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ABSTRACT

Detecting and quantifying circulating proteins produced by 

malarial parasites provides valuable information to guide diagnosis 

and treatment.  We report on the detection and quantification of 

the malarial antigens HRP-II and aldolase with single-use 

microfluidic cartridges incorporating protein microarrays.  The 

microarray-based cartridges are suitable for use with handheld 

bioassay instruments.  Reagent and sample transport in the 

cartridges is controlled by integrated silicon electroosmotic 

micropumps.  Applications of the flow-chamber microarrays for 

experimentally determining binding parameters for pairs of 

biological molecules are explored.   

INTRODUCTION

Historically, body fluid analysis for malaria diagnosis has 

been through microscopic examination of blood smears for 

parasites, through automated analysis with laboratory PCR 

systems; or by card-type kits [1].  While these methods are 

satisfactory for many clinical settings, in some instances a fully 

automated (e.g. no manual dispensing/metering of reagents or 

skilled interpretation of assay outcomes), highly portable system 

for detecting and quantifying malarial antigens is desirable.   

We sought to leverage protein microarrays to develop new 

tools and techniques for detecting and quantifying malarial 

antigens.  Microarrays (both DNA and protein) are well 

established for drug discovery, but are underutilized in portable 

medical diagnostics.  For such applications, it is convenient to 

locate microarrays within microscale reaction chambers linked to 

channel networks for delivering samples and reagents.  Abundant 

options now exist for controlled sample/reagent delivery [2]. 

However, selection of geometries and operating parameters for 

flow-chamber microarrays requires careful study of the interplay 

between biochemical and microfluidic effects.  The methods 

introduced here for developing microarray malarial antigen assays 

are applicable to a wide range of analytes. 

Figure 1:  Left:  Photograph of reaction chamber with protein

microarray.  The microarray (typically eight spots) is printed on a 

nitrocellulose film.  Right: photomicrograph of a portion of a 

reacted microarray.

EXPERIMENTAL METHODS 

Flow-chamber microarrays of the design shown in figure 1 

were used in experiments. The microarray-containing reaction 

chambers are built into microfluidic cartridges; the cartridges, 

along with a handheld instrument, compose an automated bioassay 

system, a prototype of which is illustrated in figure 2.  To run an 

assay, a small (< 50 microliters) whole blood sample, obtained 

through e.g. fingerstick, is allowed to wick into the cartridge 

sample pad (inset of figure).  The sample pad is sealed by sliding 

closed the cartridge cover, after which the cartridge is inserted into 

the handheld instrument (overall size 310 cm3, weight incl. 

batteries 292 g).  Reagent and sample transport within the cartridge 

is driven by integrated slit capillary array silicon electroosmotic 

micropumps [3], which in turn are controlled by electrical signals 

from the handheld.

The reaction chamber cross-sectional dimensions are 120 µm 

x 3 mm.  The top surface is injection molded cyclic olefin 

copolymer (COC); the side walls are laser-cut polymer; and the 

bottom surface is nitrocellulose-coated glass.  Molded COC 

surfaces provide a smooth transition between the reaction chamber 

and the inlet/outlet microchannels (1 mm x 1 mm cross-section). 

Prior to cartridge assembly, a capture microarray (typically eight 

spots) is printed onto the nitrocellulose film using a modified 

MicroCaster handheld microarrayer (Whatman) using the 

manufacturer’s standard arraying solutions.   

For assay development and characterization, malarial 

reagents, including monoclonal IgG and IgM anti-P. falciparum

and recombinant P. falciparum HRP-II antigen, were purchased 

from Immunology Consultants Laboratory, Newberg, OR. 

Figure 2: Highly portable, fully automated system for 

determining the composition of body fluids.
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