
3. Research Strategy 
 

Overview:  
The objective of the proposed research is to fast-track the development, validation, and testing of highly 
sensitive and robust point-of-care (POC) platforms to detect elevated levels of serum protein biomarkers 
associated with COVID-19 infection. In particular, we will incorporate enzyme-linked immunocomplex 
entrapment assay (ELICEA)2 sensing platforms into dipstick-like POC devices to enable rapid, sensitive 
(pg/ml) and multiplexed detection of antibodies (IgG, IgM and IgA) that bind specifically to the spike and 
nucleocapsid proteins of the virus. Importantly, the dipstick POC device will allow the user to 
simultaneously detect COVID-19 biomarkers in two separate drops of blood or saliva – this feature will 
increase the robustness and accuracy of the test, as it requires each blood drop to generate an identical 
pattern of visual readouts in the device. Once optimized and validated using pure target proteins, we will 
validate the POC devices in collaboration with Prof. Charles Chiu at UCSF using blood and saliva samples 
from uninfected individuals and from individuals at specific stages of the infection, including those that are 
asymptomatic, symptomatic with mild responses and those in the ICU.  
 

a)  Significance 
The rate of new infections in the USA is still in the exponential growth phase, with expectations of 2.5 million 
infections and 150,000 deaths before the end of April. The scale of the COVID-19 pandemic is overwhelming 
healthcare systems across the USA and their ability to effectively manage patients and resources. Recent 
data from the CDC suggests that 25% of the population are infected and asymptomatic – troublingly, these 
individuals are often infectious and may account for the rapid spread of the virus. Thus, by targeting and 
controlling asymptomatic populations in infection hot spots, it may be possible to dramatically reduce the 
number of new cases. The implementation of social distancing also helps to reduce the rate of new infections 
- the effectiveness of this approach could be greatly enhanced by serological testing of the population. The 
gold standard for identifying infected individuals is PCR based analysis of viral RNA taken from throat swabs. 
These tests, however, must be conducted in specialized facilities, and are less accurate once the infection 
has moved to the lower respiratory tract. At that stage, one could detect infected individuals by detecting 
antibodies developed by the individual (IgM, IgA and IgG) that recognize virus coat proteins.  
 

In principle, POC devices to detect IgG, IgA and IgM molecules in serum or saliva of the individual that bind 
to virus proteins would not only indicate an infection, but also the stage of infection in an individual.4-12  For 
example, a device that is positive for IgM and IgA antibodies would indicate the individual is at an early stage 
of infection (3-6-days)13-14 and possibly infectious. If the test is only positive for IgG, then the individual is likely 
at a later stage of infection (>10-days)14 and may have acquired some degree of immunity. As such, they 
should be less infectious and encouraged to contribute to the workforce, to donate blood to treat patients in 
critical condition or to engage in caregiving activities in hospitals. Unfortunately, Prof. John Bell at Oxford 
University has recently reported that none of the current POC devices are suitable for testing on a massive 
scale as they were found to exhibit low sensitivity and poor specificity for target antibodies and included 
unacceptable percentages of false positive and false negative results1. Moreover, the blood used to detect 
antibodies in some commercial POC devices was taken patients at an advanced stage of infection15 with 
target IgM and IgG levels greatly exceeding those at an earlier stage of infection.4 It is not clear why current 
POC lateral flow immunoassay (LFIA) are insensitive to target IgM and IgG  in serum. For example, a drop of 
blood contains approximately ~40 µg of IgM (~150 µM) and ~400 µg of IgG (~1 mg/ml)6-7, 16 and so even if we 
assume the target antibodies account for 0.1% of these antibodies, these amounts fall well within the detection 
limit of LFIA (10-25 ng/ml).17 Some of the possible explanations include, a), epitopes on the surface of antigen 
molecules are not available for antibody binding; b), target antibodies may be hindered in binding to antigens 
on the surface of gold nanoparticles and c), the interaction is compromised by happenstance binding to the 
antigen by a serum protein. The FDA has scaled back its initial emergency approval of serology POC devices 
and is only recommending ELISA platforms that require individuals to mail a blood sample for processing on 
specialized equipment at a remote site. Secretory IgA antibodies in saliva have also been shown to bind to 
COVID-19 antigens. Saliva is preferred over serum for POC testing, although the concentration of IgA is only 
detectable using assays that employ enzyme-linked amplification of the target molecule. To the best of our 
knowledge, no POC device is available for ELISA based detection of IgA molecules in saliva that bind to 
COVID-19 antigens.  
 

 



b)  Impact - Addressing unmet needs 
With millions of asymptomatic individuals in the population, there is a pressing need to mass produce POC 
devices with improved accuracy, sensitivity, and robustness to detect low levels of serum IgM and IgG 
antibodies that recognize virus antigens. The impact of a massive POC screening program to determine the 
number of infected and those with acquired cannot be overstated - in the UK, those that test positive for IgG 
antibodies will be issued a mobile "immunity passport" 18-19. In this study we propose to address problems of 
existing POC devices to detect virus associated antibodies in serum through the introduction of POC devices 
that increases the number of antigen molecules on the sensors (beads), optimizes the presentation of antigen 
epitopes from their attachment sites in the beads and employs our enzyme-linked immunocomplex 
entrapment assay (ELICEA) to amplify optical signal for visual detection of target antibodies to improve the 
sensitivity of detection. We have already shown that ELICEA generates highly-visible colorimetric readouts 
of target biomarkers in serum to 10ng/ml (Fig. 1b), while fluorescence signal detection increases the sensitivity 
to pg/ml.2 In addition to these improvements, we will address the robustness and reproducibility of POC 
devices through the development of dipstick-like POC devices that allow for simultaneous and independent  
testing of two separate blood drops. In the second thrust of the proposal, we will develop POC devices for 
multiplexed enzyme-amplification mediated detection of secretory IgA directed against COVID antigens.20  
 

c)  Innovation 
Our approach to POC testing of COVID-10 biomarkers is innovative on several counts. First, the technology 
allows for passive and specific sequestration of IgM, IgG, and IgA, the passive separation of signal-generating 
antibody conjugates from immunocomplex entrapped conjugates, and finally, passive amplification of a visible 
colorimetric signal in the beads whose intensity correlates linearly with the amount of biomarker. Second, the 
larger size and internal volume of our bead technologies dramatically increase the number of bait molecules 
compared to those displayed on the surface of gold nanoparticles; Third, The antigens are coupled to the 
hydrophilic backbone of Sepharose/Sephacryl beads via a long linker group (NTA(Ni2+)-His tag) bond – this 
strategy results in the uniform projection of antigens from their attachment sites. ELICEA sensors allow one 
to conduct enzyme-linked amplification of target molecules in the beads with minimal user-intervention - 
alkaline phosphatase-mediated amplification and accumulation of blue-colored dyes in ELICEA increases the 
sensitivity of biomarker detection compared to lateral flow immunoassays. Fourth, the dipstick POC device 
will allow the user to simultaneously detect COVID-19 biomarkers in two separate blood drops – this 
feature will increase the accuracy of the test as it requires each blood drop to generate an identical pattern of 
color in chambers of the device that are visible to the naked eye (Figure 2). 
 

d)  Approach 
 

Overview of ELICEA detection of serum IgG, IgM and IgA in saliva:  
 The principle of ELICEA based detection of serum antibodies that bind to COVID-19 antigens is schematized 
in Figure 1. We will use Sepharose-type beads for ELICEA-based detection of serum IgG and IgM antibodies 
that recognize viral proteins. NTA-Ni2+-Sephacryl S200 beads have an average pore size that prevents the 
entry and matrix diffusion of molecules with mass >300 kDa.2 As such, they allow the entry and binding of 
IgG molecules (150 kDa) but not IgM molecules (900 kDa). NTA(Ni2+)-Sepharose 6B beads have a pore size 

of 2 MDa and so they allow binding of IgM 
and IgG. These beads harbor large 
numbers of NTA-Ni2+ chelates throughout 
the matrix. His-tagged spike and/or 
nucleocapsid (NC) proteins of the COVID-
19 virus (Red Triangle in Figure 1a) are 
used as bait (antigens) to bind to reactive 
IgM and IgG antibodies. Both proteins are 
conjugated to an alkaline phosphatase 
enzyme (blue dot in Figure 1a) for signal 

Figure 1: Schematics of an ELICEA sensors to 
detect IgG and IgM antibodies in serum that 
recognize the spike protein and cytokines b), Color 
generated in ELICEA beads using BCIP/NBT (top) 
and Fast Red/AS (lower). Details are presented in 
the text. 



amplification, which is discussed later. IgM molecules in a drop of blood that recognize virus antigens will bind 
exclusively to sites in the NTA(Ni2+)-Sepharose 6B beads (Figure 1a). IgG molecules in a drop of blood that 
recognize virus antigens will bind to sites on antigens in both bead types (Figure 1a). Details of our strategy 
to realize specific binding of IgG to NTA-Ni2+-Sephacryl S200 beads, and IgA and IgM-binding to NTA(Ni2+)-
Sepharose 6B later (Figure 3b) will be described later. Next, the beads are treated with imidazole (0.5 M) to 
release His-tagged antigen-AP conjugates from the hydrogel backbone. Any unbound AP-antigen conjugates 
(<300 kDa) rapidly diffuse out of the beads (Figure 1a). On the other hand, imidazole-released complexes 
between AP-antigen conjugates and IgG (or IgM) engage in rapid exchange interactions forming AP-
associated immunocomplexes (Figure 1a). These complexes are too large to diffuse out of the bead and so 
they remain entrapped in the matrix (Figure 1a; see Gong & Marriott for details)2. The addition of AP-substrate 
like BCIP/NBT to these bead-entrapped AP-immunocomplexes results in the production of millions of highly 
colored and insoluble product molecules that accumulate to high levels in the beads. The photographs shown 
in Figure 1b are BCIP/NBT and Fast Red/AS stained ELICEA beads from positive control preparations 
containing a similar volume of beads as that proposed for our POC devices. In preliminary studies and our 
recent publication,2 intensely stained and visible beads similar to those shown for BCIP/NBT and Fast Red/AS 
(Figure 1b) allow one to detect protein biomarkers as low as 10 ng/ml. Moreover, we will also employ an 
ELICEA platform using ELF-97 as the substrate for AP, and detect insoluble fluorescent products to pg/ml.2  
 

Aim 1: To develop, optimize and validate ELICEA platforms for rapid, multiplexed POC-detection of IgM and 
IgG antibodies that bind to the spike and nucleocapsid (NC) proteins of COVID-19 in patient blood.  
 

Preparation of ELICEA beads to detect serum IgG and IgM antibodies that bind to COVID-19 antigens 
Sephacryl S200 beads linked to NTA-Ni2+ are prepared according to Gong & Marriott (2019).2 NTA(Ni2+)-
Sepharose 6B are commercially available (GE Healthcare). Crosslinked conjugates of His-tagged spike and 
NC proteins from COVID-19 are purchased at an 80% discount from SinoBiologicals, (PA, USA). Alkaline 
phosphatase (AP, Sigma) will be crosslinked to these proteins using a standard glutaraldehyde coupling 
protocol21. After quenching unreacted groups in the conjugate with glycine (100 mM, pH 8), the conjugates 
are affinity-purified using NTA(Ni2+)-Sepharose 6B (GE Healthcare). Bound conjugates (and unconjugated 
virus antigen) are eluted from the matrix using 0.5 M imidazole. The efficiency of crosslinking will be 
determined using SDS-PAGE. If necessary, we will adjust the reaction conditions to increase the yield of the 

spike/NC crosslinks to AP. 
AP-activity will be assayed 
using BCIP/NBT as detailed 
by Gong and Marriott.2 We 
will exchange the buffer of 
the conjugate using a PD10 
column. Next, we will 
saturate NTA(Ni2+) sites in 
both bead types using an 
excess of the His-tagged 
conjugates of spike-AP, NC-
AP, or spike-AP and NC-
AP.  In preliminary studies, 
we have found that antigen- 
and antibody-bound beads, 
and their 
immunocomplexes, are 
stable in beads when 
dehydrated for > 1-month.2  

Figure 2: ELICEA on a dipstick POC device to detect duplicate blood drops for IgG and IgM antibodies that bind to virus proteins. 
a), Microdialysis unit (Thermo) showing direction of flow; b), Top view of the repurposed unit showing the 8 compartments of the 
separated channels of the device. The top pair of chambers contain beads that sequester target IgG. The next pair of chambers 
house beads that sequester target IgM molecules. The third pair of chambers sequester non-targeted antibodies in serum and 
serve as a positive control for the test; c), 3D-schematic of the repurposed dialysis unit; d), 10-minutes after adding blood (2), the 
device is immersed in a solution of 0.5 M imidazole for 1-min followed by the AP-substrate (BCIP/NBT) for 5 minutes; e), pattern 
of coloration expected for an individual testing positive only for IgG. The pattern of staining is used to determine the stage of 
infection e), IgM-positive, early stage. Infectious; f), IgM and IgG positive – later stage. Potentially infectious; g), Positive control 



An ELICEA Dipstick POC device to detect IgG, IgM and IgA antibodies that bind to virus antigens  
First, we will repurpose a commercially available and low cost microdialysis unit (Thermo 88260; 96-units/box) 
to prototype a dipstick-like POC device for rapid ELICEA-based multiplexed detection of serum antibodies 
and secretory IgA in saliva that recognize virus antigens. The micro-dialysis unit (Figure 2a) is 2 cm long, 4 
mm wide and 2 mm thick and has a sample/buffer for loading and an outlet. The central white support (Figure 
2a) is flush against the outer casing on both faces. Each face of the unit is completely sealed with a dialysis 
membrane that encloses a volume of 100 µL. Fluid flows from the sample chamber to the absorbent pad 
(Figure 2a). The cross bars evident in Figure 2a extend from one of the faces to 1 mm into the device chamber. 
First, we will remove the transparent membrane from the face that is not in contact with the crossbars. Next 
we will create eight separate chambers (of 5 µL volume) in the device by fixing 1 mm3 plastic porous frits to 
the volume above each crossbar (shown in grey in Figure 2b, c). Alternatively, we may fill this volume with an 
adhesive strip of filter paper or molten 0.25% agarose. The purpose of these plugs is to retain beads in their 
chambers and to provide a dense layer of beads to maximize visual detection of the colored beads in positive 
and control chambers. The beads are linked to an excess of the antigens to ensure sequestration of all target 
IgG and IgM molecules in the serum. We have shown the rate of serum protein diffusion is not slowed 
significantly by passage through 1 mm agarose (0.25%) or filter paper. Next, we completely fill the top pair of 
chambers with a dense suspension of (NTA(Ni2+)-Sephacryl S200 to occupy 80%~90% of the chamber (5 
µL). Alternatively, the chambers will be loaded with lyophilized beads. We will fill the second pair of chambers 
with NTA(Ni2+)-Sepharose 6B beads to sequester target IgM molecules. We will fill the third pair of chambers 
with control beads loaded with His-tagged Protein A conjugates of AP (Figure 2a-c). We will pack the lowest 
pair of chambers with filter paper or dry agarose beads to draw fluid through each channel of the device. Next, 
we will seal the open face of the device with a piece of transparent dialysis membrane (Sepracore; 1 MDa 
cutoff), or taut sheet of adhesive nylon (mesh size 10µm) to retain beads while allowing unbound conjugates 
to escape from the chambers. We will also use If necessary, we punch holes at the base of the unit to ensure 
fluid flow. The membrane or nylon sheet will be sealed to the central and perimeter supports using adhesive 
or by pressure-heating. Finally, we investigate the effect of adding unmodified NTA(Ni2+)-Sepharose 6B beads 
to the sample reservoir on reducing non-specific serum protein binding to test beads. Once tested and 
validated, we will work with the Jacob Family Institute for Design (UCB) to 3D print devices. 
 

Specific entrapment of target biomarkers in ELICEA POC devices: Serum proteins flow from each sample 
inlet chamber to a reservoir before entering the IgG bead chamber (Figure 2a). The two chambers contain 
equal numbers of NTA(Ni2+)-Sephacryl S200 beads bound to antigen-AP conjugates. The smaller pore size 
of these beads only allows the entry and binding of IgG (Figure 1a).2 These beads are loaded with an excess 
of virus antigens to deplete target IgG molecules in serum (as shown in Figure 3c). Next, the remaining serum 
proteins will diffuse to the IgM-chamber, where NTA(Ni2+)-Sepharose 6B beads are bound to antigen-AP 
conjugates deplete the serum of target IgM molecules. The sequential depletion of target antibodies enables 
multiplexed detection of IgG and IgM. To perform the dipstick assay, the individual introduces a drop of blood 
and then two drops of PBS (supplied with the kit) separately to each loading chamber (Figure 2a-c). Blood 
drops should be drawn using a lancet from different fingers. First, the blood and PBS chaser collects in the 
top reservoir (Figure 2c). The plastic frit or 0.25% agarose plug at the base of the chamber is designed to trap 
blood cells (Figure 2c). Beads in the first pair of chambers harbor an excess of antigen binding sites in order 
to sequester all IgG antibodies directed against the virus antigens.2  The remaining serum proteins diffuse to 
the IgM bead chamber which leads to the sequestration of any IgM molecules. Next, the remaining serum 
proteins diffuse to the control bead chamber where non-targeted IgG and IgM molecules bind to Protein A 
molecules in the beads. Finally, remaining proteins in the sample diffuse to the bottom chamber where they 
are absorbed by filter paper – the absorbent paper also serves to ensure the flow of the serum sample. The 
flow of the 30 µL blood drop and 60 µL of buffer to the bottom chamber requires about ten minutes. Next, the 
POC dipstick device is inserted into a second vessel prefilled with a buffered solution of 0.5 M imidazole 
(provided in the kit) for 1-minute. Imidazole readily diffuses across both dialysis membranes and leads to the 
release of all His-tagged virus-antigen conjugates (IgG and IgM chambers), and Protein A-PA conjugates 
from control beads. Any unbound virus-antigen AP conjugates diffuse out of the beads and escape to the 
bathing solution by passage through the 1 MDa membrane. Alternatively, we will also deliver drops of 
imidazole (1 M) to chambers through the input ports to passively separate unbound antigen conjugates from 
the bead entrapped immunocomplexes.2  As detailed in Figure 1, imidazole-triggered release of 
immunocomplexes between the target antibodies and the virus protein antigen-AP conjugates leads to rapid 
exchange interactions that form larger immunocomplex AP-conjugates that exceed the pore size of the bead 



and become entrapped, as schematized in Figure 1a. In this way, imidazole brings about passive separation 
and entrapment of target molecules in the beads within a signal generating (AP) immunocomplex. Finally, the 
user places the dipstick in prefilled solution of BCIP/NBT (or another AP-substrate, including Fast Red/AS 
(Figure 1b) and ELF-97) in a container provided in the kit. These water-soluble substrates diffuse across the 
dialysis membrane and are hydrolyzed by AP in bead-entrapped immunocomplexes, generating highly 
colored (or fluorescent) and the water-insoluble product that accumulate in beads. These beads are intensely 
colored (see Figure 1b), and visible to the eye at an antigen concentration of <10 ng/ml (Figure 1b).2  
 

An “Immunity dipstick” We will develop a simplified ELICEA POC dipstick device to detect IgG antibodies 
that bind specifically to virus antigens. The POC device (Figure 2a, b) in this case will be loaded with 
NTA(Ni2+)-Sephacryl S200 beads in the top chambers and control beads in the second pair of chambers.  
 

Interpreting patterns of coloration of beads in the IgG, IgM and control chambers: As indicated in Figure 
2e, individuals whose devices that reveal brilliant colorations of beads in the two IgG bead chambers and 
control bead chambers would suggest they have acquired immunity. Individuals whose devices that reveal 
brilliant colorations of beads in the pair of IgM bead chambers and control bead chambers (Figure 2f) would 
suggest they are at an early stage of infection and should isolate for 14-days. Individuals whose devices 
reveal brilliant colorations of beads in all six chambers (Figure 2f) would indicate the individual has IgM and 
IgG antibodies against the virus and although at a later stage of infection they may still be infectious and 
should also isolate until a later test is only positive for IgG. Finally, devices that reveal brilliant colorations of 
beads in the two control chambers (Figure 2h) would indicate the individual is not infected.  
 

An alternative lateral-flow POC devices for multiplexed ELICEA detection of target IgG/IgM antibodies 
We will repurpose commercially available POC hardware (IDMS Corp) to develop a lateral flow ELICEA POC 
device (Figure 3a) for multiplexed analysis of antigen-specific IgG and IgM antibody molecules in serum. As 
indicated in Figure 3b, serum proteins from the blood drop flow from the serum pad to the absorbent pad 
along a 1 mm paper strip (Whatman). The filter paper allows us to embed more beads at test chambers (lines) 
compared to NC membranes although we plan to test NC as indicated in figure 3a,b). First, we will excise 3 
mm strips of filter paper at each test site (Fig. 3b). Second, we will fill these gaps with a suspension of ELICEA 
beads for IgG, IgM and control in 0.25% agarose. The mechanism whereby IgG or IgM are specifically 
entrapped in beads is shown in Figures 1 and 3c. The lateral flow device differs in its design and construction 
to the dipstick device (Fig. 2) as outlined below. First, serum proteins from the blood drop flow from the sample 
chamber to the bead-loaded chambers (Figure 3a,b). The IgG chamber is loaded with NTA(Ni2+)-Sephacryl 
S200 beads bound to antigen-AP conjugates - these sequester IgG antibodies against virus antigens. Serum 

proteins then diffuse to 
the IgM chamber, which 
is loaded with NTA(Ni2+)-
Sepharose 6B beads 
that sequester IgM 
molecules that bind to 
virus proteins. Finally, 
non-targeted IgG and 
IgM in the serum diffuse 
to the control chamber 
where they are 
sequestered by Protein 
A bonded to NTA-
Sepharose 6B beads. 
We estimate the time 
required for serum 

Figure 3: a), Lateral-flow based device for rapid, multiplexed ELICEA based detection and analysis of antibodies that recognize 
COVID-19 antigens. See text for details. b), Alternative lateral flow device where a 2 mm paper pad replaces the nitrocellulose 
film. Details of each device are provided in the text. c), Principle underlying of multiplex detection in each device. First, Sephacryl 
S200-NTA(Ni2+) on the G-bead line (chamber) are used to entrap target IgG (150 kDa) while excluding IgM (900 kDa). Details 
are provided in the text. d), Blue-colored beads at test lines/chambers are visible to the naked eye. The pattern of coloration 
allows one to determine the state of infection: (i), C-line only positive: uninfected or has not generated an antibody response; (ii), 
IgM- and C-lines positive: infected and potentially infectious (IgM only); (iii), IgG, IgM and C-lines positive: advanced stage of 
infection and potentially infectious; (iv), IgG and C-lines positive: acquired immunity and probably non-infectious. 



proteins to flow from the loading chamber to the absorbent pad is 15-minutes. After that time, 1 drop of 1 M 
imidazole will be introduced to the sample chamber (or the entire device immersed in a tray provided 
containing a 0.5M solution of imidazole). Imidazole will release all His-tagged virus antigen protein AP-
conjugates (both unbound and antibody-bound) from beads in the IgG, IgM and Control chambers (Figs 1 
and 3a,b). Finally, chambers are exposed to a solution of BCIP/NBT (or Fast Red/AS and ELF97). The pattern 
of coloration in the device will indicate whether the individual is infected, and the stage of infection (Fig. 3d). 
 

Validation: We will validate all POC device described in the proposal using purified antibodies (IgG) against 
the spike and NC proteins (Rockland). These antibodies will be diluted human blood from finger-prick drops 
donated by unnamed volunteers in the PI’s group. We will evaluate the dynamic range and detection limit of 
each device as detailed by Marriott (2019).1 We will focus initial validation studies using the dipstick ELICEA 
POC devices using BCIP/NBT and Fast Red/AS substrates using a visual read-out the device. Next, in 
collaboration with Prof. Charles Chiu from UCSF we will validate the dipstick devices using blood samples. 
Given the limited time and funds available for this award, we will restrict the number of stored blood samples 
tested to 20-30 per group (stored blood from unidentified individuals who were either uninfected, or infected 
and asymptomatic or symptomatic, or in the ICU). Details of the sample groups are provided in the Human 
Subjects section. Statistical analysis of these results will be conducted by biostatisticians in the Chiu group.  
 

Aim 2: To develop ELICEA POC devices for rapid detection of secretory IgA molecules in saliva that bind 
specifically to COVID-19 antigens 
We will develop a POC dipstick device (Figure 2) that employs the ELICEA platform. Given IgA has a mass 
of 300 kD we will use NTA(Ni2+)-Sepharose 6B beads in these studies. We will fill the top pair of chambers 
with NTA(Ni2+)-Sepharose 6B beads loaded with His-tagged COVID-19 proteins (Spike and nucleocapsid) 
conjugated to AP. We will fill the third pair of chambers with control beads loaded with His-tagged Protein A 
conjugates of AP (Figure 2a-c). We will pack the lowest pair of chambers with filter paper or dry agarose 
beads to draw fluid through each channel of the device. Next, we will seal the open face of the device with a 
piece of transparent dialysis membrane (Sepracore; 1 MDa cutoff), or taut sheet of adhesive nylon (mesh 
size 10µm) to retain beads while allowing unbound conjugates to escape from the chambers. We will also 
use If necessary, we punch holes at the base of the unit to ensure fluid flow. The membrane or nylon sheet 
will be sealed to the central and perimeter supports using adhesive or by pressure-heating. Finally, we 
investigate the effect of adding unmodified NTA(Ni2+)-Sepharose 6B beads to the sample reservoir on 
reducing non-specific serum protein binding to test beads. We will test the device using commercially-
available purified antibodies against the spike and NC proteins (Rockland). These studies will include 
determinations of the sensitivity of the device based on optical readout (BCIP/NBT or Fast Red/AS) and 
fluorescence base detection of the insoluble and fluorescent product of ELF-9.2 We will validate the POC 
device for secretory IgA using saliva from unidentifiable individuals who were either uninfected, or infected 
and asymptomatic or symptomatic, or in the ICU). Details of the sample groups are provided in the Human 
Subjects section. Statistical analysis of these results will be conducted by biostatisticians in the Chiu group.  
 

Timeline: 
0-3 months We anticipate completing all work to optimize protocols for the preparation of ELICEA beads for 
studies in Aim 1 and Aim 2 within 1 month. Validation: ELICEA beads will be validated in terms of 
reproducibility, robustness and sensitivity using proteins and antibodies (BioXCell, SinoBiologicals, Rockland, 
Sigma) and human blood in collaboration with Prof Chiu (UCSF). We will complete validation of ELICEA 
beads for biomarkers in Aim 1 and 2 within 1-2 months and 2-3 months, respectively. Repurposing 
Hardware for POC devices: We will complete work on the ELICEA on a dipstick device within 3 months.  
4-24 months:  Validation of POC devices: We will establish collaboration with hospitals and research units 
to test ELICEA based POC devices using blood samples from healthy and infected individuals. The PI will not 
be directly involved in these studies. Large scale production of POC devices: We have already begun work 
on commercially available hardware (Thermo) for the dipstick POC device and will work with the Jacob Family 
Institute for Design at UCB to plan for up-scaled production of the dipstick and lateral flow devices. 
Multiplexed POC devices: We will also work on ELICEA POC devices to extend the detection of biomarkers 
to both serum antibodies (IgG and IgM) and IgA. Refinements and optimization: We will continue to work 
on improvements to the design and performance of the ELICEA beads and POC device, including the 
development of a generalized approach to detect antigens for other diseases and emerging infections.  


