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About EWH–U of T Chapter

Engineering World Health–Unversity of Toronto chapter is a student 
led organization that was established in August 2014. The Engineering 
World Health (EWH) organization seeks to inspire, educate, and 
empower the biomedical engineering community to improve health 
care delivery worldwide. At the University of Toronto (U of T) chapter, 
we aim to motivate and mobilize the student community to improve 
health care in low and middle income countries. To reach these goals, 
we have decided to focus our efforts under three organizational pillars: 
Education, Engineering, and Innovation. We aim to develop these areas 
around issues of global health through the events we organize. Since 
our inauguration late last year, we have expanded to over 180 student 
members and been involved with 8 on-campus initiatives (see opposite 
page). 

Visit our website or join us on Facebook and Twitter to find out more 
details about our past and future events!
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About EWH–U of T Chapter

•	 Documentary screening (August 22, 2014): We 
showcased ‘The Right to Heal’, a documentary about 
the need for essential surgeries in low and middle 
income countries and the devastating handicaps that 
result from what could have been fixed with a trivial 
surgical procedure.

•	 Launch Party (October 17, 2014): We had mini-
hackathon challenges (biological waste translocation 
system and open source blueprint speed build), a 
basic electrical engineering station, and a “test your 
global health knowledge” questionnaire.

•	 EWH Summer Institute Info Session (November 12, 
2014): Spend two months in Nicaragua, Tanzania, or 
Rwanda—one month learning how to repair medical 
equipment and one month in a hospital repairing 
equipment through the EWH Summer Institute! This 
event led to the acceptance of two U of T students: 
Sandra Fiset and Jessica Tomasi. Congratulations!

•	 World AIDS Day (December 1, 2014): We interacted 
with attendees at our EWH–U of T chapter booth and 
helped spread awareness about HIV and AIDS.

•	 Engineering Workshop I (December 2, 2014): We learned 
all about resistors, capacitors, and transistors and spent 
most of the time gaining experience on how to assemble 
components together on a breadboard based on a given 
circuit diagram.

•	 Engineering Workshop II (March 5, 2015): More hands-on 
learning of circuit building. The focus this time was more on 
soldering and many participants were able to assemble a 
completely soldered circuit board which they took home.

•	 EWH Vaccine Storage & Delivery Device Team (September, 
2014–Present): We are mentoring a group of four 4th year 
undergraduate Engineering students to design a cost-
effective vaccine cold storage and delivery device in course 
BME489—they have officially entered the EWH global 
design competition. Good luck team!

•	 Let’s Talk Science EWH Kit Building (January, 2015–
Present): Our design team is tasked with developing an 
EWH classroom outreach kit for students in grades 11 or 
12, which includes both an educational component and 
a hands-on workshop relating to a specific global health 
issue.

www.facebook.com/groups/EWHUofT EWHUofT.sa.utoronto.ca@EWHUofT 
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Dear attendees,

We warmly welcome you to the inaugural Engineering World Health Symposium at the University of Toronto!

The Engineering World Health (EWH) Symposium highlights the overall vision of EWH–University of Toronto (U of T) 
chapter—to inspire and mobilize the U of T community around solving global health challenges. Today, you will have the 
opportunity to see Grand Challenges Canada grant winners speak about their exciting work, listen to our engineering 
design team break down their concept of a vaccine carrier, participate in a poster session that will feature information 
on research projects and student organization booths related to global health, and find opportunities for a career in 
global health through our networking reception. 

Although EWH–U of T was initially established as an engineering initiative, we have reached out to connect with 
many other global health-focused students and organizations over the past year. We have also had the fortune of 
collaborating with multiple university departments to make EWH–U of T a truly interdisciplinary organization. We hope 
to continue to expand our reach in the coming years, and in doing so, expand our perspectives on global health issues. 

Our hope is that the EWH symposium will provide a forum for critical discussion and a jump-off point for you to 
explore potential opportunities in the global health arena. We encourage you to interact with as many attendees 
as possible, and learn all that you can. We would like to acknowledge the support of our partners, sponsors, and 
organizing committee, without whom this event would not have been possible. We hope that you will have a blast at 
today’s symposium!

Best regards,

The Engineering World Health Symposium Organizing Committee

Welcome Letter
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8:45 Registration & coffee

9:15 Opening remarks by EWH UofT exec board

9:30 “Global health: Technology if necessary, but not necessarily technology”
Dr. Yu-Ling Cheng
Director, Centre for Global Engineering and Professor, Department of Chemical Engineering and Applied Chemistry, 
University of Toronto

10:00 “Bold ideas with big impact: A global health approach to international development”
Dr. Ken Simiyu
Program Officer, Grand Challenges Canada

10:30 “A microfluidic cytotoxicity assay for point-of-care testing of multi-drug-resistant tuberculosis (MDR-
TB)”
Dr. Edmond Young
Assistant Professor, Department of Mechanical and Industrial Engineering, University of Toronto

11:00 Panel Discussion
Drs. Yu-Ling Cheng, Ken Simiyu, and Edmond Young
Moderator: Dr. Jan Andrysek
Associate Director, Clinical Engineering and Professor, Institute of Biomaterials and Biomedical Engineering, University of 
Toronto

11:30 “A novel passive vaccine storage and carrier device for rural communities in low and middle income 
countries”
Samantha Chow, Matthew Langley, Aditya Martowirogo, and Kristine Pearson
Undergraduate students, Division of Engineering Science, University of Toronto

12:00 Lunch & even-number poster judging session

12:30 Lunch & odd-number poster judging session

13:00 “Microchips for rapid detection and visual readout of biomarkers”
Justin Besant (Supervisor: Dr. Shana Kelley)
PhD candidate, Institute of Biomaterials and Biomedical Engineering, University of Toronto

13:30 “Preventing preventable child mortality: Using techniques in Operations Research to help improve the 
supply of medical oxygen in low-resource settings”
Beverly Bradley (Supervisor: Dr. Yu-Ling Cheng)
PhD candidate, Department of Chemical Engineering and Applied Chemistry, University of Toronto

14:00 “How low-cost eye care can be world-class: The successful partnership of the Canadian international 
development charity Seva and Aravind Eye Care System in India to provide high quality and sustainable 
eye care”
Laura Spencer
Seva Canada
Emanuel Nazareth 
PhD candidate, Institute of Biomaterials and Biomedical Engineering, University of Toronto

14:30 Coffee break

Agenda
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15:00 “Cells are cheap: Towards synthetic biology solutions to health problems”
Dr. David McMillen
Associate Professor, Department of Chemical and Physical Sciences, University of Toronto

15:30 “Creating a pandemic of health”
Dr. Alejandro Jadad
Founder, Centre for Global eHealth Innovation and Interim Director, Institute for Global Health Equity and Innovation at 
the Dalla Lana School of Public Health, University of Toronto

16:00 “Towards point of care analysis with digital microfluidics”
Dr. Aaron Wheeler
Professor, Department of Chemistry, University of Toronto

16:30 Panel Discussion
Drs. David McMillen, Alejandro Jadad, and Aaron Wheeler
Moderator: Dr. Peter Zandstra
Professor, Institute of Biomaterials and Biomedical Engineering and Faculty Advisor, Engineering World Health–University 
of Toronto Chapter

17:00 Closing remarks & poster prizes
Dr. Peter Zandstra

17:30 Networking reception & hors-d’oeuvres

18:30 End of Symposium

Agenda

Use #2015EWHS to tweet about our event and have your tweet 
displayed live on our main screen!
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Speaker Bio

Dr. Yu-Ling Cheng
Director, Centre for Global Engineering and Professor, Department of Chemical Engineering & Applied Chemistry, University of 
Toronto

Yu-Ling Cheng is a Professor in the Department of Chemical Engineering and Applied Chemistry at the University of 
Toronto. Her educational background is in chemical engineering (S.B. and S.M. from MIT, and PhD from Stanford). She 
has applied her strong training in chemical engineering to research in drug delivery systems and pharmacokinetics – 
which has resulted in numerous publications as well as 14 U.S. patents. She is a highly regarded educator, with many 
departmental, university, and provincial level teaching awards.  Over the past six years, she has increasingly shifted 
her research and teaching interests towards “global engineering”, and has been the founding Director of the Centre for 
Global Engineering (CGEN) since 2009. In this role, she is spearheading efforts to align the research and educational 
mission of FASE with global challenges.  

Dr. Ken Simiyu
Program Officer, Grand Challenges Canada, University of Toronto

Ken Simiyu is a Program Officer at Grand Challenges Canada. Dr. Ken Simiyu completed his PhD at the Institute of 
Medical Sciences, University of Toronto, where he focused on health innovation in developing countries. He is currently 
a Program Officer at Grand Challenges Canada, where he leads the Stars in Global Health program that is designed 
to enable innovators in low- and lower-middle-income countries and Canada to develop their bold ideas with big 
impact to improve global health conditions. Dr. Simiyu also co-leads the Point-of-Care Diagnostics portfolio, which is a 
partnership with the Bill & Melinda Gates Foundation.

Dr. Edmond Young
Assistant Professor, Department of Mechanical & Industrial Engineering, University of Toronto

Edmond Young joined the Department of Mechanical & Industrial Engineering at the University of Toronto as an 
Assistant Professor in January 2013. He received his BASc (2001) and MASc (2003) in Mechanical Engineering at 
the University of British Columbia, and his PhD in Mechanical and Biomedical Engineering at the University of Toronto 
(2008), under the co-supervision of Profs. Craig Simmons and Aaron Wheeler. He was a postdoctoral fellow at 
the University of Wisconsin-Madison from 2009 to 2012, working at the Wisconsin Institute for Medical Research 
(WIMR) with Prof. David Beebe’s research group.

Professor Young’s research interests focus on the development of microscale technologies for cell biology applications, 
with emphasis on creating engineered models that mimic the cell and tissue microenvironments in both healthy and 
diseased animals. His research combines principles and techniques of microfabrication, fluid mechanics, material 
science, cell biology, and cell imaging and microscopy. More recent interests include the development of low-cost 
microfabrication methods and low-cost microscale tools for global health.
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Speaker Bio

Dr. Jan Andrysek
Professor and Associate Director, Institute of Biomaterials & Biomedical Engineering (Clinical Engineering program), University 
of Toronto

Jan Andrysek is a Scientist at the Bloorview Research Institute at Holland Bloorview Kids Rehabilitation Hospital and 
a Professor and Associate Director of the Clinical Engineering program at the Institute of Biomaterials and Biomedical 
Engineering (IBBME), University of Toronto. His primary research focus is on the development of mobility assistive 
technologies for individuals with lower limb impairments. He is the author of numerous publications in the areas of 
physical rehabilitation, biomechanics, human movement, paediatrics, assistive technologies and global health, and 
holds a number of patents which have resulted in the commercialization of medical products. Jan is the cofounder and 
Chief Scientific Officer of Legworks, a social for profit enterprise formed to improve the availability of functional and 
affordable artificial limbs in under-resourced regions of the world.  

Justin Besant
PhD candidate, Institute of Biomaterials & Biomedical Engineering (Supervisor: Dr. Shana Kelley), University of Toronto

Justin D. Besant was born in Toronto, Canada. He received a B.Sc. (2010) in Electrical and Computer Engineering from 
Cornell University. He is now a Ph.D. candidate at the Institute of Biomaterials and Biomedical Engineering (IBBME) at 
the University of Toronto. His doctoral research focuses on the design of novel microsystems for sample preparation 
and electrochemical detection of biomarkers.

Samantha Chow, Matthew Langley, Aditya Martowirogo, and Kristine Pearson
Undergraduate students, Division of Engineering Science (Biomedical Systems Option), University of Toronto

Samantha Chow, Matthew Langley, Aditya Martowirogo, and Kristine Pearson are senior undergraduates in the 
Engineering Science program at the University of Toronto. Across the classroom, the laboratory, and out in industry, 
they have individually put their broad backgrounds in biology and engineering to work in human factors, software 
development, supply chain logistics, stem cell research, quality improvement, and medical devices. Together, they 
are integrating their skills to develop a low-cost vaccine carrier for low to middle income countries that will preserve 
vaccine potency throughout the crucial “last mile” of the cold chain. They look forward to tackling similarly pressing 
problems in human health after graduation. Samantha plans to combine her interest in biomedical engineering and 
industrial design for medical products through a career in industry. Matthew will be pursuing a PhD at the interface 
between stem cells and synthetic biology. Aditya is on track to pursue a MHSc in Clinical Engineering, applying his 
knowledge and engineering repertoire in a clinical setting. Kristine endeavors to pursue a career in industry where she 
will apply her biomedical and quality assurance backgrounds to the development of medical devices.

Beverly Bradley
PhD candidate, Department of Chemical Engineering & Applied Chemistry (Supervisor: Dr. Yu-Ling Cheng), University of 
Toronto

Bev Bradley is a PhD candidate in the Department of Chemical Engineering and Applied Chemistry, and is affiliated 
with the Centre for Global Engineering (CGEN) and the Doctoral Collaborative Program in Global Health and the Dalla 
Lana School of Public Health.  Before joining CGEN, Bev worked at the UK Medical Research Council in The Gambia, 
West Africa, where she continues to conduct collaborative research.  Bev holds a BASc in Systems Design Engineering 
from the University of Waterloo and a MASc in Biomedical Engineering from Carleton University.  



– 5

Engineering World Health Symposium
March 30, 2015

Speaker Bio

Laura Spencer and Emanuel Nazareth 
Seva Canada and PhD candidate, Institute of Biomaterials & Biomedical Engineering (Supervisor: Dr. Peter Zandstra), 
University of Toronto

Laura Spencer currently works in the policy unit of the Cancer Screening department at Cancer Care Ontario. She 
has worked in healthcare for the last several years, including a CIDA internship in Guatemala, working on gender 
assessment with Seva Canada’s partner Visualiza. In 2010, she was awarded the position of Minister of International 
Development at the Youth G20 summit, after completing her Master’s in Public Policy with a focus on health care 
policy. Laura is a Seva Canada board member and volunteer.

Emanuel Nazareth is currently completing his Ph.D. at the University of Toronto (IBBME) in the field of stem cell 
bioengineering, specifically creating technology platforms for applying human pluripotent stem cells, automation, and 
big-data to improved drug discovery and development. 

About Seva Canada: 
Seva Canada is a Vancouver-based charitable organization whose mission is to restore sight and prevent blindness in 
the developing world. For over 30 years, Seva Canada has been effective in reaching the under-served and unreached, 
using models of eye care development and delivery to share and fund to low income countries around the world. The 
role of medical tools and devices plays a key role in the success of this model and is packaged that way in knowledge 
sharing and capacity building.

An estimated 21 million people in India have cataracts, and nine million are cataract blind. Although cataract is 
reversible, millions remain blind due to a lack of accessible eye care. Seva has worked to restore sight in conjunction 
with the Aravind Eye Care System based in Madurai, Tamil Nadu, which was started in 1976 by Dr. G. Venkataswamy. 
Aravind has won the 2008 Gates Award for Global Health which honours extraordinary efforts to improve health 
in developing countries. Also in India, Seva coordinated the research and technology transfer that created Aravind’s 
Aurolab, a non-profit business trust that is now a leading manufacturer of intraocular lenses (IOLs), sutures and other 
vital supplies for eye care. Aurolab revolutionized eye care service delivery throughout the developing world by bringing 
the cost of intraocular lenses down from almost $300 each to under $10. Aurolab has now become the developing 
world’s leading supplier of IOLs, accounting for 7.8% of the global share of IOLs.

Dr. David McMillen
Associate Professor, Department of Chemical & Physical Sciences, University of Toronto

David McMillen completed his PhD at the Institute for Aerospace Studies at UofT, working on biologically inspired 
robotics.  The nonlinear dynamics associated with this work led him to postdoctoral work with Profs James Collins and 
Nancy Kopell at the Center for BioDynamics at Boston University, where he began to work in synthetic biology.  Since 
2003, he has been a professor in the Department of Chemical and Physical Sciences at UofT’s Mississauga campus, 
where he is the PI for the Synthetic Biology and Cellular Control lab.  The group combines mathematical modelling and 
molecular biology wet-lab work, and brings together students from Chemistry, Physics, and Cell and Systems Biology.  
Some recent opportunities afforded by grants from Grand Challenges Canada have led the team to work on global 
health issues, and this is becoming an increasing focus of the lab.
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Speaker Bio

Dr. Alejandro R. Jadad
Founder, Centre for Global eHealth Innovation, Interim Director, Institute for Global Health Equity & Innovation, and Professor, 
Dalla Lana School of Public Health, University of Toronto

Dr. Jadad is a physician, educator, researcher, entrepreneur and public advocate, whose mission is to enable people 
to live full, healthy and happy lives until their last breath, through innovative global collaborative efforts enabled by 
information and communication technologies (ICTs). 

He has been called a “human internet”, as his research and innovation work seeks to identify and connect the best 
minds, the best knowledge and the best tools across traditional boundaries to eliminate unnecessary suffering. Such 
work is powered by a radical ‘glocal’ innovation model designed to identify and funnel proven innovations from around 
the world to key local environments prepared to assess their ability to improve the capacity of humans to live long, 
healthy and happy lives until the last breath. The lessons generated are then transformed into new models that could 
be disseminated and adopted globally.

Dr. Jadad holds the Canada Research Chair in eHealth Innovation at the University of Toronto and the University Health 
Network, where he is the Founder of the Centre for Global eHealth Innovation and Principal Investigator, Techna . 
He is also Interim Director, Institute of Global Health Equity & Innovation and Professor, Dalla Lana School of Public 
Health, Faculty of Medicine and in the Department of Anesthesia, in the Institute of Health Policy, Management and 
Evaluation, University of Toronto.

Dr. Aaron Wheeler
Professor, Department of Chemistry, University of Toronto

Aaron Wheeler graduated with a PhD in Chemistry from Stanford University in 2003. After a postdoctoral fellowship 
at UCLA, Wheeler joined the faculty at the University of Toronto as the Canada Research Chair for Bioanalytical 
Chemistry in 2005. Wheeler and his research group have focused on developing microfluidic systems to solve 
problems in chemistry, biology, and medicine. Details can be found at http://microfluidics.utoronto.ca. 

Dr. Peter Zandstra
Professor, Institute of Biomaterials and Biomedical Engineering, University of Toronto and Faculty Advisor, Engineering World 
Health–University of Toronto Chapter 

Research in the Zandstra Laboratory is focused on the generation of functional tissue from adult and pluripotent 
stem cells. His groups’ quantitative, bioengineering-based approach strives to gain new insight into the fundamental 
mechanisms that control stem cell fate and to develop robust technologies for the use of stem cells and their 
derivatives to treat disease. Specific areas of research focus include blood stem cell expansion and the generation of 
cardiac tissue and endoderm progenitors from pluripotent stem cells. Dr. Zandstra is a Professor in the Institute of 
Biomaterials and Biomedical Engineering, the Department of Chemical Engineering and Applied Chemistry, and the 
Terrence Donnelly Centre at the University of Toronto. He is also a member of the McEwen Centre for Regenerative 
Medicine and the Heart and Stroke/Richard Lewar Centre of Excellence. He currently acts as Chief Scientific Officer 
for the Centre for the Commercialization of Regenerative Medicine (www.CCRM.ca) and as Interim Director for the 
Translational Biology and Engineering Program: Institute of Biomaterials & Biomedical Engineering. Dr Zandstra’s 
accomplishments have been recognized by a number of awards and accolades including: Guggenheim Fellowship, the 
McLean Award, Till and McCulloch Award and most recently, was inducted as a Fellow of the Royal Society of Canada. 
Dr Zandstra’s strong commitment to training the next generation of researchers is evidenced by his role as the Director 
of the Faculty of Applied Science and Engineering’s Undergraduate Bioengineering Program.
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Beyond household toilet: the effect of neighbourhood sanitation on diarrhea morbidity
Tiffany Young Mee Jung1,2, Ryan Hum1,2, Wendy Lou3, Yu-Ling Cheng1,2

1Centre for Global Engineering, University of Toronto, Canada, 2Dept. of Chemical Engineering & Applied Chemistry, University of 
Toronto, Canada, and 3Dalla Lana School of Public Health, University of Toronto, Canada 

Appropriate sanitation erects a primary barrier against fecal pathogens that can otherwise cause diarrhea upon transmission. Diarrhea has 
consistently ranked within the top four killers of under-five children in the past decade, killing 0.8 million under-five children in 2010. Children’s 
diarrhea morbidity continues to be a significant health burden as well, persisting at 2-3 incidents per year per person since the 1980s. 
Health benefits of sanitation can be attributed to the distinct functions of household sanitation (e.g. household toilet facility) and neighbourhood 
sanitation (e.g. neighbours’ use of appropriate sanitation). An individual may benefit from within-household control of fecal pathogen by 
household sanitation; in the absence of appropriate sanitation in the neighbourhood, however, the individual may still be at the risk of exposure 
to fecal pathogens from the neighbours. Such multi-domain operation of sanitation has been acknowledged in key sanitation literatures, yet 
the contributions of household and neighbourhood sanitation on diarrhea prevention have not been succinctly distinguished and compared in a 
systematic review.  
We conducted the first systematic review and meta-analyses that exclusively analyse the distinctive effect of neighbourhood and household 
sanitation on diarrhea morbidity. We identified studies reporting the effect of neighbourhood or household sanitation on diarrhea, by performing 
a comprehensive search on databases including PubMed, Scopus and Web of Science from the earliest date available to August 2013. Studies 
meeting pre-determined inclusion criteria were included in the meta-analysis. The reported effect sizes of neighbourhood and household 
sanitation were pooled by inverse variance method. 
Five studies on neighbourhood sanitation and 13 studies on household sanitation were included in our meta-analyses. The pooled effect 
estimates showed that both clean neighbourhood sanitary condition and access to household sanitation offer measurable benefits on diarrheal 
burden, and that the magnitude of the benefits provided by neighbourhood and household sanitation are comparable. Our systematic review 
presents the first pooled evidence that, in addition to the conventional interventions focusing on adoption of household toilets, investments and 
regulations for public sanitation infrastructures (e.g., drainage), and community level sanitation coverage (e.g. open defecation free villages) are 
desired to achieve the maximum reduction of diarrheal illness.

1

The Use of Oxygen Concentrators in The Gambia: A study of over 5 years of experience in a 
setting with BMET support
Beverly Bradley1, Samantha Chow1, Yu-Ling Cheng1, David Peel2, Ebrima Nyassi3, Stephen RC Howie3

1Centre for Global Engineering, University of Toronto, Canada, 2Ashdown Consultants, UK, and 3Medical Research Council Unit, The 
Gambia

The cost-effectiveness of oxygen concentrators over cylinders as a source of medical oxygen in resource-constrained settings has been 
demonstrated, however, evidence of their long-term effectiveness in the field is scarce.  Our objective is to share evidence and best practices 
concerning oxygen concentrator use at the Medical Research Council (MRC) Unit, The Gambia.  The MRC’s Biomedical Engineering department 
currently manages and maintains 28 concentrators (mean age: 5.0+/-2.1 years) distributed at several sites across the country, and has kept 
electronic records of all preventive maintenance (PM) and repairs on these devices since 2006. We present a retrospective analysis of 
concentrator reliability in a low-income setting with biomedical engineering technologist (BMET) support.
Methods and Results: 819 work orders (WO) were analyzed.  All repair WOs were categorized by main cause of failure, and spare parts were 
tallied.  On average concentrators received 3.4+/-0.7 successful PM checks per year.  Twenty-three PM checks resulted in repairs.  Eight 
concentrators have never needed a repair (mean age: 5.1+/-2.2 years).  The remaining 20 machines collectively had 58 repairs.  On average, the 
first repair occurred after 2.0+/-1.4 years of service.  The most common repairs, filter and check valve replacements, are the least expensive 
and require a low skill level. The most expensive repairs, sieve bed and compressor replacements, require a higher skill level but were rare. We 
estimate that less than $US2,500 has been spent on spare parts since 2006 - about $US18 per machine per year of service.  
Conclusions: Our ‘good news’ story of the use of oxygen concentrators in a low-income setting demonstrates that low failure rates and repair 
costs, and lifespans exceeding five years, are possible given a support framework that includes basically trained technicians and routine 
preventive maintenance. These findings are relevant to project planners interested in implementing oxygen concentrators in developing world 
health systems.

2
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Microfluidic point-of-care diagnostics for multi-drug-resistant tuberculosis (MDR-TB)
Alwin M.D. Wan1, Bill Jia1, Sanitta Thongpang2, Angkana Chaiprasert3, 4, Erwin Berthier5, Edmond W.K. Young1,6

1Dept. of Mechanical & Industrial Engineering, University of Toronto, Canada, 2Dept. of Biomedical Engineering, Mahidol University, 
Thailand, 3Dept. of Microbiology, Mahidol University, Thailand, 4Faculty of Medicine, Mahidol University, Thailand, 5Dept. of 
Biomedical Engineering, University of Wisconsin-Madison, U.S.A., and 6Institute of Biomaterials & Biomedical Engineering, University 
of Toronto, Canada

Tuberculosis (TB) is a preventable and fully treatable disease, and yet sadly still claims over 1.2 million lives every year, ranking it second only 
to AIDS/HIV as the world’s deadliest disease due to a single infectious agent.  Over 95% of cases occur in low- and middle-income countries, 
with an ever-growing presence of multi-drug-resistant TB (MDR-TB) strains that challenge traditional therapeutic strategies. Rapid and accurate 
detection and diagnosis are critical, and there is a dire need for new strategies in low-resource settings, where current methods remain 
inadequate.  By leveraging the unique capabilities of microfluidic technologies, we have developed a strategy that may address this need, by 
providing a cheap, simple-to-use, point-of-care diagnostic assay that can rapidly diagnose the presence of TB, and perform drug-testing of 
multiple anti-TB drugs against MDR-TB strains.  The microfluidic assay is fabricated entirely in thermoplastics, with an eye toward sustainable, 
high-volume production and distribution of the assay that can be performed entirely within the affected countries.  We demonstrate that our 
microfluidic device can successfully perform rapid cytotoxicity assays (with a simple fluorometric readout) using a variety of anti-TB drugs, 
against a variety of model TB bacteria strains, indicating the potential this system has to help address the global health challenge posed by 
MDR-TB.

3

Prevention of Thrombogenesis with a new Silane Based Layer used on Polymers in Medical 
Equipment Components
Kirill Fedorov1, Christophe Blaszykowski1, Sonia Sheikh1, Michael Thompson1,2

1Dept. of Chemistry, University of Toronto, Canada and 2Institute of Biomaterials & Biomedical Engineering, University of Toronto, 
Canada

In the 21st century the medical field has majority of its equipment coming in contact with blood is manufactured from plastic polymers. This 
causes a major concern, where exposure may result in undesirable protein-material interactions that can potentially trigger deleterious 
biological processes such as thrombosis. To address this problem, we have developed an ultrathin anti-thrombogenic coating based on 
monoethylene glycol silane surface chemistry. The strategy is exemplified with several polymers including: polycarbonate and poly (vinyl 
chloride) -plastic polymers increasingly employed in the biomedical industry. The various straightforward steps of surface modification were 
characterized with X-ray photoelectron spectroscopy supplemented by contact angle goniometry. Anti-thrombogenicity was assessed after 2, 
5, 10 and 60 min exposure to whole human blood dispensed at a shear rates of 300, 900, 1000 and 1500 s-1. Remarkably, platelet adhesion, 
aggregation, and thrombus formation on the coated surface was greatly inhibited on all shear rates and both surfaces (>92% decrease in 
surface coverage) compared to the bare substrate and, most importantly, nearly nonexistent. As a result this coating is very robust and easy to 
apply and could be used with wide array of equipment.

4

Engineering World Health Educational Kit Building
Katherine Kocur1,2, Haozhi Chan1,2, Shivao Chen1,2, Yunshi Gu1,2, Caitlin Lee1,2, Siming Sun1,2, and Shivangi Pantt1,2

1Faculty of Applied Science & Engineering, University of Toronto, Canada and 2Let’s Talk Science, Canada

Getting students excited about science is essential in increasing participation in STEM fields. In particular, global health education is the key 
to inspiring and empowering students to improve health care around the world. In order to achieve these goals, we designed an educational 
kit for Let’s Talk Science that teaches students about the science behind malnutrition, a prevalent global health issue. The kit will be used in 
grade nine and ten science classrooms across the Greater Toronto Area. The primary objectives for the kit are (i) engaging for target audience 
(ii) simple to use (iii) durable and (iv) easy to transport and store. The kit is structured as a one-hour long hands-on classroom activity. We used 
structured brainstorming and multi-voting to develop five valid alternative designs. A weighted decision matrix based on the relative importance 
of each objective was then used to choose the best design. The two designs that received the highest scores were “Food Calorimetry” and “Iron 
Deficiency and Malnutrition”. We recommend the “Food Calorimetry” design, in which calorimetry is used to measure the energy content in 
food, because it is most engaging and most suitable for a classroom activity. The alternative design calculates the amount of iron in cereal using 
magnetism, and is a viable second option. The selected design will be constructed and implemented in classrooms to assess its ability to convey 
the scientific aspects of malnutrition to students.

5
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A novel passive vaccine storage and carrier device for rural communities in low and middle 
income countries
Samantha Chow1, Matthew Langley1, Aditya Martowirogo1, Kristine Pearson1

1Division of Engineering Science, University of Toronto, Canada

Vaccination forms an essential component of global health strategy and prevents ~2.5 million deaths each year. However, in order to maintain 
their biological potency, most vaccines must be kept between 2°C to 8°C. Unreliable or absent infrastructure for vaccine refrigeration in low and 
middle income countries (LMICs) leads to temperature excursions beyond this range, thereby compromising their disease prevention strategies. 
In the crucial “last mile”, passively-cooled vaccine carriers are commonly used by health workers in LMICs to bring vaccines to and from rural 
communities where electricity is unavailable. However, existing passive carriers have inadequate cold life for round trips, are prone to freezing 
vaccines, and cannot record vaccine temperature throughout the length of the trip.
We are designing and building a novel low-cost passively-cooled vaccine carrier that addresses these shortcomings in three ways. First, our 
design implements a cylindrical geometry which optimizes heat transfer over traditional rectangular designs. Second, a phase change material 
(PCM) comprised of peanut oil is used in place of ice packs to extend the carrier’s cold life and avoid freezing by taking advantage of its thermal 
latency at the 3°C melting point of peanut oil. Finally, our design includes an optional active temperature monitoring module that will log the 
internal temperature throughout its use and alert the user to temperature excursions. 3D modeling and finite element analysis was used to 
optimize the thickness of each layer of the design and estimate its cold life. We have constructed prototypes of the carrier’s physical structure, 
PCM, and temperature monitoring module, and are currently validating its performance against existing carriers and accepted World Health 
Organization standards. When completed, we hope our novel vaccine carrier will address the unique challenges LMICs face in maintaining 
vaccine potency and contribute to the success of global vaccination strategies.
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The LC-Knee: A novel low cost stance controlled prosthetic knee
Matthew Leineweber1,2, Jan Andrysek1,2

1Institute of Biomaterials & Biomedical Engineering, University of Toronto, Canada and 2Holland Bloorview Kids Rehabilitation Hospital, 
Canada

Globally, an estimated 10 million individuals require a prostheses and currently only 5 to 15% of this need is met due to inaccessibility to 
appropriate prosthetic services and technologies. Without a functional prosthesis, individuals with lower-limb amputations are stripped of their 
ability to walk; this inability to be sufficiently mobile greatly restricts their independence and productive participation in the community including 
the pursuit of occupational activities. In many under-resourced countries it becomes a vicious cycle, where disability leads to poverty and 
poverty further restricts individuals from receiving the care that would allow them to lead healthy and productive lives.
For individuals with amputation above the knee, a functional prosthetic knee joint can greatly impact rehabilitation outcomes. The current 
landscape for prosthetic knee joint technologies includes advanced devices that provide good function and patient outcomes but, at a cost of 
thousands to tens of thousands of dollars they are primarily restricted to use in high-income countries. For low and middle income countries 
(LMICs), more affordable options exist although they are still too expensive and out of reach for many; more importantly, they do not allow the 
necessary function to adequately alleviate the effects of lower-limb loss.
The LCKneeTM is an artificial knee joint developed at Holland Bloorview Kids Rehabilitation Hospital. The LCKneeTM is based on a novel 
and very simple mechanism that provides the necessary function to allow users to effectively and efficiently walk. The LCKneeTM has been 
extensively tested as part of long-term clinical field evaluations (about 12 months) conducted in a number of countries. The results have 
been highly encouraging in terms of its performance. When compared to knees many times more expensive, users felt more stable, fell less 
frequently and were able to walk more quickly and efficiently (by 10% and 30%, respectively) with the LCKneeTM. Hence, 90% of these users 
preferred the LCKneeTM for daily use over existing technologies.  Other benefits of the LCKneeTM technology include ease of maintenance, set 
up and alignment, thus making it ideal for use in many LMICs. 
The proof-of-concept for the LCKneeTM has been achieved and, utilizing an integrated innovation approach, our focus over the next three years 
is to transition to scale and bring our solution to those in need around the world.
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