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HIV has caused a global pandemic over the last three decades. There is an unmet need to develop point-
of-care (POC) viral load diagnostics to initiate and monitor antiretroviral treatment in resource-
constrained settings. Particularly, geographical distribution of HIV subtypes poses significant
challenges for POC immunoassays. Here, we demonstrated a microfluidic device that can effectively
capture various subtypes of HIV particles through anti-gp120 antibodies, which were immobilized on
the microchannel surface. We first optimized an antibody immobilization process using fluorescent
antibodies, quantum dot staining and AFM studies. The results showed that anti-gp120 antibodies
were immobilized on the microchannel surface with an elevated antibody density and uniform antibody
orientation using a Protein G-based surface chemistry. Further, RT-qPCR analysis showed that HIV
particles of subtypes A, B and C were captured repeatably with high efficiencies of 77.2 & 13.2%, 82.1 &+
18.8, and 80.9 + 14.0% from culture supernatant, and 73.2 + 13.6, 74.4 + 14.6 and 78.3 + 13.3% from
spiked whole blood at a viral load of 1000 copies per mL, respectively. HIV particles of subtypes A, B
and C were captured with high efficiencies of 81.8 + 9.4%, 72.5 £+ 18.7, and 87.8 + 3.2% from culture
supernatant, and 74.6 + 12.9, 75.5 + 6.7 and 69.7 + 9.5% from spiked whole blood at a viral load of
10 000 copies per mL, respectively. The presented immuno-sensing device enables the development of
POC on-chip technologies to monitor viral load and guide antiretroviral treatment (ART) in resource-
constrained settings.

used to monitor patients, studies have shown that CD4 moni-
toring cannot detect early treatment failure that may result in
poor clinical outcomes such as development of drug resistance
and early death.'*** Existing viral load tests are not routinely
performed at the point-of-care (POC), since they require
expensive instruments and reagents, skilled operators, as well as
advanced laboratory conditions.'>!¢ Therefore, rapid, inexpen-
sive and portable viral load monitoring tools are urgently needed
to monitor AIDS patients to expand access to ART in devel-
oping countries.

Microfluidic devices have been widely used to develop POC
diagnostics due to portability, shortened turnaround time and
enhanced sensitivity. However, there are two main challenges, (i)
sensitivity, and (ii) subtype coverage, to develop microfluidic-
based HIV viral load monitoring tools for POC applications.
Although the WHO recommends a viral load of 10 000 copies
per millilitre as a clinical cutoff to initiate ART in developing
countries,'” it has also been suggested that a viral load ranging
from 1000 to 5000 copies per mL can be used to reduce treatment
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33.3 million people are living with HIV-1 worldwide, with Sub-
Saharan Africa accounting for 67% of the infected population.!
To curb this pandemic, the World Health Organization (WHO)
is rapidly expanding the number of AIDS patients receiving
antiretroviral therapy (ART) in resource-constrained settings.
These efforts, however, are significantly restricted by the
prohibitive cost to implement ART monitoring tools, i.e., CD4
cell counts by flow cytometry, and HIV viral load monitoring by
reverse transcription-quantitative polymerase chain reaction
(RT-qPCR). To address this challenge, various portable CD4 cell
counting methods have been developed, including electrical
sensing,? microfluidic lensless imaging,* fluorescence staining,”®
microscopy counting®’® and flow cytometry.’* Although CD4
cell count in combination with WHO disease staging is widely
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failure.”®2° This clinical cutoff range requires microfluidic
devices to capture HIV particles at a high efficiency when using
small volumes of whole blood. Thus, efficient antibody immo-
bilization is needed to capture HIV particles from whole blood
and to meet the requirements of clinical sensitivity. The second
challenge to develop HIV viral load devices is based on the global
distribution of HIV subtypes, because various non-B HIV
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subtypes are dominant in resource-constrained settings.?'-?3
Although it has been demonstrated that HIV and other virus
particles can be efficiently captured by immobilized antibodies in
microfluidic systems,?*26-34 the broad applicability of such an
approach to capture representative HIV subtypes dominated
in developing countries has not been evaluated. The use of
polyclonal antibodies that target multiple epitopes of gp120 can
provide a niche to capture various HIV subtypes.?”?*

Here, we present for the first time a microfluidic approach that
was used to capture multiple HIV subtypes. We evaluated the
optimal antibody immobilization on-chip using Protein G,
NeutrAvidin, passive adsorption and covalent binding based
approaches. Via the Protein G-based antibody immobilization,
HIV subtypes of A, B and C were captured at high efficiencies by
polyclonal anti-gp120 antibody from culture supernatant and
spiked whole blood at viral loads ranging from 1000 to 10 000
copies per mL. These results indicated that various HIV subtypes
can be efficiently captured on-chip via Protein G-based antibody
immobilization, which enables the development of POC viral
load devices when combined with on chip detection technologies.

Methods and materials
1. Chemical reagents

Ethanol (200 proof) and glass slides (Gold Seal® Cover glass—
24 mm x 40 mm no. 1) were purchased from Fisher Scientific
(Fair Lawn, NJ). (3-Mercaptopropyl)trimethoxysilane (3-MPS),
dimethyl sulfoxide (DMSO) and lyophilized bovine serum
albumin (BSA) were obtained from Aldrich Chemical Co.
(Milwaukee, WI). N-y-Maleimidobutyryloxy succinimide ester
(GMBS), recombinant Protein G, and NeutrAvidin™ protein
were obtained from Pierce Biotechnology (Rockford, IL).
Phosphate buffered saline (PBS, pH = 7.4, 1x) was purchased
from Invitrogen Co. (Carlsbad, CA). Nonbiotinylated and bio-
tinylated goat anti-HIV gpl120 antibody was obtained from
Abcam Inc. (Cambridge, MA). Anti-HIV1 gp120 (FITC) poly-
clonal goat antibody was purchased from Thermo Fisher
Scientific (Rockford, IL). Quantum dots (QDs, Qdot® 655
streptavidin conjugate) were purchased from Invitrogen Co.
(Carlsbad, CA).

2. Microfluidic device fabrication

Microfluidic channels were fabricated without utilizing photo-
lithographic methods or a clean room.*3%31:454¢ Briefly, an inlet
and outlet (0.65 mm in diameter, 26 mm apart) were formed in
poly(methyl methacrylate) (PMMA) chips (24 x 40 x 1.5 mm)
using a VersaLASER cutting machine (Universal Laser Systems
Inc., Scottsdale, AZ). Using the same technique, double-sided
adhesive (DSA) film (iTapestore, Scotch Plains, NJ) was cut to
suit the size of the PMMA chip and contained a carved 28 x 4
mm channel. The prepared DSA was then attached to the
PMMA chip to contain an inlet and outlet within the DSA film.
A glass slide was treated with oxygen plasma (100 mW, 1%
oxygen) for 60 seconds in a PX-250 chamber (March instru-
ments, Concord, MA) and then assembled right away with the
PMMA-DSA construct to form a microfluidic channel.

3. Antibody immobilization methods

Four antibody immobilization methods, i.e., passive adsorption,
GMBS-based covalent binding, NeutrAvidin—biotin based anti-
body immobilization, and Protein G-based antibody immobili-
zation, were studied (Fig. 1). For the passive adsorption method,
10 puL of antibody solution was directly incubated in micro-
channels at room temperature for an hour. The channels were
then washed three times with PBS prior to use. For covalent
binding, 10 pL of silanization solution (3-MPS) was incubated in
the channels for 30 minutes. Channels were then washed three
times with ethanol, followed by injection of 2 M GMBS solution
and incubation for 35 minutes. The GMBS solution was
prepared by diluting the stock solution (50 mg of GMBS in 0.5
mL DMSO) in ethanol. Channels were subsequently washed
once with ethanol and three times with PBS. Following this step,
10 pL of antibody solution was incubated in the channels, which
were washed three times with PBS. For the NeutrAvidin-based
method, channels were prepared as previously described.**®
Briefly, 10 uL of NeutrAvidin solution (3 mg mL~!) was incu-
bated in the channels, which were functionalized with GMBS as
described above for 1 hour at 4 °C. Then, the channels were
incubated with 10 pL of antibody solution at 4 °C for an hour
and washed three times with PBS.

For the Protein G-based method, channels functionalized with
GMBS were first incubated with Protein G solution and then
with anti-gp120 antibody solution at 4 °C for one hour. During
optimization of the Protein G-based antibody immobilization,
varying concentrations of Protein G (0, 0.03, 0.1, 0.3, 1, 3, 10 mg
mL~") were used. For comparison with passive adsorption and
covalent binding, 1 mg mL~! FITC-conjugated anti-gp120 anti-
body was incubated for an hour at 4 °C. To increase the antibody
density on the surface, varying concentrations of FITC-conju-
gated anti-gp120 antibody (0, 0.05, 0.1, 0.2, 0.5, 0.8, and
1 mg mL~") were injected in non-treated, GMBS-functionalized,
and Protein G-coated (3 mg mL~") channels.

4. Antibody density measurement by fluorescence imaging and
analysis

Two types of fluorescent materials were used in this study:
FITC-conjugated antibodies and streptavidin-coated QDs. For
comparison of passive adsorption, covalent binding and Protein
G-based surface chemistry, FITC-conjugated anti-gpl120 anti-
body was used. The green fluorescence signals were detected
using a GFP filter (GFP, 489 nm/509 nm) by an inverted fluo-
rescent microscope (10x, Axio Observer D1, Carl Zeiss, Ger-
many). Green fluorescence images were taken with an exposure
time of 400 ms. For comparison of NeutrAvidin and Protein G-
based surface chemistry, 20 nM of streptavidin-conjugated QDs
were used. The red QD signals were imaged using the inverted
fluorescent microscope (10x, Axio Observer D1, Carl Zeiss,
Germany). QD655 was detected with the Alexa Fluor® 568 filter
(578 nm/603 nm) and fluorescence images were taken with an
exposure time of 700 ms. Due to the variations in fluorescence
intensity observed between experiments, the device operation
and imaging were performed on the same day. Five representa-
tive fluorescence images (with dimensions of 660 um by 3.1 mm)
from each channel were taken using the microscope and the
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Fig. 1 Surface chemistry of antibody immobilization to capture HIV in a microfluidic device. (a) Protein G-based antibody immobilization. (b) Four
methods used for immobilizing antibodies on the glass surface: (i) IgG antibodies bind to Protein G, (ii) biotinylated antibodies bind to NeutrAvidin
molecules, (iii) antibodies bind to GMBS, and (iv) antibodies were passively adsorbed on the glass surface. (c) Capture of HIV in channels immobilized

with anti-gp120 antibody.

fluorescence intensity of each image was analyzed with the aid of
software ImageJ (http://rsbweb.nih.gov/ij/). The average
pixel intensity was obtained and reported in arbitrary units
(0-255 AU).

5. Nanoscale surface characterization with AFM

The roughness and orientation of the coated antibody for all
surface chemistry methods were analyzed using AFM. The glass
substrate, which was used to assemble channels, was washed with
ultrapure water (Mili-Q®, Millipore Co., Billerica, MA) after
surface chemistry. To analyze biological samples by AFM, we
used native conditions which do not damage the structure and
function of biological components. The glass substrate was then
detached from the channel and used for AFM analysis. The glass
substrate was then analyzed using the Asylum-1 MFP-3D AFM
system (Asylum Research Inc., Santa Barbara, CA). The
AC240FS cantilever (Olympus Co., Tokyo, Japan) with 70 kHz
resonance frequency and 2 N m~' spring constant was used to
probe the thickness and density of coated protein on the surface.
The glass substrate was probed at 1 Hz frequency on five random
1 pm x 1 um spots. Root mean square (RMS) values from each
spot were calculated and averaged from 5 AFM images.

6. Quantification of HIV by RT-qPCR

For HIV testing, we captured HIV from two types of HIV
samples, i.e., HIV culture supernatant and whole blood spiked
with HIV. 10 pL of cultured HIV supernatant (1000, 10 000, and
100 000 copies per mL) or 10 pL of whole blood spiked with HIV
(with a final concentration of 1000, 10 000, and 100 000 copies
per mL) was flowed into a channel immobilized with anti-gp120
via Protein G and the HIV sample was incubated in the channel
for 5 minutes at ambient temperature. This virus capture step
was repeated 10 times and a total of 100 uL of HIV supernatant
or spiked whole blood was flowed through the channel.

The captured virus particles were lysed using guanidine iso-
thiocyanate provided in the QIAamp Viral RNA Mini Kit
(Qiagen, Valencia, CA). The lysate was used for HIV RNA
extraction according to the manufacturer’s instructions. HIV
RNA was quantified using reverse transcription-quantitative
polymerase chain reaction (RT-qPCR).** In the reverse tran-
scription reaction (20 pL), there was 10 pL of 2x core RT bufter,
2 uL of 10 uM of reverse primer (5-GTCTGAGG
GATCTCTCTAGTTACCAG-3), 0.5 pL of AffinityScript
(Applied Biosystems, Carlsbad, CA), and 7.5 uL of HIV RNA.
The RT reaction was performed on the GeneAmp PCR System
9700 (Applied Biosystems, Carlsbad, CA) with a program of
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25 °C for 5 minutes, 45 °C for 60 minutes and 95 °C for
3 minutes. In qPCR, 50 pL of the master mixture consisted of
1x core PCR buffer, 0.4 uM of forward primer LTR-F
(5-TAAAGCTTGCCTTGAGTGCT-3') and reverse primer
LTR-R2, 0.2 uM of TagMan probe LTR-P (5-AGTAGTGT
GTGCCCGTCTGTTGTGTG-3', JOE as the fluorophore and
TAMRA as the quencher), 2.5 U of SureStart Taq polymerase,
and 10 pL of cDNA template. The amplification reaction was
performed on the 7300 Real-Time PCR System (Applied
Biosystems, Carlsbad, CA) with a protocol of 25 °C for 5 minutes
and 95 °C for 10 minutes, which was followed by 50 cycles of
60 °C for 1 minute and 95 °C for 30 seconds.

Results and discussion
1. Optimization of Protein G-based antibody immobilization

To find the optimal concentration of Protein G for antibody
immobilization, varying concentrations of Protein G were incu-
bated in functionalized channels prior to fluorescent antibody
(FITC conjugated anti-gp120 antibody) incubation. As shown in
Fig. 2a, the average channel fluorescence intensity increased with
Protein G concentrations (0—10 mg mL"), indicating that more
antibodies were immobilized on the surface at higher concen-
trations of Protein G. We observed that the increase of antibody
density did not linearly correlate with the increase of Protein G
concentration (Fig. 2a). Once the Protein G concentration was
more than 3 mg mL~", the fluorescence intensity only increased
by 16.6% compared to the fluorescence intensity at 3 mg mL ' of
Protein G. In comparison, the fluorescence intensity increased by
83.3% when the Protein G concentration increased from 0 to
3 mg mL~'. Thus, 3 mg mL~" of Protein G was used to immo-
bilize antibodies on the microchannel surface for the rest of the
experiments.

Initially, passive adsorption and GMBS-based covalent
binding were compared to the developed Protein G-based surface
chemistry in terms of the antibody binding capacity using
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FITC-conjugated anti-gpl20 antibody (Fig. 2b). Varying
concentrations (0.05, 0.1, 0.2, 0.4, 0.8, and 1 mg mL~") of FITC-
conjugated anti-gp120 antibody were incubated in non-treated
channels (passive adsorption), GMBS-functionalized channels,
and Protein G-coated channels. Average fluorescence intensity
values in channels with different coatings were presented as
a function of antibody concentration (Fig. 2b). We observed that
increasing the concentration of antibody immobilized in the
channels dramatically enhanced the fluorescence intensity for
Protein G-coated (3 mg mL~") channels, whereas there was only
a slight increase in GMBS-coated or non-treated channels
(Fig. 2b). GMBS coated channels showed comparable fluores-
cence intensities in microchannels without surface coating
(passively adsorbing channels). As the antibody concentration
exceeded 0.05 mg mL~", the fluorescence signal gradually satu-
rated GMBS coated and non-treated channels due to the limited
capability to immobilize FITC-antibody on the surface. At the
Protein G concentration of 3 mg mL !, the fluorescence intensity
of Protein G channel was twelve-fold greater than that of
GMBS-coated and passive adsorption channels, indicating that
the capture efficiency can be significantly increased via Protein
G-based surface chemistry. In addition, for Protein G based
channels, the antibody concentration did not increase the fluo-
rescence intensity once it was above 0.4 mg mL~'. 1 mg mL' of
antibody concentration resulted in saturated fluorescence signals
(Fig. 2b).

2. Comparison of Protein G and NeutrAvidin based antibody
immobilization using QDs

NeutrAvidin was used to immobilize biotinylated antibody in
immunoassays.3®**3* To compare the antibody binding capacity
of NeutrAvidin and Protein G-based surface chemistry, QDs
were used to facilitate fluorescence imaging and the fluorescence
intensities in microchannels were recorded. We first analyzed
non-specific binding of QDs in microchannels and investigated
the capability of BSA to reduce non-specific binding of QDs

150 4

1004

—&—Protein G
504 —e— Covalent binding
#— Passive adsorption

Channel Fluorescence Intensity (a.u.)

00 02 04 08 0.8 10
Antibody Concentration (mg/mL)

Fig.2 Optimization of Protein G-based antibody immobilization. FITC-conjugated anti-gp120 antibody was used to facilitate the fluorescence staining
in microchannels. (a) Protein G-based antibody immobilization was optimized by varying Protein G concentrations in the microchannels before
antibody incubation. The GMBS functionalized channels were first incubated with Protein G at concentrations of 0, 0.03, 0.1, 0.3, 1, 3, 10 mg mL~' and
then incubated with 1 mg mL~" solution of FITC-conjugated anti-gp120 antibody at 4 °C for 1 hour. Data are presented as average + SD (n = 18). (b)
Comparison of Protein G-based antibody immobilization with passive adsorption and GMBS based covalent binding. In the passive adsorption
method, fluorescent antibody was directly injected into channels. In GMBS based covalent binding, microchannels were functionalized with GMBS and
then injected with the fluorescent antibody. In the Protein G-based antibody immobilization, functionalized channels were coated with Protein G (3 mg
mL~") and then the fluorescent antibody. In these three methods, varying concentrations of FITC-conjugated anti-gp120 antibody (0, 0.05, 0.1, 0.2, 0.4,
0.8, and 1 mg mL~") were injected. Data are presented as average + SD (n = 18).
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Fig. 3 Comparison of NeutrAvidin and Protein G-based antibody immobilization. Streptavidin conjugated QDs 655 was used to facilitate the fluo-
rescence staining to compare these two methods. Because of non-specific binding of streptavidin conjugated QDs 655 on the channel surface, the channel
surface was blocked with varying concentrations of BSA before fluorescence staining. (a) Removal of non-specific binding by varying BSA concen-
trations in microchannels. Following the surface functionalization with GMBS, channels were incubated with either 3 mg mL~' NeutrAvidin or 3 mg
mL~" Protein G for one hour at 4 °C. Biotinylated anti-gp120 antibody (1 mg mL~") was then incubated in all channels at 4 °C for one hour. BSA
solutions with varying concentrations (0, 1, 2, 3, 5, 7, and 10%) were incubated in channels at 4 °C for 1 hour. For fluorescence imaging, both channels
were incubated with streptavidin conjugated QDs 655 at ambient temperature for 10 minutes. Data are presented as average + SD (n = 15). (b)
Comparison of NeutrAvidin and Protein G-based antibody immobilization by varying antibody concentrations in the presence of 2% and 3% of BSA.
The same protocol was used as described above except that 2% and 3% BSA was used to remove the non-specific binding of QDs 655. Data are presented
as average = SD (n = 195).

(Fig. 3a). The fluorescence intensity in both channels was
approximately 25 AU in the absence of BSA blocking due to
non-specific binding of QDs. When BSA (1%) was applied after
the antibody immobilization, the fluorescence intensity signifi-
cantly reduced, indicating that BSA blocked the binding sites on
the substrate surface in channels coated with Protein G (red line)
and NeutrAvidin (black line). Although NeutrAvidin-coated

channels demonstrated a slightly higher intensity at lower BSA
concentrations, the fluorescence intensity leveled off at 15 AU at
2% BSA, which was in accordance with the concentrations of
BSA (1-3%) used in immunoassays. Thus, we used 2% and 3% of
BSA to reduce non-specific binding of QDs in the following
evaluation to compare NeutrAvidin and Protein G-based anti-
body immobilization (Fig. 3b). The results showed that both
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Fig. 4 AFM analysis of antibody immobilization. (a) Schematic of antibody immobilization measured by AFM: (i) low antibody density, (ii) high
density randomly oriented antibodies, and (iii) high density uniformly oriented antibodies. (b) Surface roughness of four different surface chemistry
methods measured by AFM. Five random 1 pm x 1 um locations on each surface was probed, and RMS values were calculated. Data are presented as
average + SD (n = 5). (c) Typical morphology of the probed surfaces immobilized with four different surface chemistry methods.
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methods enhanced the fluorescence to 15 AU compared to the
control. The results indicated that both methods immobilized
comparable amounts of antibody on the surface.

The Protein G-based antibody immobilization provides an
alternative to conventional NeutrAvidin based surface chem-
istry. In addition, both Protein G and NeutrAvidin based surface
chemistry can be used simultaneously for capture and detection.
For instance, a virus can be captured by Protein G-based surface
chemistry using anti-gpl120 antibody. Then, the same gp120
receptor on the captured virus can be used for labeling and
detection using streptavidin coated QDs. Thus, the separation of
capture and detection chemistries can potentially lower the non-
specific binding, and enhance detection outcomes. In the next
section, we further characterized the surface features of these
four methods (Protein G and NeutrAvidin based surface chem-
istries) using AFM analysis.

3. Nanoscale surface characterization with AFM

Theoretically, the method that has a more favorable antibody
orientation would have a higher capture efficiency at a similar
antibody density immobilized on a surface. To evaluate antibody
orientation after immobilization, we used AFM to analyze the
surface roughness for all evaluated surface chemistry methods.
Surfaces with uniform distribution of antibodies are expected to
result in lower changes in surface roughness (Fig. 4a). As shown

in Fig. 4b and c, a significant difference in surface roughness was
observed before and after antibodies were immobilized on glass
and glass treated with GMBS surfaces. Lower differences in
surface roughness were observed before and after antibodies
were immobilized by Protein G-based surface chemistry
compared to NeutrAvidin-based surface chemistry. The low
difference in surface roughness before and after the immobili-
zation step indicates favorable antibody orientation, since the
AFM tip cannot detect trenches on the surface to measure
roughness (Fig. 4a).3 Since Protein G immobilizes the IgG
antibody at the Fc section, Fab of the immobilized antibody is
favorably placed upright to capture biological moieties.*® In
comparison, NeutrAvidin immobilizes the antibody via biotin—
NeutrAvidin interaction. However, the position of biotin on
biotinylated antibodies may vary.?” This may result in a less
uniform antibody orientation as indicated by the roughness
changes compared to Protein G-based surface chemistry
(Fig. 4b).

4. Capture efficiency assessment by PCR

Via the Protein G-based surface chemistry, we immobilized anti-
gp120 antibody to capture HIV particles in a microfluidic device
(Fig. 5a) and characterized the capture efficiency by RT-qPCR
(Fig. 5b and c). The results showed that HIV particles of
subtypes A, B and C were efficiently captured from viral culture
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Fig. 5 Application of Protein G-based antibody immobilization to capture HIV particles in microfluidic devices. (a) SEM image of captured HIV
particles. After antibody immobilization, the bottom of the microchannel (a glass slide) that contained the captured HIV particles was cut by a glass
cutter and then prepared for SEM imaging. SEM image was taken at 2.7 working distance and 4.50 kV accelerating voltage. Capture efficiency of HIV
subtypes A, B and C from culture supernatant (b) and whole blood (c) via Protein G-based surface chemistry. 100 pL of HIV samples (1000, 10 000 and
100 000 copies per mL) were flowed into microchannels and incubated for 5 minutes at room temperature. The channels were washed with 20 pL of PBS.
The captured virus was then removed by adding the lysis buffer and subsequently quantified by RT-qPCR. Data are presented as average & SD (n = 4).
No significant difference was observed in the capture efficiency of subtypes A, B and C.
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supernatant and spiked whole blood. For culture supernatant
samples, the capture efficiency of subtype A was 77.2 + 13.2,81.9
+ 9.4 and 83.9 £ 6.9%; the capture efficiency of subtype B was
82.1 +18.8,72.5 + 18.7, 82.8 4+ 10.2% and the capture efficiency
of subtype C was 80.9 + 14.0, 87.8 + 3.2 and 87.6 + 6.4% for
viral loads of 1000, 10 000, and 100 000 copies per mL, respec-
tively. For whole blood spiked with HIV, the capture efficiency
of subtype A was 73.2 + 13.6, 74.6 £ 12.9 and 79.4 + 12.9%; the
capture efficiency of subtype B was 74.4 + 14.6, 75.5 £ 6.7, 71.1
+ 12.1% and the capture efficiency of subtype C was 78.3 + 13.3,
69.7 + 9.5 and 76.0 £ 3.1% for viral loads of 1000, 10 000, and
100 000 copies per mL, respectively. The high capture efficiency
in this study is facilitated by the enhanced density of anti-gp120
antibody with favorable orientation using Protein G-based
surface chemistry.

Most importantly, comparable capture efficiency was obtained
between subtypes A, B and C. The data indicated that anti-gp120
antibody can be potentially used as a generic capture moiety to
capture various HIV subtypes. A number of studies have shown
that HIV can quickly modify gp120 epitopes by glycosylation
modifications,***? thus evading the neutralization by host anti-
gp120 antibodies. Due to the lack of selection pressure exerted by
the human immune system, the lab strains can maintain their
phenotypes without dramatic modification in the genome or
gp120 antigen, thus rendering stable affinity with the polyclonal
anti-gp120 antibody that was used. Although HIV subtypes vary
in its RNA genome and surface protein to escape the host
immune system, studies have shown that V1-V5 loops within the
gp120 antigen contain several discontinuous conserved epitopes
that can elicit broadly neutralizing antibodies.®®*® There are
conserved epitopes on gpl20, via which HIV enters CD4" T
lymphocytes via gp120-CD4 interaction.?”*** The capture effi-
ciency and subtype coverage can be further improved by using
a broadly neutralizing antibody, which has been identified to
facilitate vaccine development.*®

Conclusion

In conclusion, we demonstrated repeatable, efficient and reliable
capture of HIV subtypes (i.e., A, B and C) in a microchip through
Protein G-based surface chemistry. Protein G-based surface
chemistry can efficiently immobilize high densities of antibodies
with favorable orientation to capture viruses for biosensing
applications such as microchip-based HIV viral load tests at the
POC. We compared this method to other antibody immobiliza-
tion methods including passive adsorption, covalent binding, and
NeutrAvidin based surface chemistry. The results showed that the
Protein G-based surface chemistry had a twelve-fold increase in
immobilized antibody density compared to passive adsorption
and covalent binding. Although the NeutrAvidin based antibody
immobilization showed comparable antibody density through
fluorescence microscopy analysis, Protein G-based surface
chemistry poses a better control over the antibody orientation on
the surface. This platform technology can be potentially used to
measure HIV-1 viral load in resource-constrained settings.
Protein G-based surface chemistry when used together with
NeutrAvidin based surface chemistry enables the separation of
capture and detection chemistries that can potentially reduce the
non-specific binding, and enhance detection outcomes. The

presented microchip takes an enabling step towards viral load
ART monitoring in resource-constrained settings.
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