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Client and Advisor

Client: Dr. Timothy Kwa, Jimma University. Jimma, Ethiopia

Advisor: Dr. John Puccinelli, University of Wisconsin - Madison, BME Department




Problem Statement

Create a microfluidic point of care (POC) testing
device for diagnosing malaria in rural Ethiopia in a
sensitive, cheap, and time efficient manner



Malaria Prevalence and Pathobiology

Transmitted by Anopheles mosquitoes
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Current Diagnostic Methods
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The gold standard in diagnosis is a blood smear test & ,, @Q
* Blood stained with Romanowsky Stain highlights parasites
* No distinction between P. falciparum, P. vivax, or others
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Rapid diagnostic tests
* $1pertest

* In a study it was found only 50% of RDT’s are more than
80% accurate [2] T e T T e e

http://www.malwest.gr/Portals/0/RDT.jpg




Capabilities/Restrictions in Ethiopia
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Limited equipment/resources

* Unreliable power and internet
* Untrained laboratory personnel
* Rural locations

e Little to no laboratory infrastructure




Product Design Specifications

Accuracy >95%

Results in <1 hr

Battery powered (electricity unreliable)

Small in size

Price range: $1-5

Able to diagnose malaria (possibly other diseases t00)

Distinguish between 4 strain



e Pros:
o No additional

Separation 1. Cell Deformation requirements

Red Blood Cell@

Infected RBC @

Inlet

o Easily testable with
polystyreen beads
e Cons:
o Less effective in
separating early stage

Flow by 1mL syringe iRBCs
o Requires 40% blood
hematocrit
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Separation 2: Magnetism o Pros:

o Hemozoin
produced at all life
stages

o [Fast detection

o Detect a minimal
amount of IRBCs
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o Intensely
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magnetic field
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Small Neodynium Magnet [4],[5]




Separation 3: Electrical o Pros:

o High
specificity
Positive Electrode o iRBCs very
sensitive to +
charges
(Conductivity)
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Detection 1: BinaxNOW

4 , : * 15 minutes
BinaxNOW Malaria « Small blood volume
* Easyto interpret
* Sensitivity > 93.5% for all 4
C strands

« Cons
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Detection 2: Polystyrene Beads

Concentrated iRBC's.
enter chamber

Dried beads are
hydrated

IRBC

Visible aggregates roughly
1 mm in diameter form

Conjugated
Bead
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Pros:
e Two minute
diagnosis
e 2 uL of blood

Cons:

e Testing for
multiple strains
would be
cumbersome

e ~80% specific

[2]



Detection 3: Gold Nanoparticles

Device o
Detection line Conitiol like
i i Pros:
-primary antibody
immobilized < -antihuman antibody e Demonstrated
Method

e Low detection

-4 7 97 [ ] e

i e Species Specific
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Cons:
e Expensive

Mechanism without mass
production
e Possible
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Design Separation Detection
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Criteria (weight) Cell Deformation | Magneétic Separation | Electric Separation | BinaxNOW PS Beads GNPs

Sensitivity (25)

3 15 5 25 4 20 25 4 20 25
Equipment Free/Usable in
Userfriendly (20)

5 200 5 200 3 12 16 4 16 20
Time (10)

2 4 4 8 4 8 8 5 10 8
Cost (10)

5 100 4 8 3 6 2 5 10 6
Ease of Fabrication (10)

4 8 4 8 3 6 100 3 6 4
Versatility (type of Malaria or

other diseaseS) (5) 4 4 2 2l 2 2 3 1 1 5

Total 81 87 66 76 79 88




Future Work

e Combine both the separation and detection methods
* Determine optimal fabrication techniques
* Develop prototype

* Testing methods

 Challenges

* Placement of magnet(s) calculations ?? / /

* Biological testing difficulties

e Costs on individual scale




Questions?
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