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Report of the Indo-US Workshop on Low-Cost Diagnostic and Therapeutic Medical Technologies:  

Overview
The National Institute of Biomedical Imaging and Bioengineering (NIBIB) of the National Institutes of Health in the US and the Department of Biotechnology (DBT) of the Ministry of Science and Technology in India issued a joint statement on 5 October 2007 to cooperate on the development of low-cost diagnostic and therapeutic medical technologies. This workshop brought together interested parties from each country to identify joint opportunities for productive collaborations.   

Scientists, engineers and clinicians from the U.S. and India participated in the workshop on low-cost diagnostic and therapeutic technologies, 18-20 November 2008 in Hyderabad, India.  Participants presented talks, recommended priorities for medical technologies needed in low-resource settings, and identified six priority areas. Over the course of the two-day meeting, attendees discussed clinical needs and technological opportunities and participated in panel discussions on ideas and recommendations. Six priority areas opportunity resulted from these discussions including the top priorities of:

1. Low-cost glucose monitoring for diabetes care
2. Low-cost, platform technologies for multiple diagnostic tests:
a. A multiplex, lab-on-a-chip technology for STD and other infections

b. Point-of-care diagnostics for infant screening

c. A pre-screening test for blood bank safety.

d. Early detection of cardiovascular disease.

e. Point-of-care tests and reagents for cancer screening
As a result of the workshop, NIBIB and DBT plan to collaborate and jointly fund initiatives in the recommended priority areas.  The priorities recommended above were distilled from a long list of ideas and recommendations that had been discussed in workshop presentations and panel discussions over the previous two days (See additional recommendations below.).  Workshop sessions on low-cost technologies spanned the chronic disease spectrum with focus on:

1. Cancer,
2. Cardiovascular disease,
3. Diabetes,
4. Gastrointestinal tract disorders and liver disease, and
5. Maternal, newborn and infant health.
Indian manufacturing opportunities and regulatory issues were also presented.  The workshop ended with a review of recommendations and a discussion of the next steps.
The workshop was structured to explore shared needs and opportunities for improving the effectiveness of medical technologies to reduce health disparities for chronic medical conditions.  One focus was to identify “appropriate” diagnostic and therapeutic technologies. The appropriate medical technologies are those that that are useable, cost effective, sustainable, and effective in meeting a significant clinical need for a given healthcare setting.  The medical technologies discussed at the workshop were those that could address global health disparities and significantly impact underserved populations within both the US and India.  Within this context the goals were:

· to identify areas of opportunity for improving health care delivery for chronic diseases;

· to identify potential appropriate technologies that can contribute to healthcare in low-resource settings;

· to identify specific technology challenges in target appropriate technologies;

· to identify and lay foundations for partnerships between researchers in the US and India; and 

· to plan the next steps in implementing collaborative programs and joint activities that make effective use of the strengths of both countries.

To accomplish these goals, the meeting had three major components:

· Plenary talks on emerging technologies and emerging technological resources;
· working sessions organized around specific disease conditions and  relevant technologies; and 
· a session to develop recommendations and next steps.

The first 2 components of the workshop formed the foundation for the concluding session which focused on next steps in advancing a US-India partnership:

· What are some of the leading candidates for a joint activity?

· Are there ‘low hanging fruits’ that should be worked on at once?

· Are there long-term strategic activities that will significantly advance health care in low-resource settings?
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Figure 1.  Participants from the U.S. and India at the workshop on low-cost diagnostic and therapeutic technologies, 18-20 Nov 2008 in Hyderabad, India.
Purpose of the Workshop

Diagnostic and therapeutic technologies are critical for quality health care, yet there remains a wide disparity between those who have access to modern medical technologies and those who do not. These health disparities are due, in part, to the high cost of medical technologies used to diagnose and treat disease.   Despite the enormous intellectual resources and engineering capacity of both India and the United States and state-of-the-art resources at major medical and research centers, there remains a large proportion of people who do not have access to modern medical technologies
.  Joint development of affordable, innovative devices is needed, with particular emphasis on early detection and the efficient treatment of disease and injury. 
The Indo-US workshop on Low-Cost Diagnostic and Therapeutic Medical Technologies brought together U.S. and Indian scientists, engineers, and clinicians to discuss collaboration on the development of low-cost diagnostic and therapeutic medical  technologies.  India has enormous human resources in engineering, manufacturing and biomedical science.  One purpose of this workshop was to harness the intellectual capacity of Indian engineers and scientists, and focus their efforts to solve the engineering problems associated with developing low-cost medical devices.  Complimentary expertise and technologies are found in the United States.  Thus, U.S. scientists and engineers can work with their counterparts in India to develop nascent technologies, with the goal of making low-cost medical technologies that could become more widely available in the U.S. and India.
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Outcomes of the Workshop

The workshop was structured to:
1. Develop an outline for joint Indo-U.S. (DBT-NIH) initiatives to foster collaboration between US and Indian scientists on low-cost, diagnostic and therapeutic technologies.

2. Identify low-cost diagnostic and therapeutic medical technology needs/opportunities.
3. Identify clinical priorities that can be addressed by new, low-cost technologies. 

Workshop speakers gave overviews of clinical needs and technological opportunities. Speakers and panel discussions produced key recommendations regarding clinical needs and priorities in low-resource settings as well as opportunities for the development of low-cost diagnostic and therapeutic devices.  Potential joint funding initiatives between DBT and NIBIB were discussed in the recommended priority areas, including low-cost glucose monitors and platform technologies for multiple diagnostic tests. The recommendations from the workshop participants are contained in the report below.

Outcomes and Priority Recommendations of the Workshop

Prioritized Recommendations

Workshop participants recommended priorities for medical technologies needed in low-resource settings.  There were six priority areas identified: 1) Glucose monitoring 2) low-cost, platform technologies for diagnostic tests 3) Imaging biomarker development 4) Low-cost, digital x-ray imaging 5) E-health technologies and 6) Low-cost, surgical technologies.  Among these six topics described below, the first two were considered very high-priority areas and were discussed at some length at the conclusion of the workshop.

1. Glucose monitoring 
Low-cost glucose monitors for the management of diabetes are needed, particularly in low-resource settings in India.  Ideally, glucose monitors could be developed that work on a continuous basis and use no consumables.  In addition to glucose meters, and continuous glucose monitoring, additional technologies are required for diabetes management. These include point of care glycosalated haemoglobin (HbA1c) measurement and insulin pumps. Another long-term goal is the development of an artificial pancreas (a closed loop system).

Near-term, glucose meter strips are a high priority. The cost of glucose meter strips (consumables), driven by the US market, is prohibitive.  The glucose meter strip industry is currently US$5-10 billion. The barriers to manufacturing a low-cost strip or manufacturing in India need to be explored and a low cost strip developed, as well as open-standard readers and strips.
Discussion during concluding session also shared the need to implement strategies to prevent metabolic syndrome and diabetes by introducing lifestyle changes (food, exercise).
2. Low-cost, platform technologies for multiple diagnostic tests.

The development of low-cost, high-impact diagnostic tests was identified as a high-priority. Development of diagnostics is long term and expensive. An estimate of the time and cost to develop a diagnostic test is 5 years and US$20 million).  70% of the cost is for field validation, 
production and marketing, which are not often funded by government agencies.  Thus, more public funding is required for these downstream processes. 

Examples and issues include:

· Diagnostic intermediates/biomarker development (e.g. recombinant proteins, monoclonal antibodies) are required for low-cost screening kits;

· the development of non-invasive screening technologies (e.g. imaging, microfluidics, microchip blood tests to detect circulating tumor cells.); 
· decoupling sensors (small) from processors (bulky) by transmitting data through web;

· open–standards for platforms and networking;

· and diagnostic screening technologies simple enough to be operated by people with minimal education (10th grade).
There is a need to develop multiplexed, “lab-on-chip” technologies to bring multiple biomarker tests on to a single, universal platform, instead of multiple diagnostic tests on multiple different instruments.  Lab-on-a-chip technologies could be used in remote clinics and low-resource settings as well as secondary and primary hospitals. For example, multiplexed, lab-on-a-chip (or strip) technologies could be developed for the diagnosis of sexually transmitted diseases (STDs), rainy season diseases, fevers and other infections. In addition, the creation of a program for newborn screening was recommended along with the development of lab-on-a-chip, microfluidic technologies for the detection of hemoglobinopathies, hypothyroidism and other conditions in newborns.  The diagnosis or detection of newborn disorders would have to be linked with viable treatments.  Furthermore, this population screening in low-resource and rural areas requires portable technology (e.g., ‘lab in a back-pack’).  An investment in multiplex, point-of-care technologies that could diagnose multiple diseases could solve many problems.  

There is a critical need to develop a multiplexed strip assay to test blood at Indian blood banks.  Currently, blood is tested post-donation. There is a need to develop a pre-screening, multiplexed test before blood is donated. 
Low-cost, multiplex diagnostic tests could also be developed for the early detection of cardiovascular disease.  New, portable tests for the prediction and diagnosis of heart disease are needed.
“Team science” is needed to develop new diagnostic technologies. For example, a urologist, biomathematician, engineers, and infectious disease specialist came together to develop the ‘urosensor’, an electrochemical sensor to detect pathogens associated with urinary tract infections (UTIs).   
In summary, the development of low-cost, platform technologies for diagnostic tests was identified as a high-priority for:

a. A multiplex, lab-on-a-chip technology for STD and other infections

b. Point-of-care diagnostics for infant screening

c. A pre-screening test for blood bank safety.

d. Early detection of cardiovascular disease.

e. Point-of-care tests and reagents for cancer screening
3. Imaging biomarker development 

Imaging biomarker development is important for specificity in the detection and diagnosis of disease.  An area emphasis is on the development of quantitative, low-cost early screening for pre-cancerous lesions.  New biomarkers could be tested in high-risk populations and in patients who have undergone treatment (to monitor recurrence).

4. Low-cost, digital x-ray imaging 

Digital x-ray systems would obviate the need for film and related supplies, and enable teleradiology applications, including the transmission of digital x-ray images to central facilities for expert interpretation.  Representatives from General Electric in Bangalore described work on the development of a complete digital x-ray system for use in remote settings.  A low-cost, digital x-ray detector (e.g., liquid crystal, “x-ray light valve”) is also being developed by Dr. John Rowlands for integrated radiography and teleradiology applications.
5. E-health technologies

Many chronic conditions such as congestive heart failure are not adequately monitored using traditional office visits and, as a result, patients frequently experience avoidable hospital admissions. A paradigm shift is occurring from hospital-based treatment to preventive screening, monitoring and self-monitoring using e-health technologies at home, in the community, or at remote locations.  An open-source, home based monitoring system for diagnosis and e-health was recommended. 

E-health applications can also be used to build a database for patients and the community by recording family history, hospital tests, etc.  These types of databases can provide clinical insight, as well as information towards new medical product development for the community.  The development of e-health databases requires regulations to prevent abuse of the information and maintain patient confidentiality.  With appropriate regulations in place for e-health studies, there is also a need to expedite institutional review board (IRB) and other approvals by both governments, India and the U.S.
6. Low-cost, surgical technologies.

The high cost of surgical technologies drives up the cost of surgery.  Particularly in India, there is a need for low-cost surgical technologies in multiple settings. Specifically, there is a need for indigenously developed and manufactured, low-cost hemostats, surgifoam, gelfoam, implants, sutures, pre-loaded syringes, and fixative.  In addition, Indian industries need to manufacture routinely used cardiac surgery and monitoring devices (ECG, echocardiogram machines, monitors, tubing, and other surgical equipment).   

Next Steps, Pilot activities and Joint Research Programs
The workshop ended with a prioritization of recommendations (above) and a discussion of the next steps.  A first step will be the development of a website describing the collaboration and joint program between the Indian Department of Biotechnology and the U.S. National Institute of Biomedical Imaging and Bioengineering, NIH. It is anticipated that this website will be hosted in India, and a URL will be provided at a later date.  Initial content of the site will include:

· Program from the workshop

· Workshop presentations

· Biography /interest information on participants and others interested scientists and engineers

Additional features of the website may include discussion areas for select topics and a directory of U.S. and Indian scientists and engineers interested in low-cost diagnostic and therapeutic devices.

Pilot activities and Joint Initiatives
NIBIB will identify current NIBIB grantees in the U.S. with interest or existing collaborations with Indian scientists for review of potential supplements to fund travel for pilot activities or planning in India.  Similarly, DBT will identify Indian scientists for potential travel grants or collaborative pilot projects with U.S. scientists.

Staff  from NIH and DBT are working together to identify grand challenges based on the discussion at the workshop for consideration by senior staff as potential joint targeted initiatives of the two agencies, DBT and NIBIB.  Staff from NIH and DBT will formulate a structure for a first joint research program based on the priorities identified at the workshop.
Other recommendations and highlights of workshop presentations

Remarks by Dr M.K. Bhan, Secretary, Department of Biotechnology (DBT), India

· This Indo-US collaboration will benefit other low resource settings globally. 

· DBT is providing generous new schemes to fund industrial innovation. They are looking for “low hanging fruit,” but also funding high-risk futuristic initiatives.

· DBT plans to put together a directory of Indian scientists and technologists with expertise in platform design and diagnostics development. 

Session I: Cancer Screening

In addition to the cancer diagnosis and screening technologies prioritized above, the following recommendations were also made. 

· New technologies need to be developed as collaboration between engineers, clinicians, technologists and global health experts. 

· Screening technologies in India need to be simple enough to be operated by people with minimal education (10th grade). 

· Quantitative tools for monitoring therapy and for pre-clinical models

Session II: Cardiovascular diseases

· There are currently no Indian manufacturers of vacutainers, or pre-loaded emergency drugs in syringes; these are urgently needed. 

· A few immediate needs for detection and monitoring of cardiovascular diseases were identified.  These are depot penicillin, Prothrombin kit, Troponin kit.

Session III: Endocrine Disorders

Diagnostic and therapeutic technologies for endocrine disorders, and specifically diabetes, are described among the six priority areas above.

Session IV: GI Tract diseases
· New technologies for imaging were described, including, capsule endoscope, Magnetic Resonance Elastography (MRE), and microfluidic microscope on a chip

· Mid-infra-red (IR) spectroscopy should be explored for breath analysis as a non-invasive technology.

Plenary: Translational Research
· Technologies developed in the West need to be re-engineered to suit local needs. For example, technologies developed in India such as the flow cytometer (ReaMetrix), insulin pump (Amrita-Biocon), can be made using readily available standard components.

· Involvement of non-government organizations (NGOs), government funding agencies and industry is required for technology innovation, wellness management and healthcare delivery.  One example is the Saantwanam health action program in Kerala. 

Session V: Maternal/Neonatal/Infant Health

Recommendations included: 

· The need to focus on a single high-priority problem with significant outcome.
· Regular forum (or virtual meetings) are needed for low-cost diagnostics where industry, academia and government (funding agencies) work together.
· Expansion of a national program to prevent hypothyroidism.
Session VI:  Trauma and Injury

Recommendations:

· There is a critical need in India for training in trauma care

· Low cost manufacturing of mannequins for training paramedics and physicians
· Low cost prosthetic materials

· Low-cost CT for tertiary care hospital

· EMRS low end technologies open source GPS

· More leverage should be given to indigenous industry to assist in patent and regulatory issues

· Pre-hospital care requires: 

· Protocols

· Trauma backpack 

· Mobile CT scanner

· Telemedicine

· At hospital ER, ICU and Operation Room:

· Indigenously developed, low-cost hemostats, surgifoam, gelfoam, implants, sutures, pre-loaded syringes, fixative

· Low-cost C-arm, ultrasound, and CT

· Rehabilitation 

· Low-cost wheelchair (designed, but not manufactured)

· Low-cost prosthetics and materials for prosthetic

· Need to take innovation to production line 

· Airway clearing, CNS assessment
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Indo-U.S. Science and Technology Forum

Fulbright House, 12 Hailey Road, New Delhi 110 001, India

Website: www.indousstf.org

The Indo-U.S. Science and Technology Forum (IUSSTF) was established in 2000 under an agreement between the Governments of India and United States of America with a mandate to promote, catalyze and seed bilateral collaboration in science, technology, engineering and biomedical research through substantive interaction amongst government, academia and industry. 

As its mandate, IUSSTF provides an enabling platform to the scientific enterprises of the two nations by supporting an S&T program portfolio that is expected to foster sustainable interactions with a potential to forge long term collaborations. IUSSTF program manifests are largely catalytic in nature that helps to create awareness through exchange and dissemination of information and opportunities in promoting bilateral scientific and technological cooperation. 

IUSSTF has an evolving program portfolio that is largely conceived and driven by scientific communities of both the countries through extending support for symposia, workshops, conferences on topical and thematic areas of interest; visiting professorships and exchange programs; travel grants; fellowships; advanced training schools; public-private networked centres and knowledge R & D networked centres. IUSSTF also works towards nurturing contacts between young and mid career scientists by convening stimulating flagship events like the Frontiers of Science and Frontiers of Engineering symposium through the U.S. National Academies model. At the same time it reaches out to industries by partnering with business associations to generate high quality events on technology opportunities for business development to foster elements of innovation and enterprise through networking between academia and industry. 

IUSSTF maintains a close working relationship with the federal agencies, laboratories, government institutions, and the academia in U.S. and India, cutting across all disciplines.  As an autonomous, not-for-profit society, IUSSTF has the ability, agility and flexibility to engage and involve industry, private R&D labs; and non governmental entities in its evolving activity manifold. This operational uniqueness allows the IUSSTF to receive grants and contributions from independent sources both in India and USA, besides the assured core funding from the two governments.

IUSSTF solicits proposals for its activities thrice a year (January, May and September) and awards are made on the basis of peer reviews both in India and USA. 

IUSSTF values your interactions and looks forward to work with the S&T community of both countries to implement new ideas that endeavor to promote cutting edge Indo-U.S. Science and Technology collaborations.

[image: image4.png]



National Institute of Biomedical Imaging and Bioengineering

National Institutes of Health

U.S. Department of Health and Human Services

The National Institute of Biomedical Imaging and Bioengineering (NIBIB) is dedicated to improving human health through the integration of the physical and biological sciences. The research agenda of the NIBIB will dramatically advance the Nation’s health by improving the detection, management, understanding, and ultimately, the prevention of disease.

Created December 29, 2000, the NIBIB is part of the National Institutes of Health (NIH), within the Department of Health and Human Services; the Federal government’s premier biomedical research agency. NIBIB-supported research brings advances in fields ranging from physics to nanotechnology to bear on the challenges of diagnosing, preventing and treating disease. Ultimately, the NIBIB seeks to translate research findings from the laboratory to the patient to improve quality of life and reduce the burden of disease. Health care and technology have long been linked in the United States. Today, cardiac pacemakers, mammograms, sustained-release medications, and artificial hips are but a few examples of how biomedical imaging and bioengineering are transforming health care.

Biomedical imaging is an indispensable tool for the diagnosis and treatment of a variety of diseases. In the early twentieth century, incremental advances in imaging were achieved at a relatively slow rate. However, in the last 40 years, improvements and new discoveries in imaging technology have occurred much more rapidly. The x-rays of over 100 years ago have been replaced by the discovery of ultrasound, optical imaging, computed tomography (CT), and magnetic resonance imaging (MRI). Now, researchers and physicians can choose to image not only the entire body or individual organs, but even specific cells or molecules within an organ or tissue.

NIBIB is building on these advances by supporting pioneering research to develop new technologies and to improve existing imaging systems. For example, an NIBIB-supported scientist is using sophisticated imaging technologies to improve surgical techniques for treating weakened knees and joints.

These are just a few examples of the imaging and bioengineering projects under way. Other examples of innovative technologies supported by the NIBIB include:

· Ways to treat medical problems based on an individual’s genetic makeup. 

· Light-based tools used in medicine and surgery that provide new ways to study, diagnose, and treat medical problems. 

· Smart sensors that use chemical and physiological signals from the body to release drugs at the right dose in the right place at the right time. 

· New imaging technologies and improvements in existing technologies to improve the diagnosis and treatment of many diseases. 

· Drug delivery devices such as microneedles to painlessly deliver drugs and implantable devices that release drugs as needed. 

· Tissue engineering research to promote the growth of skin on burn victims, restore vision in damaged eyes, and generate new organs for transplant. 

· The NIBIB is committed to driving medical innovation and expanding biomedical knowledge for this and future generations. The Institute envisions a day when disease is preventable, health is predictable, and many of today’s medical treatments are a thing of the past.
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Department of Biotechnology, Ministry of Science and Technology

Republic of India
The setting up of a separate Department of Biotechnology (DBT), under the Ministry of Science and Technology in 1986 gave a new impetus to the development of the field of modern biology and biotechnology in India. In more than a decade of its existence, the department has promoted and accelerated the pace of development of biotechnology in the country. Through several R&D projects, demonstrations and creation of infrastructural facilities a clear visible impact of this field has been seen. The department has made significant achievements in the growth and application of biotechnology in the broad areas of agriculture, health care, animal sciences, environment, and industry.

The impact of the biotechnology related developments in agriculture, health care, environment and industry, has already been visible and the efforts are now culminating into products and processes. More than 5000 research publications, 4000 post-doctoral students, several technologies transferred to industries and patents filed including US patents, can be considered as a modest beginning. Department of Biotechnology (DBT) has been interacting with more than 5,000 scientists per year in order to utilise the existing expertise of the universities and other national laboratories. A very strong peer reviewing and monitoring mechanism has been developed. There has been close interaction with the State Governments particularly through State S & T Councils for developing biotechnology application projects, demonstration of proven technologies, and training of human resource in States and Union Territories. Programmes with the states of Gujarat, Rajasthan, Madhya Pradesh, Orissa, West Bengal, Haryana, Punjab, Jammu & Kashmir, Mizoram, Andhra Pradesh and Uttar Pradesh have been evolved. Biotechnology Application Centres in Madhya Pradesh and West Bengal have already been started.

A unique feature of the department has been the deep involvement of the scientific community of the country through a number of technical task forces, advisory committees and individual experts in identification, formulation, implementation and monitoring of various programmes and activities.

In India, more than a decade of concerted effort in research and development in identified areas of modern biology and biotechnology have given rich dividends. The proven technologies at the laboratory level have been scaled up and demonstrated in field. Patenting of innovations, technology transfer to industries and close interaction with them have given a new direction to biotechnology research. Initiatives have been taken to promote transgenic research in plants with emphasis on pest and disease resistance, nutritional quality, silk-worm genome analysis, molecular biology of human genetic disorders, brain research, plant genome research, development, validation and commercialisation of diagnostic kits and vaccines for communicable diseases, food biotechnology, biodiversity conservation and bioprospecting, setting up of micropropagation parks and biotechnology based development for SC/ST, rural areas, women and for different States. 

Necessary guidelines for transgenic plants, recombinant vaccines and drugs have also been evolved. A strong base of indigenous capabilities has been created. The field of biotechnology both for new innovations and applications would form a major research and commercial endeavor for socio-economic development in the next millennium.

Acknowledgements 

The authors of this report would like to acknowledge the support and contributions of the Indo-U.S. Science and Technology Forum; the National Institute of Biomedical Imaging and Bioengineering of the National Institutes of Health in the United States Department of Health and Human Services; the Department of Biotechnology (DBT)  of the Ministry of Science and Technology in the Republic of India; and the Centre for DNA Fingerprinting and Diagnostics, Hyderabad, India.  In addition, the authors would like to acknowledge the efforts of Dr. M. K. Bhan, Secretary to the Government of India, Department of Biotechnology, Ministry of Science and Technology, New Delhi, and Dr. Roderic Pettigrew, Director of the National Institute of Biomedical Imaging and Bioengineering, NIH, Bethesda, Maryland.  Finally, we would like to acknowledge the many ideas and recommendations contributed by the workshop participants listed in this report above.

Authors

	John Haller, NIBIB/NIH
	T.S. Rao, DBT



	William Heetderks, NIBIB/NIH
	Alka Sharma, DBT

	Brenda Korte, NIBIB/NIH
	J Gowrishankar, CDFD

	
	P. Janila, CDFD


[image: image6.wmf] 

[image: image7.wmf] 

[image: image8.wmf] 


REPORT OF THE Indo-Us workshop on Low-cost diagnostic and Therapeutic medical Technologies








India





U.S.








Needs and


Opportunities








Figure 2. India and the U.S. both have enormous intellectual resources and engineering capacities that can address common medical needs. The purpose of the Indo-US workshop was to explore opportunities for collaboration to address overlapping healthcare needs in low-resource settings. 
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