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Periodic outbreaks of pandemic influenza have been a devastating cause of human mortality over the
past century. More recently, an avian influenza strain, designated H5N1, has been identified as having
the potential to cause a zoogenic pandemic in humans, and a current outbreak of a new H1N1 influenza
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variant hypothesized to be of swine origin is of considerable concern. In order to facilitate surveillance
and the rapid assessment and comparison of vaccination efforts, a high-throughput assay is highly desir-
able to supplement standard methods, which require high biosafety-level facilities. In this paper, we
describe the design, production, and preliminary evaluation of an antigen array incorporating a panel of

orm
ed Im
icroarray
nfluenza

hemagglutinins as a platf
in human serum by Array

. Introduction

Emerging avian H5N1 and swine H1N1 influenza serotypes are
urrently the subject of major international research endeavors.
ast influenza pandemics have proven that in the absence of proper
afeguards, new and highly pathogenic strains of influenza can be
xtremely deadly. With the rise in the global population and the
dvent of international travel and commerce, the repercussions of
modern pandemic would be devastating [1]. Since its initial iso-

ation in 1997 [2], there have been a reported 500 cases of H5N1
n humans that have resulted in 296 deaths [3]. The majority of
hese reported cases have resulted from avian to human trans-

ission, but isolated cases of human-to-human transmission have
een reported as well [4]. As a precaution, governments are stock-
iling drugs in the event that a vaccine is not created, is not efficient,
r is not able to be produced in a sufficient, global quantity [5].
nfortunately, as has been evident with the prescription of broad-

pectrum antibiotics [6], a few cases of drug-resistant H5N1 strains
ave already been reported [7]. Moreover, the preventative culling

f high-risk poultry populations is a common practice, and has led
o the destruction of well over 240 million birds [8]. The recent
lobal emergence of H1N1 swine influenza, now officially listed
y the World Health Organization (WHO) as a pandemic [9] and
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for the detection and rapid quantification of influenza-specific antibodies
aging Reflectometry (AIR), a label-free optical biosensor.

© 2010 Elsevier B.V. All rights reserved.

anticipated to infect as many as 2 billion people over the next two
years, highlights the continued ability of this organism to evolve
and impact world events.

Responding to disease threats of this type is a dual-armed
problem. First, surveillance of human and animal populations is
essential in order to understand the extent of infection, and to
monitor the success of containment or treatment efforts. Sec-
ond, continued vaccine development and assessment of efficacy
is essential as viral populations change. In both cases, a high-
throughput assay to monitor immune responses is highly desirable
to assess the presence of infection or response to a candidate vac-
cine. In the context of influenza, standard methods require high
biosafety level facilities and cannot be readily implemented in a
high-throughput fashion. All of these issues separately point to the
need for the development of simple, field-deployable surveillance
systems of viral exposure and immune status. The availability of
such systems would have implications for improving human health,
stabilizing global food supplies, upholding the ethical treatment of
animals (by limiting culling), and for anticipating future zoogenic
serotypes of influenza.

Immunological assays, intended for population or vaccination
monitoring, ultimately require an analytical biomarker indicative
of infection or resistance. Hemagglutinin (HA) is the influenza anti-
gen responsible for mediating host cell recognition via surface sialic

acid receptors [10] and is the main antigenic protein on the surface
of the influenza virus [11]. HA anchored in viral constructs [12,13].
or in recombinant form [14–16], is the current focus of efforts
towards developing effective vaccines. Monitoring an immuno-
logic response to a candidate vaccine typically requires the use of
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Fig. 1. Schematic and key of the manually prepared hemagglutinin array. Each

of an immune response to injected antigen. Differences between
closely related samples such as “B” and “C” were intriguing, and may
be attributed to the idiosyncrasies of individual subjects’ immune
responses.
C.R. Mace et al. / Tala

unctional assays, such as hemagglutinin inhibition (HAI) and viral
icroneutralization (MN). As the reference standards to ascertain

ntibody titers in subject antisera, these tests must be performed
n centralized, high biosafety level (BSL-2+ or BSL-3) facilities due
o the use of cultures containing proliferative viruses. They pro-
ide the principal set of data supporting or refuting the efficacy
f a vaccination, but are extremely time- and cost-intensive. HAI
nd MN assays are also commonly employed as tools for infec-
ion surveillance. It is difficult to envision a method for supplanting
hese assays entirely in the context of vaccine development, as one
annot demonstrate protective immunity without employing live
iruses. However, demonstrating the presence of antibodies to spe-
ific influenza antigens independent of their protective capability is
f considerable importance, and currently both ELISA and Western
lot methods are commonly employed for this purpose [17]. A rapid
nd consistent preliminary assay able to be safely performed in the
eld or in standard BSL-2 laboratories would dramatically simplify
urveillance and vaccine development efforts, allowing rapid pro-
ling of samples. Where necessary, the presence of neutralizing
ntibodies could be subsequently confirmed for strong-responder
amples by HAI or MN. Proteome profiling via protein microar-
ays has proven useful in many studies focused on understanding
asic biochemical processes [18–20], but, more germane to the
esearch reported herein, microarrays have also been used to dis-
over antigenic proteins and monitor immunological responses to
hem [21–23]. Thus, antigen arrays would seem to be ideal for
he development of influenza surveillance and immunity screening
ools. Unfortunately, most current microarray technologies rely on
abeling schemes, and are too unwieldy for field use.

Over the past several years, we have been engaged in the devel-
pment and characterization of Arrayed Imaging Reflectometry
AIR) [24,25]. AIR is an optical biosensor allowing direct observation
f target binding-induced perturbation of an antireflective coat-
ng on the surface of a silicon substrate. Briefly, the antireflective
ondition arises when s-polarized light of a specific wavelength
nd angle is incident upon a thin layer of silicon dioxide, appended
ith capture molecules, of a particular thickness. The resulting sur-

ace is thus highly sensitive to local deviations in the thickness of
he interfering film: a film thickening due to specific capture of a
arget molecule, and the ensuing destruction of the local destruc-
ive interference condition, gives rise to signal generation in the
orm of reflected light. In this manner, multiple probe/target inter-
ctions may be rapidly and simultaneously monitored due to the
patial separation in an array without any requirement for sec-
ndary antibodies or labeling. As such, AIR appeared to us to be an
deal platform for the development of a rapid influenza immunity
creening tool, and we therefore describe here the preparation and
valuation of AIR hemagglutinin isoform arrays for this purpose.

To evaluate the effectiveness of the array, we examined anti-
era previously obtained from a blinded pool of trial subjects as
art of a trial of an inactivated subvirion H5N1 avian influenza vac-
ine [26]. These antisera were analyzed to determine immunogenic
esponses, distinguish placebo subjects, and quantify antigen cross
eactivity over a panel of HAs. AIR data were then compared to
reviously acquired ELISA and Western blot information. We also
eport the extension of this methodology and the AIR technique to
microarray format.

. Results and discussion

.1. Macroarrays
As a first step towards understanding the potential of
IR for profiling anti-hemagglutinins in serum, we manually
rrayed hemagglutinins on AIR chips pre-functionalized with �-
minopropyl triethoxysilane (APTES) followed by para-phenylene
hemagglutinin isoform is represented as an abbreviation of the description of the
full viral strain; i.e., “H52: Hong Kong/2003” is the hemagglutinin isolated from a
human influenza A strain in Hong Kong in 2003, and the subscript denotes that this
is the second version of H5 hemagglutinin used in the array.

diisothiocyanate. Test chips prepared using 100 �g/mL spotting
solutions of A/Vietnam/1203/2004 (H5) failed, presumably due to
insufficient accessibility of immunogenic epitopes due to steric
crowding. Subsequent tests with 20 �g/mL spotting solutions of the
same antigen produced functional chips, and therefore this concen-
tration was employed for all remaining macroarray experiments.

AIR arrays consisting of six HA isoforms and positive (anti-IgG)
and negative (anti-fluorescein) controls were prepared manually
(shown schematically in Fig. 1). Antisera from six different human
subjects were examined: five subjects inoculated with various
amounts of A/Hong Kong/156/1997(H5N1) on two separate visits,
and one subject who had been given placebo injections only.
Aliquots of undiluted serum were then analyzed by AIR, using a
benchtop imaging apparatus that we have previously described
[25]. Representative reference and post-exposure images are
shown in Fig. 2; reflectance changes from all chips are shown in
Fig. 3.

Experiments were conducted “blind” with regard to the identity
of each sample. Analysis of the data allowed us to hypothesize that
sample “A” was the placebo sample, as it yielded the lowest reflec-
tivity values for total H5 reflectance. On revealing the identity of the
samples, “A” was indeed found to be the subject receiving placebo
inoculations. In general terms, samples “B” through “F” produced
higher H5 reflectivity values, which is consistent with the induction
Fig. 2. Representative AIR images of manually prepared HA macroarrays acquired
on a benchtop imaging apparatus. Top: a control chip, exposed to buffer only. Bot-
tom: an experimental chip, exposed to 100% human antiserum. Refer to the array
key in Fig. 1 for the description of the full hemagglutinin array.
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Fig. 3. Quantification of reflectance changes for all hemagglutinin isoforms upon
exposure to serum from six clinical subjects. Numbers next to the subject desig-
nator refer to the amount of antigen (in micrograms) administered at each of two
visits. Refer to the array key in Fig. 1 for the full antigen array description. The
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nti-fluorescein control was set at a value of zero for all chips and is therefore not
hown. For clarity, responses to H5 isoforms are shown in summation; individual
5 responses are shown in an expanded figure in the supplementary information

Fig. S1).

When compared to the total amount of antigen inoculated dur-
ng the two visits, the Pearson correlations of each antigen suggest
hat H52 (R = 0.98) was the single best biomarker to monitor H5N1
accination efficiency for this set of subjects and array geometry.
e further compared results from AIR experiments with previously

btained ELISA and Western blot data (Table 1), the conventional
ompanions to HAI and MN bioassays. As there was no agreement
etween ELISA and Western blot results (e.g., for subjects “B” and
C”), we will restrict the comparison of AIR to ELISA data, only. Over-
ll ELISA measurements correlated poorly with both inoculation
mount and the data generated by AIR (Pearson R-values of 0.37 and
.36, respectively, the correlation improved to a Pearson R-value of
.85 if subject “B” was removed from the comparison). A graphical
omparison of ELISA and AIR results is provided in Fig. S5 (Supple-
entary Information). Several factors may contribute to differences

n analytical results for these assays. As AIR is a label-free technique
nd ELISA requires a secondary antibody, the secondary antibody
tself and/or variable activity of the antibody-conjugated enzyme

ay change response. Additionally, serum samples were frozen
etween ELISA assays and AIR analysis, and this may subtly alter
ample composition. Further study will be needed on larger cohorts
f subjects to assess these differences thoroughly and their impact
n the quality of information obtained from the AIR assay.
.2. Microarrays

Due to the arrayed nature of AIR, a considerable amount of
nformation can be generated from a single aliquot of serum and a

able 1
abulated results from enzyme-linked immunosorbent assays (ELISA; measured as
n optical density, OD) and Western blots (thresholded as either a positive or nega-
ive result) performed on antiserum from subjects A to F. Each subject was inoculated
n two separate visits with an H5 antigen (expressed in micrograms).

Subject Amount (�g) ELISA OD Western blot

A Placebo 0.235 Negative
B 25/25 1.677 Negative
C 25/25 1.856 Positive
D 90/10 0.652 Negative
E 90/60 1.160 Negative
F 90/90 1.748 Positive
 (2011) 1000–1005

single analysis. We demonstrated this concept using a microarray
AIR format to examine a second set of serum samples from a sub-
sequent avian influenza vaccination trial [26]. We incorporated a
single H5 isoform (A/Vietnam/1203/2004) into the array in order to
broadly study cross-reactivity between hemagglutinins. Examina-
tion of microarrays was facilitated by our acquisition of a prototype
AIR reader from Adarza BioSystems, Inc.; this device incorporates
a proprietary optical system suitable for imaging microarray-sized
(ca. 100 �m) spots [27]. The microarray panel was composed of
H1, H3, H5, H6, and H9 hemagglutinins, and two positive (anti-IgG
and anti-IgM) and two negative (human serum albumin (HSA) and
anti-fluorescein) controls. HSA was employed as the global assay
negative control, because potential nonspecific interactions would
be pre-competed in solution-phase rather than at the surface of the
chip.

All antisera studied by dilution series were examined in log5
steps; however, the majority of the antisera were studied at a sin-
gle 1:20 (5%) dilution in order to quantify trends in cross-reactivity.
Representative microarray images are shown in Fig. 4; a heat map of
all data acquired in this manner is shown in Fig. 5. The buffer con-
trol arrays for antiserum experiments were analyzed to quantify
array-to-array reproducibility. The largest reflectance variations
between control chips were observed for anti-IgG spots (3.05 ± 7.0
in arbitrary units), while the most reproducible spots were anti-
fluorescein (2.66 ± 1.5 in arbitrary units). Reflectance changes in
this range were considered negligible relative to changes originat-
ing from specifically bound material. A sample of negative control
mouse plasma, acquired from mice raised aseptically and without
introduction to external pathogens or viruses, was also assayed at a
5% dilution and displayed no reactivity against any HA in the array.

Subject H had serum aliquoted pre-inoculation in order to quan-
tify innate resistance and determine the direct immunogenic effect
of the H5 vaccine. Reflectance changes derived from this sub-
ject indicated modest responses to hemagglutinin H3, potentially
due to memory immunity derived from a prior influenza infection
(exacerbated by our constant exposure to different and evolving
seasonal variants of the influenza virus [28]), and slight cross-
reactivities to H1 and H9 hemagglutinins (Supplementary Figs. 2
and 3). Nevertheless, upon inoculation with H5, subject H gained
considerable reactivity to all hemagglutinins in the array, and over
a five-fold increase in reflectance change for H5 (Fig. 6). The placebo
sample was correctly identified from the blinded pool as subject G;
the low anti-HA titer for this subject relative to others is clearly
observable in Fig. 5. A full antiserum titration was then performed
in order to monitor the rate of signal depletion against the HAs, and
a comparison was made to a subject with moderate HA responses
(subject M; Fig. 6). Similar to what was observed with the pre-
inoculation sample of subject H seen in Fig. 5, there is very little
basal recognition of H5 and H6 in the non-vaccinated subject. How-
ever, antibodies to H1, H3, and H9 hemagglutinins were observed in
this pre-vaccine sample. These reflectance changes indicate recog-
nition of the antigen, and may be attributed to a prior (lifetime)
exposure to the influenza virus or influenza vaccines or cross-
reactivity due to conserved epitopes.

2.3. Cross-reactivity between hemagglutinins

A significant amount of cross-reactivity is observed between
different hemagglutinin isoforms upon exposure to antiserum in
both macro- and microarrays. While the five isoforms used in
our study have an aggregate sequence identity of only 24% and

a sequence similarity of 42%, much of this homology is con-
centrated in the transmembrane domain (Supplementary Fig. 4).
Availability of this domain on the AIR chip for interaction with
serum antibodies is not surprising, given the random orientation
of hemagglutinin immobilization (via general amine coupling) and
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Fig. 4. Representative example of an AIR hemagglutinin microarray for human antiserum experiments. A background image (left) and an experimental image of an array
exposed to 5% antiserum (right; subject “K”) are depicted. The array is comprised of eight replicate spots (vertical) of nine different probe molecules. From left to right, the
spot identities are anti-IgG, anti-IgM, anti-fluorescein (anti-FL), human serum albumin (HSA), blank column, and hemagglutinin isoforms H1, H3, H5, H6, and H9. Differences
in spot size are due to subtle differences in antigen stock solution viscosity, and do not interfere with quantitation.

F utinin microarray panel (H1, H3, H5, H6, and H9) for subject antisera screened at a 5%
d r” corresponds to the average change of the buffer control chip and “K (7.5 �g)” expresses
t nges in reflectance were normalized to human serum albumin (see Fig. 4) as a negative
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ig. 5. A heat map representing reflectance changes quantified from the hemaggl
ilution. Each row describes the identity of the analyzed sample. For example, “buffe
he subject and amount of subvirion H5N1 vaccine received by that subject. All cha
ontrol.

he homotrimeric nature of the hemagglutinin. The antigenicity
f the transmembrane domain is well known; for example, two
roups have reported raising broadly cross-reactive neutralizing
ntibodies based on interactions with a transmembrane peptide
pitope [29,30]. Future experiments will test this hypothesis fur-
her, potentially using solution-phase, truncated portions of the
ransmembrane region in an attempt to compete cross-reactive
inding off the array.

.4. Comparison of AIR assay formats

Data from AIR microarrays show only a limited relationship
etween vaccine dose and resulting serum titers of anti-
emagglutinins: as expected, H5 demonstrated the best correlation
ith inoculation amount (R-value = 0.58), while H1 and H3 hemag-

lutinins correlated negatively with dose. However, these results

re consistent with the overall results of the vaccine trial [26],
s well as with the generally understood observation that the
trength of individual responses to vaccine antigens varies widely.
he ability of AIR in both a microarray and macroarray format
o clearly distinguish placebo and (in the case of microarray AIR)
Fig. 6. Comparison of H5 reflectance changes (arbitrary units) for hemagglutinin
microarrays exposed to dilutions of placebo (subject G; 0 �g) and experimental (sub-
ject M; 45 �g) human antisera. As a further comparison, dilutions from subject H
(±7.5 �g) pre- and post-inoculation are shown.
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re-inoculation antisera from post-vaccine sera is an exceptionally
ncouraging sign with regard to the ability of the AIR technique to
rovide useful information regarding vaccine response. This sensi-
ivity, coupled with the antigen multiplexing capability inherent to
he platform, makes AIR a powerful and information-rich compan-
on (or precursor) to HAI and MN assays.

. Conclusions

A rapid and quantitative primary assay able to be safely per-
ormed in BSL-2 laboratories or in the field has the capability
o dramatically simplify surveillance and to provide critical data
o researchers working towards the development of an avian
nfluenza vaccine. The Arrayed Imaging Reflectometry (AIR) assay

as designed to offer all of these advantages, and, through the
ncorporation of a microarrayed panel of recombinant hemagglu-
inins, yield a substantial data set with a single sample. As a label-
ree technique, AIR dispenses with the requirement for secondary
ntibodies and other reagents, potentially providing a significant
ost advantage relative to ELISA or traditional microarrays. Fur-
hermore, the simplicity of the assay potentially makes it suitable
or implementation in a field-deployable instrument, a possibility
urrently under exploration in our laboratory. While more data are
equired to validate the clinical effectiveness of AIR, results from
oth macro- and microarray experiments suggest that the data
erived from AIR arrays can potentially serve as an adjunct or “pre
creen” for hemagglutinin inhibition and viral microneutralization
ssays, particularly given the lack of correlation from ELISA and
estern blots. The antiserum sample requirements for this assay

re minimal, as a 5–10% dilution of serum in buffer supplies ample
ignal generation, making the hemagglutinin microarray practical
or vaccination and viral surveillance applications. Combined with
he small footprint (laptop size [27]) and durability of the device,
nd a similar ability to screen for immune response in non-human
lasma (such as from birds; this is demonstrated in Supplementary
ig. S6), we can anticipate that this methodology will prove to have
road utility in monitoring and combating influenza globally.

. Experimental

.1. Hemagglutinins

The H51 (A/Hong Kong/56/1997), H52 (A/Hong Kong/213/2003),
53 (A/Vietnam/1203/2004), H6 (A/Teal/Hong Kong/W312/1997),
nd H9 (A/Hong Kong/1073/1999) hemagglutinins were obtained
hrough the Biodefense and Emerging Infections Resource
epository (BEIR). H1 (A/New Caledonia/20/1999) and H3
A/Wyoming/3/2003) were purchased from Protein Sciences Cor-
oration (Meriden, CT). H53 was the only H5 hemagglutinin used

n the microarray experiments.

.2. Antisera

Human antisera from subjects of previous H5N1 vaccination tri-
ls [15,26] were provided by the University of Rochester Vaccine
valuation Unit. All AIR antiserum experiments were performed
lind: no prior knowledge of the amount of antigen each sub-

ect was inoculated with, the results of antiserum response as
onitored by traditional assays, nor the identity of the placebo

ample were divulged beforehand. Negative control mouse plasma
as obtained from four-month old, female, 129Sv/J mice (original
ource Taconic, now bred in-house in an aseptic vivarium), and was
ollected following an IP injection with pentobarbital and a heart
ight ventricle puncture. In order to provide an appropriate sample
olume for our study, the blood from five mice was pooled over
eparin and centrifuged to remove red blood cells.
 (2011) 1000–1005

4.3. Chip surface amination

AIR substrates were diced from silicon wafers having a termi-
nal, thermally grown silicon dioxide layer (Infotonics Technology
Center). The chips were first cleaned in a basic solution of 70%
1 M sodium hydroxide: 30% ethanol for 30 min, then etched in a
dilute solution of hydrofluoric acid until the silicon dioxide thick-
ness reached 1381 Å (for macroarray experiments) or 1393 Å (for
microarray experiments) as measured by spectroscopic ellipsom-
etry (M2000 spectroscopic ellipsometer, JA Woollam). The slight
discrepancy in the required silicon dioxide thickness is owed to
the different attachment chemistries that we employed for each
approach (vide infra). The surface functionalization procedure
began by cleaning the chips in a bath of 1:1 hydrochloric acid and
methanol for 30 min. The chips were then washed thoroughly with
glass distilled deionized water (ddH2O) and dried under a stream
of nitrogen. Next, the chips were then submersed in a 0.4% solu-
tion of �-aminopropyl triethoxysilane (Sigma–Aldrich) in distilled,
anhydrous toluene [31]. After 15 min of gentle shaking, the chips
were washed with ethanol, dried under a stream of nitrogen, and
then cured at 100 ◦C for 15 min.

4.4. Surface functionalization for macroarrays

Once the chips had cooled to room temperature, a 0.5 mg/mL
solution of para-phenylene diisothiocyanate (Sigma–Aldrich) in
anhydrous dimethylformamide (DMF) was added to the chips. The
chips were shaken gently in this solution for 30 min, removed from
the bath, rinsed with DMF, rinsed with acetone, and then dried
under a stream of nitrogen.

4.5. Macroarray production and imaging

HAs were manually arrayed in a volume of 1 �L at a final con-
centration of 20 �g/mL after a 1:1 dilution from a 2× stock in
buffer (10 mM Na2HPO4, 10 mM NaH2PO4, 150 mM NaCl, pH 7.2;
MPBS) into a solution containing 10% glycerol and 0.01% Tween-20.
Human IgG (GeneTex, Inc., GTX 77542; positive control) and fluo-
rescein (Rockland Immunochemicals; negative control) antibodies
were arrayed at a final concentration of 50 �g/mL in the same vol-
ume and spotting buffer dilution. Probe solutions were allowed to
incubate for 10 min in an ambient environment, after which the
chips were immediately immersed in a solution of blocking buffer
(1 mg/mL bovine serum albumin (BSA; Sigma–Aldrich) in a buffer
containing 20 mM HEPES, 150 mM NaCl, pH 7.2 (HBS)) for 45 min.
The chips were then rinsed with MPBS buffer supplemented with
3 mM EDTA and 0.005% Tween-20 (MPBS-ET), and 150 �L of 100%
human serum samples were pipetted onto the surface. It is antici-
pated that some variable sample dilution will have occurred, but it
keeping the surface hydrated is required to ensure the activity of the
arrayed proteins. After a 45 min incubation period, the chips were
rinsed with MPBS-ET and added to a shaking bath of MPBS-ET for
5 min. The chips were then rinsed with ddH2O, dried with nitrogen,
and imaged on a benchtop reflectometer [25]. Reflectance values
for each spot were compared to the reciprocal spot on a negative
control chip (MPBS-ET only) and normalized to the anti-fluorescein
negative control spot.

4.6. Surface functionalization for microarrays
Once the chips cooled to room temperature, they were added
to an aqueous solution of 1.25% glutaraldehyde (Sigma–Aldrich) in
MPBS buffer and shaken for 60 min. The chips were finally washed
with ddH2O, acetone, and ddH2O, and then dried under a stream of
nitrogen.
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.7. Microarray production and imaging

After the glutaraldehyde addition, the chips were fully
unctionalized to allow for the covalent attachment of probe

olecules via nucleophilic attack of a free amine. For microar-
ays, probe molecules were prepared separately and then added
o sterilized 384-well plates (ABgene) at their individual final
oncentrations in an MPBS buffer containing 0.1% 12-crown-4
32] (Sigma–Aldrich). Hemagglutinins H1, H3, H5, and H6 were
rrayed at a final concentration of 40 �g/mL, while H9 was
rrayed at a final concentration of 50 �g/mL. Negative control
robes consisted of anti-fluorescein (10 �g/mL) and human serum
lbumin (Sigma–Aldrich, 200 �g/mL); positive control probes con-
isted of antibodies to human IgG (100 �g/mL), and human IgM
Sigma–Aldrich, 100 �g/mL). The final concentrations of each probe

olecule were determined such that each layer thickness, as
bserved by AIR, was equivalent. All probes were arrayed with eight
eplicates and a spacing of 300 �m using a Virtek ChipWriter Pro
Virtek Vision, Inc.). The arraying was performed at 70% relative
umidity, and the spots were allowed to immobilize for 45 min

n this environment. After the immobilization was complete, the
hips were immediately immersed into a blocking solution contain-
ng 200 �g/mL BSA in HBS buffer for 60 min. The chips were then

ashed with ddH2O, and 100 �L of the target antisera were applied
irectly to wet chips. Target serum solutions were made at the
ppropriate concentrations into MPBS-ET buffer. Serum solutions
ere allowed to incubate on the chips for 60 min, after which each

hip was rinsed with MPBS-ET and placed into a shaking solution
f MPBS-ET for 5 min. The chips were washed again with ddH2O
nd dried under a stream of nitrogen. Dried chips were mounted
nto a vacuum chuck and imaged using a prototype reflectometer
Adarza Biosystems, Inc.). All images were acquired at an integra-
ion time of 200 ms and a gain of 9.0 using LuCam capture software
Lumenera Corporation).

.8. AIR data analysis

The mean spot intensity for all acquired array images were mea-
ured in ImageJ [33]. All array images were captured and processed
s 8 bit files; therefore, reflectance intensity values are represented
n arbitrary units on a scale of 0–255. The reflectance intensity was
alculated for each set of probes as an average of the intensity from
he eight replicate spots in a column. From this value, reflectance
hanges were computed as simple differences in intensity values
etween experimental (antiserum exposed) and control (MPBS-ET
nly) chips. Experimental intensity changes were then normalized
o any small change in that of the negative control (anti-fluorescein
n macroarray experiments and human serum albumin in microar-
ay experiments).
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