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Abstract: In this paper, we present the concept of a novel diagnostic device for on-site analyses, based
on the use of advanced bio-sensing and photonics technologies to tackle emerging and endemic
viruses causing swine epidemics and significant economic damage in farms. The device is currently
under development in the framework of the EU Commission co-funded project. The overall concept
behind the project is to develop a method for an early and fast on field detection of selected swine
viruses by non-specialized personnel. The technology is able to detect pathogens in different types
of biological samples, such as oral fluids, faeces, blood or nasal swabs. The device will allow for an
immediate on-site threat assessment. In this work, we present the overall concept of the device, its
architecture with the technical requirements, and all the used innovative technologies that contribute
to the advancements of the current state of the art.
Keywords: swine disease; photonics; antibody; ring resonator; photonic integrated circuit (PIC)

1. Introduction
In response to the increasing human population (estimated 9.15 billion by 2050) [1], urbanization
rates, and income growth rate, the demand for livestock products during the last 40 years has
dramatically increased. For example, chicken meat production has increased by a factor of nearly
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5, while beef and pork production has more than doubled [2]. Confined and intensive livestock
production systems in industrialized countries are the source of much of the world’s poultry and pig
meat production, whereas such systems are being established in developing countries, particularly
in Asia, to meet the increasing demand. The intensification of production has led to significant
challenges regarding health and welfare status of farm animals which nowadays are vulnerable to
various transboundary infectious agents, causing diseases such as foot-and-mouth disease, classical
and African swine fever that are a continuous threat to the animal’s health and welfare and significantly
undermine animals’ productivity and the sustainability of the whole value chain of meat production.
During the last decades a reduction in the direct burden of livestock diseases has been observed,
as a result of more effective treatments, vaccination and improvements in diagnostic technologies and
veterinary services in developing countries [3] which are an outstanding reservoir of the emerging
and re-emerging infectious diseases in livestock production. Nevertheless, swine viruses are an
emerging threat already ravaging Europe. In this context, early field diagnosis is considered the first
line of defense. Unluckily, to date, the time between initial disease outbreak, sample transportation
and laboratory confirmation of the etiologic infectious agent can be up to several weeks or months.
An early diagnosis and the establishment of reliable countermeasures to infectious disease outbreaks
are essential to limit severe animal’s health and socio-economic consequences. Thus, the need for
the development of mobile diagnostic units has been widely recognized. Reliable, quick and simple
diagnostic testing directly on site would enable rapid evidence-based decision-making processes and
targeted control strategies which are crucial to prevent further spreading of the disease. Consequently,
the demand and the availability of mobile testing systems have been rapidly increasing [4–8].
Traditionally, virus detection in the laboratory relies on two different approaches: direct detection
of the pathogen by polymerase chain reaction (PCR), enzyme-linked immunosorbent assay (ELISA) or
cell culture-based virus isolation, and/or detection of circulatory antibodies in blood samples. The first
approach is time consuming and need at least 2–3 h to be performed, while the later one although
fast, simple and often informative, neither coincides with the timing of infection nor it necessarily
correlates robustly with clinical signs, and the phase of the clinical disease.
Currently rapid diagnostics systems are designed to detect the nucleic acid or protein of the
infectious agents. The vast majority of these systems rely on nucleic acid extraction, purification,
and PCR-based amplification and detection. PCR amplification methods are very sensitive but often
produce false positives from trace contamination of the specimen/equipment. Additionally, nucleic
acid-based tests do not provide information on the viability/infectivity of the detected microorganism
and often cannot be multiplexed to more than few targets.
In recent years, silicon based Photonic Integrated Circuits (PIC) have been demonstrated as
a powerful platform for bio/sensing based on monoclonal antibodies. PIC can provide portable
multiplex detection of proteins, with sensitivity and specificity previously unknown [9–11].
PICs are devices, on which different optical components and electrical parts are integrated thought
the integrated optics technology and their main application is in optical fiber communications.
The method used for PICs fabrication is based on the wafer-scale technology, that including
lithography technique, using as substrates silicon, silicon nitride or silica. In all cases, the employed
substrate material determines features and limitations of the technology.
PICs can host large arrays of identical structures or contain complex circuit configurations.
However, nowadays the achievable complexity is still not as high as for electronic integrated circuits.
Due to these characteristics, PICs are proposed as an emerging technology that may yield novel
applications in the field label-free sensor for chemical and biological detection. In fact, the tight
confinement of light in integrated structures leads to an increased light-matter interaction that can be
exploited to implement the detection of the analytes through the change of the optical properties of
the PIC.
At the moment, the first commercial products, for different applications, were been introduced on
the market (www.genalyte.com).
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The SWINOSTICS (swine diseases field diagnostics toolbox) project (www.swinostics.eu) [12]
aims to develop a novel field diagnostic device, based on advanced, proven, bio-sensing technologies to
tackle emerging and endemic, complying with the objectives of the International Research Consortium
of Animal Health (STAR-IDAZ) [13].
The SWINOSTICS approach is based on the combination of photonic integrated circuit (PIC)
technology and nano-deposition technology to detect six different swine viruses.
The aim of the present paper is to describe the overall concept with particular attention to the
target diseases, the state of the art in pathogen detection and the innovation of the SWINOSTICS
approach. In Section 3, we present the overall design and architecture of the device and finally in
Section 4, the field validation plan.
2. SWINOSTICS Overall Concept
The SWINOSTICS diagnostics targets are important emerging and endemic swine viruses, namely:
African swine fever (ASF) [14], Classical Swine Fever (CSF) [15], Porcine Reproductive and Respiratory
Syndrome (PPRS) [16], Porcine Parvovirus (PPV) [17], Porcine Circovirus 2 (PCV2) [18] and Swine
Influenza A (SIV) [19].
The majority of existing and widely used diagnostic technologies rely on the following: (1)
growing the infectious agent in cell culture [20]; (2) observing the infectious agent by light or
electron microscopy [21]; (3) detecting humoral immune responses against an infectious agent with
serological assays such as complement fixation, hemagglutination inhibition and ELISAs [22,23];
(4) detecting viral/microbial nucleic acid by some form of PCR/RT-PCR, hybridization with viral
specific probes or non-amplification methods [24–29]; and (5) detecting viral/microbial protein
antigens in tissues by immunofluorescence/immune peroxidase and in fluids by sandwich ELISAs
and immune-chromatography [30–36]. All of them are not properly suitable for a portable filed device.
Table 1 presented the main sample media in which these viruses are detected by current diagnostic
practices and by those used in our approach.
Table 1. List of emerging and endemic pathogens viruses in pigs.
Targeted Virus

Sample usually Used

SWINOSTICS Approach

African Swine Fever
(ASFV)

Whole blood or blood serum in live animals.
Tissues from post-mortem animals such as
tonsil, spleen and lymph nodes [37]

Oral fluid [38–40] in live animals,
blood serum from post-mortem
animals [41]

Porcine Reproductive and
Respiratory Syndrome
(PRRSV)

Whole blood and blood serum in live
animals. Tissues such as lung, respiratory
tract, spleen and tonsils in post-mortem
animals [42])

Oral fluid and blood serum [43,44]

Swine Influenza A
(SIV)

Nasal swabs and lung tissues [45]

Oral fluid and nasal swabs [46,47]

Porcine Parvovirus
(PPV)

Whole mummified small foetuses/lung
tissue from aborted foetuses [48,49]

Oral fluid and faeces [49]

Porcine Circovirus
(PCV2)

Blood serum, bronchiolar lavage fluid,
tissue homogenates

Oral fluid [18]

Classical Swine Fever
(CSF)

Whole blood in live animals. Tissues such
as tonsils, pharyngeal or mesenteric lymph
nodes, spleen, kidney, and distal ileum in
post-mortem animals [15]

Oral fluid [40,49] in live animals,
blood serum from post-mortem
animals [49]

The SWINOSTICS device (Figure 1) will provide results in less than 30 min for five samples
simultaneously, making it highly suitable for use in the field. It will be connected through a
mobile application for prompt data distribution and analysis. The modular design allows future
upgrades and the use in parallel of additional biosensor cartridges to increase the number of analytes
simultaneously detected.
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3. SWINOSTICS Device Overall Design and Architecture
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In this section, we present the overall design of the SWINOSTICS device. The system requirements
were identified during the initial months of the project and according to the stakeholders and the
end-users’ requirements. The device is composed of five separate functional modules as shown
in Figure 2: the biosensor module, the optical analysis module, the temperature conditioning
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The microfluidic subsystem is responsible for the delivery of the sample and buffer liquids to the
bio-sensing surface (i.e., the inner surface to the ring resonator). It deals with the flow and distribution
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PIC-based detectors for biochemical sensing. CMOS technology will be used for the implementation
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During the measurement, the sample will be conducted by the microfluidic system to the PIC
transducer. In the transducer, if the binding of the viruses to the MRE takes place, it is translated in a
positive optical signal of detection.
The sensor system will be based on fabricating cost-effective and mass production sensors with
multi-analyte capabilities consisting of an array of nano-rings. Each ring in the PIC will be functionalized
with a specific probe, achieving multi-analyte sensing in a single chip. In addition, PICs will be
fabricated at wafer scale with CMOS compatible technologies resulting to cost-effective sensor chips.
Silicon-based nanofabrication is now a mature technology with several companies already placing
silicon photonic devices on the market. Of course, there is still room for R&D in terms of more
complex and higher-functionality devices. Silicon photonics is in fact being touted as the most likely
successor to electronics in the interconnections between microprocessors in data centers and high-end
computers. The sensors developed in SWINOSTICS will certainly benefit from both already achieved
technological advances in the field and from the mass market, which will reduce the production costs
due to economies of scale. To this end, the exclusive use of silicon-based materials, such as silicon
nitride and silicon dioxide for the fabrication of the photonic nano-devices employed means that the
fabrication technology will be CMOS-compatible. The Si3 N4 waveguide has a lower refractive index
contrast and shows reduced sensitivity to temperature changes with respect to Silicon on Insulator (SoI).
3.1.3. Optical Analysis Module
The optical analysis module is responsible for “reading” the biosensors output. The module
includes the fiber optic interfaces between the sensor cell and the optical components, such as the
laser module and the detectors. The optical analysis module will operate in close conjunction with
the temperature-conditioning module and with the microfluidic interface. The optical subsystem
will be based on a transfer function measurement of the chip, using a tunable laser source and a
photodetector connected with a fiber optic. A reference wavelength-sweeping signal from the laser
will be measured continuously (power and wavelength), and the power transmitted from the circuit
will be simultaneously measured.
3.1.4. Temperature Conditioning Module
To provide accurate and consistent results during the analytic procedure, the developed PIC
biosensors require a stable temperature. For this reason, an analysis chamber will be available
within the SWINOSTICS device. A temperature of about 20 ◦ C will be used in the analysis
chamber, even though the final value will be selected after optimizing the analytic protocol.
The temperature-conditioning module will be responsible for maintaining the temperature within the
analysis chamber, as long as the instrument is powered. A temperature control loop will be developed,
based on a temperature sensor and a Peltier actuator (for both heating and cooling) [53].
3.2. The Process for Bio-Sensing Surface Regeneration and Preservation
Our concept foresees the reuse of the bio-sensing surface after each measurement. In order
to achieve this, post-testing, the bio-sensing surface, will be washed extensively for 5 min with a
regeneration buffer to free the antibodies from the antigens. Different buffers will be tested such as
glycine/HCL 50 mM pH 3.0 or ethanolamine 50 mM at pH 9.0. After this step, the surface will be
washed again with a PBS buffer pH 7.4 for 10 min. Thereby the biosensor will be ready for immediate
or future re-use. This will allow the reuse of the same PIC for at least up to 100 times. After this
number of assays, the user will have to replace the sensor. For this purpose, a dedicated module and a
specific algorithm will be developed for delivering the buffers to the PIC biosensor and controlling the
regeneration procedure. Also, in order to prevent possible contamination between two measurements,
due to use clinical sample, a sanitation step will be performed. For this purpose, ethanol at 70% v/v
will be used to sanitize the tubes a microfluidic system before each measurement.
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swabs, faeces or blood. The possibility to use different type of samples as an input is an added
value, since viruses might not always be detectable in oral fluids in adequate concentration for all the
targeted diseases.
5. Conclusions
In this paper, we describe the preliminary architecture and design of the SWINOSTICS portable
device. The approach takes advantage of three novel and validated technologies: (a) Photonic
Integrated Circuit (PIC) technology, (b) Label-free optical detection, based on refractive index sensing
through ring resonators, (c) a nano-deposition technology used for the biosensors developing to detect
in viruses in oral fluid such as saliva.
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