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� Scope and magnitude of  the problem 
 

� What  can we do? 
 

� Framework  for designing solutions  and interventions
 

� Examples and case studies.
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POTENTIAL
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PRODUCTIVE
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PRODUCTIVE 

LIFE  DALYSDALYS 

Disability Adjusted  Life Years 
 

The sum  of  years  of  potential  life  lost due to 
 

premature  mortality and 
 

the years  of  productive  life  lost due  to  disability. 
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Source: BVGH Global Health Primer, 2007. 
http://www.bvgh.org/LinkClick.aspx?fileticket=aqnG6VPYW_o%3D&tabid=91 
Courtesy of BIO Ventures for Global Health. Used with permission. 
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Cause the greatest  burden of  disease. Each  year >10 million children  

under  5  years die  from  preventable or  treatable diseases. 

�	 {Respiratory infections  + diarrheal diseases} kill  ≈  {AIDS  +  TB + Malaria}  

�	 Each  year 2‐3  million  children  die from  acute diarrheal illnesses  (ADI) 

including  rotavirus, enterotoxigenic  E. coli (ETEC) and  Shigella. Some  

60% of  the deaths  from  diarrhea  occur in 10 developing countries. 

�	 Nearly  40 million people (including 2.3 million  children)  are currently 

living  with HIV/AIDS ‐ 63% live  in Africa. 

�	 >  2.4 billion  people (40%  of  global population) in over  100 countries  are  

at  risk for  malaria. 300‐400 million  cases of  acute malaria each year. 

�	 Multidrug‐resistant  or  MDR‐TB  is in every  country worldwide ‐ resistant 

to at  least isoniazid and rifampicin, the two principal first‐line  drugs. 
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� Neglected  Diseases
 

�  1 billion  people  affected. 
 

�  ½  million  deaths  annually.
 

� Lymphatic filariasis patients lost
 

20%  productive working days
 

each  year. 1/3rd  of  S. Africa’s
 

workforce  is HIV‐positive.
 

�	 Repeated bouts of  childhood  

diarrheal infections  are  

associated with malnutrition  
and growth stunting  and 
diminishing  mental  

Source:  “Rapid‐Impact  Interventions”:  How a Policy  of  Integrated  Control for Africa's development  in children.  Neglected Tropical Diseases  Could Benefit  the  Poor.”  Molyneux  DH,  Hotez PJ,  

Fenwick  A PLoS Medicine Vol.  2,  No. 11, e336  doi:10.1371/journal.pmed.0020336.  

Courtesy  of the authors. License: CC Attribution.  
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� Neglected  Diseases:
 

�  1 billion  people  affected  and  ½  million  deaths annually.
 

From http://www.who.int/neglected_diseases/en/, accessed October 2009. 
Courtesy of the World Health Organization. Used with permission. 
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��  Model of a extremely variant pathogenModel of a extremely variant pathogen 

��  TseTse tsetse flyfly--

��  Trypanosoma bTrypanosoma b uceuceiirr 

Image: US NIH. 

Courtesy of Louis De Vos. Used with permission. 
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� Diagnosis 
 

� Therapy – Medicines,
 

Compliance/Adherence. 

� Prevention  – Vaccines. 

� Management –  Monitoring/Surveillance 

� SYSTEMS 
D-LAB HEALTH 
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Expensive/ 
Not Very Appropriate 

Expensive/ 
Appropriate

Inexpensive/ 
Appropriate 

Inexpensive/ 
Not Very Appropriate 

Net Resources Expended (Time & Money – Resulting Impact) 
Image credits: Glucose meter (upper left & right) public domain/Wikipedia. iPhone (upper right) courtesy of For Inspiration Only on Flickr. Farmer (lower left) courtesy of 
Lon@Queta on Flickr. Vaccination clinic (bottom center) courtesy of cambodia4kidsorg on Flickr. Drawings of cellphone and hospital by MIT OpenCourseWare. 12

http://www.flickr.com/photos/cabinet/2778305948/
http://www.flickr.com/photos/48096653@N00/3531667011
http://www.flickr.com/photos/cambodia4kidsorg/2173027127/


Photos removed due to copyright restrictions. 
Various medical diagnostic tools. 
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�� Model for a multi stage infectious diseaseModel for a multi stage infectious disease 

��  AnopheAnophelesles mosquitomosquito 

��  Plasmodium vivaPlasmodium vivaxx,, 

��  Plasmodium falciparumPlasmodium falciparum 

MerMeroozoite penetrzoite penetratingating a reda red blood cellblood cell 

Courtesy of the WEHI-TV. Used with permission. 

D-LAB 
Merozoite multiplying in a red blood cell
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Image: US CDC 
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� Chest  X‐ray  

� Viral vs. Bacterial: 

� Complete blood count 

� Sputum  stain  

� Fluid  from lungs 

Image: US CDC 

� Developing  Countries:  
� Treat all  pneumonias in children 

with antibiotics 
 

� Has  reduced mortality 
 

� May encourage antibiotic
 

resistance  
D-LAB HEALTH 
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�  Skin test (PPD) 

�  Serum test 

�  Chest X‐ray  

Used with permission.
� Shows nodules in  active  

Courtesy of the Canadian Lung Association.Image: US CDC 

TB 

�  Sputum  

� Acid‐fast  bacilli  
Image: US CDC Image: US CDC 
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� Collect  nasal  secretions  

� Spin  down cells 

� Place cells on  slide 

� Immerse  in  alcohol 

� Apply  solution  containing antibodies which 

bind to viruses  

� Antibodies  are  coupled  to fluorescent  dye  

� Examine  with fluorescence  microscope  
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�	 Diagnostics/Management  

�  Point  of  Care (POC) 

�  Disease Surveillance  

Various images of microfluidic 
devices removed due 
to copyright restrictions. 
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SNAPSNAP 
SimSimpleple NuNucleicleicc AcidAcid PProcerocessingssing 
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� 	 A health care worker watches and  helps as  the  

patient swallows anti‐TB medicines in his/her 

presence. 

� 	 DOT shifts responsibility  for cure from patient  to  

health care system 

� 	 Requires political  commitment,  accurate  diagnosis,  

quality drugs,  observation, follow up  

� 	 DOT works well in many  developing countries 
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© 2007 IEEE. Used with permission. 
For complete article, see Huo, Xueliang 
and Maysam Ghovanloo. "A Wireless 
Pharmaceutical Compliance Monitoring 
System Based on Magneto-Inductive 
Sensors." IEEE Sensors Journal 7, 
no. 12 (2007). 
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AIRPORT 

ENTRANCE 

Vaccine Truck 

5% Waste 

Do not
Open 

Stop 

Vaccines must be 
stored at 2-8 deg C 

Fridge

75-83% Waste 

Waste = Thermally Damaged Vaccines 

 Image by MIT OpenCourseWare. 
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The Real Cost of Needles 
 

Image removed due to copyright 
restrictions. 
Photo of young boy at a trash dump in 
Nairobi, holding a scavenged 
hypodermic syringe. 
See http://www.sfgate.com/cgi­
bin/object/article?f=/c/a/1998/10/27/ 
MN52NEE.DTL&o=1 

1/3 of vaccine injections
in the developing world
are UNSAFE.

This leads to:
• 250,000 cases of HIV
•Millions of cases
of hepatitis

1/3  of  vaccine  injections  

in  the  developing  world 

are UNSAFE. 

This  leads  to: 

• 250,000  cases of  HIV  

• Millions  of  cases 

of  hepatitis 
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66 PHYSICIANS 
AND AIDES 

DRUG DOCTOR PATIENTS 
IN-CLINICPREPARATION GIVES SHOT 200200 

7070 PATIENTS 
IN THE FIELD 

PATIENT BIOHAZARD 
REGISTRATION DISPOSAL 

Sources: USAID, Becton Dickinson 
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11 LOW SKILLED 
VOLUNTEER 

DRUGDRUGDRUG DOCTORDOCTORDOCTOR 
PATIENTSPREPARATIONPREPARATIONPREPARATION GIVES SHOTGIVES SHOTGIVES SHOT 
IN THE FIELD650650 

SAVINGS62%62% 
BIOHAZARDPATIENTPATIENTPATIENT BIOHAZARDBIOHAZARD 
DISPOSALREGISTRATIONREGISTRATIONREGISTRATION DISPOSALDISPOSAL 

Sources: Aerovax, MIT Analysis 
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� 1975  WHO  and UNICEF:  

� 90 mM  sodium  

� 20 mM  potassium  

� 80 mM  chloride 

� 30  mM  bicarbonate 

� 111 mM  glucose 

� Packet of ORT:  10  cents 

� ORT  in  the U.S.  
Photo of Pedialyte® products 
removed due to copyright restrictions. 
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� Pregnant  women  and infants should  sleep 

under  insecticide treated  nets  

� 25%  reduction in low birth weight babies 

� 20% reduction in infant deaths  
� Cost: $1.70  (Retreatment: 3‐6 cents) 

Image: US Department of State / Timothy Ziemer 
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Incubadoras
Incubadoras 

Modulares
Modulares 
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� Disease  surveillance 
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� Disease  surveillance 
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� Google  FluTrends 

Image removed due to copyright restrictions. 

See graphic in Helft, Miguel. “Google Uses Searches to Track 
Flu’s Spread.” The New York Times, November 11, 2008. 
Accessed October 14, 2009. 
http://www.nytimes.com/2008/11/12/technology/interne 
t/12flu.html?scp=1&sq=google%20flu&st=cse 
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� Hybridization  

� Vintage Technologies +  Smart Design/Tech  = 

New Solutions  

� Taking the  improvisation  and engineering 

solutions  

� Bottom  up  observation  
� Be trendsetting,  not  trendy  

� Context  shifting 
� Distributed  Systems  

� Crowd  sourcing  
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Policy &  Aid �  Solution Side 

�  WHO  �  PATH 
�  UNICEF �  FIND  

�  Multilateral  aid agencies �  Rice,  Duke, 

�  MSF  �  MIT  

�  Red Cross �  CIMIT  

�  MedMondiale 

�  IAVI* 

�  OneWorld Health*  
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