Dried Reagent Resuspension For Point Of Care Testing

Application to blood typing
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Introduction:

A microfluidic component was designed to collect blood from
a finger prick by capillary flow and to perform biological analysis
[1,2,3]. It was used to perform ABO blood typing experiments in
one step, the blood drop deposit, by agglutination of red blood
cells (RBC) using embedded dried reagents. The present study Is
a first step in the modeling of the whole agglutination assay.
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Figure 1.
Left: photo of the microfluidic component with dried reagent.
Right: geometry of the microchannel modeled with COMSOL.

Agglutination, experimental study:

Blood typing experiments were performed with 1:5 diluted
blood using a dried reagent that triggers in vitro RBC
agglutination. Fluorescein was added to the reagent to monitor
the resuspension. An Image sequence was recorded using a
microscope. A video processing algorithm was developed to
compute an agglutination Indicator that allows successful
discrimination between positive and negative agglutination
reactions.

Red line: positive agglutination reaction
Blue line: negative agglutination reaction
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Figure 2. Left: illustration of red blood cells agglutination by antibody.
Middle: some of the images recorded using the microscope (5x
objective). Right: agglutination indicator for 24 experiments.

Computational Methods:

Transport of diluted species Is used for the diffusion of
fluorescein with a (measured) diffusion coefficient of 3.107° m?/s.

Initial condition is 0 mol/m?> everywhere. The solubilization of dried
—t
reagent iIs modeled by an exponential decay flow : 2% o7 with

T

T = 640 s , adjusted to correlate the experimental observation,
C, = 5,3 mol/m?, the concentration of fluorescein in the deposited
solution that was dried, A the thickness of the dry deposit, which Is
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A no flow condition Is applied at the other faces. The tempora{I
solverisrunfromt=0stot = 120 s, the typical duration of a
biological analysis performed in this microfluidic component.

Kinetic agglutination indicator as a function of time for 24 experiments.

Results:

For reagent resuspension, human blood plasma was
used. The resuspension was recorded with a RGB
camera from which the blue channel was subtracted from
the green channel. Figures 3 and 4 correspond to the
experimental and the simulated results at t = 100 s.

Figure 3. Experimental results at t = 100s

Figure 4. COMSOL results concentration at t = 100s, xz plane

The experimental agglutination indicator was related
to the simulated concentration by plotting both as a
function of the distance from the V groove, and then
plotting one against the other.
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Figure 5. Left: experimental agglutination indicator and simulated
concentration as functions of distance z from the V-groove.
Right: correlation between experimental agglutination indicator
and the simulated concentration.

Conclusions & perspectives:

Blood typing experiments were successfully performed
and kinetics measurements of agglutination were achieved. A
3D model of the reagent resuspension was developed with
COMSOL. This model correlates with the experimental
resuspension and with the agglutination measurement. Thus It
IS a satisfying first step to build a more complete model of the
agglutination assay.
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