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aprocess flow may be envisioned in which whole blood from
a fingerstick is applied directly to a labeled antigen assay
cartridge, wherein a single addition of assay reagents com-
pletes the assay procedure. To demonstrate the feasibility of
such a process flow using the labeled antigen assay on the
assay system described above, whole blood samples from
HIV positive donors were drawn into EDTA blood tubes to
inhibit coagulation. A portion of each sample was withdrawn
and centrifuged to obtain plasma by removal of red blood
cells. Then, the above labeled antigen assay procedures were
performed using concentrations of 90% whole blood, 50%
whole blood, and 50% plasma. As may be seen from FIGS.
43-44, the signal-to-noise ratio results clearly demonstrate
efficacy of the method using either whole blood or plasma.
Further, the results were comparable when using 50% or 90%
whole blood. Cellular and other components in the whole
blood do not appear to interfere with the assay.

[0198] In another embodiment, fluidic sample chamber in
cartridge 2602 may be specifically designed to improve assay
performance by controlling fluid flow rates over the assay
surface. Static incubations in small fluidic channels generally
have limits of detection set by mass transport limitations (e.g.,
diffusion) in the system. By engineering fluidic sample cham-
ber geometry (i.e., length, width, height, shape) and surface
energies, sample flow rate over the assay surface can be
optimized for improved assay performance.

Example 14
HIV Antigen-Antibody Combination Assay

[0199] In another embodiment, the disclosed system and
method are used to detect both antiviral antibodies and viral
antigen(s) in the same sample in a single combination assay.
In the context of HIV infection, detection of antibodies
against the virus is a well established diagnostic tool. Sero-
logical testing, however, only detects infection after the indi-
vidual has developed an immune response, leaving a “win-
dow phase” where viral replication is occurring but no
detectable antibodies are present in the host. By adding direct
detection of HIV viral antigen such as p24 capsid protein,
infection may be detected earlier during the window phase.
This so-called antigen-antibody combination assay (some-
times referred to as the 4” generation of HIV blood diagnos-
tics assays) may provide more timely and sensitive test results
as compared to antibody-only tests.

[0200] In this example, p24 antigen is used to illustrate the
HIV antigen-antibody combination detection assay in a sand-
wich immunoassay using two purified mononclonal antibod-
ies (mAbs) to detect the p24 antigen. It is to be understood that
polyclonal antibodies can also be used as either capture or
detect antibodies. For the purpose of this example, a mAb-
mAb pair was used. It is to be understood that other HIV
antigens may be used as target proteins. Mouse mononclonal
antibodies against HIV-1 p24 antigen were obtained from
commercial vendors, such as ImmunoDiagnostics, Inc.
(Catalog#1103), Meridian Life science, Inc. (cat#C65690M),
Santa Cruz Biotechnology, Inc. (Catalog#sc-57827), United
States Biological (Catalog#H6003-33D, H6003-30A,
H6003-27], H6004-72, H6004-73, and H6004-74), Thermo
Fisher Scientific, Inc. (CatalogfMA1-83231), PerkinElmer,
Inc. (CatalogfNEA-9306001), Maine Biotechnology Ser-
vices (CatalogfMAB739P), and NIH AIDS Research and
Reference Reagents Program (Catalog#3537, 4121, 6457,
and 6458). Alternatively, polyclonal anti-p 24 antibodies may
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be commercially sourced from vendors such as United States
Biological (Catalog#H6005 and H6003-27A), Thermo
Fisher Scientific, Inc. (Catalog#PA1-85555), and Maine Bio-
technology Services (Catalog#PAB7103P).

[0201] An appropriate mAb pair was selected based on
pairwise screen as commonly performed in sandwich immu-
noassay development. One mAb was printed to the activated
waveguide surface using a robotic arrayer (Bio-Dot, Inc.) and
is referred to as the “capture antibody.” The second antibody
in the pair, also called the “detect antibody,” was conjugated
to biotin in a standard NHS-ester crosslinking reaction con-
sisting of the antibody and NHS-PEG12-Biotin (Pierce Bio-
technology; Rockford, 111.), then purified by size-exclusion
chromatography.

[0202] It is to be noted that antibodies against different
epitopes of the antigens may be used. In one aspect, antibod-
ies against the same antigen may be combined and tested in all
possible permutations in order to identify the best pair with
the highest specificity and sensitivity. For example, three
different antibodies (Abs) A, B and C may be tested as anti-
body pairs A-B, B-A, A-C, C-A, B-C, and C-B, with the first
antibody being the capture antibody and the second antibody
being the detect antibody. Samples with known antigen com-
position or samples tested using established methods may be
used to select the pair having the highest specificity and
sensitivity.

[0203] In another aspect, either the detect antibody or the
capture antibody may contain more than one antibody. In
another aspect, the detect antibody is different from the cap-
ture antibody. In some cases, the capture antibody and the
detect antibody may be interchangeable, or in other words,
the capture antibody may be used as the detect antibody while
the detect antibody is used as the capture antibody. In other
cases, the capture antibody and the detect antibody are unique
and are not interchangeable. In another aspect, the detect
antibodies shall not significantly bind to the capture antibod-
ies. Typically, the detect antibodies and the capture antibody
bind to different epitopes on the antigen. The detect antibody
and the capture antibody may be either monoclonal or poly-
clonal antibodies.

[0204] During an infection, the host may produce antibod-
ies against the foreign antigens. Antigen bound to these host
antibodies may not be detectable by antibody sandwich
assays. These antibody-antigen complexes may be disrupted
with heat, low pH (followed by pH neutralization), salt, or
combination thereof. These disruption methods may help
denature the antibodies which are incapable of re-binding the
released antigen. Such disruption process may be referred to
as decomplexation.

[0205] Inthis example, the final detect reagent is streptavi-
din conjugated with a fluorescent dye (SurelLight P3, Colum-
bia Biosciences; Columbia, Md.). If p24 antigen is present in
the sample, an antibody-antigen-antibody sandwich is cre-
ated on the waveguide surface. The streptavidin-dye binds to
the biotinylated detect antibody and fluorescent signal is
detected

[0206] The HIV antibody detection assay is similar to that
described in Example 8. Recombinant proteins representing
HIV-1 envelope glycoprotein 41 (gp41) and capsid antigen
p24 were printed to the waveguide surface using the Bio-Dot
arrayer. The detect reagent was goat anti-human IgG conju-
gated to the fluorescent dye DyLight649 (KPL, Inc., Gaith-



