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Structure

« Harvard group (Gates Foundation): Invention

« Diagnostics for All (501-c-3; Not for Profit Company):
Engineering/Premanufacturing Prototypes; Trials;
Regulatory Affairs

» Paper Diagnostics (for profit; royalties returned to
DfA): Products




So, the Question

 How can we provide diagnostics
—...at “zero” cost

— ...Where there are no doctors or highly trained
paramedical personel

— ...and no infrastructure

— ...and not even a shared understanding of
“disease”?

— High-quality point-of-care results at
Insignificant cost (at a distance)



What would we like to know/do?

« Triage: “Fever of unknown origin” (“fever panel”)

« Specifics for detailed diagnosis

— AIDs; Hepatitis B/C/E; Malaria; Lower
respiratory/enteric disease; 1B (especially drug
resistant)

» Guidance for Treatment:

— Treatment-limiting drug reactions/Toxicity;
Compliance; response. Counterfitting.
Delivery/companion diagnostics.

* Many Other Uses

— Nutrition; Agriculture/Food Safety/Quality; Vaccination
Status; Animal/Plant Disease; Water; Surveillance



Key ldeas

« Simplicity. Generating medically relevant
information as simply (inexpensively,
robustly, ...) as possible

« Changing the Cost Structure for
Biomedical Information. Change emphasis
from “profitable devices that generate
information” to “manipulating abundant,
iInexpensive information.”



A Resource Allocation Issue:
What Kinds of Tests/Assays?

* Metabolic Assays (enzymes, metabolites,
.. Glc, electrolytes, AST, ASP,

* Immunoassay (ELISA...)

* Nucleic Acids (DNA, mRNA, ..;)

» Cells (Malaria, rare cells)

 Tissues and 3D Cell Culture

» Organism (sleep/awake, depression, TBI)
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“An ideal diagnostic test is ASSURED (affordable, sensitive,

specific, user-friendly, rapid, equipment-free, and delivered to
those who need it).”

— World Health Organization
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Solid Wax Printing

3. Melt




INting

ive Large Scale Pr

~ 5 cents/ page ~ 0.1 cents/device

Inexpens

Cost of printing




3D Paper Microfluidic Devices
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Liver Function Tests
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LFT Development — Diagnostics For All
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Thread as a Matrix for Biomedical Assays
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Quantitative Assays and Telemedicine
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Glucometers as electrochemical readers
for low-cost diagnostics
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Glucometers as electrochemical readers



Calibration of the glucometer for paper-based device
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Calibration curve for the analysis of glucose

Other analytes in progess: Lactate, cholesterol, phenolic compounds



Hydrodynamic 4#PED for the Analysis of Heavy Metal lons

F- T T = 3= 3= 7= =1
| blotting I 1-
cellulose £
| paper \\ g I1.0 nA
| = |-
<j. time
I ~ a. cleaning
| paper = b. deposition
I::h:amn»n.-l @ c. equilibration
| S d. stripping
| (&)
I

|

|

_ — T T

S — -1.2 -1.0 -0.8 -0.6
Potential (V)

Analysis of Pb(ll) in a mixture of

] Pb(Il) and Zn(1l)
Simple, low-cost, and portable A) A drop placed on electrodes

* Do not require extra instruments B) Stagnant uPEDs

e Reusable C) Hydrodynamic 4PEDs (120s)
D) Hydrodynamic #PEDs (360s)



Hydrodynamic 4#PED for the Analysis of Heavy Metal lons

electrodes

Current (uA)
N
5
m
(w)
7))

_ > S
W%
N

- o
=

>

Current (uA)

> R ®

S— ] 0
v T T ﬁppb' 1 v 1 v 1 v 1T v 1
-1.2 -1.0 -0.8 -0.6 0O 20 40 60 80 100
Potential (V) Concentration (ppb)

Limit of detection of Pb(ll): 1.0 ppb
Sensitivity: 0.17 uA-ppb



Signal detection:
battery-powered, frequency-modulated detector

sample

glass plate with pinhole

optical filter

cost of components < $50
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Eggbeater as Centrifuge
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Agueous Multiphase Polymer Systems
use in density-based separations

interfaces between phases define steps in density that are useful
to separate and collect objects based on density
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Density-Based Cell Separation as a Diaghostic

malaria

healthy erythrocytes
p =1.082-1.090 g/mL
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Bioassays in 96-Zone Paper Plates Using
Microplate Readers

® Total Protein Assays:
*Ponceau-S
*Bradford
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Thermochromic Displays on Paper

e Cost <$0.10/m2 in
materials

* Thin (100 um), flat,
lightweight (<20
mg/cm?).

« Can be folded,
rolled, twisted, and
creased.




Thermochromic Displays
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Cells-in-Gels-in-Paper

in vivo ex Vvivo

Vascularized tissue Thin, well-perfused 3D culture

oxygen
concentration

Non-vascularized tissue

(e.g. tumor) .
oxygen Thick, non-perfused 3D culture
concentration

~ depth

~%




The main idea

spot suspension
of cells

: ’g . diffusion-unlimited

cells in 3D hydrogels 3D culture : S-phase cells DNA
: damage
single ' . () —
layer (SL) ! L1
gt L2
L3
) o T . 3D culture with gradient / o= LA
> : of nutrientsand 0 © L5
Sk 55 -_ B
stack
culture of cells the layers: L7
in 3D matrix
' — " L8
: impermeable layer  low . stainthecells o 05 1.0 0 10 20

Click-IT EdU or TUNEL stain intensity
normalized by total DNA intensity

PNAS, web this week,
http://wyss.harvard.edu/viewpressrelease/26/the-book-of-life-can-now-literally-be-written-on-paper-



