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ABSTRACT 

With timely diagnosis and correct tr
living with HIV/AIDS can consider the dise
rather than a terminal illness. Still, in regio
endemic, rapid diagnosis is a challen
complexity of the instrumentation requ
infrastructure in these countries, as well 
expertise required to carry out the diagn
presents a microfluidic chip based approach
quantitative CD4+ cell counting on a chea
portable and instrumentation-free Poin
diagnostic device. Flow is driven by f
flexible reservoir, and the target cells a
through magnetophoresis. The fluidic test c
ca. 30 seconds of sample application to the c
 
INTRODUCTION 

HIV (human immunodeficiency viru
the subsequent development of the assoc
know as AIDS (acquired immunodefici
remains an ongoing disease of pandemic p
its identification in the early 1980s. Yet
modern molecular and cellular instrum
diagnostics of the infection, as well as avail
active] anti-retroviral therapy ([HA]ART) h
infection to low penetrance in countri
technologies and interventions are re
However, epidemiological statistics show t
income countries consistently maintain the 
of HIV (Fig. 1), with Sub-Saharan Africa
heavily affected (69% of the 34 million 
2011) [1]. Access to rapid and reliable di
regions is low due to limited infrastruc
technical know-how. Alternatives to the 
standard” are currently investigated to
diagnostics to be deployed in such regions. 
Care” (PoC) devices aim to be capable 
remote villages with minimal power and 
can then be immediately delivered to a pati
positive for HIV in these areas. 

The target of the HIV virus is the T-h
patient. Progressive loss of these cells
suppression of the immune system and t
AIDS. T-helper cells have a specific protei
cell surface called CD4, and hence CD4 c
key clinical determinant for diagnosis of H
the initiation of treatment. While healthy in
a CD4 cell count of > 1200 cells μl-1 i
common practice is that HIV positive pati
treatment when this number falls belo
threshold – currently set by the World Hea
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SYSTEM DESIGN 
The architecture of the chip display

fluidic reservoir (P1) at the base of the ch
directly to the separation channel, a seconda
is at the top of the separation channel and 
port is directly below P2. Midway down
channel is the CD4 capture locus. On the 
the capture locus is a vent to allow any ov
during the cell separation process (Fig. 2). 

 

Figure 2: Finger-press actuated magne
isolation chip. i) 3D rendering of chip. ii) 
with the microfluidic features shown using
Schematic showing features of interest. D
when P1 is depressed or released is indicat
Green arrows respectively. 
 

Microchannels (40 μm deep) are fabr
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buffer. 
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incubated for 3 min with paramagnetic bead
CD4 epitope. 

 
SYSTEM OPERATION 
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METHODOLOGY 
Chip manufacture 
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PDMS slab containing the microfluidic fea
on a 25 × 60 mm glass coverslip and allo
1 min. Finally, the glass / PDMS chip wa
PMMA base. To prime the microchannel
the chip was placed under vacuum for 
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chip. 
 
Blood Processing and Cell Culture 

Blood was extracted directly from he
finger prick using 1.5 mm sterile lancets (
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sample to result in a final concentration of 
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37 °C with 5% CO2. Where indicat
fluorescently stained with NucBlue Live 
Technologies) according to the manufacture

Experimental samples composed of bl
HL60 were treated with Dynabeads CD4 
(Life Technologies). Incubations were carri
Eppendorf tube, and final incubation volu
per sample, composed of 140 μL incubation
7.4, 0.1% w/v BSA, 1 mM EDTA), 50 μ
sample, and 10 μL Dynabead CD4. 
performed at room temperature with rotatio
of sample was introduced to the chip as desc
 
RESULTS 
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detected. Furthermore, in the medically rel
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showed a linear fluorescent signal output c
the concentration of cells. Over this range, 
Pearson correlation coefficient (RSQ) wa
0.97 (Fig. 5-i). This suggests that the CD4 
patient blood over diagnostic ranges lie wit
range of the chip performance – indicating 
can lead to high predictability of CD4 cou
data-point. 
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Figure 5: Fluorescent analysis of images fr
integrated density values (IDV) from i
region-of-interests (ROIs) from the images
and shown relative to the number of HL6
the blood. ii) ROIs were generated on the b
shown in Fig. 4. The area of these were 
number of HL60 cells spiked to the b
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In spite of the promising results using are
the quantification of the data, a future ana
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