

Area.
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