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Introduction. The history of biosensors began in 
1956, when Leland C. Clark Jr., called the «father 
of biosensors», invented the first sensor — an 
oxygen electrode. In 1962, Clark described the first 
amperometric biosensor, which was an enzyme 
electrode for glucose [28]. Since then, biosensors have 
become the subject of intense research, stimulating 
interest and imagination of scientists [17, 18, 27, 
29]. In the years 1972‒1975, for the first time, 
a biosensor, named after a commercial scale, was 
introduced Yellow Springs Instruments, which was 
used to determine glucose. Retail sales of biosensors 
for a single analyte were successful [8], which 
contributed to the huge popularity of biosensors in 
the last years. The development of technology made it 
possible to construct more and more perfect and more 
technologically advanced devices (including macro- to 
micro- and nanoscale).

Biosensor is defined as a device used to detect 
a biological analyte occurring in an environment or 
biological origin (e. g. found in the human body) [14]. 
According to IUPAC (International Union of Pure and 
Applied Chemistry) it is a self-sufficient integrated 
device that is able to provide specific, quantitative 
or semi-quantitative analytical information by means 
of recognized biological element (biochemical 
receptor) that remains indirect spatial contact with the 
electrochemical conductive element.

Depending on the area of application, biosensors 
may have different definitions and terminologies 

(e. g. immunosensors, glucometers, biochips, 
biocomputers, etc.).

Due to the type of transducer, biosensors are 
distinguished [15, 20]: 1) electrochemical (using 
potentiometric, amperometric or impedymetric 
transducers for converting biological information in 
a measurable signal), 2) optical, 3) acoustic wave, 
4) thermal, 5) based on microvisors.

The purpose of the article is to research the basic 
principles of design and physical and biological 
methods of use of optical immunosensors and their 
application. 

Mechanisms of interaction and methods of 
detecting light substances inimmunosensors. The 
optical immunosensors monitor optical changes 
resulting from the interactions with the analyte. These 
changes are caused by light-matter interactions: 
absorption, reflectance, dispersion or emission.

Mechanisms of interaction and methods of detecting 
light substances inimmunosensors are presented in 
table 1 due to [15].

Detection methods used in optical immunosensors. 
UV/VIS absorption spectroscopy — spectroscopy 
that enables imaging of electron transitions from the 
ground state to the excited state in a molecule, that 
are related to changes in vibrational and rotational 
energy. The range of electromagnetic spectrum used 
in this spectroscopy is 200–1100 nm. Measurements 
are usually made with a transparent medium, while 
absorbance changes are caused by an analyte.

Table 1

Mechanisms of interaction and methods of detecting light substances inimmunosensors

Mechanism of light-
matter interaction

Detection techniques Description of methods

Absorbance Ultraviolet/Visible (UV/VIS) 
spectroscopy

This method uses electromagnetic radiation (200–
1100 nm). Absorbance changes are caused by the 
interaction with an analyte. Measurements are made 
in a transparent medium

Reflectance Reflectometric interference 
spectroscopy. Surface plasmon 

resonance (SPR) 

The technique based on white light interference in 
thin films. Analyte binding changes the reflection 
coefficient, thus directly alters also the product 
Ln, where n- is reflection coefficient and L is film 
thickness. The method uses the reflection coefficient 
of very thin films of materials absorbed in a metal

Dispersion Optical wave guide light-mode 
spectroscopy 

The technique based on measurements of the 
resonant polarization angle of laser light scattered 
from the grating and coupled with a thin film 
wave guide. This methods allows the thickness of 
absorber to be measured

Emission Fluorescence spectroscopy The method for measuring fluorescence intensity, 
lifetime, energy transfer between donor and acceptor 
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Absorbance measurements made by employing UV/
VIS spectroscopy were used for developing a new type 
of immunosensors designed for tracking antibiotic 
residues.

Optical wave guide light-mode spectroscopy is 
a technique based on measurements of the resonant 
polarization angle of laser light scattered from the 
grating and coupled with a thin film wave guide.

With this technique it is possible to determine the 
thickness of the absorber layer. This method was 
used to improve low-detection limit immunosensors 
(compared to traditional immunological tests for 
detecting: herbicide active ingredient triflualin, 
fusarium mycotoxin zearalenone, egg yolk protein 
and vitellogenin (Vtg) [22].

One of very sensitive method that uses reflection 
of light is reflectometric interference spectroscopy. 
This method is based on white light interference in 
thin films. Through analyte binding the reflection 
coefficient from the film is changed, thus also the 
product nL, where n is reflection coefficient and L 
is film thickness [3]. This technique was employed 
to determine the porous alumina (pAl2O3) film 
inimmunosensors that use simple protein and two 
antibodies (immunoglobulin G (IgG)) [3].

SPR is an optical technique for measuring reflection 
coefficient of very thin films of materials absorbed by 
metals [5].

Fluorescence spectroscopy is one of the most common 
research methods in studies of immunosensors, 
although this method requires the presence of 
fluorophores that can be natural or artificial (created by 
fluorescent labeling of a non-fluorescent molecules). 
This technique allows fluorescence intensity, lifetime, 
or energy transfer between donor and acceptor to be 
measured.

According to [30], optical immunosensors can be 
divided into three groups: 1) direct monitoring sensors 
(without immunoreaction labels), 2) sensors that detect 
compounds labeled inimmunoreactions (fluorescent 
labeled compounds), 3) sensors that measure products 
of immunological reactions. 

Optical immunosensors in medical application. 
Optical immunosensors are specified a label-
free fiber-optic Fabry — Perot interferometric 
immunosensoris proposed by layer-by-layer self-
assembly of a suspended chitosan and polystyrene 
sulfonate membrane at the tip of a hollow fiber. IgG 
was immobilized on the polyelectrolyte substrate and 
the detection of target anti-immunoglobulin G (anti-
IgG) was monitored through the measurement of 

substrate’s effective optical thickness. The sensitivity 
and specificity of the sensor were studied using 
correlated and non-correlated anti-IgG/IgG pair. 
Sensitivity of 0.033 μm/(pg/mm2) and limit of 
detection of 0.005 nM was achieved with the sensor 
displaying minimal response toward non-correlated 
anti-IgG. The results demonstrate the feasibility of the 
sensor for immunosensing [10].

According to the article “Development of fluorescence 
change-based, reagent-less optic immunosensor” by 
Satoka Aoyagi and Masahiro Kudo, a reagentless, 
regenerable and portable optic immunosensor was 
developed. A model sample, IgG, was detected with 
this system based on changes in fluorescent intensity of 
fluorescent labeled protein A with specific reactivity to 
IgG depending on a reaction between the proteins [6].

A glass plate immobilized with Qdot™-labeled 
protein A was placed on the top of optic fibers 
designed for both excitation and fluorescence 
emission. The optic fibers with the Qdot™-labeled 
protein A-immobilized glass plate were inserted 
into a solution of pH 7.4 phosphate buffered saline. 
After stabilization of the fluorescence intensity, IgG 
was added and the time-course of the fluorescence 
intensity was measured on a fluorometer connected 
with the optic fibers. Furthermore, the fluorescence 
response of a transient state was evaluated with the 
same system. When the Qdot-labeled protein A bound 
to IgG, fluorescence intensity decreased because of the 
inhibition by IgG. The degree of fluorescence decrease 
depends on the IgG concentration at a steady state and 
also in a transient state.

In [16] label-free, all-fiber immunosensors based 
separately on Mach-Zehnder interferometry (MZI) 
and Michelson interferometery (MI) implemented 
using only single mode fiber (SMF) are proposed 
and experimentally demonstrated. The proposed 
SMF–MZI and SMF–MI sensors rely on intermodal 
interference between the core mode and cladding 
modest detect ambient refractive index changes 
due to protein absorption on the cladding-ambient 
interface. The fiber surfaces were functionalized 
with self-assembled polyelectrolyte layers (chitosan /
polysodium styrene sulfonate). IgG was immobilized 
on the polyelectrolyte layer and anti-IgG molecular 
binding events were monitored through measurement 
of wave length shifts. The proposed immunosensors 
exhibitant IgG detection sensitivities of 27.37 nm/
(ng/mm2) and 5.91 nm/(ng/mm2) with concentration 
detection limits of 0.181 nM and 4.941 nM for 
MZI and MI sensor respectively. The specificities 
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of the sensors were investigated using correlated / 
non-correlated anti-IgG — IgG pairs. These results 
demonstrate the feasibility of these sensors for various 
bio/chemical applications such as DNA hybridization 
detection and immunosensing.

Some immunosensors have developed a sensitive 
photonic crystal fiber (PCF)-based immunosensor for 
detection of alpha-fetoprotein (AFP). The unique PCF 
possesses a morphology characterized by numerous 
pore structures and a large surface area-to-volume 
ratio, which can be used as an immune-reaction 
carrier to improve the sensitivity and reaction speed 
of AFP detection. The PCF-based immunosensor 
possesses a low limit of detection of 0.1 ng/mL, which 
is five times lower than that of the capillary-based 
sensor and 35 times lower than that of the traditional 
enzyme-linked immunosorbent assay. The wide 
linear dynamic range of 0.1–150 ng/mL makes the 
developed immunosensor suitable for clinical practice. 
The proposed method was successfully applied to AFP 
detection in a clinical serum sample with acceptable 
precision. It is indicated that the present PCF-based 
immunosensor could be used as an attractive analytical 
platform for sensitive and specific detection of cancer 
biomarkers [24].

A selective fiber-optic-based immunosensor for 
haptens is described and characterized. In order to 
construct a sensor for different analytes, a prescribed 
reaction protocol is followed and only the recognition 
element [F(ab′) antibody fragment] has to be changed. 
The dynamic range of this sensor is about two orders 
of magnitude and the detection limits are at least 
25 nM (25-μl volume) [12]. By using steady-state 
fluorescence and classical ultra-high-vacuum surface 
analytical techniques, the effects of regeneration 
media, reaction and storage times and interferents on 
the sensor response were studied.

Portable fiber-optic immunosensor based on 
competitive immunoreactions between coating-haptens 
and free haptens in solutions with corresponding 
antibodies, was developed to determine the 
concentration of the free hapten, methsulfuron-methyl. 
The ovalbumin-methsulfuron-methyl conjugate was 
immobilized on a microscope slide. Horse radish 
peroxidase labeled goat anti-rabbit IgG was used to 
generate an optical signal. The portable optical device 
consisted of a 0.25W tungsten halogen light source and 
a photosensitive diode detector. A typical competitive-
binding calibration curve was seen between 0.3 and 
100 ng/ml of methsulfuron-methyl. The detection limit 
for methsulfuron-methyl was 0.1 ng/ml [26].

There is the fiber optics evanescent field based 
biosensor as an excellent candidate for label-free 
detection of cardiac biomarkers that are of great 
importance in rapid, early, and accurate diagnosis of 
acute myocardial infarction. In that paper, they report 
a compact and sensitive cardiac troponin I (cTn-I) 
immunosensor based on the phase-shifted microfiber 
Bragg grating probe which is functionalized. The fine 
reflective signal induced by the phase shift in modulation 
significantly improves the spectral resolution, enabling 
the ability of the sensor in perceiving an ultra-small 
refractive index change due to the specific capture 
of the cTn-I antigens. In buffer, a log-linear sensing 
range from 0.1 to 10 ng/mL and a limit of detection 
of 0.03 ng/mL (predicted to be as low as 10.8 pg/mL) 
are obtained. Furthermore, with good specificity, the 
sensor can be applied in test of cTn-I in human serum 
samples [2]. The proposed sensor presents superiorities 
such as improved integratability and portability, easy 
fabrication and operation, and intrinsic compatibility 
to the fiber-optic network, and thus has a promising 
prospect in “point-of-care” test for cardiac biomarkers 
and preclinical diagnosis.

An acousto-optict unable filter-surface plasmon 
resonance (AOTF-SPR) immunosensor based on 
wave length-modulation was applied to detect 
fibronectin by direct, sandwich and colloidal Au-
enhanced immunoassay. The design of the wave 
length-modulation AOTF-SPR immunosensor 
is based on fixing the incident angle of light and 
measuring the reflected intensity of light in the wave 
length range spanning 440–790 nm. Fibronectin 
was determined in the concentration range 2.5–30, 
0.5–30, and 0.25–30 μg/mL for direct, sandwich and 
colloidal Au-enhanced immunoassay, respectively. 
The results demonstrate that AOTF-SPR biosensor 
can be applied to direct and enhanced immunoassay 
of biomolecule [1].

The main scheme of the cell for measuring as well 
as the sensor device itself, the analysis conditions and 
the results of quantitative determination of several 
antigens such as estradiol-17, α-2-interferon, chorionic 
honadotropine, antibodies to the influenza virus, 
total IgG and cells of Salmonella typhimurium are 
presented. Special attention is given to immobilization 
of one of the immunocomponents on the fiber 
optic surface [13]. The sensitivity of the fiber optic 
immunosensors intended for determination of the 
abovementioned substances was comparable with 
that of the ELISA method, but in all cases the rate of 
analysis using the immunosensors was much faster.
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The evanescent wave fiber immunosensors (EWFI) 
technique was developed for the real-time rapidly 
sensitive and specific detection of the monoclonal 
antibody 3E2 of bluetongue virus (BTV). The outer-
core protein VP7 of BTV was labled on the surface 
of the exposed fiber-optic core. The monoclonal 
antibody 3E2 of BTV VP7 were added and then the 
goat ant-rat IgG conjugated with Cy3 was captured. 
After the 532 nm pulse (excitation source) reached the 
fiber probe, evanescent wave was generated, which 
excited the Cy3 bound to the immuno-complex and 
produced the fluorescent signal, which was changed 
into electrical signals read through computer. The 
preliminary results suggested that a detection limit of 
10 ng/ml was measured for the monoclonal antibody 
3E2, which is equal to the sensitivity of ELISA. The 
3E2 sample was specifically detected through the 
EWFI assay in 15 min, and the fiber can be recycled 
at least ten times through TEA solution condition. This 
developed EWFI was a real-time rapidly sensitive and 
specific way for the detection of BTV antibodies [9].

The EWFI technique was developed for the real-
time rapidly sensitive and specific detection of the 
monoclonal antibody 3E2 of BTV. The outer-core 
protein VP7 of BTV was labeled on the surface of the 
exposed fiber-optic core. The monoclonal antibody 
3E2 of BTV VP7 were added and then the goat ant-
rat IgG conjugated with Cy3 was captured. After 
the 532 nm pulse (excitation source) reached the 
fiber probe, evanescent wave was generated, which 
excited the Cy3 bound to the immunocomplex and 
produced the fluorescent signal, which was changed 
into electrical signals read through computer. The 
preliminary results suggested that a detection limit of 
10 ng/ml was measured for the monoclonal antibody 
3E2, which is equal to the sensitivity of ELISA. The 
3E2 sample was specifically detected through the 
EWFI assay in 15 min, and the fiber can be recycled 
at least ten times through TEA solution condition [9]. 
This developed EWFI was a real-time rapidly sensitive 
and specific way for the detection of BTV antibodies.

Optical immunosensors for determination of 
quality of food and beverages. Valerii Myndrul et 
al. [25] said “a rapid and low cost photoluminescence 
(PL) immunosensor for the determination of low 
concentrations of Ochratoxin A (OTA) has been 
developed”. This immunosensor was based on porous 
silicon (PSi) and modified by antibodies against 
OTA (anti-OTA). Psi layer was fabricated by metal-
assisted chemical etching procedure. Main structural 
parameters (pore size, layer thickness, morphology 

and nanograins size) and composition of Psi were 
investigated by means of X-ray diffraction, scanning 
electron microscopy and Raman spectroscopy. 
PL-spectroscopy of Psi was performed at room 
temperature and showed a wide emission band 
centered at (680±20) nm. Protein A was covalently 
immobilized on the surface of PSi, which in next 
steps was modified by anti-OTA and bovine serum 
albumin (BSA) in this way a anti-OTA/Protein-A/Psi 
structure sensitive towards OTA was designed. The 
anti-OTA/Protein-A/PSi-based immunosensors were 
tested in a wide range of OTA concentrations from 
0.001 up to 100 ng/ml. Interaction of OTA with anti-
OTA/Protein-A/Psi surface resulted in the quenching 
of photoluminescence in comparison to bare PSi. The 
limit of detection and the sensitivity range of anti-
OTA/Protein-A/Psi immunosensors were estimated. 
Association constant and Gibbs free energy for the 
interaction of anti-OTA/Protein-A/Psi with OTA 
were calculated and analyzed using the interaction 
isotherms. Response time of the anti-OTA/Protein-A/
PSi-based immunosensor toward OTA was in the range 
of 500–700 s. These findings are very promising for 
the development of highly sensitive, and potentially 
portable immunosensors suitable for fast determination 
of OTA in food and beverages.

In [4] OTA as one of the most widespread and 
dangerous food contaminants was considered. 
Rapid, label-free and precise detection of low OTA 
concentrations requires novel sensing elements with 
advanced bio-analytical properties. They presented 
photoluminescence (PL) based immunosensor for 
the detection of OTA. During the development of 
immunosensor photoluminescent ZnO nanorods 
(ZnO-NRs) were deposited on glass substrate. Then 
the ZnO-NRs were silanized and covalently modified 
by Protein-A (Glass/ZnO-NRs/Protein-A). The latest 
structure was modified by antibodies against OTA 
(Anti-OTA) in order to form OTA-selective layer 
(Glass/ZnO-NRs/Protein-A/Anti-OTA). In order to 
improve immunosensors selectivity the surface of 
Glass/ZnO-NRs/Protein-A/Anti-OTA was additionally 
blocked by BSA. Formed Glass/ZnO-NRs/Protein-A/
BSA&Anti-OTA structures were integrated within 
portable fiber optic detection system, what is important 
for the development to flow cost and portable 
immunosensors. 

The principle of a competitive immunoassay 
was employed for the development of an optical 
immunosensor for pesticide analysis. Triazines 
were assayed using fluorescence labeled antibodies. 



МЕДИЧНА ІНФОРМАТИКА

33ISSN 1996-1960. Медична інформатика та інженерія. 2018, № 2

МЕДИЧНА ІНФОРМАТИКА
ТА ІНЖЕНЕРІЯ

On one end of a hard clad silica fiber, which was 
stripped of cladding, a derivative of the s-triazines, 
aminohexylatrazine, was immobilized. The fiber was 
inserted in a flow through cuvette. Triazine antibodies 
conjugated with fluoresce in isothiocyanate were 
detected after binding to the fiber surface by the 
fluorescence coupled into the fiber via the evanescent 
field. In the presence of triazines the fluorescence signal 
decreases due to the inhibition of antibody binding to 
the fiber. The detection limit of the sensor for terbutryn 
was 0.1 ng/ml (obtained using a monoclonal antibody). 
This is the maximum concentration of a single 
pesticide which may be present in drinking water, 
according to European Community regulations [31].

In [19] a sensitive, simple and rapid detection of trace 
amounts of melamine in milk products was achieved 
in a reusable, portable optical sensor system based on 
the principle of immunoassay and evanescent wave-
excited fluorescence. The EWFI employed a single-
multimode fiber optic coupler for light excitation and 
collection of fluorescence generated from the fiber 
optic probe. A reusable immunosurface of fiber probe 
was established to allow the performance of more 
than 300 assay cycles. Each assay cycle was less than 
15 min. 

Application of optical immunosensors for natural 
environment protection. One of the greatest challenges 
that define the performance of a fiber optic biosensor 
is the immobilization of the bioreceptor molecules 
onto the surface of fiber optic. A photoinducible 
silanediazirine was developed as an effective cross 
linker in the construction of a chemiluminescent 
immunosensor targeting a model E. coli analyte. After 
optimization, it has shown superior adaptability over 
traditional chemiluminescent ELISA and a commonly 
used glutaraldehyde chemical immobilization 
method in detection limit (6.44×102 CFU/ml) and 
dynamic range (6.44×105 to 6.44×108 CFU/ml, 
r2=0.98; 6.4×102 to 6.44×105, r2=0.92). The newly 
developed immobilization method has enhanced the 
function of fiber optic biosensor as an affordable and 
dispatchable tool in the early warning monitoring of 
the putative presence of E. coli cells. It can be used 
either in individual sample screening or incontinuous 
monitoring of the environment to indicate the need for 
further investigation [23]. The diazirine cross linking 
method canals be adopted in the immobilization of 
other protein-based bioentities thus expanding its 
real-world utility.

Fiber-optic sensors based on the excitation of 
luminescent chromophores by the evanescent field 

associated with light guiding in an optical fiber can 
be used for highly sensitive and selective biochemical 
affinity assays [11]. Due to the small penetration depth 
of the evanescent field into the medium, the generation 
and detection of luminescence are restricted to the 
close proximity of the fiber core, i.e., fluorophores in 
solution beyond the evanescent field will not contribute 
to the emission signal. Evanescent wave sensors allow 
the binding of fluorophores to the sensor surface to be 
monitored in real-time mode. These advantages make 
this approach especially useful for the determination 
of substances in complex media, such as blood, river 
water or soil extracts. An EWFI for the detection of 
the herbicide Atrazine has been developed.

In [7] Vtg as a sensitive biomarker for environmental 
estrogens is investigated. In this study, an immunosensor 
for quantifying zebra fish Vtg was developed using 
the Octet system. First, protein A sensors were 
immobilized with purified anti-lipovitellin (Lv) 
antibody that demonstrated specificity to Vtg. Then, 
antibody-coated biosensors were immersed into zebra 
fish Lv standards and diluted samples. The Octet 
system measured and recorded kinetic parameters 
between antigens and captured antibody within 
5 min. Sample Vtg concentrations were automatically 
calculated by interpolating relative binding rates 
observed with each sample and the immobilized anti-
Lv antibody into the developed standard curve. The 
sensor arrays exhibited a wide line arrange from 78 to 
5000 ng/mL, and the inter-assay coefficient to variation 
was 0.66–1.97%. 

One of the most interesting approaches in the field of 
optical biosensors is the possibility to combine the high 
sensitivity of laser detection with the high selectivity 
provided by specific interactions. Furthermore, 
the addition of nanomaterials to these sensors had 
provided additional advantages to the development to 
bioanalytical system. In [21] they provided a critical 
perspective on these approaches and their advantages 
/ limitations for improving the performance and 
detection of laser-coupled immunosensors. Here we 
can find examples relevant to the environmental, 
clinical, and toxicological fields.

Conclusions. So, were searched the basic principles 
of design and physical and biological methods of use 
of optical immunosensors. We investigated the main 
application of optical immunosensors in biology 
and medicine including testing food quality, natural 
environment protection, medical diagnostics.
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Among the plans for the future in the field of 
biosensor development, we indicate, among others, 
the necessity of implanting small chips placed on the 
human body in order to control vital functions, correct 
irregularities or signal sudden situations requiring 
quick intervention. It seems that further progress in 
the field of biosensorics will contribute to the effective 
protect against cancer.
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