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MAP 4 Distribution of proportion of MDR-TB among previously treated TB cases, 1994–2009
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MAP 3 Distribution of proportion of MDR-TB among new TB cases, 1994–2009
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Knowledge	  is	  Power…	  
And	  We	  Are	  Weak.	  
Number	  of	  country-‐year	  data	  points	  on	  DR-‐TB,	  1994-‐2010	  	  
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Different	  Epidemics:	  
Different	  Cascades	  
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Different	  Epidemics:	  
Different	  Outcomes	  



A	  Way	  Forward:	  3	  Steps	  
•  Step	  1:	  Know	  Your	  Epidemic	  
•  Surveillance	  
•  Sources	  (of	  TB)	  
•  Systems	  



A	  Way	  Forward:	  3	  Steps	  
•  Step	  2:	  Know	  Your	  Local	  OpKons	  
•  Tools	  
•  Teams	  
•  Trust	  



A	  Way	  Forward:	  3	  Steps	  
•  Step	  3:	  Make	  The	  Match	  
• Put	  your	  effort	  where	  your	  epidemic	  is.	  
• Use	  the	  “trusted	  teams	  and	  tools”	  to	  target	  
the	  sources	  of	  transmission.	  
•  Normalize	  the	  hotspots.	  

after a given time (10), or transmission rates may be so high that
a prevented transmission event is quickly followed by another
transmission event (15). However, in the absence of complete
geographic isolation, hotspots should contribute a greater pro-
portion of ongoing community-wide TB transmission than would
be estimated by comparing relative incidence rates alone.
It has been well-demonstrated that reducing TB transmission in

hyperendemic hotspots is far more difficult than in the general
community (16). Preventing a case of TB in a resource-poor
hotspot is almost certainly more difficult and costly than pre-
venting a case in the general community. However, our model
predicts that in the long term [and similar to other diseases, in-
cluding malaria (8) and sexually transmitted infections (6)], the
community-wide impact of preventing hotspot cases is likely to be
disproportionately large. In our model, achieving TB control tar-
gets (e.g., 50% reduction in time to detection) in a hotspot com-
prising 6% of the population had similar community-wide impact
as achieving the same target in the remaining 94%. Thus, even if
the hotspot-based target was 10! more expensive to achieve on
a per-capita basis, its impact on TB incidence per dollar spent
would be greater than the hotspot-exclusionary target. This finding
has particular relevance as national TB control programs consider
how best to scale-up novel diagnostic interventions [e.g., Xpert
MTB/RIF, a cartridge-based, automated diagnostic test that can
identify Mycobacterium tuberculosis (MTB) and resistance to ri-
fampicin (RIF) (17, 18)]; our model suggests that targeting such
interventions—and the necessary infrastructure for reporting and
treatment (19, 20)—to hotspots of high TB transmission may be
a more cost-effective use of resources, even if fewer units can be
deployed than when targeted to the general population.
The projected impact of hotspot-targeted interventions

depends strongly on the rate of TB transmission from cases in the
hotspot to members of the general community. Such cross-trans-
mission events may be common in the setting of nosocomial
transmission, incarceration, migration/transportation, and occu-
pational exposures. Prior studies have shown that the amount of
transmission that occurs in the household may be small (21, 22),
but other transmission events (e.g., at social events) (23) may be
far more likely to occur within geographically defined boundaries
than across them. This may also be true of hotspots (e.g., town-
ships in Cape Town, South Africa) (24) that are geographically

isolated from low-incidence areas. By contrast, the areas of highest
TB incidence in Rio de Janeiro are centrally located and in close
geographic proximity to commercial districts and other residen-
tial areas, making them potentially more important to ongoing
city-wide TB transmission. Similar findings, in which the majority
of cases attributed to recent transmission are not geographically
aggregated, have been reported in Baltimore (25) and Harare,
Zimbabwe (26). Although molecular epidemiology studies are
unlikely to be undertaken on a sufficient scale to ascertain the
relative rates of transmission within vs. across hotspots on a popu-
lation level (10), further modeling and mapping studies may shed
light on this question, which is of critical importance in deter-
mining the appropriate prioritization of hotspot-centered inter-
ventions in TB control.
As with any mathematical model, our analysis has important

limitations. First, for purposes of conducting a parsimonious ex-
periment, we adopted a deterministic framework with two geo-
graphically defined compartments. Though this method allows us
to investigate geographic heterogeneity in transmission with mini-
mal reliance on extraneous parameter estimates, more complex
models (e.g., agent-based models) would be necessary to elucidate
important relationships on a finer scale, including social networks
and household structure. Furthermore, our summation of three
population clusters into a single transmission hotspot may be overly
simplistic, although a model with three separate hotspots gave
identical results. Second, as a proof-of-concept study, we did not
evaluate the absolute impact of any specific TB control inter-
vention. Thus, our numerical estimates of potential impact should
be interpreted with caution. Third, we chose to model the pop-
ulation of Rio de Janeiro as a site with known geographic het-
erogeneity in TB incidence and existing high-quality surveillance
systems. Though we believe the concepts elucidated by this model
may be broadly applicable, caution should be exercised in gener-
alizing specific estimates (e.g., the size or intensity of the trans-
mission hotspot) to other epidemiological situations. Finally, the
quality of our surveillance data may be lower in hotspots than in
other districts of the city (e.g., underdetection of cases in hot-
spots); to the extent this is true, our data may underestimate the
contribution of hotspots to ongoing city-wide TB transmission.
In conclusion, geographic heterogeneity in TB transmission

results in hotspots that may play a disproportionate role in

Fig. 5. Projected reduction in city-wide TB incidence after normalizing hotspots, according to size and intensity of hotspot. Values of contour lines show the
proportional reduction in city-wide TB incidence at the end of year 5 achieved by lowering TB transmission in hotspots to the mean value in the rest of the city
(Fig. 3, green line). Box A assumes complete geographic isolation of the hotspot (i.e., no cross-transmission from hotspot to community), box B assumes 0.5
transmission events from hotspot to community for every hotspot-to-hotspot transmission, and box C assumes one hotspot-to-community transmission for
every hotspot-to-hotspot transmission. The baseline scenario in the text corresponds to box B, with a relative transmission rate of 2.6 and hotspot size of 0.06
(9.8% reduction). Other scenarios that replicate the TB incidence seen in Rio de Janeiro hotspots are a relative transmission rate of 2.1 in box A (4.3% re-
duction) and 3.5 in box C (16.3% reduction). These scenarios are shown with open circles.
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Summary	  
•  In	  TB	  control,	  one	  size	  fits	  none.	  
• Knowledge	  is	  power:	  we	  need	  more.	  
•  3	  Steps	  Forward:	  
• Know	  Your	  Epidemic	  
• Know	  Your	  Local	  Op]ons	  
• Make	  The	  Match	  

•  The	  global	  TB	  community	  must	  develop	  flexible	  tools	  to	  
advance	  local-‐level	  knowledge	  &	  solu=ons,	  not	  aim	  for	  a	  
global	  “one	  size	  fits	  all”	  policy	  package.	  


