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The Opportunities 

 The introduction and scale-up of new tools for the diagnosis of 
Tuberculosis (TB) in developing countries has the potential to make a huge 
difference to the lives of millions of people living in poverty e.g.  
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Liquid Culture 

MGIT 

GeneXpert MTB/RIF 

Line Probe Assay 

HAIN 

Small PM, Pai M. (2010), Tuberculosis diagnosis - time for a game change. N Engl J Med. 2010; 363(11): 1070-1. 
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Providing evidence 

 Critical evidence is provided by :-  
 Laboratory Tests 

 Demonstration Studies 

 Explanatory Trials (Does it work?) 

 Pragmatic Trials (Does it work in normal practice in a  particular context?) 

 

 Modelling complements trials by applying the evidence to 
other similar or different contexts to 
 Project patient effects across a wide spectrum of measures 

 Project health system impacts and costs 

 Project impacts of scale-up 

 Assess incremental cost effectiveness models 

 Project TB incidence impacts when linked to transmission models 

 

 

 

SB. Squire, ARC. Ramsay, S. van den Hof, KA. Millington, I. Langley, G. Bello, A. Kritski, 

A. Detjen, R. Thomson, F. Cobelens, GH. Mann, Making innovations accessible to the poor through 

implementation research, INT J TUBERC LUNG DIS 15(7):862–870, doi:10.5588/ijtld.11.0161 
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Providing evidence 

Patients Health System Community 

How many more patients 

with TB will be diagnosed? 

How many more patients 

will be cured? 

Which patients will benefit? 

- The poor, HIV+? 

How will it effect access 

to care and patient costs? 

What will be the effect on staffing, 

Infrastructure, procurement, 

bottlenecks and capacity? 

How much will it cost to 

Implement , maintain, & run? 

Is it sustainable? 

How cost effective is it 

compared to other approaches? 

Now and in the future? 

How will it effect transmission? 

TB & MDR-TB incidence? 

TB prevalence? 

EFFICACY 

- How well does 

it work? 

EQUITY 

- Who benefits 

and why? 

SCALE-UP 

- Impacts of 

national rollout? 

HEALTH SYSTEM 

- Operational 

effects? 

HORIZON SCANNING 

- How does it compare 

to other new/future 

technologies? 

Impact 

Assessment 

Framework* 

* Mann G, Squire SB, Bissell K, Eliseev P, Du Toit E, Hesseling A, et al. (2010), Beyond accuracy: creating a 

comprehensive evidence base for TB diagnostic tools. Int J Tuberc Lung Dis. 2010; 14(12): 1518-24. 
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The Treat TB modelling approach 

Patient & Health 

System Impacts 

Transmission 

Impacts 

TB Incidence 

Time to diagnosis 

Default Rates 

Cure Rates 

Lin HH, Langley I, Mwenda R, et al. (2011), A modelling framework to support the selection and implementation of new 

tuberculosis diagnostic tools. Int J Tuberc Lung Dis 15(8):996–1004, doi:10.5588/ijtld.11.0062  
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The operational model can be seen as a ‘Virtual Implementation’ and its utility is 
greatly enhanced when it is:- 

 

A. Sufficiently detailed - to take account of the complex interactions that affect outcomes, 
cause bottlenecks, and limit capacity 

B. Visual- to give a representation of the operation that enables non modellers (e.g. policy 
makers) to engage with the modelling and assist in its validation – not a ‘black box’.  

C. Flexible- so the effects of many  new and existing diagnostics options and contexts can be 
modelled. Also enabling ‘what if?’ questions to be addressed.  

D. Output rich - so outcomes can be analysed using readily available database and statistical 
tools e.g. matching the WHO output requirements for monitoring implementations of Xpert 
MTB/RIF 

E. Powerful – to enable many iterations of the process to be rapidly completed e.g. simulating 
5-10 years of TB diagnosis in under an hour of real time 

 

Such approaches are widely used to model changes to health systems in the 
developed world, but have not been used previously in the developing world 

Operational model 

Katsaliaki K, Mustafee N (2010), Applications of simulation within the healthcare context. Journal of the Operational 

Research Society. 2010; doi:10.1057/ jors.2010.20mall PM,  
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Operational model design – Inputs 

DIAGONSTIC CENTRE CURRENT PERFORMANCE

Annual Smear Positive TB Cases 255

Annual Smear Negative TB Cases 64

Annual Retreatment Cases 91

HIV+ rate in TB cases 42.0%

Proportion of new suspects Smear Poitive 11.6%

EXCEL WORKBOOK 

DIAGNOSTIC DEMAND MATRIX DISTRICT1 Parameters marked in yellow must be input

SMEAR +ve -ve -ve -ve -ve Default N0.

X-RAY No Yes Yes No Diagnosis Seeking

TREATMENT Yes Yes Yes No No No TOTAL

NEW/ 

RETREAT HIV

NEW +ve 95 0 39 789 0 163 1,086

-ve 160 0 25 1,090 0 225 1,500

TOTAL 255 0 64 1,879 0 388 2,586

RETREAT +ve 38 2 40

-ve 53 3 56

TOTAL 91 5 96

PATIENT CATEGORY

Assumptions validated with experts, 
published literature, and subject to 
sensitivity analysis e.g. 
 Accuracy (Sensitivity and Specificity 

of each test) 
 TB suspect and treatment default 

rates 
 Diagnostic processes and 

treatment times 
 Costing information 

The 

Diagnostic 

Options 
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A detailed model 

was developed 

using the 

WITNESS 

Simulation 

Software. Patients 

are modelled 

through each 

process from 

Health Clinics into 

a TB Diagnostic 

Centre and through 

to Treatment where 

appropriate. 

Operational model design – Diagnostic Centre 
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Sputum samples are 

modelled through the lab 

process. The lab model 

shows a schematic of the 

process and includes 

microscopy and Xpert 

MTB/RIF with flows 

defined for each sample 

by rules defined in an 

input data files 

Lab technicians and assistants as well as 

clinical staff are modelled as resources 

Operational model design – Diagnostic Lab 
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Samples from patients where there is a risk of 

drug resistance are transported to the Central 

TB Reference Lab for Drug Sensitivity Testing. 

Operational model design – Drug Sensitivity 
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EXCEL WORKBOOK 

Data is output to an Excel Workbook every 

Quarter in line with the World Health 

Organisation requirements for trials of TB 

diagnostics 

LAB TESTS COMPLETED

TOTAL

Year TB Positive TB Negative TB Positive TB Negative TB Positive TB Negative

RIF Sensitive RIF Resistant RIF Sensitive RIF Resistant RIF Sensitive RIF Resistant RIF Sensitive RIF Resistant No. +ve rate No. +ve rate RIF+% No. +ve rate No. +ve rate No. +ve rate RIF+% No. +ve rate No. +ve rate No. +ve rate No. +ve rate RIF+% No. +ve rate

QTR1 0 0 0 10386 0 49503 255 0 0 697 0 0 0 216 1440 0 0.0% 60144 17.3% 0.4% 60144 17.3% 0 0.0% 697 100.0% 0.0% 697 100.0% 1656 13.0% 1656 13.0% 60841 18.2% 0.4% 64153 17.9%

QTR2 0 0 0 24552 5 106444 495 0 0 2107 0 0 0 834 15114 0 0.0% 131496 18.7% 0.4% 131496 18.7% 0 0.0% 2107 100.0% 0.0% 2107 100.0% 15948 5.2% 15948 5.2% 133603 20.0% 0.4% 165499 17.1%

QTR3 0 0 0 37385 14 158436 606 0 0 3168 0 0 0 1270 47234 0 0.0% 196441 19.0% 0.3% 196441 19.0% 0 0.0% 3168 100.0% 0.0% 3168 100.0% 48504 2.6% 48504 2.6% 199609 20.3% 0.3% 296617 14.5%

QTR4 0 0 0 49067 14 213168 630 0 0 4393 0 0 0 1601 86032 0 0.0% 262879 18.7% 0.2% 262879 18.7% 0 0.0% 4393 100.0% 0.0% 4393 100.0% 87633 1.8% 87633 1.8% 267272 20.0% 0.2% 442538 12.8%

QTR1 1 0 0 62480 24 269317 635 0 0 5134 0 0 0 2205 121671 0 0.0% 332456 18.8% 0.2% 332456 18.8% 0 0.0% 5134 100.0% 0.0% 5134 100.0% 123876 1.8% 123876 1.8% 337590 20.0% 0.2% 585342 12.3%

QTR2 1 0 0 74887 34 324382 760 0 0 6354 0 0 0 2615 157839 0 0.0% 400063 18.7% 0.2% 400063 18.7% 0 0.0% 6354 100.0% 0.0% 6354 100.0% 160454 1.6% 160454 1.6% 406417 20.0% 0.2% 727325 11.9%

QTR3 1 0 0 87870 34 377930 770 0 0 7774 23 0 0 3321 194110 0 0.0% 466604 18.8% 0.2% 466604 18.8% 0 0.0% 7797 100.0% 0.3% 7797 100.0% 197431 1.7% 197431 1.7% 474401 20.2% 0.2% 869263 11.8%

QTR4 1 0 0 102091 34 433179 785 0 0 8483 23 0 0 4222 230341 0 0.0% 536089 19.1% 0.2% 536089 19.1% 0 0.0% 8506 100.0% 0.3% 8506 100.0% 234563 1.8% 234563 1.8% 544595 20.3% 0.2% 1013721 11.7%

QTR1 2 0 0 115591 48 484988 920 0 0 9733 23 0 0 4618 268971 0 0.0% 601547 19.2% 0.2% 601547 19.2% 0 0.0% 9756 100.0% 0.2% 9756 100.0% 273589 1.7% 273589 1.7% 611303 20.5% 0.2% 1158481 11.6%

QTR2 2 0 0 127988 48 538919 1075 0 0 10494 23 0 0 5072 308890 0 0.0% 668030 19.2% 0.2% 668030 19.2% 0 0.0% 10517 100.0% 0.2% 10517 100.0% 313962 1.6% 313962 1.6% 678547 20.4% 0.2% 1306471 11.4%

QTR3 2 0 0 140463 53 594255 1225 0 0 11719 23 0 0 5622 346138 0 0.0% 735996 19.1% 0.2% 735996 19.1% 0 0.0% 11742 100.0% 0.2% 11742 100.0% 351760 1.6% 351760 1.6% 747738 20.4% 0.2% 1451258 11.3%

QTR4 2 0 0 153045 154 648647 1245 0 0 12807 28 0 0 6464 382143 0 0.0% 803091 19.1% 0.2% 803091 19.1% 0 0.0% 12835 100.0% 0.2% 12835 100.0% 388607 1.7% 388607 1.7% 815926 20.3% 0.2% 1593140 11.2%

QTR1 3 0 0 164943 154 705334 1351 0 0 14257 28 0 0 7456 419160 0 0.0% 871782 18.9% 0.2% 871782 18.9% 0 0.0% 14285 100.0% 0.2% 14285 100.0% 426616 1.7% 426616 1.7% 886067 20.2% 0.2% 1739299 11.2%

QTR2 3 0 0 178772 154 760360 1764 0 0 15463 28 0 0 7679 456421 0 0.0% 941050 19.0% 0.2% 941050 19.0% 0 0.0% 15491 100.0% 0.2% 15491 100.0% 464100 1.7% 464100 1.7% 956541 20.3% 0.2% 1884741 11.1%

QTR3 3 0 0 191521 154 814517 1885 0 0 16257 28 0 0 8203 493090 0 0.0% 1008077 19.0% 0.2% 1008077 19.0% 0 0.0% 16285 100.0% 0.2% 16285 100.0% 501293 1.6% 501293 1.6% 1024362 20.3% 0.2% 2026948 11.1%

QTR4 3 0 0 204459 159 871736 1995 0 0 17192 28 0 0 8790 532752 0 0.0% 1078349 19.0% 0.2% 1078349 19.0% 0 0.0% 17220 100.0% 0.2% 17220 100.0% 541542 1.6% 541542 1.6% 1095569 20.2% 0.2% 2178653 11.0%

QTR1 4 0 0 217244 164 924028 2207 0 0 18054 67 0 0 9523 571113 0 0.0% 1143643 19.0% 0.2% 1143643 19.0% 0 0.0% 18121 100.0% 0.4% 18121 100.0% 580636 1.6% 580636 1.6% 1161764 20.3% 0.2% 2323036 11.0%

QTR2 4 0 0 228348 265 976900 2371 0 0 18925 67 0 0 10005 607374 0 0.0% 1207884 18.9% 0.2% 1207884 18.9% 0 0.0% 18992 100.0% 0.4% 18992 100.0% 617379 1.6% 617379 1.6% 1226876 20.2% 0.2% 2461634 10.9%

QTR3 4 0 0 242159 270 1034796 2620 0 0 20136 67 0 0 10872 643168 0 0.0% 1279845 18.9% 0.2% 1279845 18.9% 0 0.0% 20203 100.0% 0.3% 20203 100.0% 654040 1.7% 654040 1.7% 1300048 20.2% 0.2% 2608128 10.9%

QTR4 4 0 0 254456 270 1091989 2890 0 0 21615 67 0 0 11381 678982 0 0.0% 1349605 18.9% 0.2% 1349605 18.9% 0 0.0% 21682 100.0% 0.3% 21682 100.0% 690363 1.6% 690363 1.6% 1371287 20.2% 0.2% 2752013 10.9%

QTR1 5 0 0 267876 314 1146738 3024 0 0 22882 67 0 0 12315 716280 0 0.0% 1417952 18.9% 0.2% 1417952 18.9% 0 0.0% 22949 100.0% 0.3% 22949 100.0% 728595 1.7% 728595 1.7% 1440901 20.2% 0.2% 2898091 10.9%

QTR2 5 0 0 281302 381 1199144 3139 0 0 24070 67 0 0 13186 754661 0 0.0% 1483966 19.0% 0.2% 1483966 19.0% 0 0.0% 24137 100.0% 0.3% 24137 100.0% 767847 1.7% 767847 1.7% 1508103 20.3% 0.2% 3043797 10.9%

QTR3 5 0 0 293099 588 1252241 3163 0 0 25438 72 0 0 13573 795412 0 0.0% 1549091 19.0% 0.2% 1549091 19.0% 0 0.0% 25510 100.0% 0.3% 25510 100.0% 808985 1.7% 808985 1.7% 1574601 20.3% 0.2% 3192571 10.8%

QTR4 5 0 0 305602 588 1307122 3299 0 0 26692 72 0 0 13992 831971 0 0.0% 1616611 18.9% 0.2% 1616611 18.9% 0 0.0% 26764 100.0% 0.3% 26764 100.0% 845963 1.7% 845963 1.7% 1643375 20.3% 0.2% 3335301 10.8%

QTR1 6 0 0 317096 588 1361429 3342 0 0 28007 72 0 0 14734 868367 0 0.0% 1682455 18.9% 0.2% 1682455 18.9% 0 0.0% 28079 100.0% 0.3% 28079 100.0% 883101 1.7% 883101 1.7% 1710534 20.2% 0.2% 3476736 10.8%

QTR2 6 0 0 329929 602 1414999 3453 0 0 29308 72 0 0 15278 905074 0 0.0% 1748983 18.9% 0.2% 1748983 18.9% 0 0.0% 29380 100.0% 0.2% 29380 100.0% 920352 1.7% 920352 1.7% 1778363 20.2% 0.2% 3619067 10.8%

QTR3 6 0 0 343320 607 1473276 3462 0 0 30327 77 0 0 15879 941842 0 0.0% 1820665 18.9% 0.2% 1820665 18.9% 0 0.0% 30404 100.0% 0.3% 30404 100.0% 957721 1.7% 957721 1.7% 1851069 20.2% 0.2% 3766511 10.8%

QTR4 6 0 0 357437 708 1524412 3572 0 0 31088 77 0 0 16581 980609 0 0.0% 1886129 19.0% 0.2% 1886129 19.0% 0 0.0% 31165 100.0% 0.2% 31165 100.0% 997190 1.7% 997190 1.7% 1917294 20.3% 0.2% 3911674 10.8%
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TREATMENT MONITORING TOTALGeneXpert Micrsoscopy

MicroPositive Negative Positive Negative Micro GX

GeneXpert Micrsoscopy NEW SUSPECTS RETREAT

Total Micro

NEW SUSPECTS RETREAT TREATMENT MONITORING TOTAL

Micrsoscopy

GX GX TotalTotal Micro

LAB TESTS COMPLETED

TOTAL

Year TB Positive TB Negative TB Positive TB Negative TB Positive TB Negative

RIF Sensitive RIF Resistant RIF Sensitive RIF Resistant RIF Sensitive RIF Resistant RIF Sensitive RIF Resistant No. +ve rate No. +ve rate RIF+% No. +ve rate No. +ve rate No. +ve rate RIF+% No. +ve rate No. +ve rate No. +ve rate No. +ve rate RIF+% No. +ve rate

QTR1 0 0 0 10386 0 49503 255 0 0 697 0 0 0 216 1440 0 0.0% 60144 17.3% 0.4% 60144 17.3% 0 0.0% 697 100.0% 0.0% 697 100.0% 1656 13.0% 1656 13.0% 60841 18.2% 0.4% 64153 17.9%

QTR2 0 0 0 24552 5 106444 495 0 0 2107 0 0 0 834 15114 0 0.0% 131496 18.7% 0.4% 131496 18.7% 0 0.0% 2107 100.0% 0.0% 2107 100.0% 15948 5.2% 15948 5.2% 133603 20.0% 0.4% 165499 17.1%

QTR3 0 0 0 37385 14 158436 606 0 0 3168 0 0 0 1270 47234 0 0.0% 196441 19.0% 0.3% 196441 19.0% 0 0.0% 3168 100.0% 0.0% 3168 100.0% 48504 2.6% 48504 2.6% 199609 20.3% 0.3% 296617 14.5%

QTR4 0 0 0 49067 14 213168 630 0 0 4393 0 0 0 1601 86032 0 0.0% 262879 18.7% 0.2% 262879 18.7% 0 0.0% 4393 100.0% 0.0% 4393 100.0% 87633 1.8% 87633 1.8% 267272 20.0% 0.2% 442538 12.8%

QTR1 1 0 0 62480 24 269317 635 0 0 5134 0 0 0 2205 121671 0 0.0% 332456 18.8% 0.2% 332456 18.8% 0 0.0% 5134 100.0% 0.0% 5134 100.0% 123876 1.8% 123876 1.8% 337590 20.0% 0.2% 585342 12.3%

QTR2 1 0 0 74887 34 324382 760 0 0 6354 0 0 0 2615 157839 0 0.0% 400063 18.7% 0.2% 400063 18.7% 0 0.0% 6354 100.0% 0.0% 6354 100.0% 160454 1.6% 160454 1.6% 406417 20.0% 0.2% 727325 11.9%

QTR3 1 0 0 87870 34 377930 770 0 0 7774 23 0 0 3321 194110 0 0.0% 466604 18.8% 0.2% 466604 18.8% 0 0.0% 7797 100.0% 0.3% 7797 100.0% 197431 1.7% 197431 1.7% 474401 20.2% 0.2% 869263 11.8%

QTR4 1 0 0 102091 34 433179 785 0 0 8483 23 0 0 4222 230341 0 0.0% 536089 19.1% 0.2% 536089 19.1% 0 0.0% 8506 100.0% 0.3% 8506 100.0% 234563 1.8% 234563 1.8% 544595 20.3% 0.2% 1013721 11.7%

QTR1 2 0 0 115591 48 484988 920 0 0 9733 23 0 0 4618 268971 0 0.0% 601547 19.2% 0.2% 601547 19.2% 0 0.0% 9756 100.0% 0.2% 9756 100.0% 273589 1.7% 273589 1.7% 611303 20.5% 0.2% 1158481 11.6%

QTR2 2 0 0 127988 48 538919 1075 0 0 10494 23 0 0 5072 308890 0 0.0% 668030 19.2% 0.2% 668030 19.2% 0 0.0% 10517 100.0% 0.2% 10517 100.0% 313962 1.6% 313962 1.6% 678547 20.4% 0.2% 1306471 11.4%

QTR3 2 0 0 140463 53 594255 1225 0 0 11719 23 0 0 5622 346138 0 0.0% 735996 19.1% 0.2% 735996 19.1% 0 0.0% 11742 100.0% 0.2% 11742 100.0% 351760 1.6% 351760 1.6% 747738 20.4% 0.2% 1451258 11.3%

QTR4 2 0 0 153045 154 648647 1245 0 0 12807 28 0 0 6464 382143 0 0.0% 803091 19.1% 0.2% 803091 19.1% 0 0.0% 12835 100.0% 0.2% 12835 100.0% 388607 1.7% 388607 1.7% 815926 20.3% 0.2% 1593140 11.2%

QTR1 3 0 0 164943 154 705334 1351 0 0 14257 28 0 0 7456 419160 0 0.0% 871782 18.9% 0.2% 871782 18.9% 0 0.0% 14285 100.0% 0.2% 14285 100.0% 426616 1.7% 426616 1.7% 886067 20.2% 0.2% 1739299 11.2%

QTR2 3 0 0 178772 154 760360 1764 0 0 15463 28 0 0 7679 456421 0 0.0% 941050 19.0% 0.2% 941050 19.0% 0 0.0% 15491 100.0% 0.2% 15491 100.0% 464100 1.7% 464100 1.7% 956541 20.3% 0.2% 1884741 11.1%

QTR3 3 0 0 191521 154 814517 1885 0 0 16257 28 0 0 8203 493090 0 0.0% 1008077 19.0% 0.2% 1008077 19.0% 0 0.0% 16285 100.0% 0.2% 16285 100.0% 501293 1.6% 501293 1.6% 1024362 20.3% 0.2% 2026948 11.1%

QTR4 3 0 0 204459 159 871736 1995 0 0 17192 28 0 0 8790 532752 0 0.0% 1078349 19.0% 0.2% 1078349 19.0% 0 0.0% 17220 100.0% 0.2% 17220 100.0% 541542 1.6% 541542 1.6% 1095569 20.2% 0.2% 2178653 11.0%

QTR1 4 0 0 217244 164 924028 2207 0 0 18054 67 0 0 9523 571113 0 0.0% 1143643 19.0% 0.2% 1143643 19.0% 0 0.0% 18121 100.0% 0.4% 18121 100.0% 580636 1.6% 580636 1.6% 1161764 20.3% 0.2% 2323036 11.0%

QTR2 4 0 0 228348 265 976900 2371 0 0 18925 67 0 0 10005 607374 0 0.0% 1207884 18.9% 0.2% 1207884 18.9% 0 0.0% 18992 100.0% 0.4% 18992 100.0% 617379 1.6% 617379 1.6% 1226876 20.2% 0.2% 2461634 10.9%

QTR3 4 0 0 242159 270 1034796 2620 0 0 20136 67 0 0 10872 643168 0 0.0% 1279845 18.9% 0.2% 1279845 18.9% 0 0.0% 20203 100.0% 0.3% 20203 100.0% 654040 1.7% 654040 1.7% 1300048 20.2% 0.2% 2608128 10.9%

QTR4 4 0 0 254456 270 1091989 2890 0 0 21615 67 0 0 11381 678982 0 0.0% 1349605 18.9% 0.2% 1349605 18.9% 0 0.0% 21682 100.0% 0.3% 21682 100.0% 690363 1.6% 690363 1.6% 1371287 20.2% 0.2% 2752013 10.9%

QTR1 5 0 0 267876 314 1146738 3024 0 0 22882 67 0 0 12315 716280 0 0.0% 1417952 18.9% 0.2% 1417952 18.9% 0 0.0% 22949 100.0% 0.3% 22949 100.0% 728595 1.7% 728595 1.7% 1440901 20.2% 0.2% 2898091 10.9%

QTR2 5 0 0 281302 381 1199144 3139 0 0 24070 67 0 0 13186 754661 0 0.0% 1483966 19.0% 0.2% 1483966 19.0% 0 0.0% 24137 100.0% 0.3% 24137 100.0% 767847 1.7% 767847 1.7% 1508103 20.3% 0.2% 3043797 10.9%

QTR3 5 0 0 293099 588 1252241 3163 0 0 25438 72 0 0 13573 795412 0 0.0% 1549091 19.0% 0.2% 1549091 19.0% 0 0.0% 25510 100.0% 0.3% 25510 100.0% 808985 1.7% 808985 1.7% 1574601 20.3% 0.2% 3192571 10.8%

QTR4 5 0 0 305602 588 1307122 3299 0 0 26692 72 0 0 13992 831971 0 0.0% 1616611 18.9% 0.2% 1616611 18.9% 0 0.0% 26764 100.0% 0.3% 26764 100.0% 845963 1.7% 845963 1.7% 1643375 20.3% 0.2% 3335301 10.8%

QTR1 6 0 0 317096 588 1361429 3342 0 0 28007 72 0 0 14734 868367 0 0.0% 1682455 18.9% 0.2% 1682455 18.9% 0 0.0% 28079 100.0% 0.3% 28079 100.0% 883101 1.7% 883101 1.7% 1710534 20.2% 0.2% 3476736 10.8%

QTR2 6 0 0 329929 602 1414999 3453 0 0 29308 72 0 0 15278 905074 0 0.0% 1748983 18.9% 0.2% 1748983 18.9% 0 0.0% 29380 100.0% 0.2% 29380 100.0% 920352 1.7% 920352 1.7% 1778363 20.2% 0.2% 3619067 10.8%

QTR3 6 0 0 343320 607 1473276 3462 0 0 30327 77 0 0 15879 941842 0 0.0% 1820665 18.9% 0.2% 1820665 18.9% 0 0.0% 30404 100.0% 0.3% 30404 100.0% 957721 1.7% 957721 1.7% 1851069 20.2% 0.2% 3766511 10.8%

QTR4 6 0 0 357437 708 1524412 3572 0 0 31088 77 0 0 16581 980609 0 0.0% 1886129 19.0% 0.2% 1886129 19.0% 0 0.0% 31165 100.0% 0.2% 31165 100.0% 997190 1.7% 997190 1.7% 1917294 20.3% 0.2% 3911674 10.8%
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QTR3 7

QTR4 7

QTR1 8

QTR2 8

QTR3 8

QTR4 8

QTR1 9

QTR2 9

QTR3 9

QTR4 9

QTR1 10

QTR2 10

QTR3 10

QTR4 10

TREATMENT MONITORING TOTALGeneXpert Micrsoscopy

MicroPositive Negative Positive Negative Micro GX

GeneXpert Micrsoscopy NEW SUSPECTS RETREAT

Total Micro

NEW SUSPECTS RETREAT TREATMENT MONITORING TOTAL

Micrsoscopy

GX GX TotalTotal Micro

LAB TESTS COMPLETED

TOTAL

Year TB Positive TB Negative TB Positive TB Negative TB Positive TB Negative

RIF Sensitive RIF Resistant RIF Sensitive RIF Resistant RIF Sensitive RIF Resistant RIF Sensitive RIF Resistant No. +ve rate No. +ve rate RIF+% No. +ve rate No. +ve rate No. +ve rate RIF+% No. +ve rate No. +ve rate No. +ve rate No. +ve rate RIF+% No. +ve rate

QTR1 0 0 0 10386 0 49503 255 0 0 697 0 0 0 216 1440 0 0.0% 60144 17.3% 0.4% 60144 17.3% 0 0.0% 697 100.0% 0.0% 697 100.0% 1656 13.0% 1656 13.0% 60841 18.2% 0.4% 64153 17.9%

QTR2 0 0 0 24552 5 106444 495 0 0 2107 0 0 0 834 15114 0 0.0% 131496 18.7% 0.4% 131496 18.7% 0 0.0% 2107 100.0% 0.0% 2107 100.0% 15948 5.2% 15948 5.2% 133603 20.0% 0.4% 165499 17.1%

QTR3 0 0 0 37385 14 158436 606 0 0 3168 0 0 0 1270 47234 0 0.0% 196441 19.0% 0.3% 196441 19.0% 0 0.0% 3168 100.0% 0.0% 3168 100.0% 48504 2.6% 48504 2.6% 199609 20.3% 0.3% 296617 14.5%

QTR4 0 0 0 49067 14 213168 630 0 0 4393 0 0 0 1601 86032 0 0.0% 262879 18.7% 0.2% 262879 18.7% 0 0.0% 4393 100.0% 0.0% 4393 100.0% 87633 1.8% 87633 1.8% 267272 20.0% 0.2% 442538 12.8%

QTR1 1 0 0 62480 24 269317 635 0 0 5134 0 0 0 2205 121671 0 0.0% 332456 18.8% 0.2% 332456 18.8% 0 0.0% 5134 100.0% 0.0% 5134 100.0% 123876 1.8% 123876 1.8% 337590 20.0% 0.2% 585342 12.3%

QTR2 1 0 0 74887 34 324382 760 0 0 6354 0 0 0 2615 157839 0 0.0% 400063 18.7% 0.2% 400063 18.7% 0 0.0% 6354 100.0% 0.0% 6354 100.0% 160454 1.6% 160454 1.6% 406417 20.0% 0.2% 727325 11.9%

QTR3 1 0 0 87870 34 377930 770 0 0 7774 23 0 0 3321 194110 0 0.0% 466604 18.8% 0.2% 466604 18.8% 0 0.0% 7797 100.0% 0.3% 7797 100.0% 197431 1.7% 197431 1.7% 474401 20.2% 0.2% 869263 11.8%

QTR4 1 0 0 102091 34 433179 785 0 0 8483 23 0 0 4222 230341 0 0.0% 536089 19.1% 0.2% 536089 19.1% 0 0.0% 8506 100.0% 0.3% 8506 100.0% 234563 1.8% 234563 1.8% 544595 20.3% 0.2% 1013721 11.7%

QTR1 2 0 0 115591 48 484988 920 0 0 9733 23 0 0 4618 268971 0 0.0% 601547 19.2% 0.2% 601547 19.2% 0 0.0% 9756 100.0% 0.2% 9756 100.0% 273589 1.7% 273589 1.7% 611303 20.5% 0.2% 1158481 11.6%

QTR2 2 0 0 127988 48 538919 1075 0 0 10494 23 0 0 5072 308890 0 0.0% 668030 19.2% 0.2% 668030 19.2% 0 0.0% 10517 100.0% 0.2% 10517 100.0% 313962 1.6% 313962 1.6% 678547 20.4% 0.2% 1306471 11.4%

QTR3 2 0 0 140463 53 594255 1225 0 0 11719 23 0 0 5622 346138 0 0.0% 735996 19.1% 0.2% 735996 19.1% 0 0.0% 11742 100.0% 0.2% 11742 100.0% 351760 1.6% 351760 1.6% 747738 20.4% 0.2% 1451258 11.3%

QTR4 2 0 0 153045 154 648647 1245 0 0 12807 28 0 0 6464 382143 0 0.0% 803091 19.1% 0.2% 803091 19.1% 0 0.0% 12835 100.0% 0.2% 12835 100.0% 388607 1.7% 388607 1.7% 815926 20.3% 0.2% 1593140 11.2%

QTR1 3 0 0 164943 154 705334 1351 0 0 14257 28 0 0 7456 419160 0 0.0% 871782 18.9% 0.2% 871782 18.9% 0 0.0% 14285 100.0% 0.2% 14285 100.0% 426616 1.7% 426616 1.7% 886067 20.2% 0.2% 1739299 11.2%

QTR2 3 0 0 178772 154 760360 1764 0 0 15463 28 0 0 7679 456421 0 0.0% 941050 19.0% 0.2% 941050 19.0% 0 0.0% 15491 100.0% 0.2% 15491 100.0% 464100 1.7% 464100 1.7% 956541 20.3% 0.2% 1884741 11.1%

QTR3 3 0 0 191521 154 814517 1885 0 0 16257 28 0 0 8203 493090 0 0.0% 1008077 19.0% 0.2% 1008077 19.0% 0 0.0% 16285 100.0% 0.2% 16285 100.0% 501293 1.6% 501293 1.6% 1024362 20.3% 0.2% 2026948 11.1%

QTR4 3 0 0 204459 159 871736 1995 0 0 17192 28 0 0 8790 532752 0 0.0% 1078349 19.0% 0.2% 1078349 19.0% 0 0.0% 17220 100.0% 0.2% 17220 100.0% 541542 1.6% 541542 1.6% 1095569 20.2% 0.2% 2178653 11.0%

QTR1 4 0 0 217244 164 924028 2207 0 0 18054 67 0 0 9523 571113 0 0.0% 1143643 19.0% 0.2% 1143643 19.0% 0 0.0% 18121 100.0% 0.4% 18121 100.0% 580636 1.6% 580636 1.6% 1161764 20.3% 0.2% 2323036 11.0%

QTR2 4 0 0 228348 265 976900 2371 0 0 18925 67 0 0 10005 607374 0 0.0% 1207884 18.9% 0.2% 1207884 18.9% 0 0.0% 18992 100.0% 0.4% 18992 100.0% 617379 1.6% 617379 1.6% 1226876 20.2% 0.2% 2461634 10.9%

QTR3 4 0 0 242159 270 1034796 2620 0 0 20136 67 0 0 10872 643168 0 0.0% 1279845 18.9% 0.2% 1279845 18.9% 0 0.0% 20203 100.0% 0.3% 20203 100.0% 654040 1.7% 654040 1.7% 1300048 20.2% 0.2% 2608128 10.9%

QTR4 4 0 0 254456 270 1091989 2890 0 0 21615 67 0 0 11381 678982 0 0.0% 1349605 18.9% 0.2% 1349605 18.9% 0 0.0% 21682 100.0% 0.3% 21682 100.0% 690363 1.6% 690363 1.6% 1371287 20.2% 0.2% 2752013 10.9%

QTR1 5 0 0 267876 314 1146738 3024 0 0 22882 67 0 0 12315 716280 0 0.0% 1417952 18.9% 0.2% 1417952 18.9% 0 0.0% 22949 100.0% 0.3% 22949 100.0% 728595 1.7% 728595 1.7% 1440901 20.2% 0.2% 2898091 10.9%

QTR2 5 0 0 281302 381 1199144 3139 0 0 24070 67 0 0 13186 754661 0 0.0% 1483966 19.0% 0.2% 1483966 19.0% 0 0.0% 24137 100.0% 0.3% 24137 100.0% 767847 1.7% 767847 1.7% 1508103 20.3% 0.2% 3043797 10.9%

QTR3 5 0 0 293099 588 1252241 3163 0 0 25438 72 0 0 13573 795412 0 0.0% 1549091 19.0% 0.2% 1549091 19.0% 0 0.0% 25510 100.0% 0.3% 25510 100.0% 808985 1.7% 808985 1.7% 1574601 20.3% 0.2% 3192571 10.8%

QTR4 5 0 0 305602 588 1307122 3299 0 0 26692 72 0 0 13992 831971 0 0.0% 1616611 18.9% 0.2% 1616611 18.9% 0 0.0% 26764 100.0% 0.3% 26764 100.0% 845963 1.7% 845963 1.7% 1643375 20.3% 0.2% 3335301 10.8%

QTR1 6 0 0 317096 588 1361429 3342 0 0 28007 72 0 0 14734 868367 0 0.0% 1682455 18.9% 0.2% 1682455 18.9% 0 0.0% 28079 100.0% 0.3% 28079 100.0% 883101 1.7% 883101 1.7% 1710534 20.2% 0.2% 3476736 10.8%

QTR2 6 0 0 329929 602 1414999 3453 0 0 29308 72 0 0 15278 905074 0 0.0% 1748983 18.9% 0.2% 1748983 18.9% 0 0.0% 29380 100.0% 0.2% 29380 100.0% 920352 1.7% 920352 1.7% 1778363 20.2% 0.2% 3619067 10.8%

QTR3 6 0 0 343320 607 1473276 3462 0 0 30327 77 0 0 15879 941842 0 0.0% 1820665 18.9% 0.2% 1820665 18.9% 0 0.0% 30404 100.0% 0.3% 30404 100.0% 957721 1.7% 957721 1.7% 1851069 20.2% 0.2% 3766511 10.8%

QTR4 6 0 0 357437 708 1524412 3572 0 0 31088 77 0 0 16581 980609 0 0.0% 1886129 19.0% 0.2% 1886129 19.0% 0 0.0% 31165 100.0% 0.2% 31165 100.0% 997190 1.7% 997190 1.7% 1917294 20.3% 0.2% 3911674 10.8%

QTR1 7

QTR2 7

QTR3 7

QTR4 7

QTR1 8

QTR2 8

QTR3 8

QTR4 8

QTR1 9

QTR2 9

QTR3 9

QTR4 9

QTR1 10

QTR2 10

QTR3 10

QTR4 10

TREATMENT MONITORING TOTALGeneXpert Micrsoscopy

MicroPositive Negative Positive Negative Micro GX

GeneXpert Micrsoscopy NEW SUSPECTS RETREAT

Total Micro

NEW SUSPECTS RETREAT TREATMENT MONITORING TOTAL

Micrsoscopy

GX GX TotalTotal Micro

LAB TESTS COMPLETED

TOTAL

Year TB Positive TB Negative TB Positive TB Negative TB Positive TB Negative

RIF Sensitive RIF Resistant RIF Sensitive RIF Resistant RIF Sensitive RIF Resistant RIF Sensitive RIF Resistant No. +ve rate No. +ve rate RIF+% No. +ve rate No. +ve rate No. +ve rate RIF+% No. +ve rate No. +ve rate No. +ve rate No. +ve rate RIF+% No. +ve rate

QTR1 0 0 0 10386 0 49503 255 0 0 697 0 0 0 216 1440 0 0.0% 60144 17.3% 0.4% 60144 17.3% 0 0.0% 697 100.0% 0.0% 697 100.0% 1656 13.0% 1656 13.0% 60841 18.2% 0.4% 64153 17.9%

QTR2 0 0 0 24552 5 106444 495 0 0 2107 0 0 0 834 15114 0 0.0% 131496 18.7% 0.4% 131496 18.7% 0 0.0% 2107 100.0% 0.0% 2107 100.0% 15948 5.2% 15948 5.2% 133603 20.0% 0.4% 165499 17.1%

QTR3 0 0 0 37385 14 158436 606 0 0 3168 0 0 0 1270 47234 0 0.0% 196441 19.0% 0.3% 196441 19.0% 0 0.0% 3168 100.0% 0.0% 3168 100.0% 48504 2.6% 48504 2.6% 199609 20.3% 0.3% 296617 14.5%

QTR4 0 0 0 49067 14 213168 630 0 0 4393 0 0 0 1601 86032 0 0.0% 262879 18.7% 0.2% 262879 18.7% 0 0.0% 4393 100.0% 0.0% 4393 100.0% 87633 1.8% 87633 1.8% 267272 20.0% 0.2% 442538 12.8%

QTR1 1 0 0 62480 24 269317 635 0 0 5134 0 0 0 2205 121671 0 0.0% 332456 18.8% 0.2% 332456 18.8% 0 0.0% 5134 100.0% 0.0% 5134 100.0% 123876 1.8% 123876 1.8% 337590 20.0% 0.2% 585342 12.3%

QTR2 1 0 0 74887 34 324382 760 0 0 6354 0 0 0 2615 157839 0 0.0% 400063 18.7% 0.2% 400063 18.7% 0 0.0% 6354 100.0% 0.0% 6354 100.0% 160454 1.6% 160454 1.6% 406417 20.0% 0.2% 727325 11.9%

QTR3 1 0 0 87870 34 377930 770 0 0 7774 23 0 0 3321 194110 0 0.0% 466604 18.8% 0.2% 466604 18.8% 0 0.0% 7797 100.0% 0.3% 7797 100.0% 197431 1.7% 197431 1.7% 474401 20.2% 0.2% 869263 11.8%

QTR4 1 0 0 102091 34 433179 785 0 0 8483 23 0 0 4222 230341 0 0.0% 536089 19.1% 0.2% 536089 19.1% 0 0.0% 8506 100.0% 0.3% 8506 100.0% 234563 1.8% 234563 1.8% 544595 20.3% 0.2% 1013721 11.7%

QTR1 2 0 0 115591 48 484988 920 0 0 9733 23 0 0 4618 268971 0 0.0% 601547 19.2% 0.2% 601547 19.2% 0 0.0% 9756 100.0% 0.2% 9756 100.0% 273589 1.7% 273589 1.7% 611303 20.5% 0.2% 1158481 11.6%

QTR2 2 0 0 127988 48 538919 1075 0 0 10494 23 0 0 5072 308890 0 0.0% 668030 19.2% 0.2% 668030 19.2% 0 0.0% 10517 100.0% 0.2% 10517 100.0% 313962 1.6% 313962 1.6% 678547 20.4% 0.2% 1306471 11.4%

QTR3 2 0 0 140463 53 594255 1225 0 0 11719 23 0 0 5622 346138 0 0.0% 735996 19.1% 0.2% 735996 19.1% 0 0.0% 11742 100.0% 0.2% 11742 100.0% 351760 1.6% 351760 1.6% 747738 20.4% 0.2% 1451258 11.3%

QTR4 2 0 0 153045 154 648647 1245 0 0 12807 28 0 0 6464 382143 0 0.0% 803091 19.1% 0.2% 803091 19.1% 0 0.0% 12835 100.0% 0.2% 12835 100.0% 388607 1.7% 388607 1.7% 815926 20.3% 0.2% 1593140 11.2%

QTR1 3 0 0 164943 154 705334 1351 0 0 14257 28 0 0 7456 419160 0 0.0% 871782 18.9% 0.2% 871782 18.9% 0 0.0% 14285 100.0% 0.2% 14285 100.0% 426616 1.7% 426616 1.7% 886067 20.2% 0.2% 1739299 11.2%

QTR2 3 0 0 178772 154 760360 1764 0 0 15463 28 0 0 7679 456421 0 0.0% 941050 19.0% 0.2% 941050 19.0% 0 0.0% 15491 100.0% 0.2% 15491 100.0% 464100 1.7% 464100 1.7% 956541 20.3% 0.2% 1884741 11.1%

QTR3 3 0 0 191521 154 814517 1885 0 0 16257 28 0 0 8203 493090 0 0.0% 1008077 19.0% 0.2% 1008077 19.0% 0 0.0% 16285 100.0% 0.2% 16285 100.0% 501293 1.6% 501293 1.6% 1024362 20.3% 0.2% 2026948 11.1%

QTR4 3 0 0 204459 159 871736 1995 0 0 17192 28 0 0 8790 532752 0 0.0% 1078349 19.0% 0.2% 1078349 19.0% 0 0.0% 17220 100.0% 0.2% 17220 100.0% 541542 1.6% 541542 1.6% 1095569 20.2% 0.2% 2178653 11.0%

QTR1 4 0 0 217244 164 924028 2207 0 0 18054 67 0 0 9523 571113 0 0.0% 1143643 19.0% 0.2% 1143643 19.0% 0 0.0% 18121 100.0% 0.4% 18121 100.0% 580636 1.6% 580636 1.6% 1161764 20.3% 0.2% 2323036 11.0%

QTR2 4 0 0 228348 265 976900 2371 0 0 18925 67 0 0 10005 607374 0 0.0% 1207884 18.9% 0.2% 1207884 18.9% 0 0.0% 18992 100.0% 0.4% 18992 100.0% 617379 1.6% 617379 1.6% 1226876 20.2% 0.2% 2461634 10.9%

QTR3 4 0 0 242159 270 1034796 2620 0 0 20136 67 0 0 10872 643168 0 0.0% 1279845 18.9% 0.2% 1279845 18.9% 0 0.0% 20203 100.0% 0.3% 20203 100.0% 654040 1.7% 654040 1.7% 1300048 20.2% 0.2% 2608128 10.9%

QTR4 4 0 0 254456 270 1091989 2890 0 0 21615 67 0 0 11381 678982 0 0.0% 1349605 18.9% 0.2% 1349605 18.9% 0 0.0% 21682 100.0% 0.3% 21682 100.0% 690363 1.6% 690363 1.6% 1371287 20.2% 0.2% 2752013 10.9%

QTR1 5 0 0 267876 314 1146738 3024 0 0 22882 67 0 0 12315 716280 0 0.0% 1417952 18.9% 0.2% 1417952 18.9% 0 0.0% 22949 100.0% 0.3% 22949 100.0% 728595 1.7% 728595 1.7% 1440901 20.2% 0.2% 2898091 10.9%

QTR2 5 0 0 281302 381 1199144 3139 0 0 24070 67 0 0 13186 754661 0 0.0% 1483966 19.0% 0.2% 1483966 19.0% 0 0.0% 24137 100.0% 0.3% 24137 100.0% 767847 1.7% 767847 1.7% 1508103 20.3% 0.2% 3043797 10.9%

QTR3 5 0 0 293099 588 1252241 3163 0 0 25438 72 0 0 13573 795412 0 0.0% 1549091 19.0% 0.2% 1549091 19.0% 0 0.0% 25510 100.0% 0.3% 25510 100.0% 808985 1.7% 808985 1.7% 1574601 20.3% 0.2% 3192571 10.8%

QTR4 5 0 0 305602 588 1307122 3299 0 0 26692 72 0 0 13992 831971 0 0.0% 1616611 18.9% 0.2% 1616611 18.9% 0 0.0% 26764 100.0% 0.3% 26764 100.0% 845963 1.7% 845963 1.7% 1643375 20.3% 0.2% 3335301 10.8%

QTR1 6 0 0 317096 588 1361429 3342 0 0 28007 72 0 0 14734 868367 0 0.0% 1682455 18.9% 0.2% 1682455 18.9% 0 0.0% 28079 100.0% 0.3% 28079 100.0% 883101 1.7% 883101 1.7% 1710534 20.2% 0.2% 3476736 10.8%

QTR2 6 0 0 329929 602 1414999 3453 0 0 29308 72 0 0 15278 905074 0 0.0% 1748983 18.9% 0.2% 1748983 18.9% 0 0.0% 29380 100.0% 0.2% 29380 100.0% 920352 1.7% 920352 1.7% 1778363 20.2% 0.2% 3619067 10.8%

QTR3 6 0 0 343320 607 1473276 3462 0 0 30327 77 0 0 15879 941842 0 0.0% 1820665 18.9% 0.2% 1820665 18.9% 0 0.0% 30404 100.0% 0.3% 30404 100.0% 957721 1.7% 957721 1.7% 1851069 20.2% 0.2% 3766511 10.8%

QTR4 6 0 0 357437 708 1524412 3572 0 0 31088 77 0 0 16581 980609 0 0.0% 1886129 19.0% 0.2% 1886129 19.0% 0 0.0% 31165 100.0% 0.2% 31165 100.0% 997190 1.7% 997190 1.7% 1917294 20.3% 0.2% 3911674 10.8%

QTR1 7

QTR2 7

QTR3 7

QTR4 7

QTR1 8

QTR2 8

QTR3 8

QTR4 8

QTR1 9

QTR2 9

QTR3 9

QTR4 9

QTR1 10

QTR2 10

QTR3 10

QTR4 10

TREATMENT MONITORING TOTALGeneXpert Micrsoscopy

MicroPositive Negative Positive Negative Micro GX

GeneXpert Micrsoscopy NEW SUSPECTS RETREAT

Total Micro

NEW SUSPECTS RETREAT TREATMENT MONITORING TOTAL

Micrsoscopy

GX GX TotalTotal Micro

Operational model design – Outputs 
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Health Facility Count 

Central TB Reference Lab 1 

Zonal Laboratories 2 

Regions 27 

Districts 168 

TB Laboratories >900 

Testing approach in Tanzania. 

 

Sources  

Basra Doulla , Ministry of Health, Dar es Salaam, Tanzania 

Measure Count 

Population 44million 

New TB cases per year 80k p.a. 

TB cases Treated 64k p.a. 

HIV+% in TB Incidence 47% 

Treatment Cure Rate 87% 

Modelling Approach? – Data Collation  
           & Model Calibration 



13 © The Liverpool School of Tropical Medicine 

Options to be considered for a diagnostic centre 

DIAGNOSTIC OPTIONS CURRENT OPTION OPTION OPTION

Patient Test HIV Status Smear Status 0 1 2 3

New Suspects

Primary HIV+ MICRO

HIV- MICRO

Secondary HIV+ Smear+ -

Smear- XRAY

HIV- Smear+ -

Smear- XRAY

Tertiary HIV+ Smear- -

HIV+ Smear- -

Retreat MICRO

Treatment Monitoring MICRO

DIAGNOSTIC CENTRE LAB RESOURCES

Lab Technicians 2

Lab Assistants 0

Microscopes LED 2

Microscopes ZN 0

XPERT Cartridge Positions 0

DIAGNOSTIC OPTIONS CURRENT OPTION OPTION OPTION

Patient Test HIV Status Smear Status 0 1 2 3

New Suspects

Primary HIV+ MICRO XPERT

HIV- MICRO XPERT

Secondary HIV+ Smear+ - -

Smear- XRAY XRAY

HIV- Smear+ - -

Smear- XRAY XRAY

Tertiary HIV+ Smear- - -

HIV+ Smear- - -

Retreat MICRO XPERT

Treatment Monitoring MICRO MICRO

DIAGNOSTIC CENTRE LAB RESOURCES

Lab Technicians 2 1

Lab Assistants 0 1

Microscopes LED 2 1

Microscopes ZN 0 0

XPERT Cartridge Positions 0 8

DIAGNOSTIC OPTIONS CURRENT OPTION OPTION OPTION

Patient Test HIV Status Smear Status 0 1 2 3

New Suspects

Primary HIV+ MICRO XPERT XPERT

HIV- MICRO XPERT MICRO

Secondary HIV+ Smear+ - - -

Smear- XRAY XRAY XRAY

HIV- Smear+ - - -

Smear- XRAY XRAY XRAY

Tertiary HIV+ Smear- - - -

HIV+ Smear- - - -

Retreat MICRO XPERT XPERT

Treatment Monitoring MICRO MICRO MICRO

DIAGNOSTIC CENTRE LAB RESOURCES

Lab Technicians 2 1 2

Lab Assistants 0 1 0

Microscopes LED 2 1 1

Microscopes ZN 0 0 0

XPERT Cartridge Positions 0 8 4

DIAGNOSTIC OPTIONS CURRENT OPTION OPTION OPTION

Patient Test HIV Status Smear Status 0 1 2 3

New Suspects

Primary HIV+ MICRO XPERT XPERT MICRO

HIV- MICRO XPERT MICRO MICRO

Secondary HIV+ Smear+ - - - -

Smear- XRAY XRAY XRAY XPERT

HIV- Smear+ - - - -

Smear- XRAY XRAY XRAY XRAY

Tertiary HIV+ Smear- - - - XRAY

HIV+ Smear- - - - -

Retreat MICRO XPERT XPERT XPERT

Treatment Monitoring MICRO MICRO MICRO MICRO

DIAGNOSTIC CENTRE LAB RESOURCES

Lab Technicians 2 1 2 2

Lab Assistants 0 1 0 1

Microscopes LED 2 1 1 2

Microscopes ZN 0 0 0 0

XPERT Cartridge Positions 0 8 4 4
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DIAGONSTIC CENTRE CURRENT PERFORMANCE DIAGNOSTIC OPTIONS CURRENT OPTION OPTION OPTION

Annual Smear Positive TB Cases 255 Patient Test HIV Status Smear Status 0 1 2 3

Annual Smear Negative TB Cases 64 New Suspects

Annual Retreatment Cases 91 Primary HIV+ MICRO XPERT XPERT MICRO

HIV+ rate in TB cases 42.0% HIV- MICRO XPERT MICRO MICRO

Proportion of new suspects Smear Poitive 11.6% Secondary HIV+ Smear+ - - - -

Smear- XRAY XRAY XRAY XPERT

HIV- Smear+ - - - -

Smear- XRAY XRAY XRAY XRAY

Tertiary HIV+ Smear- - - - XRAY

HIV+ Smear- - - - -

MODEL OPTION 0 Retreat MICRO XPERT XPERT XPERT

Treatment Monitoring MICRO MICRO MICRO MICRO

DIAGNOSTIC CENTRE LAB RESOURCES

Lab Technicians 2 1 2 2

Lab Assistants 0 1 0 1

Microscopes LED 2 1 1 2

Microscopes ZN 0 0 0 0

XPERT Cartridge Positions 0 8 4 4

EXAMPLE – Base Case - Microscopy 

Run Base 

    Case 
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SET-UP 
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DIAGONSTIC CENTRE CURRENT PERFORMANCE DIAGNOSTIC OPTIONS CURRENT OPTION OPTION OPTION

Annual Smear Positive TB Cases 255 Patient Test HIV Status Smear Status 0 1 2 3

Annual Smear Negative TB Cases 64 New Suspects

Annual Retreatment Cases 91 Primary HIV+ MICRO XPERT XPERT MICRO

HIV+ rate in TB cases 42.0% HIV- MICRO XPERT MICRO MICRO

Proportion of new suspects Smear Poitive 11.6% Secondary HIV+ Smear+ - - - -

Smear- XRAY XRAY XRAY XPERT

HIV- Smear+ - - - -

Smear- XRAY XRAY XRAY XRAY

Tertiary HIV+ Smear- - - - XRAY

HIV+ Smear- - - - -

MODEL OPTION 1 Retreat MICRO XPERT XPERT XPERT

Treatment Monitoring MICRO MICRO MICRO MICRO

DIAGNOSTIC CENTRE LAB RESOURCES

Lab Technicians 2 1 2 2

Lab Assistants 0 1 0 1

Microscopes LED 2 1 1 2

Microscopes ZN 0 0 0 0

XPERT Cartridge Positions 0 8 4 4

EXAMPLE – Full Xpert MTB/RIF Rollout 

Run Xpert 

      All 
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SET-UP 
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Example results for a single diagnostic centre 

 Options considered 

 Base Case - ZN Microscopy 

 Optimised LED Fluorescence Microscopy 

 Xpert MTB/RIF as frontline tool for all suspects 

 Xpert MTB/RIF for HIV+ suspects, LED Microscopy for HIV- suspects 

 LED Microscopy for Treatment follow-up 

   
 

 

Parameter Example Data from Tanzania 
Current Diagnostic Tools ZN Microscopy & X-ray 
Laboratory Staff 2 lab technicians 
TB cases per year New TB Smear +ve 560 

New TB Smear -ve 450 
Retreatment 93 

HIV+ rate in TB  Cases 42.0% 
Smear +ve Rate - New Suspects 11.4% 
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Example Results - Patient Outcomes 

0,00 5,00 10,00 15,00 20,00 25,00 30,00

Xpert/LED

Xpert

LED

ZN

Time to Diagnosis (DAYS) 

-9% 

-39% 

-29% 

Default; 
15,6% 

Complete
; 84,4% 

ZN 
Default; 
13,9% 

Complete
; 86,1% 

LED 
Default; 
10,7% 

Complete
; 89,3% 

Xpert 
Default; 
10,7% 

Complete
; 89,3% 

Xpert/LED 

Diagnostic Default rates 
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Example Results – Patient Outcomes 

0 200 400 600 800 1.000 1.200

Xpert/LED

Xpert

LED

ZN

No. of TB Patients Cured each Year 

+5%% 

+16% 

+11% 
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Example Results – Health System Outcomes 

0 20 40 60 80 100 120 140 160

Xpert/LED

Xpert

LED

ZN

Running Costs ($k p.a.) 

0 5000 10000 15000 20000

Xpert/LED

Xpert

LED

ZN

No. of Sputum Samples 
Analysed p.a. 

+0.2% 

+49% 

+27% 
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PATIENT OUTCOMES – ZN MICROSCOPY PATIENT OUTCOMES – LED MICROSCOPY PATIENT OUTCOMES – XPERT MTB/RIF 

AROUND 66.6% OF PATIENTS/SUSPECTS SEEKING DIAGNOSIS ARE CORRECTLY 
 DIAGNOSED AND TREATED FOR TB 

AROUND 69.5% OF PATIENTS/SUSPECTS SEEKING DIAGNOSIS ARE CORRECTLY 
 DIAGNOSED AND TREATED FOR TB 

AROUND 77.2% OF PATIENTS/SUSPECTS SEEKING DIAGNOSIS ARE CORRECTLY 
 DIAGNOSED AND TREATED FOR TB 

PATIENT OUTCOMES – XPERT/LED 

AROUND 73.6% OF PATIENTS/SUSPECTS SEEKING DIAGNOSIS ARE CORRECTLY 
 DIAGNOSED AND TREATED FOR TB 



23 © The Liverpool School of Tropical Medicine 

Conclusions 

 The modelling approach of options for TB diagnostics in the 
developing world:- 

 

• is practical  

 

• provides comprehensive outcome projections 

 

• can be linked effectively to transmission models 

 

• engages policy makers in validation and questioning 

 

• enables complex interactions to be taken into account 

 

• can take longer to develop than some other approaches, but once 
developed can be quickly adapted to similar contexts  
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What Next? 

 IMPACT ASSESSMENT IN TANZANIA 

 Of scale-up of the options 

 Of the proposed Xpert MTB/RIF implementations in the 5 
diagnostic centres (supporting Tanzanian staff to conduct their own 
evaluations) 

 Present results to a meeting of policy makers in Tanzania  

 

 PUBLISH 

 Publish in a pier reviewed journal 

 

 RESEARCH 

 Apply the models to other settings e.g. Malawi and Brazil 

 Develop transmission models for MDR-TB 

 Apply the models to High MDR Setting 
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