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Implementation and scale-up of new diagnostics 
Challenging decisions for policy-makers 

A number of new tools and inter-
ventions with the potential to im-
prove the diagnosis of tuberculo-
sis (TB) and multidrug-resistant 
TB have been introduced over 
the last few years and recom-
mended by the World Health 

Organization (WHO) for implementation. Policy-
makers at country level have to decide, which of 
these new tools are best suited for their epide-
miological and health system requirements, and 
which will ultimately improve patient outcomes 
and reduce transmission in a cost-efficient way. 
When choosing which new diagnostic tool to use, 
policy-makers have to make assumptions and 
answer questions, such as:
• Should we implement a single new tool  
 or a combination of several new tools  
 simultaneously? 
• Where in diagnostic algorithms should the   
 new tool be placed, and should it be added to  
 what is currently used or simply replace an   
 existing tool? 
• At what level of the health care system will   
 the new tool be implemented? 
• Which patient group should be targeted with  
 the new tool? 
• What are the requirements for the health   
 system to implement the new tool in terms of  
 laboratory infrastructure, human resources,   
 short- and long-term training?

• What are the likely impacts of the new tool  
 on the patients, the health system, the  
 epidemiological burden of TB? 
• What is the cost of implementing the  
 selected new tool? Is the implementation   
 cost-effective? 
It is expensive, time-consuming and disruptive 
for the system to try to answer all of these ques-
tions in their full complexity and for different 
options of tools or combinations of tools.
This brochure presents an approach - virtual 
implementation - to support policy-makers in 
this decision process, enabling them to make 
predictions on needs and the impact of new tools 
on their health system. 

At what levels of 
the health system 

should these changes
be deployed?

How well will new  
tools function within the  

current health care system?

Will these changes 
be beneficial to 
our patients?

How will these 
changes impact 
our programme?
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Virtual implementation: Operational research to inform 
decision making at country level 

“Virtual implementation” was developed under 
the Technology, Research, Education and 
Technical Assistance for Tuberculosis (TREAT 
TB) Diagnostic Tools Initiative. Using computer 
models that are representative of the behavior 
of real-life systems (e.g., patient pathways, 
laboratory infrastructure, sample flow, and 
the epidemiology of TB and HIV), virtual 
implementation is used to address the “what if?” 
questions regarding a new tool. This is carried out 

by predictive experimentation, i.e., by adding new 
tools in different steps of a pathway, for different 
groups of patients. 

These experiments are a way of performing 
operational research, projecting the impacts and 
effectiveness of changes to the current practice in 
a virtual world without risk or disturbance to the 
real-life system. 

Different processes contribute to the health systems model, including patient pathways, first as TB suspects and later as TB patients, and 
sample flow in health centers as well as laboratories.

Xpert MTB/RIF has become available as a new 
tool for the rapid diagnosis of TB and MDR-TB. A 
country with limited funding available has decided 
to implement Xpert MTB/RIF in one priority 
area with 8 diagnostic districts. The districts have 
facilities for smear microscopy but sputa for 
culture and DST are sent to a central reference 
laboratory. In a population of just over 1 million 
the number of pulmonary TB cases notified in the 

area is about 3,000 per year, the notified  
MDR-TB incidence is low, but the prevalence  
of HIV amongst TB cases is over 40%.

Using these parameters, virtual implementation 
can help to identify the best approach for 
implementing Xpert MTB/RIF in terms of 
outcomes as well as cost-effectiveness.

Scenario:

Xpert MTB/RIF Sputum
Collection  
and Diagnosis

DOTS training  
and TB treatment

Diagnostic
Centre  
Lab

Central
Reference  
Lab

TB Suspect

Referred for diagnostic care

No TB

Return home

TB Patient

Further action required

DISTRICT DIAGNOSTIC CENTRE
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What does virtual  
implementation  
incorporate? 
Virtual implementation is an 
innovative approach that blends 
two modelling techniques – health 
systems modelling and transmission 
modelling. This approach enables 
the impact of changes in TB 
diagnostics to be projected on the 
health system, TB patients, and 
the TB epidemic. Using these 
projections, the likely impact on associated costs 
and therefore cost effectiveness can be predicted.

HEALTH SYSTEMS MODELLING 
predicts the impact of new tools on patients and the 
functioning of the health system. This modelling 
approach makes these predictions by simulating 
each significant event in the patient and test sample 
pathway to model how changes in demand, patient 
flow, equipment, and human resources affect 
patient and heath system outcomes. 

Focusing on a specific health district, scenarios 
are created to reflect the flow of TB suspects and 
patients from their homes to and within health 
centers. Samples are followed from the health 
center to the laboratory (at point of care, district or 
central level) where they are processed according 
to the selected diagnostic pathway.

Results are communicated back to the patient 
and their clinician and treatment is initiated. The 
population size, TB incidence/prevalence as well 
as HIV-prevalence of the selected district are 
other relevant inputs for the model. 

A visual representation of the modelled health 
system allows modellers and policy-makers to 
easily understand and follow the model. 

Detailed information is available at each of the 
different stages of the diagnostic process. These 
are linked to assess their inter-dependence and 
consider bottlenecks that can occur at any stage, 
upstream or downstream. The model can be 
expanded to look at the scale-up of diagnostics 
at country level by adding more districts and 
combining outputs.
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The transmission model is a platform that incorporates different sources of information as input and projects the long-term impact  
of new diagnostics on TB epidemiology. 

EXAMPLES FOR OUTCOMES FROM  
VIRTUAL IMPLEMENTATION

Laboratory effects
• Volumes (number of tests)
• Human resource requirements
• Costs (set up, running, labor)

Diagnosis and patient outcomes
• Number of new cases
• Number of defaulters
• New and re-treatment cases cured

Patient pathways
• Number of visits
• Time to diagnosis 
• Time to treatment initiation

Trends over time and impact on 
• TB mortality
• TB prevalence
• TB incidence

Cost effectiveness
• Health system costs
• Disability adjusted life years (DALY’s) averted
• Years life lost (YLL) averted

HEALTH CARE SYSTEM AND 
TRANSMISSION MODELS ARE RUN 
IN PARALLEL. Each model can be used 
individually, but they can also be linked, 
complementing and informing each other when 
doing country-level assessments: Outputs from 
one model are being used as inputs for the other. 
For example, information on TB incidence and 
prevalence within a population, calculated by 
the transmission model, provide information on 
numbers of TB suspects that can be expected 
within a health system - information needed 
for the health systems model. Conversely, the 
health systems model produces information on 
time to diagnosis or diagnostic default, both of 
which are needed as input for the transmission 
model. Using the two modelling techniques, 
virtual implementation enables the prediction of 
complex effects of changes at different levels:  
the health system and patient, as well as the 
population level. 

USING THE DESIGN OF THE CURRENT 
MODEL, interventions and tools such as front-
loading, light-emitting diode (LED) fluorescence 
microscopy and Xpert MTB/RIF can be virtually 
implemented in addition to conventional tools 
of Ziehl-Neelsen (ZN) microscopy, chest X-ray, 
and clinical diagnosis. The tools can be placed 

individually or together in diagnostic algorithms, 
at different levels of the health care system and 
can be used for different patient populations, e.g., 
all TB suspects, HIV-infected suspects, drug-
resistant (DR-TB) suspects. 

Feedback loop between the health systems and transmission model

TRANSMISSION MODELLING, using 
a dynamic epidemiological model, predicts the 
future incidence and prevalence of TB within 
a population by evaluating how the spread of 
infection through transmission is affected by the 
implementation of new diagnostic tools.  
Crucial to this modelling is how changes in 
access, delays, default, accuracy, and times to 
complete diagnosis affect transmission.

The model takes into account the natural history 
of TB with TB suspects entering the model at 
different disease stages such as susceptible, 
infected, diseased and recovered. In addition, 
the pathway from disease onset to diagnosis and 
treatment initiation reflects the health system 
context in which the new tool is incorporated. 
This allows an impact measurement of different 
diagnostic tools/options on TB transmission and 
epidemiology at the population level.

INPUT MODEL OUTPUT
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FOR PATIENT OUTCOMES 
• More patients are diagnosed with TB and   
 MDR-TB through the primary test compared to  
 ZN/LED microscopy or compared to limited  
 use of Xpert for certain patient groups.
• Most of the increase in patients diagnosed   
 through the primary test is offset by a reduction  
 in smear-negative TB cases.
• Reduced number of patient visits and time to  
 treatment initiation.
• More patients cured due to decrease in  
 diagnostic default.

AT THE HEALTH SYSTEM LEVEL 
• A reduction in the total number of diagnostic  
 tests performed to make a diagnosis. 
• No need of additional staff, but microscopy   
 skills need to be retained since Xpert MTB/RIF  
 is not useful for follow-up testing.
• A reduction in the total number of diagnostic  
 tests performed to make a diagnosis.
• A significant increase in health system costs as  
 a result of more expensive diagnostic tests, as  
 well as increases in MDR-TB treatment costs.

AT THE POPULATION LEVEL
• Compared to the base case of ZN microscopy,  
 the full roll-out of Xpert MTB/RIF is projected  
 to bring a substantial incremental decline in TB  
 prevalence and mortality in Tanzania, because  
 of improved case detection and subsequent   
 treatment. 
• The incremental decline in TB incidence was  
 less impressive. This is because the target   
 patient population of Xpert MTB/RIF has the  

 less infectious form of disease (“smear-  
 negative” TB by the standard of ZN   
 microscopy). In addition, even with a highly  
 sensitive diagnostic tool, transmission of   
 disease can still occur before the patients enter  
 the health system.  
• On the other hand, Xpert MTB/RIF is projected  
 to introduce an additional increase in HIV   
 prevalence, because improved TB diagnosis  
 among TB-HIV co-infected patients prolongs  
 the survival of HIV-infected patients (assuming  
 the targeted level of provision of antiretroviral  
 therapy can be reached and sustained).
• The population level impact of Xpert MTB/RIF  
 on TB and HIV translates into substantial   
 disability-adjusted life years (DALYs) averted  
 in Tanzania over the next decade.

COST EFFECTIVENESS
• Full scale-up of Xpert MTB/RIF is likely to be  
 highly cost effective. But is it sustainable at the  
 ongoing cost estimated through virtual   
 implementation?
• Targeting Xpert MTB/RIF to smear-negative/ 
 HIV-positive individuals reduces costs, but will  
 only deliver small benefits over standard LED  
 fluorescence microscopy and potentially fewer  
 benefits than ‘same day front loading’ LED   
 fluorescence microscopy.
• The option  of targeting Xpert MTB/RIF to   
 specific high-burden locations, rather than   
 seeking to target specific groups within a   
 location, should be explored through virtual  
 implementation as it may be more cost   
 effective. 

As a first field test for virtual implementation, a 
collaboration was built with Tanzania’s National 
TB Program, and both the health systems and 
transmission components were applied to the 
epidemiological and health system structure in 
Tanzania. The aim was to assess the impact of 
improved microscopy as well as Xpert MTB/
RIF when scaled-up countrywide. The use of 
Xpert MTB/RIF for different target groups was 
compared.

The team chose two priority districts for virtual 
implementation (Temeke in Dar es Salaam and 
Kibong’oto in Kilimanjaro), and the model was 
later expanded to assess scale-up across Tanzania. 
Necessary program data were provided and inputs 
to the models were validated by the Tanzanian 
partners. 

Practical application of virtual implementation: 
Tanzania 

THE FOLLOWING SCENARIOS WERE 
IMPLEMENTED IN THE MODELS: 
Base Case:   
ZN microscopy with two samples provided on 
different days 

Compared to:
• LED fluorescence microscopy  
• Same Day front-loading plus LED microscopy
• Xpert MTB/RIF as secondary test for known  
 HIV-infected smear negative TB suspects 
• Xpert MTB/RIF as primary test for known   
 HIV-infected TB suspects
• Xpert MTB/RIF as primary test for all TB  
 suspects 

TANZANIA (WHO DATA FROM 2010): 

• Population: 45 Million 
• TB Incidence: 177/100,000 
• 38% of TB patients tested are HIV-infected 
• Health system structure: 
 -  170 diagnostic districts doing sputum  
  smear microscopy 
 -  27 regions 
 -  One central TB reference laboratory to do 
  drug-sensitivity testing 
• Current diagnostic approach and considerations  
 for implementation of new tools:
 -  ZN microscopy is currently used as the  
  primary diagnostic tool for TB with each  
  person seeking diagnosis providing a ‘spot’  
  and ‘morning’ sputum sample.
 -  LED fluorescence microscopy is in the  
  process of being rolled out nationwide  
  replacing ZN microscopy.
 -  X-Ray, short-course antibiotics, and clinical  
  judgment is used to diagnose smear-negative TB. 
 -  Xpert MTB/RIF is being considered in a  
  number of diagnostic centers due to the  
  improved sensitivity, particularly for smear-  
  negative TB. Concerns exist around cost and  
  reliable power supply for this technology.  

Virtual implementation of Xpert MTB/RIF as the primary 
test for TB suspects in Tanzania provided quantification  
of the following impacts

What could be the policy implications of virtual  
implementation in Tanzania? 

The National TB Program of Tanzania is using the 
results of virtual implementation to determine the 
most appropriate and sustainable strategy for scale-
up of Xpert MTB/RIF. Virtual implementation has 
demonstrated that full scale-up of Xpert MTB/
RIF is cost effective, but unlikely to be sustainable 
in the short-term. Until full roll-out of Xpert 

MTB/RIF becomes sustainable in all districts, 
benefits could be delivered at significantly lower 
cost by implementing Xpert MTB/RIF in some 
districts alongside others using LED fluorescence 
microscopy and same day front loading. Virtual 
implementation continues to be used to refine  
this strategy.
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  process of being rolled out nationwide  
  replacing ZN microscopy.
 -  X-Ray, short-course antibiotics, and clinical  
  judgment is used to diagnose smear-negative TB. 
 -  Xpert MTB/RIF is being considered in a  
  number of diagnostic centers due to the  
  improved sensitivity, particularly for smear-  
  negative TB. Concerns exist around cost and  
  reliable power supply for this technology.  

Virtual implementation of Xpert MTB/RIF as the primary 
test for TB suspects in Tanzania provided quantification  
of the following impacts

What could be the policy implications of virtual  
implementation in Tanzania? 

The National TB Program of Tanzania is using the 
results of virtual implementation to determine the 
most appropriate and sustainable strategy for scale-
up of Xpert MTB/RIF. Virtual implementation has 
demonstrated that full scale-up of Xpert MTB/
RIF is cost effective, but unlikely to be sustainable 
in the short-term. Until full roll-out of Xpert 

MTB/RIF becomes sustainable in all districts, 
benefits could be delivered at significantly lower 
cost by implementing Xpert MTB/RIF in some 
districts alongside others using LED fluorescence 
microscopy and same day front loading. Virtual 
implementation continues to be used to refine  
this strategy.



The future of virtual implementation 

TREAT TB and its partners plan to further optimize the current models. In the future: 

• The models will be applied to other country settings that have different TB and HIV epidemiology.
• The health systems model: the modelling team at the Liverpool School of Tropical Medicine   
 (LSTM) will be available to work with countries to plan implementation of new tools in their   
 context. The model may be available for countries to use independently to simulate implementation  
 of tools and their impact at district level. The LSTM team can then help countries to expand the   
 district model to look at national scale-up.
• The transmission model can be applied in collaboration with Hsien-Ho Lin at National  
 Taiwan University.

At district level, virtual implementation can be 
used to evaluate the impact on the health system, 
costs, resources and patient outcomes of alterna-
tive diagnostic strategies.  Scale-up at country 
level can be evaluated, including the impact of  
the suggested changes on TB incidence and 
prevalence at the population level. 

What information do I need to provide if 
I want to use the current model for my 
health system? 

There is some basic information that a country  
needs to provide as input for the health  
systems model. 

This includes: 

• A detailed process description of the existing  
 diagnostic and treatment systems in the selected  
 district(s) or country. 
• Program data for the selected district(s) on the  
 annual numbers of TB suspects, smear-positive/ 
 smear-negative cases, re-treatment cases,  
 MDR-TB cases, HIV prevalence in TB  
 suspects, and cases.

For the transmission model, useful  
information includes: 
• Time series data of TB (as well as MDR-TB)  
 and HIV notification/incidence/prevalence/  
 mortality at the country level.
• Health-seeking behavior and patient pathway  
 from disease onset to receiving treatment, for  
 example, the duration of patient delay and   
 health system delay, diagnostic default, and   
 treatment default.

Obviously, the more accurate the data, the more 
accurate the predictions of the model will be. 
However, if not available, data from similar  
scenarios (either from the literature or expert 
communication) can be applied. 
  

Software used for the  
modelling approaches 

Transmission model: 
Berkeley Madonna
Health systems model:
Witness by Lanner Group 

Additional use of virtual 
implementation for  
researchers, national and 
global policy-makers 

There are additional scenarios, in which virtual 
implementation could provide useful information 
to researchers and policy-makers at national as 
well as the global level, such as: 

• Support the impact assessment of point-of-care  
 diagnostics.
• Use virtual implementation within controlled  
 trials so that data from the trials can be   
 extrapolated to contexts and time-scales   
 beyond those of the trial site(s).
• Evaluate new technologies as they come along. 
• Evaluate what diagnostic performance 
 is required to deliver the substantial drop in  
 incidence being targeted (Millennium   
 Development Goals). 

Other Publications by the Modelling Team 
• Lin HH, Langley I, Mwenda R, Doulla B, Egwaga S, Millington KA, Mann GH, Murray M,  
 Squire SB, Cohen T. A modelling framework to support the selection and implementation of new   
 tuberculosis diagnostic tools. Int J Tuberc Lung Dis 2011;15:996-1004.
• Lin HH, Dowdy D, Dye C, Murray M, Cohen T. Estimating the impact of new tuberculosis  
 diagnostics on transmission: why context matters. Bulletin of the World Health Organization,  
 published online first at: http://www.who.int/bulletin/online_first/11-101436.pdf 
• Langley I, Doulla B, Lin HH, Millington K, Squire SB. Modelling the impacts of  new diagnostic  
 tools for tuberculosis in developing countries to enhance policy decisions.  
 Health Care Manage Sci 2012;15:239-25.

How can I use virtual implementation for my   
TB Programme? 

For more information, 
please contact:

Technology, Research, Education, and
Technical Assistance for Tuberculosis

Health Systems Model: 
Bertie Squire and Ivor Langley at LSTM   
S.B.Squire@liverpool.ac.uk 

Transmission Model:    
Hsien-Ho Lin at National Taiwan University  
hsienho@ntu.edu.tw

General information:  
TREAT TB  The Union North America   
northamerica@theunion.org 
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Technology, Research, Education, and
Technical Assistance for Tuberculosis

TREAT TB: With support from USAID, The Union manages an ambitious initiative called TREAT 
TB: “Technology, Research, Education and Technical Assistance for TB.” Through TREAT TB, The 
Union and its partners seek to contribute to new knowledge through field evaluations of diagnostic 
tools, clinical trials of priority research questions, and targeted operational research benefitting 
global, regional and country TB control efforts.  To learn more about TREAT TB, please visit  
www.treattb.org. 

Liverpool School of Tropical Medicine: The Liverpool School of Tropical Medicine is an 
international postgraduate centre of excellence, devoted to research, education, and consultancy. 
A registered charity affiliated to the University of Liverpool, the School, founded in 1898, is the 
world’s first institution devoted primarily to tropical health. Its mission is to promote improved 
health, particularly in less developed countries in the tropics and sub-tropics. 

Brigham & Women’s Hospital, Harvard School of Public Health:  Brigham and Women’s 
Hospital’s departments and divisions are reputed for their excellence in research. Housing both 
laboratory and clinical research initiatives, investigators in each department and division are 
focused on a variety of research issues. 

National Taiwan University College of Public Health: The mission of National Taiwan University 
College of Public Health is to provide the best education to nurture future public health scientists, 
practitioners, and leaders in Taiwan and Asia, to integrate research findings in formulating the best 
public health policies at various levels, to promote human health rights and finally to reach the 
idealistic goal of “Health for All”.   

Technology, Research, Education, and
Technical Assistance for Tuberculosis

About The Union:   The mission of the International Union Against Tuberculosis and Lung Disease (The Union) is to 
bring innovation, expertise, solutions and support to address health challenges in low- and middle-income populations. 
With nearly 10,000 members and subscribers from 150 countries, The Union has its headquarters in Paris and region 
and country offices serving the Africa, Asia Pacific, Europe, Latin America, Middle East, North America and South-East 
Asia regions. Its scientific departments focus on tuberculosis, HIV, lung health and non-communicable diseases, tobacco 
control and research. Each department engages in research, provides technical assistance and offers training and other 
capacity-building activities leading to health solutions for the poor.

For more information about The Union, please visit www.theunion.org

68, boulevard Saint-Michel – 75006 Paris – France
Tel: (+33) 1 44 32 03 60 – Fax: (+33) 1 43 28 90 87
union@theunion.org – www.theunion.org
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