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WHY POINT OF CARE DIAGNOSTICS?
• timely information to medical teams, facilitating rational, time-critical
intelligent decisions
• personalized medicine, allowing the caregiver to customize the therapy
according to the patient’s needs rather than using standardized one size fits all
protocols
• reduce turn-around time for results, which reduces the problem of patients not
following up with their caregiver after a test
• reduce the likelihood of samples being degraded, contaminated, mixed up,
and/or lost
• eliminate some of the problems and costs associated with sample handling,
packaging, tracking, and shipping to centralized laboratories
• facilitate real time monitoring of the spread of infectious diseases, and food
and water contaminants; enable rapid identification of the contamination
sources
• facilitate sophisticated tests at locations lacking laboratory facilities, such as
rural areas, developing countries, homes, and border points

WHY MOLECULAR DIAGNOSTICS?
Certain tests cannot be done with antibodies
Examples:
monitoring the viral load of HIV patients undergoing therapy
discriminating between drug-responsive and drug-resistant
bacteria

DNA/RNA detection provides sensitivity and
specificity that is difficult, if not impossible, to
achieve with protein-based tests
New amplification technologies render molecular
diagnostic testing nearly as simple as (and in some
instances simpler than) protein-based detection

OBJECTIVES
A nucleic acid-based test that is nearly as simple as a dip-stick
test, but has the performance of state of the art bench top
equipment
Accommodate multiple (i.e., drug - susceptible and drug –
resistant) targets and positive and negative controls
Modular approach that facilitates inexpensive, uninstrumented operation with qualitative read-out
With an appropriate reader/processor facilitate quantification

APPROACH
Disposable, closed cassettes
Isothermal, enzymatic amplification (i.e., LAMP)
Multifunctional amplification reactor
Optional visual detection and un-instrumented operation

POINT OF CARE PCR SYSTEM
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ISOTHERMAL AMPLIFICATION
(LAMP) REACTOR
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Electropherograms of HIV RT-LAMP amplicons obtained with saliva samples spiked
with HIV without purification (A) and with FTA membrane-based purification (B). (A)
Lane M: DNA marker; Lane 1: 107 HIV particles/ml; Lane 2: 106 HIV particles/ml; Lane
3: 105 HIV virus particles/ml; Lane 4: 104 HIV particles / ml; and Lane 5: Negative
control. (B) Lane M: DNA markers; Lane 1: 104 HIV particles/ml; Lane 2: 103 HIV
particles/ml; Lane 3: 102 HIV particles/ml; and Lane 4: Negative control.

EXAMPLE OF DNA TARGET: E. Coli in Urine

The exothermic reaction – based heating can be also used
to actuate valves and pumps.
An example of a thermally actuated valve

Valve material: expandable microspheres embedded in
PDMS
Liu, C., Mauk, M., Bau, H. H., 2011, A Disposable, Integrated LoopMediated Isothermal Amplification Cassette with Thermally-Actuated
Valves, Microfluidics and Nanofluidics 11, 209-220
(DOI: 10.1007/s10404-011-0788-3).

Cost: $2
(Reusable)
Detection with a CCD camera

Visual Detection

Test line

Control line

Lateral Flow-Based Detection

In-Situ Stored Amplification Reagents
Dried reagents including Reverse Transcriptase, enzyme, dNTPs,
primers, Mg, and dye are pre-loaded in the reaction chamber and
encapsulated with paraffin.
 Prolonged shelf life without refrigeration
 Release just in time upon chamber’s heating

machined or molded
polycarbonate chip
without cover

load liquid PCR
cocktail including
Taq, primers,
and stabilizers

vacuum dry
reagents

encapsulate
with paraffin
(mp 60 °C)

solvent-bond cover
with acetonitrile

Kim, J., Byun, D., Mauk, M., G., and Bau, H., H., 2009, A Disposable, Self-Contained
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Un-instrumented Operation
SELF – HEATING CARTRIDGE
Amplification chambers

Cartridge body

Filter paper
Water reservoir
Cartridge seat

17 mm

38 mm
19 mm

Target: E Coli DNA
LoD: <10 particles

Liu, C., Mauk, M., Hart, R., Qiu, X., and Bau, H., H., 2011,
Self Heating Cartridge for Molecular Diagnostics, Lab on
Chip 11, 2686-2692.
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The amplification chamber’s temperature as a function of ambient
temperature in the absence and presence of phase change material

Mosquito-on-a-chip: Rapid Genotyping
Mosquitoes of the anopheles gambiae complex are malaria vectors.
The Anopheles family consists of seven morphologically
indistinguishable mosquito species that vary in their ability to transfer
malaria to humans.
Objective: field test that allows one to identify mosquito type, in particular,
Anopheles gambiae sensu stricto and Anopheles arabiensis

In collaboration with Mariangela Bonizzoni and Guiyun Yan, University of
California at Irvine

Sample preparation process. (A) A single mosquito leg was placed on FTA card. (B) The
leg was crushed with a bland object. Witness the resulting gray spot on the FTA card. (C) A
1.5-mm diameter FTA disc was punched out from the spotted area with a Harris punch
cutter.

Real-time monitoring of LAMP amplification of reactors G, A, and C as
functions of time when the sample consists of Anopheles gambiae sensu
stricto (A) and Anopheles arabiensis (B).

End-point, visual, fluorescent detection of LAMP products of mosquito-on-a-chip for
Anopheles gambiae sensu stricto identification with iPhone 4. (A) An enlarged
fluorescent image of chip. Reactor G emits visible light while reactors A and C stay
dark. (B) Photograph of iPhone 4 with mosquito-on-a-chip fluorescence image. A
minute, reusable light-emitting diode (inset) excites the fluorescence emission.

SUMMARY
An easy-to-use, inexpensive portable system for the detection of
nucleic acids at the point of care was designed, constructed, and
successfully tested.
The system demonstrated consistently a detection limit of better than
10 particles per sample, i.e., with typical sample volume of 100ml, we
comfortably detect 100 particles/ml.
The system can be operated as un-instrumented with visual test or in
conjunction with a reader for quantification.
The system accepts an un-processed sample of body fluid or other
liquid, processes the sample, and provides an answer.
With integration of pouches for liquid storage and pumping , we can
carry out all unit operations on the chip.

