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The diagnostic access problem 

Diagnosis remains a key challenge for the End TB Strategy 

Although new tools exist, they are yet to reach impact 

We need better tools than we have today 

We need innovative solutions to optimize patient access to existing diagnostics 
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Finding diagnostic access solutions 

Scaling up access to quality-assured WRD testing is critical for the End TB Strategy 

Improving impact of existing tools is about systems not only technologies 

Optimizing patient access to diagnosis: needs to be data-driven and targeted, one size 
does not fit all 

New tools R&D remains critical to fill gaps in priority TPPs 
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Mismatch between care-seeking path & TB diagnostics availability  

Low access to TB dx services, e.g. 

pathway analysis BMGF 

Incomplete uptake of new 

tools,  

Out of Step Report (2017) 

Innovations only matter when 
they reach the people who need 
them.  
- Sue Desmond-Hellmann, CEO, Bill & Melinda 
Gates Foundation  
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Under-utilization of existing diagnostic capacity 

Notes: India and Indonesia are at >80% in 2017; 

China and Russia not shown, as non HBDC sales. 
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Patient-centred TB diagnostic network 
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Level 0 
Community/POC 

Level 1 
Microscopy centre 

Level 2 
District hospital 

Level 3 
Reference centre 

TB 
Patient 

GeneXpert 

Culture / DST 

Line probe assay (FL and 
SL) 

http://www.hain-lifescience.de/uploadfiles/image/technologie/hybeacon/fc_260.jpg


How are networks planned today? 

Geographic spread – e.g. 1 instrument per district 
or region 

• not based on where patients seek care 

 Based on current case notification data not 
demand for testing  

• both current and estimated future demand to 
find the “missing cases”) 

Focusing on laboratory services not whole 
diagnostic cascade 

• not integrated fully with other planning 

 

 



What is network design and optimization? 

Network design is the physical configuration and 
infrastructure of the diagnostic network.  

Network optimization is the selection of a best network 
configuration from a set of available alternatives based on 
selected criteria and subject to constraints. 

Impact of network optimization in the context of the TB laboratory 
network balances the need to increase access to services for 
the population with cost efficiency and feasibility of 
implementation  

Aim of network optimization is to inform: instrument placement, 
sample transportation and referral mechanisms, staffing, 
geographical prioritization, quality assurance and integration of 
testing to meet the priority needs of the TB programme 
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Network optimization objectives 

Map TB burden and current demand for TB diagnostic services  

Map current TB diagnostic network structure 

Identify the extent and distribution of gaps in existing services according to burden of disease  

Develop a set of diagnostic network designs that better and more efficiently reach “missing” TB 
cases (unmet demand) using existing infrastructure 

Model a set of new network paradigms, including new product and/or services investment, to 
advise government strategic planning and budgeting processes 

 



1. Define 
scope 

2.  Collect 
data 

3. Build 
baseline and 

validate 

4. Analyze 
scenarios 

5. Select and 
implement 

change 

6. Monitor 
impact 

Identify problem 
and set 

objectives 

Collate routine 
programmatic 

and survey data 
in multiple 

formats 

Validate baseline 
model and 
document 

validation criteria 

Comparison of 
access and cost 

by scenario 

Assess feasibility 
of preferred 
options for 

implementation 

Knowledge 
transfer 

High level 
scenario setting 

Document 
assumptions and 
methodology to 
fill any data gaps 

Check 
assumptions and 

outputs with 
country experts 

Diagnostic 
capacity 

utilization 

Implementation 
roadmap 

 

Post-optimization 
benefit audit 

 

Detailed project 
plan and 
timelines 

 

Data include 
tests, facilities, 
patients, costs, 

referral patterns 

Detailed maps for 
technology 

placement and 
network referral 

flows 

Relocation of 
existing 

diagnostics, 
invest in new 
technologies, 

optimize sample 
referral flows 

Establish impact 
indicators and 

monitoring 
system and 

conduct regular 
review 

 

Use of private sector software adapted to support lab network 

optimization 

• Adapt use of supply chain 

management modeling 

software used by 

companies like Coca Cola & 

Heineken 

 

• e.g., Llamasoft’s Supply 

Chain Guru tool (for 

“greenfield” analysis) 

 

• Optimized placement = 

minimizing demand-

weighted distance (“centre 

of gravity”)  



Sites  

Tests Demand 

• Define number, location and level/type 
of sites 

• Health facilities (customers who order 
tests) 

• Define demand for testing 
• Laboratories and testing sites (suppliers 

who perform tests) 
• Define test menu and capacity 

 
 

• Define inputs 
• Estimate costs 

• Define number and type of tests 
orders per facility   
 

 Define specimen transport 
modalities, routes and costs 

  
 

  Define referral linkage between sites 
  

 

Sourcing 
Policies 

Transportation 
Policies 

Constructing a network model: data inputs 



Methodology 

Using data compiled for patient pathway analysis (PPA) 

Compiling additional laboratory services data where needed (from existing NTP and other sources) 

Map health facilities and TB diagnostic testing sites, workload and epidemiological data, to overlay 
with diagnostic component of PPA.  

Map current specimen referral patterns and test methodologies used based on existing referrals as 
well as potential demand based on full actualization of current diagnostic algorithms  

Answers the question: Given a set of clients, what are the “best” geographic locations for 
potential facilities and design of associated referral systems? The candidate locations will be 
established de novo as well as layered onto the existing network. 

Run a series of optimisation scenarios to determine the optimal number and location of 
laboratories, technology placement, and improvements in referral mechanisms to increase access 
to services and efficiency  

 



Some questions of interest… 

What proportion of presumptive TB cases are reached 
by existing TB diagnostic network? What capacity for 
expansion? 

Where is the trade-off in terms of cost and effectiveness 
between increasing the number of GeneXpert sites and 
establishing a better sample referral mechanism? What 
would be the most efficient design for sample referral to 
minimize turnaround times and cost? 

Could POC instruments help to expand access to TB 
testing in some areas? What combination of diagnostic 
instruments would be most cost-effective? 

When rolling out new instruments with resource 
constraints, which sites will show greatest impact in 
terms of case detection, and thus should be prioritized 
for early implementation?  

With scale up of new strategies what will be the 
increased demand for diagnostic services, and where 
will demand be located? 

Are different network designs needed to address 
regional diversity, and to optimally engage private 
sector? 

 

 These are just examples – actual country scenarios will be developed with NTP to match country context 
 

Once network model is established it can used for future scenarios, e.g. new diagnostics 
 



Estimating demand 

Facility catchment population 

Population screened for TB 

Risk factors: 
age, sex, poverty, DR-TB risk 

Using actual data for 
volumes  of current 
testing 
 
 
Use country’s diagnostic 
algorithm to estimate 
demand for each type of 
test (ideal 
implementation of 
algorithm versus real-life) 

Facility level demand (number of tests) for smear, Xpert, culture/DST/LPA, CXR 
(originating facility) 

Important:  
Validate estimated demand 
using various sources of data 
and verify assumptions – NTP 
case notifications, lab data, 
demographic data etc. 
 

Population 
diagnosed 
with TB 

People 
notified/treated 
for TB 

Treatment 
monitoring 



How much testing needs to be done: what is the demand? 
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THREE LEVELS OF DEMAND 

Current demand 30,000 Xpert tests performed in 2016 

Intermediate demand Number of Xpert tests if all people 
screened in 2016 who had TB signs and 
symptoms were tested 

Total demand Number of Xpert tests estimated to find 
all TB cases in the country  

(those who were screened plus those 
not currently screened) 



Network model scenarios 

Varying number, location and type of diagnostic instruments •  The 13 GXs purchased in 2016 are operational at their assigned facilities. 

Network 2017 

•  Optimize the locations of the 13 GXs purchased in 2016. 

•  Add new GXs and optimize their locations (a maximum of additional 7 GXs can be added). 

Optimal 13-20 Sites 

•  The 13 GXs purchased in 2016 are operational at their assigned facilities. 

•  Optimize the location of the additional 7 GXs that will be purchased in 2017.  

Network 2018 

• Optimize the locations of the 13 GXs purchased in 2016. 

• Add new GX or Omni and optimize their locations. 

Optimal GX + Omni 



Met need = number of tests conducted in 

2016  

Unmet need = total estimated need - met 

need  

62% unmet need for TB diagnosis, varying 

from 50-80% by district 

Improving the testing and care cascade in the Lesotho TB 

screening programme 

 

     Sample Flows from non-LFDS sites 

     Sample Flows from LFDS sites 

     Level 1 facility 

     Level 2 facility 

     Level 3 facility 17 

Current TB network and 

sample referral flows are not 

optimised to meet need 



… Yet available GeneXperts are underutilized 

Observations: 

• Underused GX could be addressed by 

better referral flows. 

• Low demand GX with utilization <25% 

(average daily tests <3) could be 

replaced by Omni. 

Utilization by facility 

Utilization by district 
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Optimize instrument placement and referral flows based on software  

analysis 

Public 

 

Private 

     13 facilities with new GXs 

     Non-optimal locations 

     Optimal locations to place GXs 

     Optimal locations to place  Omni 

     Existing facilities with GXs 

     Level 1 facilities without GXs 

      Sample Flows 

Recommendations: 
1. 8 of 13 new GXs in country should be moved. 

2. Adjust referral flows across district borders.  

3. Model suggests to drop the other 7 GXs planned 

for purchase. 

4. Addition of 33 POC devices in future scenarios. 
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FINDINGS 
Diagnostic network status 

Sufficient GeneXpert instruments 
• Utilization of GeneXpert instruments is low (19/24 facilities use less 

than 50% instrument capacity) 
 
• Current network has sufficient GeneXperts to meet existing and near-

future demand 

Generally well-positioned capacity 
• Current location of testing capacity is close to optimized network 

structure.   
 

Relocation can improve the network 
• Locations assigned to the 13 new instruments are not all optimal. 
 
• Relocation of 13 new instruments has equivalent effect to planned 

procurement of 7 new instruments. 

 
 

RECOMMENDATIONS 

 Rethink decision to procure additional 7 GeneXpert instruments, 
if possible 

Move funding allocated for  instruments to other priority areas 

 

Major change in network structure is not required 

 Consider minor changes in location of instrument capacity to 
improve network performance 

 

 Relocate some of the new GeneXpert instruments to be closer 
to demand for testing 

 >> Improve access, reduce transport cost and improve 
turnaround times 
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Even basic analysis of imperfect existing data yields actionable insights on gaps in 

care cascade 

 

% of people Gx tested highlights gaps 

in referral of screened symptomatic 

patients in 9/10 districts. 

 Xpert test positivity rate (average 

11.5%) should be higher given 

historic smear positivity rate of 10% 

country level average, suggesting 

quality issues. 

% Cases treated among diagnosed 

cases highlights incomplete linkage 

to care. 
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FINDINGS 
Finding the “missing” TB patients 

 

Screening strategies and yields vary 
• Extent of screening varied between 22% of population in Mohale’s Hoek 

and 97% in Mafeteng 
• Yield of TB symptomatic individuals varied between 2.1%  (Mafeteng) 

and 8.4% (Maseru) 
 

Gaps between S&S and testing 
• Significant gaps exist in linking people screened who have TB signs and 

symptoms to testing (varying from 41% in Quthing to 92% in Maseru).   
• Closing this gap would mean an additional 11, 000 tests and result in 

about 1000 additional TB patients being treated.   
 

Xpert test positivity low and variable 
• Xpert test positivity varied from 5% in Mokhotlong to 19% in Leribe. 
• Positivity rate is lower than expected (11.5% country average) when 

compared with smear positivity rate and published data 

 
 

RECOMMENDATIONS 

 Understand drivers of yield of screening strategies, and scale 
up successful practices 

 Significant variations across districts warrant in-depth 
assessment 

 Understand gaps between screening and testing, and scale up 
successful strategies to close gaps 

 Strengthen routine collection and analysis of TB screening data 

 

 Understand drivers of Xpert test positivity related to population 
screened and referred for testing 

 Assess laboratory quality indicators and systems to determine 
whether variability related to testing practices 
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FINDINGS 
Scaling up testing to meet future demand 

 

 Need to scale up capacity to meet total needs 
• 62% of total estimated demand is unmet. 
• Current lab network can meet about 70% of estimated total demand needed to 

find all TB cases (approx. 60, 000 tests per year) 
 

 

 Screening is main driver of demand 
• 75% of the unmet demand for testing comes from people who were never 

screened. 
• Total demand of 88, 000 tests equates to PLHIV (14% popn.) being screened 

2-3 times a year, others screened once a year. 
 

Prioritize POC to meet future demand 
• Scale up of network capacity to meet total demand will be best achieved using 

Omni. 
• Total demand for testing can be met with no additional GX (current + 13 in 

optimised locations) and 33 Omni instruments. 
• Cost of 33 Omni is similar to 7 GeneXperts, using current assumptions. 

 
 

RECOMMENDATIONS 

 Immediate scale up of lab services is not warranted; significant 
increase in demand can be met with current structure and 
testing capacity. 

 Integrate optimization and scale up of screening and referral for 
testing with laboratory capacity strengthening to ensure patient 
impact 

 Planning and budgeting needs to account for scale up 

 

 Refine analysis using  updated assumptions and more granular 
input data, e.g. costs, HR 

 Factor in operational considerations to Omni implementation 

 Budget and consider plan for roll out of Omni 
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Trade-offs in network optimisation 

As demand increases, 

utilization increases  

more samples are tested off-site 

turnaround time becomes longer 

transportation cost per sample is higher. 



Lessons from first mapping projects 

1. Simple lab network tool populated with programme data allows for quick wins: placement for impact. 

2. Lab network analysis provides important insights into gaps & weaknesses in care cascade:  
• E.g. Sample transport issues, reasons for patient loss, reasons for Xpert underutilization (only partially a function of demand) 

3. Mapping points to data gaps and provides a reason to fill gaps… 

4. Network optimization can mature over time: 
» Increase dimensions – multiple technology, diseases, e.g. CXR, DST, HIV network.  
» Add data/ICT hubs and flows  
» Refine transport time and cost analyses. 
» Enhance focus on public & private sector interaction (patient & referral pathways)  
» Use for M&E, combined with scoring system of changing lab network strength 
» Automated data collection, cleaning and compilation 
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Where to from here? 

Expand to other countries 

Document methodology – how to guide for countries 

Develop open-access network design tool 

• e.g. LabEQIP (USAID-CDC-Llamasoft open access supply chain tool) 

Automated data availability, e.g. through DHIS linkage 

Develop country capacity to conduct network optimisations 

Our Vision: network optimization as routine part of a data-driven strategic planning approach 



TB Diagnostic Network Standards 

1 Political, legal, regulatory and financial framework  
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Structure and organization of the diagnostic network 

A sustainable, rational and efficient TB diagnostic network provides integrated, essential, 

quality diagnostic services for patient care and public health. The TB diagnostic network is 

coordinated by a national reference or public health laboratory and includes the public and 

private sector as well as community level diagnostic services. All facilities have clearly 

defined terms of reference, and are adequately supervised. 
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Coverage 

The national TB diagnostic network provides complete coverage and universal access to TB 

diagnostic services to the entire population of the country. Referral mechanisms exist to 

rapidly and safely refer specimens to the appropriate level for testing and to provide timely 

results to enable initiation of appropriate treatment. An efficient diagnostic-clinical interface 

allows for appropriate diagnostic tests to be ordered and performed and ensures the timely 

linkage of diagnosed patients to appropriate care and treatment. 
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Diagnostic algorithm 

A national TB diagnostic algorithm(s) that is responsive to the epidemic, patient-centered, 

includes appropriate use of diagnostic technologies, and is based on the current structure of 

the health system is enforced at all levels of the TB diagnostic network. A minimum package 

of tests and quality standards is defined for each level of the network. Laboratorians, health 

care workers, and TB program staff are trained in the application of the algorithm. 

5 Biosafety  

6 Equipment and supplies 

7 Workforce 

8 Diagnostics data management 

9 Quality of the diagnostic network 



 
• Cannot optimize networks 

without being mindful of 

what’s coming soon 

 

• Everything we do to 

improve dx networks will 

prepare us for seamless 

integration of new 

transformational tools, as 

they come 
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THANK YOU 

 

 
Ryan Purcell, YingYing Wang, Llamasoft 
Zach Katz, Samuel Schumacher, Claudia Denkinger, Catharina Boemhe, FIND 
NTP Lesotho, Kenya and Philippines 
Christy Hanson, BMGF 

QUESTIONS? 

 

 


