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A B S T R A C T

Detection of viral infection is commonly performed using serological techniques like the enzyme-linked im-
munosorbent assay (ELISA) to detect antibody responses. Such assays may also be used to determine the in-
fection phase based on isotype prevalence. However, ELISAs demonstrate limited sensitivity and are difficult to
perform at the point of care. Here, we present a novel technique for label-free, rapid detection of ultra-low
concentrations of virus specific antibodies. We have developed a simple, robust capacitive biosensor using mi-
crowires coated with Zika or Chikungunya virus envelope antigen. With little discernable nonspecific binding,
the sensor can detect as few as 10 antibody molecules in a small volume (10 molecules/30 µL) within minutes. It
can also be used to rapidly, specifically, and accurately determine the isotype of antigen-specific antibodies.
Finally, we demonstrate that anti-Zika virus antibody can be sensitively and specifically detected in dilute mouse
serum and can be isotyped using the sensor. Overall, our findings suggest that our microwire sensor platform has
the potential to be used as a reliable, sensitive, and inexpensive diagnostic tool to detect immune responses at the
point of care.

1. Introduction

Analyzing the humoral antibody response in clinical samples is
critical to diagnose infectious disease, understand pathogenesis and
immune response kinetics, and develop vaccines, and the enzyme-
linked immunosorbent assay (ELISA) is used as the gold standard
clinical diagnostic tool for antibody detection (Crowther, 2008). How-
ever, ELISAs require large instrumentation in centralized laboratories
and specialized training to execute and interpret the results (Baden
et al., 2016) which limits the utility of ELISAs in low-resource settings
(Rabe et al., 2016). Many cases therefore go undiagnosed which in-
dicates an urgent need for sensitive, robust assays that quickly diagnose
infection at point of care (POC) and provide health-care providers with
actionable information. While lateral flow assays are promising candi-
dates for POC applications, these assays often lack sensitivity and de-
monstrate interference from matrix components of unprocessed sam-
ples (Posthuma-Trumpie et al., 2009).

Capacitive biosensors employ direct sample application for label-

free detection. Other electrochemical antibody sensors have been de-
veloped for serological analysis, but these designs incorporate enzy-
matic labels (Adornetto et al., 2015; Prado et al., 2018) or redox cou-
ples (Cabral-Miranda et al., 2018) that increase complexity and cost.
Compared to other immunosensors, capacitive biosensors are ideal
candidates for sensitive and label-free bioanalysis platforms. Capacitive
sensing is based on the theory of the electrical double layer (DL) (Ertürk
and Mattiasson, 2017; Berggren et al., 2001), where the working elec-
trode is conjugated with probe that binds a target to increase the length
of the DL. Because capacitance is inversely proportional to the DL
length, this increase produces a corresponding decrease in capacitance.
Such capacitive signals provide a direct, rapid measure of target
binding. Based on our previous work using capacitance to detect DNA
(Wang et al., 2016), the sensitivity of capacitive biosensors is far su-
perior to traditional diagnostic assays (Loyprasert et al., 2010;
Mattiasson and Hedström, 2016) and is ideal to detect low antibody
titers during early stages of infection. Capacitive biosensors are thus an
attractive sensing modality that has not yet been fully explored for
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specific antibody detection.
The goal of this work is to develop a novel POC platform that can

specifically detect low levels of antibodies in serum. Due to its clinical
relevance, Zika virus (ZIKV) was chosen as a model system to validate
the platform. ZIKV is an emerging Flavivirus that is closely related to
other mosquito-borne viruses like yellow fever, West Nile, and dengue.
It recently became a major public health concern due to neurological
complications in infected adults (Mécharles et al., 2016; Carteaux et al.,
2016; Oehler et al., 2014; Soares et al., 2016) and severe developmental
complications for fetuses of infected women (van der Eijk et al., 2016;
Mlakar et al., 2016; Leal et al., 2016; Ventura et al., 2017, 2016).
Therefore, accurate and early diagnosis of ZIKV is essential for proper
monitoring and medical intervention in these cases.

In this study, we developed a capacitive immunosensor that speci-
fically detects ZIKV and Chikungunya (CHIKV) antibodies using a
sensor modified with their respective envelope (E) protein. It directly
measures monoclonal antibody with a lower boundary of approxi-
mately 10 antibody molecules in a 30 µL sample. The antibody detec-
tion system discriminates between antibodies with little cross-reactivity
and can even differentiate isotypes, indicating marked selectivity. We
also demonstrate that our system can specifically and sensitively detect
polyclonal anti-ZIKV antibodies present in mouse serum. This method is
distinguished from previous antibody detection methods not only in the
platform, but also by its superior sensitivity and specificity.

2. Material and methods

2.1. Study design

The working microwire surface was functionalized with E protein
from either ZIKV (ZIKV E) or Chikungunya virus (CHIKV E). Lower
dynamic range boundaries for the device were first determined with
monoclonal antibody samples. Anti-ZIKV E antibody was employed as a
specific target while anti-CHIKV E, anti-Dengue, and anti-M13 were
used as nonspecific targets. The microwire biosensor was also used to
isotype the monoclonal antibodies with anti-mouse IgG1, IgG2a, IgG2b,
IgG3, IgA and IgM antibodies. The microwire sensor was then validated
using pre-immune and immune mouse sera collected 4, 7, 14 and 21
days post-ZIKV immunization. Next, the sensor was used to isotype Day
4 and 21 mouse sera for IgM and IgG.

Information for immunization and sera characterization, electrode
functionalization and sensor fabrication are described in Supplemental
Information. Representative serum samples positive for ZIKV IgG anti-
body by Western blot were included in the serum testing. Control
samples and experimental sample replicates are indicated in the text
and figure legends.

2.2. Materials and equipment

Potassium hydroxide (KOH), iron (III) chloride hexahydrate
(FeCl3·6H2O), 30% hydrogen peroxide (H2O2), and absolute ethanol
were purchased from Fisher Scientific (Fairlawn, NJ). High-purity silver
ink was purchased from SPI Supplies (West Chester, PA). 11-
Mercaptoundecanoic acid (MUA) was purchased from Santa Cruz
Biotechnology (Dallas, TX). 3-Mercapto-1-propanol (MPOH) was pur-
chased from Tokyo Chemical Industry Co., Ltd. (Portland, OR). N-
Hydroxysuccinimide (NHS) and 1-Ethyl-3-(3-dimethylaminopropyl)-
carbodiimide (EDC) were purchased from Acros Organics (Geel,
Belgium). Ethanolamine, Tween-20, and 2-(N-morpholino) ethane-
sulfonic acid (MES) was purchased from Sigma-Aldrich (St. Louis, MO).
Phosphate buffered saline (1× PBS: 137mM NaCl, 2.7 mM KCl, 10mM
Na2HPO4 and 1.8mM KH2PO4, pH 7.4) was purchased from Hyclone
(Logan, UT). All reagents were used as received without further pur-
ification. All stock solutions were prepared using ultrapure water
(18MΩ cm) purified with the Nanopure System (Kirkland, WA). Wires
of 99.99% pure gold (25 µm) and silver (25 µm) were purchased from

California Fine Wire Company (Grover Beach, CA) and used as the
working and reference electrode materials, respectively.

Recombinant ZIKV E, recombinant CHIKV E, and mouse monoclonal
anti-CHIKV E antibodies were purchased from MyBioSource, Inc. (San
Diego, CA) and stored at −20 °C until use. M13 antibody (Abcam
ab24229), anti-dengue 2 envelope antibodies (Abcam ab80914), and
ZV-2 Anti-Zika envelope antibody (Miner et al., 2016) were generously
provided by Dr. Michael Diamond. The concentration of ZIKV and
CHIKV monoclonal antibodies was validated using a Nanodrop 2000c
spectrophotometer from Thermo Scientific (Waltham, MA). ZIKV im-
mune mouse serum was generated after DNA immunization of mice
with ZIKV virus-like particle expression plasmids modeled from pre-
vious work (Pierson et al., 2006). Details for the construction of the
immunization plasmids, immunization, serum collection, and initial
antibody testing of serum are found in Supplemental Information. Anti-
Mouse IgG1, IgG2a, IgG2b, IgG3, IgG, IgA and IgM antibodies were
purchased from BD Biosciences (San Jose, CA), and stored at 4 °C until
use.

2.3. Capacitance measurement device and setup

The working electrode functionalization and sensor fabrication
protocols are described in the Supplementary Information. Capacitance
measurements were collected using an Instek LCR-821 benchtop LCR
meter (New Taipei City, Taiwan) with a PC interface for data acquisi-
tion. Because DL capacitance is a non-Faradaic signal, a 0 V DC bias
voltage was applied. A 20mV root mean square (RMS) AC voltage was
applied to the sensors at 20 Hz. All capacitance readouts were recorded
in parallel mode in 30 µL of 0.1×PBST and 60 data points were col-
lected per reading. A Faraday cage was used to remove electrical in-
terference during readout. Capacitance data was analyzed using Matlab
(Mathworks) and statistical tests were performed using R (www.r-
project.org). Only p values less than 0.05 were considered statistically
significant.

2.4. Monoclonal antibody and isotype detection

For all antibody detection studies, a 30 µL dilution of monoclonal
antibody was added to the well and incubated for 5min at room tem-
perature in 1× PBST buffer containing ~1 to ~103 molecules of each
monoclonal antibody. The 5min incubation time was selected by
monitoring the rate of signal change; in all experiments, sufficient
signal to noise was obtained. Additional discussion regarding incuba-
tion time may be found in Supplemental Information. Following in-
cubation, electrodes were rinsed three times first with 1×PBST buffer
to remove residual protein and then again three times with 0.1× PBST
buffer to remove excess salts that may interfere with electrochemical
readout. For isotype determination, 30 µL of monoclonal CHIKV E an-
tibody was added to the well and incubated for 5min at room tem-
perature in 1×PBST buffer. Electrodes were rinsed with 1× and
0.1×PBST, and antibodies against each isotype were added to the well
at dilutions of ~1 to ~103 in 1×PBST buffer. Electrodes were then
rinsed again three times with 30 µL 1×PBST buffer and 30 µL
0.1×PBST buffer. Capacitance measurements were performed as de-
scribed in the Section 2.3.

2.5. Mouse serum sample antibody and isotype detection

Clarified mouse sera were diluted 1:106 and 1:1012 in 30 µL of
1×PBST buffer and incubated on microwire chips for 5min at room
temperature. Following incubation, electrodes were rinsed three times
with 30 µL 1×PBST buffer and three times with 30 µL 0.1× PBST
buffer. To determine the isotype of anti-ZIKV antibodies in the mouse
sera the microwire sensor was first immersed in 30 µL of mouse serum
diluted 1:106 in 1×PBST for 5min at room temperature. Antibodies
specific for each isotype were then incubated for 5min at dilutions of
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1:106 and 1:1012 in 30 µL 1×PBST buffer. Following incubation,
electrodes were rinsed three times each with 30 µL 1×PBST and
0.1×PBST buffer before measurements.

3. Results and discussion

3.1. Sensor design and principles

The label-free capacitive immunosensor introduced here uses mi-
crowire electrodes to rapidly and sensitively detect antibodies produced
during an immune response, in this case mouse antibodies against ZIKV.
The device is comprised of low-cost, easily-acquired materials. A glass
slide is used as the base substrate with a polydimethylsiloxane (PDMS)
well for sample application. Au and Ag/AgCl microwires (working and
reference electrodes, respectively) are immobilized across the PDMS
well (Fig. 1a) and 30 µL of liquid sample is added to the well and in-
cubated for 5min. Measurements can then be taken in as quickly as one
minute. Microelectrode wires, compared to other electrode fabrication
methods like ink printing, paste, and sputter-coated electrodes, de-
monstrate increased mass transport rates due to radial diffusion (Aoki,
1993; Liu et al., 2004). This increases the current density and conse-
quently improves sensitivity and enhances detection limits (Salaün and
Van Den Berg, 2006). Microelectrodes offer the additional benefits of
simple fabrication without expensive equipment, ease of surface che-
mical modification, and availability in different pure and alloyed
compositions (Adkins and Henry, 2015).

Randle's equivalent circuit is commonly employed to model the
electrode-electrolyte interface of a Faradaic biosensor (Marks, 2013).
However, our sensor has been designed as a non-Faradaic system to
measure capacitive charging currents only. With no offset voltage ap-
plied to the electrode, off-target electrochemical reactions or charge
transfer at the interface should be minimal. AC electrokinetic micro-
flows have been known to affect capacitive charging currents, but these
effects typically begin to occur at a peak-to-peak amplitude of 1–2 V
and do not become prominent until 6–15 V (Wu, 2006; Yang and Wu,
2008). The influence of microflows at the 20 mV oscillation voltage
used here is negligible. Thus, to model the charging current at the in-
terface, we place CDL in parallel with a leakage resistance, Rleak. CDL in
turn can be modeled as the total capacitance, Ctot, of several capacitors
in series, as visualized in Fig. 1b. The first component constitutes the
insulating SAM layer on the electrode surface, CSAM . The second, CAg,

includes the anchoring groups and the recognition element (antigen),
which is followed by the concentration-dependent antibody layer, CAb.

Based on this model, the binding of antibody to antigen causes a
change in the total capacitance, Ctot. Because CSAM is constant and does
not contribute to capacitive change, the sensitivity of the sensor is
predominately determined by the relative capacitance between antigen
and antibody. In this case, use of a large analyte such as an antibody
increases the sensitivity of our sensor by creating a proportionally
larger increase in DL length compared to smaller analytes like antigens
(Suni, 2008). This high sensitivity is necessary to adapt the im-
munosensor for pre-symptomatic pathogen detection, which is cur-
rently only achieved by nucleic acid testing (Nicolini et al., 2017).

3.2. Specificity tests and detection limit

To characterize the immunosensor's performance, the ZIKV E-
functionalized microwire sensor was first tested with monoclonal an-
tibodies diluted in 1 × PBST buffer (pH 7.4, 0.05% Tween 20). Anti-
ZIKV E (experimental), anti-M13 antibody (control), anti-CHIKV E
(control), and anti-DENV antibody (control) were tested (Fig. 2a). Each
antibody was applied at concentrations ranging from ~1 to ~103 mo-
lecules per 30 µL. The baseline capacitance reading (CBaseline) after
surface functionalization was directly recorded using an Instek LCR-821
benchtop LCR meter. Capacitance was again directly recorded after
target antibody incubation (CAb). The mean negative capacitance
change, −∆ = − −C C C( )Ab Baseline , with standard deviation is presented
in Fig. 2b for each sample (n = 3). The − ∆C for anti-ZIKV E is pro-
portional to the concentration/number of antibodies in the experi-
mental sample and can be fit with a regression line (R2 = 0.9813).
These results indicate proportionality between the magnitude of the
capacitance change and the concentration of the bound target. In
comparison, the − ∆C for controls have no significant change at any
tested concentration, suggesting that there was no significant binding
between ZIKV E and control antibodies. It is notable that the − ∆C for
the ~10 molecule anti-ZIKV E sample is statistically significantly dif-
ferent from the control antibody samples, indicating that the present
detection platform has a detection limit as low as ~10 antibody mo-
lecules per 30 µL, far superior to that of other immunosensors or ELISA
assays (Mattiasson and Hedström, 2016). To demonstrate that the de-
vice can be adapted to other antigen/antibody pairs, the sensor was
functionalized with CHIKV E2 antigen and tested with the same four

Fig. 1. Schematic of capacitive immunosensor design and
working principles. (a) Device layers and resulting im-
munosensor shown from the top. RE: reference electrode,
WE: working electrode; (b) Working electrode (Au mi-
crowire) surface chemistry and functionalized layers, with
the corresponding equivalent circuit and total capacitance
equation. DL capacitance, CDL, is placed in parallel with a
leakage resistance, Rleak . CDL represents the total capaci-
tance, Ctot , of the individual capacitance contribution from
each surface layer.
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monoclonal antibodies at the same concentration ranges (Fig. S2).
When normalized for baseline signal variations, the capacitance

dropped ~7–38% for the corresponding dynamic range. Collectively,
these results show that the immunosensor functionalized with antigen
can selectively capture antibodies at extremely low concentrations
without nonspecific binding from other antibodies. This suggests an
excellent combination of specificity and sensitivity for this platform. It
is unclear what underlying mechanism gives rise to such significant
signal changes at low concentrations, but the reported dynamic range
was highly reproducible with different antigen-antibody pairs. It is well
established that proteins randomly orient themselves when im-
mobilized to a surface (Wu et al., 2008). As a result, binding regions of
many probes are not accessible, leaving a portion of the surface inert
and causing the active functionalized surface area to be much smaller
than the total surface area. Therefore, while ~10 antibody molecules
may bind to only a small fraction of the total surface area, the pro-
portion of the active surface area that is bound may be significantly
larger and may contribute to large percentage changes in capacitance.
Although significant advances have been made in the understanding of
the interfacial region, thermodynamic models of functionalized surfaces
fail when more complex charge distributions are considered (Watkins
et al., 2018). Further research is needed to elucidate what is happening
at the interface of functionalized surfaces to understand the high sen-
sitivity of our sensing system.

3.3. Isotyping tests with monoclonal antibodies

The isotype of antigen-specific antibodies is commonly determined
to elucidate the stage of an infection, with IgM antibodies being present
early in infection and IgG antibodies present later. To explore whether
our platform could be used to determine isotype, the microwires were
functionalized with CHIKV E antigen probe and subsequently saturated
with corresponding IgG 2b antibody against CHIKV E (~103 molecule/
30 µL). The capacitance value for anti-CHIKV antibody was set as a new
baseline (CBL). The devices were then incubated with six secondary
antibodies with different specificities (IgG1, IgG2a, IgG2b, IgG3, IgA
and IgM) at concentrations ranging from ~1 to ~103 molecules per 30
µL (Fig. 3a). Fig. 3b presents the mean negative capacitance changes,
−∆ = − −−C C C( )anti iso Ab Baseline with standard deviation for each sample
(n = 3). As predicted by the circuit model, an additional capacitance
change was observed from anti-IgG2b antibody samples in all the
concentrations applied. In addition, the − ∆C of anti-IgG2b antibody
increases proportionally with increasing concentrations. In contrast, the
five nonspecific anti-isotype antibodies did not increase the capacitance
response (Fig. 3b). Supporting previous results of the detection limit,
the capacitance of ~10 anti-IgG 2b antibody molecules/30 µL is sta-
tistically significantly different from the nonspecific antibodies. These
results indicate that our system can accurately determine the isotype of

ultralow concentrations of antigen-specific antibodies.

3.4. Detection of anti-ZIKV antibodies during an immunization time-course

To explore the performance of the capacitive immunosensor in a
complex matrix with interfering species, we tested mouse serum for
ZIKV-specific polyclonal antibodies. Ten mice were immunized and
samples were collected as described in the Supplementary Information.
Mouse 3, 4, and 6 samples were tested with the ZIKV E functionalized
sensor. Suitable dilutions were determined as described in the
Supplementary Information.

Based on the results in Fig S5, two dilutions of the mouse serum,
1:106 and 1:1012 were chosen for detection for Day 4, 7, 14 and 21
mouse serum samples. Each of the three biological replicates was tested
and averaged. Every biological replicate is the average of three tech-
nical replicates. The − ∆C for each post-vaccination sample was com-
pared to the pre-immune sample as shown in Fig. 4a and b. At a 1:1012

dilution, the − ∆C increases with each time point after vaccination and
saturates around Day 14. The lower − ∆C for Day 14 can be attributed
to its smaller sample size as there was no serum collected for mouse 6
on this day. Although results are similar for the 1:106 dilution com-
pared to the 1:1012 dilution, it is notable that the − ∆C for this dilution
saturates as early as Day 4 after immunization. Because the 1:106 di-
lution is significantly more concentrated, this outcome is expected.
More importantly, this capacitive immunosensor can detect extremely
dilute antibody as early as four days post-vaccination through 21 days.
To further characterize the specificity with mouse sera, we examined
whether anti-ZIKV serum had any cross-reactivity with CHIKV sensors.
The results described in the Supplementary Information (Fig. S4) show
reproducibility of the sensor's specificity in a complex physiological
matrix.

By reliably detecting as few as 10 molecules and accurately ana-
lyzing serum at dilutions of 1:1012, the results suggest that our sensor
has a far superior sensitivity compared to other platforms (Cabral-
Miranda et al., 2018; Cecchetto et al., 2017). This increased sensitivity
enables us to detect an antibody response four days earlier compared to
established serological methods (Jeong et al., 2017). Our sensor also
requires less sample volume than comparable ELISAs (30 µL of 1:1012 vs
50–100 µL of 1:400 diluted sample (CDC, 2016)), which preserves
precious serum sample and reduces waste. Furthermore, whereas the
CDC ZIKV MAC-ELISA needs 12 + hours to obtain results from sample
application, our sensor can produce results in under ten minutes. This
could result in faster diagnostics needed to determine a timely and ef-
fective therapeutic intervention.

3.5. Antibody isotyping of mouse serum samples

Antibody isotyping is a diagnostic component required to separate

Fig. 2. Specificity tests with monoclonal antibodies. a)
Illustration of ZIKV E antigen as the recognition element to
test one specific and three nonspecific antibodies; (b)
Capacitance responses for the four antibodies at con-
centrations from 0 to 103 molecules per 30 µL in 1 × PBST
buffer (n = 3 at each concentration, mean± STD). The
regression fit for specific anti-ZIKV E is shown in the plot
as a dashed line.
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acute from past infections. To characterize whether our sensor platform
can be used to determine the isotypes present in a serum sample, wire
sensors were functionalized with ZIKV E protein and saturated with
serum antibody from Day 4 or Day 21 at a 1:106 dilution. Anti-mouse
IgM or IgG was applied to the sensor and the results are compared in
Fig. 5. As expected from published flavivirus antibody kinetics (Centers
for Disease Control and Prevention, 2017) and the corresponding ELISA
data (Fig S6), Day 4 IgM levels were higher than IgG. It was somewhat
surprising that the sensor detected constant levels of IgM between Day
4 and Day 21 given that the ELISA showed an increase from Day 4 to
Day 21. This may be explained by saturation of the sensor. A recent
report, however, indicates that anti-ZIKV IgM levels drop off 8–16 days
after symptom onset (Jeong et al., 2017). The discrepancy between our

ELISA data and theirs may be due to our use of the immunodominant E
protein instead of NS1 as antigen or it could be related to differences in
host species. Antibody kinetics for dengue virus indicate that IgM can
be detected for over 90 days (Centers for Disease Control and
Prevention, 2017), suggesting that a higher titer for Day 21 is reason-
able.

The sensor results also show an increase in IgG levels from Day 4 to
Day 21, which agrees with the ELISA data. The sensor also shows higher
IgG levels on Day 21 compared to IgM. These data conflict with the
ELISA results, which show slightly higher IgM for both days. However,
the ELISA assays in Fig. S4 were performed at 1:100 dilution, which was
the highest dilution that gave detectable anti-ZIKV signals. We hy-
pothesize that matrix effects in these concentrated mouse sera likely
affected apparent antibody isotype distributions in the ELISA assays.
Also, because the IgM is significantly larger than IgG, steric hindrance
may cause the IgM sensor to saturate faster than the IgG sensor. As a
smaller molecule, more IgG may be able to bind to the wire surface and
produce a larger signal. Cabral-Miranda et al. recently published an
immunosensor for ZIKV antibody with isotyping capacity that was able
to detect a 106 to 107 dilution of serum (Cabral-Miranda et al., 2018).
However, their design has decreased sensitivity compared to our system
and it also incorporates a toxic redox couple that limits its POC use.
Without using labels or redox couples, our sensor can distinguish an-
tibody isotypes from a complex serum matrix containing a mixture of
isotypes. These results enhance the applicability of the sensor for POC
diagnosis and even for research purposes.

Fig. 3. Isotyping tests with monoclonal antibodies. (a)
Illustration of CHIKV E antigen-antibody complex to de-
termine the isotype of anti-CHIKV E (IgG 2b). Six sec-
ondary antibodies are used here to perform the test: anti-
IgG1, anti-IgG2a, anti-IgG2b, anti-IgG3, anti-IgA and anti-
IgM; (b) Capacitance responses of the isotype tests with six
secondary antibodies at concentrations from 0 to 103

molecules per 30 µL in 1 × PBST buffer (n = 3 at each
concentration, mean± STD). A regression fit is shown in
the plot for secondary IgG2b antibody. Similar results
were obtained for IgG isotyping of anti-ZIKV monoclonal
antibody (Fig. S3).

Fig. 4. Immune response kinetics for mouse serum samples. Capacitive re-
sponse to mouse serum at different time points pre- and-post vaccination with
ZIKV. (a) Mouse serum tested at a 1:1012 dilution in 1 × PBST buffer; (b) Mouse
serum tested at a 1:106 dilution in 1 × PBST buffer. Three biological samples (n
= 3, mean±STD) for each time point were tested except for Day 14 (n = 2,
mean± STD). Each biological sample shown is the average of three technique
replicates. A paired t-test was carried out between pre- and post- vaccination
with ZIKV samples. * paired t-test: p< 0.05.

Fig. 5. Isotyping of anti-ZIKV antibodies in mouse serum samples. Capacitive
response of antibody isotypes in mouse serum at Day 4 and 21 with ZIKV.
Mouse serum was used at a 1:106 dilution in 1 × PBST buffer to saturate the
surface for isotype detection. Three biological samples (n = 3, mean± STD) for
each time point were tested. Each biological sample shown is the average of
three technical replicates.
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4. Conclusions

Diagnosis of infectious diseases like ZIKV requires laboratory con-
firmation but current methodologies are limited to use by specialized
diagnostic laboratories. Recent outbreaks like that of Ebola virus and
ZIKV indicate a growing need for simple, sensitive, and selective di-
agnostics amenable to a POC setting. The ultra-sensitive capacitance
sensor introduced in this study represents a simple and robust platform
for antibody detection in serum. Within minutes, it can detect as few as
~10 antibody molecules in a 30 µL volume and determine their isotype.
Without using labels or redox couples, our sensor can detect anti-ZIKV
antibodies during an immunization time course and distinguish the
isotype from a complex serum matrix. Furthermore, this sensor design
can be easily integrated with microfluidics and handheld measuring
devices to make it suitable for field work and POC testing. Our research
team is currently working to integrate this immunosensor platform into
our previously developed paper-based analytical device (Channon
et al., 2018). Continued development of this novel platform can greatly
increase the capacity of public health agencies worldwide to assess drug
or vaccine efficacy and to monitor emerging infectious diseases of
global importance in future.
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