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Diagnostic tools are fundamental to informed healthcare decisions, but the current state of in vitro

diagnostics presents barriers to providing timely access to a wide menu of tests. This paper discusses a

method for overcoming these challenges with a novel and miniaturized point-of-care (PoC) solution, the

VitalOne. While many PoC solutions have limited test menus tailored for specific scenarios, Vital Bio

introduces a comprehensive test menu in a compact PoC format that uses centrifugal microfluidic

workflows to deliver quantitative results across three modalities that have traditionally required three

separate instruments. VitalOne has combined three modalities into a single instrument: hematology, clinical

chemistry, and immunoassay. This breadth of central-lab quality results covers a wide variety of use cases

and helps to eliminate the send-out gap that impedes the adoption of PoC technologies. This paper

provides a comprehensive and transparent view of both our assay performance data and underlying

methods of operation. By comparing the VitalOne system with established benchmarks commercialized

devices including Roche cobas® c701, Sysmex 140, Beckman DxH® 500, Beckman AU® 480, and

Beckman Access® 2 instrument systems, we demonstrate consistent assay performance, resilience to

interference, and performance that is compliant with Clinical Laboratory Improvement Amendments (CLIA)

total allowable error standards. Additionally, this article elucidates our system's operational intricacies and

showcases performance data from a diverse set of analytes.

Introduction

Diagnostics play a pivotal role in healthcare, underpinning
the majority of clinical decision-making processes.1–6

However, the current in vitro diagnostic landscape poses
challenges in ensuring timely access to these tools, leading to
suboptimal patient care.7 The traditional approach requires
large-scale equipment operated by highly-trained personnel,
restricting their use to centralized labs.3,8 For decades, this
has often required patients to visit secondary sites for blood
draws and in most cases, the sample is then shipped to the
centralized tertiary site for assessment. It's noteworthy that

nearly a third of all electronic lab orders are unfilled, a
culmination of factors including patient non-adherence to lab
testing requisitions and logistical challenges associated with
patients securing time for an additional appointment during
business hours and obtaining a means of transportation to a
draw site.9–12

These barriers lead to lengthy delays, missed diagnoses,
missed opportunities for intervention, and ultimately poor
patient outcomes.3,13 Healthcare professionals are also forced
to spend much of their time tracing lab orders to patient
encounter notes and reaching out to patients to coordinate
follow ups.9 Limited access and frequency also make it
difficult for people to take early preventative action with their
health.

There is substantial potential in efficiently detecting and
leveraging well-established biomarkers when and where they
are needed most. Widespread adoption of point-of-care
diagnostic solutions is held back by limited test menus that
cater primarily to specific use cases such as emergency or
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operating room scenarios.14–16 While there are plenty of PoC
devices on the market, none provide a comprehensive
offering (Table 1). There are devices on the market that
perform a single panel such as PixCell's HemoScreen™, Sight
Dx's Sight OLO®, Hemocue® WBC DIFF (hematology),
Abaxis's Piccolo®, Abbott's Afinion™ and Cholestech™
platforms, Thermo Scientific's Indiko™ Clinical Chemistry
Analyzer, Horiba's Pentra™ C400 (clinical chemistry), and
Genalyte's Maverick™ (immunoassay). Genalyte has
recognized the value of multimodal testing solutions and has
commercialized services in which a trained technician
operates the Maverick system along with separate PoC
clinical chemistry analyzer and hematology analyzers made
by other companies. Other platforms such as LumiraDx™
and Abbott's i-STAT® can operate on multiple modalities
(immunoassay and clinical chemistry) but can only measure
a small number of analytes at a time (1–3 for LumiraDx, 1–11
for i-STAT) on cartridges that are run serially. These solutions
do little to address the “send out gap”, left open when
requisitions cannot be fully covered at the point of care. Lack
of breadth in PoC test menus and results in entire orders
being sent out for analysis because otherwise a separate
sample still needs to be drawn and processed before
shipping.

In contrast, our approach with the VitalOne offers a
comprehensive, multi-modality test menu in a compact PoC
form factor designed to provide central-lab quality results.§
When constructing our menu, we aimed to cover 100% of
tests ordered for over 90% of patients in primary care
settings, closing the send out gap for the vast majority of
patients. With all results ready in 20 minutes, healthcare
providers can also discuss the results with their patients at
their first visit for immediate intervention. The VitalOne can
be run with as little as 110 μL of whole blood for a CBC with
a 5-part differential, or with less than 500 μL of whole blood
for a panel of over 50 results spanning hematology, clinical
chemistry, and immunoassays. The small sample
requirement makes the VitalOne more amenable to a PoC

setting where capillary blood can be used without needing a
trained phlebotomist on site for a venous collection.

Several multidisciplinary design challenges needed to be
overcome to realize this vision, synthesizing many individual
components to enable the parallel, automated operation of
dozens of assays that have fundamentally different lab
protocols and require various levels of sensitivity. We
succeeded in using centrifugal microfluidics to unify three
distinct modalities into a common hardware architecture by
fully reimagining the current testing paradigm, which until
now required multiple instruments for analysis.

This architecture also makes the VitalOne significantly
more reliable, economical, and easy to use than a solution
that miniaturizes three disparate hardware architectures into
a single unit. The VitalOne system was designed for
minimally-skilled users to operate with limited risk of user
error, and to this end all sample preparation steps are
automated. The platform places sample preparation,
precision metering, and calibration into the design of the
microfluidic consumable; as a result, the system is more
robust, and the system is designed to avoid the need for daily
controls and weekly calibration by skilled technicians; this
would significantly reduce the personnel cost for operation.
Hundreds of built-in quality control checks have also been
incorporated to ensure that only trusted results are included
in the report to prevent possible patient harm from run
errors.

All of this was made possible by starting with reagent
formulations that are well-established assay methodologies
but customizing the reagents to enable them to operate
within our unique architecture that confers significant
advantages to these tests. The clinical chemistry subsystem
was developed by re-mapping canonical protocols, allowing
over 25 tests to run in parallel with a single actuation
protocol. The immunoassay subsystem uses magnetic capture
beads and proprietary optical reporters for rapid and
sensitive assessment with low background in a variety of
biological matrices. The hematology subsystem uses image-
based analysis to match the performance of flow cytometry-
based analyzers without requiring frequent maintenance or
skilled calibration. The reaction chemistries for several assays

Table 1 Summary of VitalOne specifications compared to point-of-care predicate instruments

§ The VitalOne has not yet been evaluated for regulatory clearance, nor is it
currently available for purchase, but it is currently in late-stage development.
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were also adjusted to meet design criteria for freeze-dried
reagents and optical readout.

The VitalOne consumable features modular assay lanes
that allow all assay types within a single modality to be run
together on a single disc, sharing one electromechanical
actuation protocol. For example, one-reagent, two-reagent,
endpoint, and kinetic assays have all been done before, but
not together with a shared workflow. With the VitalOne, users
no longer need to think about individual panels to run. They
can instead think about the entire menu together, and not
have to make choices about sample preparation or which
instrument to use. The time to results also stays constant,
even when introducing more lanes for additional tests. And
while the system runs all chemistries on every run, final
results are only reported for requisitioned tests.

Through intentional design, the VitalOne distinguishes
itself from prior platforms and sets itself up for successful
widespread adoption through the combination of many
benefits. Its unified architecture yields reliable and low-cost
hardware and consumables. It is easy to use without skilled
calibration or sample preparation, allowing minimally-
trained users to get quality-checked, accurate results every
time. The VitalOne has been designed to be installed with no
special infrastructure plumbing or water purification. The
system simply requires a standard power outlet and an
internet connection greatly lowering barriers to entry. Fast
turnaround times were a key design criterion to enable
seamless clinical integration with a comprehensive menu
that not only closes care gaps, but can also be used with
existing reimbursement codes.

With the work presented in this publication, our objective
at Vital Bio is to establish a high degree of transparency with
the scientific community and the diagnostics industry. By
openly sharing both our detailed assay characterization data
and the underlying mode of operation of our system, we aim
to promote a transparent and open culture.

Experimental

The following is a description of the VitalOne device and
microfluidic consumable, the scientific and clinical

considerations that went into their design, and the
methodologies that underlie their mode of operation.

Device description

The VitalOne system is a modular desktop instrument
developed to produce laboratory-grade (e.g., CLIA certified)
diagnostic results in 20 minutes, directly at the point of care
(Fig. 1). The system's architecture is the outcome of design
choices aimed at achieving consistent results, high reliability,
and simplified user experience without compromising the
accuracy or the quality of the results.

The VitalOne is a versatile platform designed to analyze a
broad spectrum of biomarkers, including ions, small molecules,
proteins, and cells. To accommodate the diverse methods
required to measure these distinct types of analytes, the
VitalOne segregates them into three separate subsystem
modules that all operate on a unified architecture of centrifugal
microfluidics. The VitalOne comprises three distinct assay
subsystems tailored for specific analytical methods.

Three primary methods underpin its operation:
a. Clinical Chemistry – consisting of two sub-modalities.
1. Homogeneous liquid reactions with colorimetric

readouts.
2. Membrane-liquid interface with colorimetric readouts

for electrolytes.
b. Immunoassay – solid–liquid heterogeneous reactions

with fluorescence output.
c. Hematology – blood cell staining paired with image-based

measurements using fluorescence and darkfield microscopy.
To achieve this, each subsystem has a consistent core of a

motor, spindle, and temperature control (Fig. 2). The
differences in functionality are enabled by: (1) subsystem-
specific components that enable various readout or sample
manipulation (e.g., absorbance/fluorescence readers,
microscopy units, sonicators, and magnets); and (2) the
incorporation of distinct discs each having unique microfluidic
structures powered by centrifugal microfluidics. These discs
host lyophilized reagents in a bead form called lyospheres and
are equipped with channels and chambers for sample and
reagent processing. Centrifugal forces aliquot and guide liquids

Fig. 1 VitalOne exterior view (left) and interior schematic (right) showing the system design and placement of subsystem modules.
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through these channels to complete the required analytical
assays.

Mechanical components. A gantry facilitates precise
movements of a custom gripper and pipette head across x, y,
and z axes to automate liquid dispensation and the delivery
of consumable components. The system can be operated via
a touchscreen user interface and a drawer mechanism for
sample and consumable intake.

Uniform protocol execution. The system follows a
standardized protocol, executing every test for every patient, with
result generation being software-regulated. This greatly
simplifies the architecture of the system, reduces the number of
states the system can be in, and enables a time to results (TTR)
that is independent of the number of tests being performed.

Centrifugal microfluidic platform. Eliminating traditional
failure points, the centrifugal platform negates the
requirement for components like gaskets, ball valves, o-rings,
and pneumatic valves that degrade over time, and can be
single points of failure that lead to inoperability of the
consumable, rendering the instrument inoperable.

Fluid manipulation. The system is designed to, in most
cases, rely on pipetting only for coarse fluid transfers. This is
done by ensuring over-delivery of fluid volumes and relying
instead on microfluidic structures for precise fluid metering
to reaction chambers, thus making the system robust to
pipette drift in the field.

Cost and design efficiency. The architectural foundation
minimizes custom components. Standard LEDs, photodiodes,
and simple optical filters replace intricate optics and readout
circuits thanks to advancements in chemistry, such as the
use of quantum dots that enable a very large separation
between excitation and emission wavelengths and greatly
reduce the cost of suitable filters.17 The rotation of the
consumable obviates the need for many moving parts, further
optimizing the system's design.

Consumable description

The VitalOne consumable consists of two main components:
a disc pack and a support pack (Fig. 3). The consumable has

been designed for room-temperature storage and ease of use
while ensuring precise and accurate diagnostic results.

Disc pack. The disc pack hosts three specialized
microfluidic discs, each dedicated to a specific diagnostic
assay modality: immunoassay, clinical chemistry, and
hematology. These discs incorporate unique microfluidic
structures tailored for distinct assay workflows. Integral to
their design are structures that verify environmental
conditions and internal controls, ensuring the consumable's

Fig. 2 Each assay modality on the VitalOne instrument is carried out on a subsystem module built around a consistent core with a motor, spindle
and temperature control. The differences in functionality are enabled by subsystem specific components that enable various readout or sample
manipulation (e.g., absorbance readers, microscopy units, sonicators, and magnets).

Fig. 3 VitalOne consumables include a disc pack and support pack
that are pre-loaded with all the components required to execute a full
assay panel.
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integrity and that only reliable results are reported.
Embedded within these discs are our proprietary lyospheres,
each approximately 2 mm in size. These lyospheres contain
the essential reagents such as antibodies, nanoparticles,
enzymes, substrates, detergents, and dyes. The addition of
stabilizers and a tailored freeze-drying process enable these
lyospheres to be stable at room temperature. Additionally,
this unitization of the reagents allows for streamlined
manufacturing.

Support pack. Accompanying the disc pack, the support
pack carries eight disposable pipette tips, ensuring no risk of
carryover between patients or between reagents. It also holds
any non-lyophilizable reagents, including water and buffers.
The system's design alleviates users from manual handling of
discs, pipette tips, or liquids. This not only augments the
user experience but also partitions component production,
minimizing waste.

System operation

To operate the system, the input drawer is first loaded with a
disc pack, which houses the three discs needed for the three
modules, and a support pack containing the tip-pack and
reagent-pack strip. Following this, tubes containing the
samples slated for analysis are placed into the drawer; the
system accepts both capillary microtainers and traditional
venous vacutainers.

The remaining sample preparation and assay workflow
steps are automated and to not require additional user input.
The instrument mixes the sample within the tubes. This
mixing is performed by the pipette head (microtainers) or by
inverting the tubes on a tube rocker built into the instrument
(vacutainers). The instrument is equipped to de-cap the
loaded sample tubes, after inversion if applicable. Having
automated de-capping and mixing eliminates both the risk of
user exposure to the sample and variability resulting from
manual sample mixing.

A gripper within the VitalOne instrument picks up the assay
discs sequentially, and positions each of them into their
respective modules. Then, a pipette head within the VitalOne
instrument picks up a disposable tip and transfers the liquid
reagents (primarily buffers and diluents as described in detail
below) and the samples into the appropriate microfluidic
structures on each disc. Once these discs are populated, they
undergo a programmed rotational motion, paired with other
operations and optical measurements. After the run is
complete, each disc is returned to the disc tray, rendering the
disc tray and support pack ready for removal. The processed
samples remain contained within the discs allowing for easy
disposal. To finish the process, the machine re-caps the sample
tubes, ensuring that they can be safely removed without direct
contact with the samples.

Assay menu and sample volume

The VitalOne is designed to support standard vacutainers
used for venous blood collection as well as capillary

microtainers; the system was designed to require low total
sample volume to be compatible with capillary sample
collection. Table 2 shows the sample volumes required for
dispensing by the pipette head and disposable tip to ensure
complete filling. The VitalOne is designed to perform a
complete blood count (CBC) with as little as 110 μL of whole
blood and a comprehensive panel with a full array of
immunoassays and clinical chemistry assays, returning over
50 results with as little as 500 μL of whole blood. Smaller
panels of tests that represent routine panels for quarterly
chronic-disease management visits with over 25 results can
be returned with just 300 μL of sample.

Time-to-results (TTR)

The VitalOne system was designed with TTR as a core
requirement. When running the Clinical Chemistry panel
alone (full comprehensive metabolic panel (CMP), lipid
panel, hemoglobin A1c (HbA1c), and GGT) the system can
return these results within 15 minutes of the user initiating a
test. Since all analytes on each modular lane for a given
subsystem can be run in parallel using a shared actuation
routine, the full panel of hematology, clinical chemistry, and
immunoassays can be executed with a the TTR of only 20
minutes, regardless of how many tests are requisitioned.

Microfluidic disc description

The following sections describe the microfluidic disc designs
for each VitalOne subsystem and their operation. Please see
the ESI† for annotated videos of the microfluidic workflows.

Clinical chemistry. The clinical chemistry cartridge
enables extensive parallelization of similar workflows: plasma
separation, dilution, mixing with reagents, light transmission
readout. Clinical chemistry, electrolytes, and HbA1c have
similar readout requirements, and as such, these three assay
types were integrated into the same disc, all using the same
rotation/actuation protocol. Clinical chemistry analytes are
developed to work with one of three target dilutions (1 : 10,
1 : 20, 1 : 50) and either a 1-reagent (1R) reaction or 2-reagent
(2R) reactions that produces a change in absorbance. The
system reads the absorbance at each well across all
wavelengths and software is then used to select appropriate
endpoint or kinetic read windows for each assay.

The design of each clinical chemistry sample dilution is
composed of similar structures, tuned for the dilution factor
and required volume of the diluted sample, and designed to
match the target rotation protocol. The disc design includes
some overhead to ensure correct metering for each overflow.

The sample separation structure/element (Fig. 4, structure
3) is designed so that under rotation, whole blood blocks a
vent port inside the chamber, partially compressing the air
volume inside it, allowing for the use of pneumatic force to
prime the siphon when the speed is changed. This structure
is used both as a plasma separation chamber, where blood is
spun for long periods of time, and as a functional valve
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operated by speed changes, thereby allowing the extraction of
cell-free plasma.

The dilution structure (structures 6–7) also performs
multiple functions: buffer metering, valving to control liquid
motion (plasma metering and diluted sample), and mixing of
buffer and plasma/sample. All of this is achieved by
combining an unvented chamber in order to use centrifugal
force and the buffer-diluted sample to compress the air
inside which acts as a ballast.

Two unique reaction structures were developed to be used
in a modular way where all detection wells are located at the
same radius and both 1R and 2R structures are designed to
be operated at the same speeds; because these modular lanes
share a common actuation routine, they can be combined
onto a common disc, but separate development discs for 1R
and 2R assays were used in this study and are shown in
Fig. 4 (2R) and the electronic supplementary information

(1R). In the 1R disc design (ESI†), structure 10 from the 2R
design (Fig. 4) is removed because a second reagent bead is
not required; the surrounding siphon structures are modified
to fill the available space.

The microfluidic designs enable reaction volume
metering, reagent resuspension, reagent homogenization,
and assay readout while minimizing dead volume (non-
contributing to signal/readout). Each reaction structure is
composed of an unvented region which includes a detection
well and a vented region which is designed for accurate
metering of reaction volume. All the reaction structures for
the same dilution factor are arranged side by side with an
inverted-V-shaped connecting channel between them. The
last reaction structure is connected to an overflow chamber
through a siphon channel with a U-shaped portion. The
connecting channels are designed in a way to enable active
pneumatic mixing inside the reaction chamber without

Table 2 Menu of VitalOne analytes included in this study. Sample volumes grouped together with a bracket denote samples that are shared in the
integrated microfluidic workflow
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contamination between reactions nor loss of volume to the
overflow chamber.

Electrolytes. Electrolyte measurement structure is
composed of 4 main elements: sample separation, buffer
lyosphere resuspension, and two types of reaction/detection
chambers (Fig. 5). These structures were intentionally
designed without dilution so that electrolyte values are read
from undiluted plasma to enable greater precision.

Relative to clinical chemistry, the same sample separation
element is tuned to allow for a larger volume, and an
additional overflow chamber region was designed within the
sample plasma separation chamber to increase precision of
metered plasma volume, removing the need for subsequent
metering. The extracted plasma volume is defined by the
radial position of the overflow radius and the outlet channel
entrance.

The second element used is a reagent resuspension
element with both unvented and vented chambers where
lyophilized buffer beads are reconstituted and resulting
liquid is homogenized by changing the rotation speed.
The outlet of this element is a siphon which works as a
speed-defined valve and connects to the detection
structures.

One of the detection elements is designed to allow for
precise sample metering and avoid contamination to
downstream chambers. This is achieved by using a similar
structure to the sample separation element but tuned for a
low volume.

The electrolyte detection element is a simple shallow
chamber defined by the minimum volume required for
detection and manufacturing tolerances of the ion-selective
optical electrodes (optodes).

This design enables the incorporation of dozens of assays
on a single disc with a single workflow while enabling each
to have unique reaction conditions.

Immunoassay. The immunoassay cartridge contains
customized reagents (capture-antibody coated magnetic
nanoparticles, biotinylated reporter antibodies, and proprietary
streptavidin-coated optical reporter particles) that enhance
kinetics and accelerate time to results.18,19 Similar to the clinical
chemistry disc, the immunoassay disc implements structures for
sample and buffer loading, plasma separation and metering and
pneumatic sample dilution (Fig. 6). However the immunoassay
disc enables up to 9 unique sample dilution ratios (one for each
modular lane) making each assay completely independent from
one another.

This disc also has unique features like the ability to have
start-and-stop workflows and specialized structures to enable
magnetic pulldown and sonication-assisted resuspension of
capture and reporter nanoparticles.

The microfluidic structures have been designed to
accommodate sandwich assays (e.g., high-sensitivity C-reactive
protein (hsCRP)), competitive assays (e.g., free thyroxine (free

Fig. 4 2R clinical chemistry disc schematic. Annotated structures: (1)
dilution buffer inlet chamber; (2) sample inlet chamber; (3) sample
plasma separation chamber; (4) sample overflow chamber; (5) sample
metering chamber; (6) dilution mixing chamber; (7) dilution ballast
chamber; (8) diluted sample aliquot chamber; (9) reaction chamber
(contains 2R reagent lyosphere 1); (10) 2R reagent lyosphere 2; (11)
overflow chambers.

Fig. 5 Electrolyte microfluidic structures schematic. Annotated
structures: (1) sample inlet chamber; (2) sample plasma separation
chamber; (3) buffer lyosphere resuspension chambers; (4) in-line pH
sensor; (5) blank reference chamber; (6) reaction/detection chambers
(contain ion-sensitive optodes); (7) overflow chamber.
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T4)), and assays requiring releasing solutions (e.g., vitamin D).
All immunoassay subtypes are actuated by a single rotational
protocol, and their dry reagents are unitized and pre-loaded
onto the disc as lyospheres (in structures 10–11).

Notably, the resulting signal in sandwich immunoassays
is proportional to the amount of analyte in the sample,
whereas the signal in the competitive immunoassays is
inversely proportional to the amount of analyte in the
sample.

The workflow for a sandwich immunoassay is as follows:
After plasma separation and plasma dilution; 45 μL of
diluted sample is injected into the reaction chamber which
contains two lyospheres. One lyosphere contains the capture-
antibody coated magnetic nanoparticles and the other
contains biotinylated reporter antibody. Because biotinylated
antibodies are used, the system was designed to be robust to
biotin interference (results from interference study shown in
Table 5). This mixture is homogenized by rotating the disc to

align each reaction chamber with a sonicating probe that
makes contact with the flexible capping layer side of the
reaction chamber and homogenizes its contents. After a
5-minute incubation the disc is rotated to align the reaction
chambers with magnets that attract and pellet the magnetic
nanoparticles. A subsequent rotation protocol sweeps the
magnetic particles into an appendix (structure 12) enabling a
centrifugally driven flushing of the fluid in the chamber
without losing magnetic nanoparticles. This enables high-
efficiency pellet washing, greatly increasing robustness to
endogenous and exogenous interferents and reducing assay
background. A third lyosphere containing our proprietary
reporter particles (structure 10), each containing hundreds of
quantum dots, are then reconstituted and loaded into the
reaction chamber (structure 11) with a centrifugation step.
The structures are aligned once more to the sonicator and
the pellet of magnetic nanoparticles is then resuspended in
the presence of the reconstituted reporter particles. The
mixture is then incubated for another 3 minutes before
repeating the magnetic pulldown and wash procedures. The
final step is resuspension of the particles in buffer and
rotating the disc to align each reaction structure with a
fluorescence reader for signal capture.

The workflow for a competitive immunoassay is as
follows: After plasma separation and plasma dilution, 45 μL
of diluted sample is injected into the reaction chamber which
contains two lyospheres. One lyosphere contains magnetic
nanoparticles coated with a competitive binding agent
(molecules identical or similar in nature to the analyte of
interest that will compete with the endogenous analyte for
epitope binding sites on the antibody). The other lyosphere
contains biotinylated reporter antibody. Homogenization,
pelleting, and washing steps are performed with the same
workflow and at the same time as the sandwich assays.

Hematology. Unlike the clinical chemistry and
immunoassay discs, the hematology disc does not require
plasma separation as the cellular content is what is being
assessed using multi-spectral imaging.20

Rather than pneumatic mixing using high-speed
centrifugation balanced with an air ballast, the reaction
chamber of the hematology disc is designed with large,
rounded structures to enable gentle mixing while preserving
cellular morphology (Fig. 7). This combined with the low-
RPM inertial mixing (LRIM) protocol ensures that the diluted
sample is well homogenized and thoroughly mixed with the
reagents. The implementation of geometric valves in series
with capillary pressure valves enables a high degree of
robustness to changes in the hydrophilicity of the plastic.

The hematology cartridge also employs imaging chambers
tuned to each analyte's concentration and density. To keep
the instrumentation simple and reliable, all the microscopic
imaging is done with the same optical setup.

The cartridge design is split into three independent
structures with similar elements: (1) white blood cells (WBC)
and platelets (PLT); (2) hemoglobin (HGB); (3) RBC. Each
structure is composed of similar buffer and sample metering

Fig. 6 Immunoassay disc schematic. Annotated structures: (1) dilution
buffer inlet chamber; (2) sample inlet chamber; (3) sample plasma
separation chamber; (4) sample metering chamber; (5) mixing and
metering chambers; (6) pneumatic air and overflow chamber; (7)
optical reporter buffer inlet chamber; (8) wash buffer inlet chamber;
(9) delay chamber; (10) optical reporter lyosphere chamber; (11)
reaction chamber (contains magnetic capture bead and biotinylated
reporter antibody lyospheres); (12) magnetic pulldown particle
appendix; (13) waste chamber with absorbent pad and vent.
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elements, with an inertial mixing structure and an imaging
chamber adjusted to the target analytes. All imaging
chambers (Fig. 7, structures labeled 4) are at the same radius
meaning all imaging can happen simply by rotating the disc
over the imaging sensor. On each structure the dilution
factor is adjusted to the required volume of diluted sample
for the imaging chamber and matched to the target rotation
protocol.

Lyophilized reagent bead synthesis

To make our reagents room-temperature-stable, they are
freeze dried into unitized lyospheres so that a single bead
can be placed inside the appropriate chamber of a sealed
microfluidic consumable for future reconstitution with a
neat patient sample or one diluted with water or buffer.
This eliminates the need for precision dispensing of
powders or liquids in the assembly line. This work is
carried out in a clean and dry room with a particle count
maintained under 10 000 PPM and relative humidity
maintained under 8%.

User interface

In addition to the above-mentioned features that minimise
the number of user steps, the system has been equipped with
a 12 inch full-color touch screen display capable of displaying
rich video of all sample and consumable loading and
unloading steps to ensure even a minimally trained operator
would be able to operate the instrument.

Assay methodology

For the purposes of this study, individual subsystem test
benches were isolated as modular units and used for data
acquisition with all the same on-board hardware as the fully
integrated VitalOne units. In some cases to increase
throughput, modular microfluidic lanes were also isolated
onto development discs to test various analytes individually.
The hardware and microfluidic geometries were preserved.

Clinical chemistry

The clinical chemistry subsystem performs automated
spectrophotometric measurements on the reaction wells,
which are positioned on the outer radius of the disc in the
path of the on-board absorbance readers (Fig. 4, structure 9
and Fig. 5, structure 6). The reaction well positions are
defined by their angular positions relative to a homing
feature on the disc. The data stream is parsed using a high-
resolution encoder (0.1 degree resolution) that allows
tracking of the angular displacement of the motor during
each rotation. These features enable continuous readout data
at all wavelengths on the path of the reaction wells without
pausing rotation. The continuous readout capability is a
particular advantage for kinetic assays where multiple
measurements must be taken over time.

The analyte concentrations are correlated with absorption
changes at target wavelengths. These reactions are either of
an end point type or a kinetic type and the reactions may
require multiple reagents. These assays share fluidic
structures and are grouped by sample dilutions.

Electrolytes and HbA1c are measured in an independent
fluidic structure on the same disc. Electrolytes are measured
by bringing undiluted plasma into contact with ion-selective
optical membranes. The HbA1c structure contains a lysis
structure to lyse and dilute whole blood as input for the
reaction.

In this study, the clinical chemistry subsystem was used to
analyze lithium-heparin anticoagulated whole blood samples.
Once the sample and required buffers were dispensed on
disc, the clinical chemistry subsystem started the sample
preparation steps within which it performed a plasma
separation step. Next, the chemistry disc meters the
separated plasma and aliquoted it to five groups of assays (as
described below) each containing a number of measurands
and their associated reagents. It should be noted that while
the assay groups share plasma separation and dilution steps,
measurands are measured based on individual assays and
each have their independent reagents, reaction and
measurement wells. After the instrument loaded blood and
buffer onto the disc, all fluidic manipulation and transfers
were carried out using inertial and centrifugal forces based
on a predefined protocol.

The clinical chemistry disc was split into various modular
lanes to accommodate six assay types: two-reagent (2R) - end
point; 2R - kinetic; one-reagent (1R) - end point; 1R - kinetic;
calculated; three-reagent (3R) - end point; and optical

Fig. 7 Hematology disc schematic. This disc is comprised of three
unique lanes for RBC (annotated in green), hemoglobin (blue), and
WBC-platelet (pink). Each lane includes: (1) sample inlet; (2) buffer
inlet; (3) sample preparation (contains reagent lyospheres); (4) imaging
chamber. For WBC-platelet, there are two imaging chambers: (4A)
WBC; (4B) platelets.
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electrode. Each assay type may share microfluidic elements
for sample preparation, followed by splitting into aliquots for
the introduction of assay-specific reagents. Where required,
modular lanes were isolated to allow individual analytes to
be quantified separately on development discs; the same
geometries can be combined onto an integrated disc for
parallel operation.

2R - end point

Creatinine (CRE). An enzymatic method was used to
quantify creatinine.21 First, creatine amidinohydrolase was
used as a catalyst to deplete endogenous creatine. Sarcosine
oxidase then catalyzed the oxidative demethylation of the
resulting sarcosine, yielding glycine, formaldehyde, and
hydrogen peroxide. Catalyzed by a peroxidase, the resulting
hydrogen peroxide then proceeded through the Trinder
reaction, resulting in a change in absorbance. The creatine-
depleted sample was then measured to record a blank
value. In a second step, the sample used creatinine
amidinohydrolase to catalyze the conversion of creatinine to
creatine, which in turn went through all the same catalysis
steps as before, resulting in a change in absorbance that is
measured as the test value. The creatine blank value is
subtracted from the test value; the concentration of
creatinine is proportional to the difference between these
measurements. This end point reaction was measured via
absorbance at 505 nm.

Total protein (TP). A modified biuret reaction was used to
quantify total protein, where the sample was first treated with
cupric ions in an alkaline medium.22 Next, sodium potassium
tartrate and potassium iodide were added as stabilizers to
prevent the precipitation of copper hydroxide and the auto-
reduction of copper, respectively. The cupric ions reacted
with peptide bonds to form colored copper-protein complexes
that then represent the number of peptide bonds present;
the amount of total protein in the sample is directly
proportional to the intensity of the absorbance change
produced by the copper-protein complexes. This end point
reaction was measured via absorbance at 546 nm.

2R - kinetic

Aspartate aminotransferase (AST). The Karmen/Bergmeyer
technique was used to quantify AST,23 where AST acts as a
catalyst for the conversion of L-aspartate and alpha-
ketoglurarate to oxaloacetate and L-glutamate. Lactate
dehydrogenase (LDH) was added to the reaction to minimize
interference due to endogenous pyruvate. Malate
dehydrogenase (MDH) then catalyzed the conversion of
oxaloacetate to malate while NADH was simultaneously
oxidized to NAD+. The amount of AST present in the sample
is directly proportional to the rate of conversion of NADH to
NAD+. This kinetic reaction was measured via the rate of
change in absorbance at 340 nm.

Blood urea nitrogen (BUN). An indirect method was used
to quantify BUN, measuring ammonia generated from urea

via the enzyme urease, which was chosen to increase
specificity.24 First, the urease hydrolyzed urea into ammonia
and carbon dioxide. Next, glutamate dehydrogenase (GLDH)
catalyzed the conversion of ammonia and alpha-ketoglutarate
to L-glutamate and water while NADH was simultaneously
oxidized to NAD+. The amount of urea nitrogen present in
the sample is directly proportional to the rate of conversion
of NADH to NAD+. This kinetic reaction was measured via
the rate of change in absorbance at 340 nm.

Alkaline phosphatase (ALP). p-nitrophenyl phosphate
(pNPP) was used as a substrate in this reaction, in
combination with a metal-ion buffer to accelerate the
hydrolysis of pNPP to p-nitrophenol and phosphate. The
amount of ALP in the sample is directly proportional to the
rate of p-nitrophenol production. This kinetic reaction was
measured via the rate of change in absorbance at 405 nm.

1R - end point

Albumin (ALB). A dye binding technique was used to
quantify albumin. Bromocresol purple (BCP) binds to
albumin to form a colored complex.25,26 The concentration of
albumin in the sample is proportional to the change in
absorbance. This end point reaction was measured via
absorbance at 610 nm.

Calcium (CA). Arsenazo III, a metallochromic indicator,
was used to quantify calcium.27,28 Arsenazo III binds to
calcium with high affinity to form a colored complex,
resulting in a change in absorbance. The concentration of
calcium in the sample is proportional to the change in
absorbance. This end point reaction was measured via
absorbance at 660 nm.

Total bilirubin (TBIL). An enzymatic method was used to
quantify total bilirubin. The enzyme bilirubin oxidase acts as
a catalyst for the oxidation of bilirubin into biliverdin,
resulting in a change in absorbance. This end point reaction
was measured via the absorbance at 456 nm, corrected by the
difference in absorbance at 545 nm. The amount of bilirubin
present in the sample is proportional to the corrected
difference between the initial and final absorbance
measurements.

Glucose (GLU). An enzymatic method was used to quantify
glucose. The enzyme glucose oxidase catalyzed the conversion
of beta-glucose in a sample to produce hydrogen peroxide.
Catalyzed by a peroxidase, the resulting hydrogen peroxide then
went through the Trinder reaction, resulting in a change in
absorbance. The amount of glucose present in the sample is
proportional to the intensity of the absorbance change. This
end point reaction was measured via absorbance at 505 nm.

Total cholesterol (CHOL). An enzymatic method was used
to quantify total cholesterol. Cholesterol esterase (CE) acts as
a catalyst in the hydrolysis of cholesterol esters to yield
cholesterol and fatty acids. Next, cholesterol oxidase (CHO)
catalyzed the oxidation of the cholesterol to produce cholest-
4-en-3-one and hydrogen peroxide. Catalyzed by a peroxidase,
the resulting hydrogen peroxide then went through the

Sensors & DiagnosticsPaper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

1 
N

ov
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 7

/1
8/

20
25

 9
:1

3:
26

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4sd00105b


Sens. Diagn., 2024, 3, 1899–1922 | 1909© 2024 The Author(s). Published by the Royal Society of Chemistry

Trinder reaction, resulting in a change in absorbance. The
total amount of cholesterol in the sample is proportional to
the intensity of the absorbance change. This end point
reaction was measured via absorbance at 505 nm.

Triglycerides (TRIG). An enzymatic method was used to
quantify triglycerides, making use of four enzymes. First,
triglycerides were hydrolyzed into glycerol and fatty acids
in a reaction catalyzed by lipase. Glycerol was then
phosphorylated in an ATP-requiring reaction catalyzed by
glycerol kinase (GK). The resulting glycerol-3-phosphate was
then oxidized to dihydroxyacetone phosphate and hydrogen
peroxide by glycerophosphate oxidase. Catalyzed by a
peroxidase, the resulting hydrogen peroxide then went
through the Trinder reaction, resulting in a change in
absorbance. The amount of triglycerides in the sample is
proportional to the intensity of the absorbance change. This
end point reaction was measured via absorbance at 505 nm.

1R - kinetic

Gamma glutamyltransferase (GGT). A kinetic assay was used
to quantify GGT activity. L-γ-Glutamyl-3-carboxy-4-nitroanilide and
glycylglycine (gly–gly) acted as substrates for GGT, which catalyzed
their conversion to L-γ-glutamylglycylglycine (glu–gly–gly) and
3-carboxy-4-nitroaniline, the latter of which provides a change in
absorbance. The rate of production of 3-carboxy-4-nitroaniline is
directly proportional to the GGT activity in the sample. This
kinetic reaction was measured via the rate of change in
absorbance at 405 nm.

Optical electrode

Sodium, potassium, and chloride. Electrolytes were
quantified by measuring optical absorbance from discrete
single-use sensors called optical electrodes (optodes).29,30 A
reference pH measurement sensor is also included for
calibration purposes. Plasma was first separated from whole
blood on disc, which then flowed through the four membrane
chambers. The optodes were constructed from a mixture of
ionophores, chromophores, ion exchangers, polymers, and
plasticizers. Each analyte used a specific ionophore that
provides the selectivity needed for detection of the ion of
interest. The chromophores are proton sensitive and their
degree of protonation to deprotonation changes according to
the sample ion concentration, based on the well-established ion
exchange mechanism. The protonation degree of these
membranes is measured via absorbance measurements at two
wavelength groups of 505 nm and 660 nm.

Immunoassay

The immunoassay subsystem performs automated quantification
of proteins and small molecules of interest in plasma generated
from lithium-heparin whole blood samples.18,19

In this study, the immunoassay subsystem was used for
an automated sample preparation workflow within which it
performed a plasma separation step on disc. Then, the
immunoassay disc metered the separated plasma and started

the reactions in each of the assay lanes. Two classes of
immunoassays can be performed in parallel: sandwich assays
for larger proteins (C-reactive protein, thyroid stimulating
hormone, and D-dimer; Scheme 1) and competitive assays for
smaller proteins and molecules (free thyroxine; Scheme 2).
Other than instrument loading of blood and buffer onto the
disc, all fluidic manipulation and transfers were done using
inertial and centrifugal forces based on a predefined protocol
that is shared between both assay classes.

The protocol combined the prepared sample with
monoclonal antibody-coupled magnetic particles for capture,
and subsequently with a reporter antibody-reporter signalling
particle for fluorescent detection.

The capture and reporter particles were conjugated to the
capturing antibodies either directly or indirectly through
streptavidin–biotin complex formation. Through magnetic
pulldown and washing steps, background and potential
interferents in the sample matrix were replaced with a stable
and clean matrix that enhances kinetics to accelerate the
time to results.

The immunocomplexes present at the end point were
resuspended and quantified by fluorescence readout. Similar
to the clinical chemistry subsystem, the immunoassay
reaction wells are positioned on the outer radius of the disc
in the path of the on-board fluorescence readers (Fig. 6,
structure 11). The reaction well positions are defined by their
angular positions relative to a homing feature on the disc.
The data stream is parsed using a high-resolution encoder
(0.1 degree resolution) that allows tracking of the angular
displacement of the motor during each rotation. These
features enable continuous readout data at all positions on
the path of the reaction wells without pausing rotation.

Hematology

Blood components were quantified within the hematology
subsystem using image-based analysis.20 The hematology
subsystem processes K2EDTA anticoagulated whole blood
samples for quantitative, multi-parameter, automated in vitro

Scheme 1 Immunocomplex formed during a VitalOne sandwich
immunoassay. Magnetic capture beads ensure fast kinetics and low
background by enabling magnetic pulldown and washing steps.
Optical reporter particles enhance the resulting fluorescent signal.
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diagnostic analysis. The entire assay reaction occurs inside
the microfluidic hematology disc.

In this study, the hematology subsystem was used to
automate the sample preparation steps on disc, within which
it metered and diluted the sample to the designed
specifications by directing the sample and diluents through
fluidic paths. The diluted sample was then mixed with
appropriate tagging reagents and the mixture was then
loaded into an imaging chamber for blood component
analysis and quantification by an inverted fluorescent
microscope which measured fluorescence and scattering
properties of the cell structures. All fluidic manipulation and
transfers were done using inertial and centrifugal forces
based on a predefined protocol.

After deposition of blood and buffer on the consumable
disc, the following workflow was carried out by the numbered
structures on hematology disc (Fig. 7) for RBC, WBC, PLT,
HCT, and HGB assay.

Here we provide a more detailed description of each assay
protocol for the measurands on the hematology panel:

RBC, MCV, and RDW. Whole blood was mixed with a
buffer diluent that spherized and fixed the RBCs for further
image analysis. RBCs were imaged directly and an automated
algorithm identified and counted RBC and performed MCV
and RDW analysis across the imaging chamber.

WBC, platelet counts, and differential analysis. RBCs were
first lysed by a detergent. WBCs and platelets were then
tagged with a fluorescent nucleic-acid stain. The fluorescent
images were captured and analyzed in two wavelength bands
of green and red along with a 2D scattering image of the cell
structures. These multi-spectral images were then analyzed
using an automated algorithm to count the total number of
WBC and then produce a 2D scatter diagram of the red
fluorescence intensity against the cells' scattering properties
in a manner similar to that used in an analysis by flow
cytometer. The scatter diagram was then used to identify
populations of lymphocytes, neutrophils and mid-WBCs
through automated clustering algorithms. Additionally,
platelet count was extracted from the green fluorescence
images based on size and morphology differences between
the platelets and WBCs.

Hemoglobin (HGB). Red blood cells were lysed and then
the total HGB of the sample was measured through direct
absorbance measurement within the microscope. The
reaction began by altering the globin and then oxidising the
heme group. Sodium lauryl sulphate (SLS) converted
hemoglobin into methemoglobin through a series of
oxidation steps with oxyhemoglobin and hemochrome as
intermediates to methemoglobin. At this point, the
hydrophilic groups of SLS can bind to the heme group and
form a stable, coloured complex (SLS–HGB), which was
analysed using a photometric method.

Hematocrit (HCT). Using the same methodology as the
majority of hematology analyzers, HCT was calculated using
RBC and MCV values.31

Experimental results

In this study, we characterized the performance of the
VitalOne with a panel of analytes that spans across all three
assay modalities – hematology, clinical chemistry, and
immunoassay – selecting a representative subset of analytes
that would challenge every aspect of our platform's intended
capabilities. We completed an in-depth quantitative analysis
of complete blood count with 3-part differential, a diverse set
of clinical chemistry assays that includes each assay type (1R,
2R, kinetic, end point, electrolyte), and selected sandwich
and competitive immunoassays as proof of concept.

This is our first demonstration that all steps of our
microfluidic workflow and on-board readout are possible on
disc, including sample preparation, plasma separation,
sample dilution, reagent mixing and incubation, multi-
spectral cell imaging, and optical readout at several
thousand RPM. These capabilities are the foundation for

Scheme 2 A. Immunocomplex formed during a VitalOne free T4
competitive immunoassay; a T3 analog is used instead of T4 as the
competitor in this assay due to the heavily favored affinity advantage
for free T4 in solution with the antibody employed, permitting the
introduction of all reagents simultaneously during the first incubation
step and facilitating integration on a microfluidic disc. B. In the
presence of free T4, this immunocomplex is disrupted by competition,
and therefore the resulting signal is inversely proportional to the
amount of free T4 present. Magnetic capture beads ensure fast
kinetics and low background by enabling magnetic pulldown and
washing steps. Optical reporter particles enhance the resulting
fluorescent signal.
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our immediate roadmap to an expanded menu that will
cover 50+ of the most requisitioned assays in primary care,
leaving space for future expansion for more specialized test
menus.

Assay measuring range, precision, and linearity

To obtain quantitative measurements on the VitalOne
platform, a 5–8 point calibration curve was generated for
each analyte across the desired assay measuring range
(AMR) using commercially available validation kits on three
separate days, resulting in a master calibration curve using
the same dilution as the samples to be measured. These
curves were used to assess the limit of blank (LoB), limit of
detection (LoD), and limit of quantitation (LoQ) for each
analyte; they were also used to empirically estimate AMR
(Table 3).

These results confirm that we were successful in tuning
assay protocols and sample dilutions to achieve target AMR
that span across physiologically relevant concentrations,
defined by medical decision levels and reference intervals for
each analyte.

Precision was assessed using 4 samples and 3–5 blank
replicates, tested at 2 timepoints (AM and PM) on each of 3
days by a single operator. The reported precision values were
calculated as the average of the coefficient of variation (ratio
of the standard deviation to the mean) related as a % for
each sample.

To verify linear performance across physiologically
relevant levels, contrived samples representing 3–6
concentrations of each analyte were tested spanning the
relevant AMR.

Linearity is one of the most important characteristics for
evaluating assay accuracy, as it establishes the reportable
range. Linear regression was used to give the line of best fit
(Fig. 8–10). These studies were carried out on disc for
hematology and clinical chemistry, and using liquid reagents
on an automated pipetting robot customized with a magnetic
pulldown station for immunoassays.

Interference testing

To check for sensitivity to potential interferences that may
be present in patient samples, endogenous and exogenous
interference testing was performed following Clinical &
Laboratory Standards Institute (CLSI) guidelines.32 Samples
were spiked with appropriate dilutions of potential
interferents using ASSURANCE kits obtained from Sun
Diagnostics. Assay performance in the presence of potential
interferents is considered unaffected when results fall
within 10% percent recovery of controls without
interferent.

For endogenous interference testing, hemolysis, icterus,
and lipemia (HIL) interference was investigated to empirically
establish optimized HIL index thresholds for the purposes of
reporting HIL interference to advise clinicians on the

Table 3 Assay measuring range and total precision for assays run on the VitalOne platform
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interpretation of laboratory results in the instructions for use
(IFU) in cases where hemolysis, icterus, or lipemia are
present. Several potential exogenous interferents, such as
common over-the-counter medications and antibiotics, were
also tested.

Tables 4–6 summarize the interference findings. When
marked in green, the concentration listed represents the

highest concentration tested where the assay is not sensitive
to the potential interferent. The values marked in tan denote
concentrations where the assay result is affected by the
potential interferent, but is either at a low level of
interference or is a known interferent in predicate central
laboratory instruments and will therefore be listed as a
potential interferent in the IFU.

Fig. 8 Clinical chemistry linearity on the VitalOne platform. Each data point is based on the average of 3–5 replicates per level.
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Robustness testing

Robustness testing was carried out to mimic the extremes of
variances in volumes, times, or temperatures that may be
encountered when running an assay protocol. This testing

was carried out using liquid reagents so that each parameter
could be controlled independently. These results help
determine the tolerance ranges over which the system is
robust enough to deliver accurate results.

Parameters such as sample volume (±5 and 10%), reagent
volume (±5 and 10%), incubation time (±2.5 and 3 minutes),
incubation temperature (±3 °C), and assay reagent pH (±0.3
pH units) were varied from the standard assay protocol to
identify the point of failure for that parameter (Table 7). If a
parameter failed at the standard testing range, a smaller
range was tested to attempt to establish the tolerance range.
Values marked with an asterisk (*) have tight requirements
and further investigation needed to determine the relevant
tolerance ranges.

Fig. 9 Immunoassay linearity on the VitalOne platform. Each data
point is based on the average of 3 replicates per level.

Fig. 10 Hematology linearity on the VitalOne platform. Each data
point is based on the average of 3 replicates per level.
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These results are used to determine the maximum range
that the system can deviate from the target parameters and
the patient results can be trusted. Engineering strategies and
microfluidic disc manufacturing tolerances are developed to
keep them well within these ranges, and internal control
systems will monitor for deviations beyond tolerance limits
so that results can be suppressed.

Method comparison

One of the key aims of the VitalOne platform is to match the
performance of instruments used in centralized clinical labs,
bringing the same high-quality results to the point of care in
a fraction of the turnaround time.

To compare the results from the VitalOne platform against
predicate instruments, we applied our technology to blood
samples collected from consenting donors under an IRB-
approved protocol, and residual samples sourced from
Labcorp, Discovery Life Science, and Precision for Medicine.
A minimum of 25–30 well-characterised patient samples were
tested using both the VitalOne platform and a predicate
instrument; Roche cobas c701, Beckman AU480, Beckman
DxH 500, Beckman Access 2, and Sysmex 140 were used in
this study and are widely used in clinical laboratories around
the world. The resulting comparator data are also

summarized in a table in the electronic supplementary
information.

Although an effort was made to acquire samples that
span the AMR, these are natural patient samples, and it
was not always possible to obtain samples far outside the
reference interval at the more uncommon medical decision
levels. The matched samples were analyzed together on site
to minimize error arising from sample transportation and
storage.

Accepting the results from each predicate instrument as
the ground truth for the analyte concentrations in each
sample, the results from the VitalOne platform were
plotted against the predicate and compared to the total
allowable error limits established by Ricós33 (used for
hemoglobin, WBC count, MCV, lymphocyte %, mid %,
granulocyte %) or CLIA34 (used for all other assays)
(Fig. 11–13). The target is for 95% of results to fall within
total allowable error.

We applied a correction factor to compensate for
systematic biases to the comparators in the following
datasets: GGT, −3.6% bias; albumin, −2.7% bias; potassium,
−0.145 mmol L−1 bias; hsCRP -7.8% bias; WBC count,
−11.42% bias; RBC count, +14.26% bias. These correction
factors were determined by the median % bias and were
subtracted from the Vital Bio measured values (Fig. 11–13).

Table 4 Clinical chemistry interference in the presence of potential endogenous and exogenous interferents on the VitalOne platform. Entries marked
in green show the highest concentration tested that gives results within 10 percentage points of the percent recovery of controls without interferent;
those marked in tan will be listed as potential interferents on the instructions for use. A 1 : 50 sample dilution was used to assess interference for total
bilirubin; the interference study will be repeated with a 1 : 10 sample dilution to match the protocol used otherwise used in prototype verification. This
table is based on 3–4 technical replicates per test
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Fully integrated user testing

In addition to the thorough analytical performance
characterizations undertaken in a controlled laboratory
environment, we set up the fully integrated VitalOne
instrument for field testing at sites in New York and San
Francisco to assess the usability and reliability of the system
when run outside of a lab by a minimally trained user. For
this pilot study, an integrated consumable was manufactured
and assembled to deliver 35 results in parallel within 26
minutes, including assays across all three VitalOne
subsystems.

The following results were automatically generated after
each run was complete:

Clinical chemistry. Total cholesterol, triglycerides, VLDL,
glucose, calcium, total bilirubin, ALP, AST, GGT, total protein,
albumin, globulin, albumin : globulin ratio, creatinine, eGFR.

Immunoassays. D-dimer, hsCRP, free T4, TSH.
Hematology. WBC, lymphocytes (%), MID (%), neutrophils

(%), lymphocytes (#), MID (#), neutrophils (#), PLT,
hematocrit, hemoglobin, RBC, MCV, RDW, RDW-SD, MCH,
MCHC.

The system was operated by a phlebotomist who was
trained by being shown how to operate the system once and
allowed to practice using the onscreen instructions 2–3 more
times. The fully integrated system was operated via the touch
screen and graphical user interface (GUI). The operator had a
100% success rate in loading the samples and the
consumables properly. The system delivered 35 results in
over 95% of the runs. A single run had a microfluidic failure
that was detected by the automated on-board quality control
systems resulting in 29 results being reported. Real-time
quality control systems on the VitalOne automatically detect
failures. If a failure is detected the system will either resolve
the failure or suppress the subset of impacted patient results
ensuring that no erroneous information is reported.

This real-time quality control ensures that the VitalOne
will be suitable for use in both CLIA-waived and moderate
complex settings.

An annotated video of the internal operation of the fully
integrated device is included in the ESI.†

Discussion

To demonstrate the capability of a point-of-care diagnostics
platform to perform a comprehensive menu, it is critical to
perform an extensive testing regimen. We did that by
sourcing thousands of samples to develop our technology
and optimize assay conditions, culminating in this method
comparison test of the VitalOne system side-by-side with
established benchmarks in the field. The primary objective
was to ascertain whether our methodologies, which merge
well-established chemical principles with innovations in
robotics, optics, and microfluidics, could yield an easy to use,
economical, and quick turn-around PoC instrument without
sacrificing accuracy or precision.

Consistency in assay performance is paramount,
particularly across different medical decision levels. Our
findings indicate that irrespective of the reagent batch in
use, our assays consistently deliver reliable results. This
uniformity is an indication of the robustness of our methods
and the reproducibility of our system. Furthermore, our
assays have demonstrated that their analytical measurement
ranges encompass clinically relevant ranges. This
accomplishment mirrors the capabilities of the predicate
instruments we benchmarked against, solidifying our
position as a comparable alternative with vastly improved
turnaround time.

Table 5 Immunoassay interference in the presence of potential
endogenous and exogenous interferents on the VitalOne platform. Entries
marked in green show the highest concentration tested that gives results
within 10 percentage points of the percent recovery of controls without
interferent; those marked in tan will be listed as potential interferents on
the instructions for use. This table is based on 3–8 replicates per test
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Assays in a clinical setting are invariably subjected to many
variables, including potential interference from endogenous
and exogenous agents and preanalytical errors. Our rigorous
validation processes confirmed that our assays possess a
commendable degree of robustness against these potentially
interfering agents. The resilience observed in our system
closely matches, and in certain parameters, such as biotin
interference, even surpasses that of the predicate instruments.

Our method comparison studies, pivotal in establishing
our performance in the existing diagnostics landscape, were
conducted against Roche cobas c701, Sysmex 140, Beckman
DxH 500, Beckman AU480, and Beckman Access 2 predicate
instruments. The data exhibited a strong correlation with the
benchmarked instruments. More significantly, the results

consistently adhered to the stringent standards set by CLIA's
total allowable error limits, reinforcing the reliability and
clinical relevance of our diagnostic system. The data
presented here clearly demonstrate the ability of our system
to reliably measure these analytes in a general clinical
setting. Additional studies to demonstrate the performance
of the system in specific clinics or hospital units are currently
being planned.

This publication serves a dual purpose. Firstly, it
delineates our system's mode of operation, breaking down
the scientific and engineering principles and methodologies
employed. Secondly, we present performance data from a
significant set of representative analytes, establishing the
broad capability of our diagnostic system.

Table 6 Hematology interference in the presence of potential endogenous interferents on the VitalOne platform. Entries marked in green show the
highest concentration tested that gives results within 10 percentage points of the percent recovery of controls without interferent; those marked in tan
will be listed as potential interferents on the instructions for use. This table is based on a single replicate per test

Table 7 Robustness testing on the VitalOne platform. Each parameter's target and tolerance range are provided above. Values marked with an asterisk
(*) have tight requirements and further investigation needed to determine the relevant tolerance ranges
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While the system offers significant advantages over
central-lab instruments and point-of-care systems with
smaller test menus, it does have a limitation in sample
throughput. The system is designed to process one sample at

a time, built around a model where 0.5 to 2 instruments are
allocated per physician. This configuration envisions a world
where lab testing is seamlessly integrated into the patient
care journey. Consequently, while hospitals and central labs

Fig. 11 Clinical chemistry method comparison, demonstrating the performance of the VitalOne platform compared to predicate devices (Roche
cobas c701 and Beckman AU480) that are commonly used in centralized lab facilities. Each data point represents a single measurement. The
sodium and AST data sets each contain an outlier (marked with an x) that were excluded from the subsequent linear regression. A correction was
applied to compensate for a −3.6% bias observed in the GGT dataset, a −2.7% bias observed in the albumin dataset, and a −0.145 mmol L−1 bias
observed in the potassium dataset. Total allowable error shown established by CLIA.34
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might find the system appealing as a backup or for specific
use cases, it is not designed to meet the high patient sample
throughput provided by central lab instrumentation.

This study serves as a broad demonstration of the
quantitative capabilities of the VitalOne in vitro diagnostic
system, but more testing is still required to clear the bar to
regulatory approval and clinical use. As a culmination of the
development work performed on thousands of patient
samples, we applied our technology to 25–30 natural blood
samples per analyte in this study. More work needs to be
done to ensure that we both increase our sample size
and cover a greater range of physiologically relevant
concentrations at either end of the extremes by actively
sourcing samples from selected patient groups.

It is also imperative for the reader to appreciate that the
scope of our system extends beyond the menu demonstrated
in this particular publication. The system is in late-stage
development to further improve performance. Our ambitions
and ongoing design improvements are geared towards
enabling the system to execute a more expansive range of
tests. When constructing our menu, we aimed to cover 100%
of tests ordered for over 90% of patients in primary care
settings, closing the send out gap for the vast majority of
patients, and several more tests will be required to
accomplish this goal. Among the tests we are incorporating
are:

• A complete blood count inclusive of a 5-part differential.
• A comprehensive metabolic panel (CMP) – and it is

crucial to underscore that this is a genuine CMP, complete
with electrolytes and total CO2 – diverging from the
sometimes-seen point-of-care “CMP” which lacks these
critical analytes.

• A lipid panel, aimed at providing insights into
cardiovascular health.

• HbA1c, crucial for monitoring long-term glucose
management.

• GGT, an enzyme indicative of liver function and
potential damage.

• A robust panel of 9 immunoassays, expanding the
diagnostics capability into inflammatory markers, cardiac
markers, thyroid markers, vitamins, endocrine markers,
cancer markers and more.

• Over time, we plan to expand to common hormone
markers, urinalysis, and other emerging analytes with high
diagnostic value.

This more expansive menu would require approximately
650 μL of whole blood split across lithium-heparin and EDTA
sample tubes.

The analytes presented here cover representative assays of
all types in our final intended menu giving confidence in the
ability for the same system to expand to the full menu
described above as part of our commitment to pushing the
boundaries of point-of-care diagnostics and providing
clinicians with a comprehensive tool that aids in more
informed decision-making and ultimately better patient
outcomes.

Fig. 12 Immunoassay method comparison, demonstrating the
performance of the VitalOne platform compared to predicate devices
(Beckman access 2, Beckman AU480 and Sysmex 140) that are
commonly used in centralized lab facilities. Each data point represents
a single measurement. A correction was applied to compensate for a
−7.8% bias observed in the hsCRP dataset. Total allowable error shown
established by CLIA.34
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Fig. 13 Hematology method comparison, demonstrating the performance of the VitalOne platform compared to a predicate device (Beckman
DxH 500) that is commonly used in centralized lab facilities. Each data point represents a single measurement. A correction was applied to
compensate for biases observed in the following datasets: WBC count, −11.42% bias; RBC count, +14.26% bias. Total allowable error shown
established by by Ricós33 (hemoglobin, WBC count, MCV, lymphocyte %, mid %, granulocyte %) or CLIA34 (used for all other assays).
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Conclusions

In this study, we have demonstrated the capability of the
VitalOne platform, a point-of-care diagnostics system, to
perform a wide array of assays with precision and accuracy
comparable to centralized laboratory instruments. Our findings
underscore the system's versatility, reinforcing its potential
as a transformative force in diagnostic testing. Importantly,
this paper not only presents the performance of the system
but also delves into the underlying scientific and engineering
principles that enable this high level of functionality.

Our combination of well-established chemical principles
with innovations in robotics, optics, and microfluidics results
in a diagnostic system that not only matches the
performance of traditional laboratory equipment but also
offers significant advantages in terms of usability, cost-
efficiency, and rapid turnaround time. The detailed
explanation of these principles provides a comprehensive
understanding of how the VitalOne platform achieves its
exceptional consistency across various medical decision
levels, ensuring reliable and clinically relevant results
regardless of the reagent batch used.

Furthermore, our method comparison studies, conducted
against established benchmarks in the field such as Roche
cobas c701, Sysmex 140, Beckman DxH 500, Beckman AU480,
and Beckman Access 2 instruments, revealed a strong
correlation, adhering to the stringent standards set by CLIA's
total allowable error limits. This substantiates the clinical
relevance of our diagnostic system, while the thorough
discussion of the scientific and engineering underpinnings
of our platform emphasizes the rigor and transparency, and
innovation of our approach.

In summary, the VitalOne platform represents a
significant advancement in point-of-care diagnostics, offering
a comprehensive, accurate, and efficient alternative to
traditional laboratory testing. This innovation is poised to
transform the way clinicians approach diagnostics, enabling
more informed decision-making and ultimately enhancing
patient outcomes. The detailed exposition of both the
performance and the foundational principles of the platform
underscores its scientific and practical merit, making a
compelling case for its broad adoption in healthcare settings.

Data availability

The method comparison data that support the findings of
this study are available within the ESI.†
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