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Abstract
Background 
TB often clusters in people living together and this is usually assumed to be caused by recent household transmission of the same TB strain. However, in resource-poor settings most adults have latent TB infection, TB susceptibility is increased by poverty and socio-economic challenge to a household could cause concurrent reactivation of different TB strains in household members. We used molecular epidemiology to study the relative importance of these two potential explanations for TB household clustering in a poor community with high TB incidence.
Methods
We prospectively studied the determinants of TB transmission and susceptibility for 7 years in a 600,000 person Peruvian shantytown with TB incidence of 162 cases per 100,000 population/year and HIV sero-prevalence of 0.5%. This identified 69 households in which TB was diagnosed in an index-case followed by a household contact from both of whom the TB strains were available. These TB strains were compared with the Microscopic-Observation Drug-Susceptibility (MODS) and thin-layer agar assays for antibiotic-susceptibility testing and by spoligo-typing to test for TB transmission.

Results
The household contact had a different TB strain from the index-case in 27% of cases, and these different strains had different isoniazid and rifampicin susceptibility in 76% of cases. These episodes of household TB caused by different TB strains were more likely if the contact case occurred sooner after the index case (P=0.02); after a median of 82 days (inter-quartile range 33-212 days). Household clustering caused by different TB strains was significantly associated with household debt (P=0.05)
In contrast, 73% of TB in household contacts was caused by the same TB strain as the index-case and these matched strains had the same isoniazid and rifampicin susceptibility in 97% of cases.  These episodes of household TB caused by the same TB strains were more likely if the contact case occurred longer after the index case (P=0.02); after a median of 432 days (inter-quartile range 111-732).  
Consequently, TB diagnosed in household contacts within 3 months of the index case had similar likelihood of being caused by the index-case strain (55%) or another strain (45%, P=0.5). Conversely, TB diagnosed in household contacts more than a year after the index case was usually caused by clustering of the same strain in both the household contact and the index-case (90%, P<0.001). Household clustering of the same TB strain was not associated with household debt or any other indicator of poverty.
Discussion
Household clustering of different TB strains suggesting reactivation of latent TB was more likely when the index case and contact TB were diagnosed in rapid succession and lived in debt. In contrast, household clustering of the same TB strains suggesting household TB transmission was more common when the contact was diagnosed longer after the index case and when the household was less poor. 
This suggests that concurrent TB disease in household members is associated with poverty causing TB reactivation, whereas household TB transmission of the same TB strain usually took longer to develop. Thus, when household members develop TB, the strains and antibiotic susceptibilities are most likely to differ if the household is poor and the cases occur concurrently. These counter-intuitive findings have important implications for the empiric treatment of household contacts of patients with antibiotic-resistant TB.
