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Abstract

Express determination of the viral nature of the diseases is one of the most
important tasks of modern medicine. Portable electrochemicalanalytical de-
vices are used to complement standard laboratory analytical methods and
implement analysis at the patient's bedside. A rapid approach of voltammet-
ric determination of the viral marker protein hemagglutinin (HA) in saliva
using portable electrochemical microcell based on the three-electrode planar
system (TPS) and magnetite nanoparticles modified with 3-nitro-4-hydroxy-
1,4-dihydro-7-propargylthio-1,2,4-triazolo[5,1-c][1,2,4 ]triazine (MNPs-Aza)
was developed. MNPs-Aza were synthesized by carbodiimide cross-linking
and characterized by infrared spectroscopy and square wave voltammetry.
Modified MNPs were used simultaneously as carriers of the HA receptor and
as agents for HA-Aza complexes concentrating on the surface of the working
electrode. The normalized difference between the peak current values of the
first stage of electroreduction of Aza before and after selective interaction
with the HA in the analyzed sample (I*) was used as the analytical signal.
Under the selected operating conditions of the developed portable microcell,
linear calibration I* = (12.81+0.26) 1g cua + (136.75+1.73) was obtained in
the range of 1073-1072 M. The limit of detection (LOD) calculated by the 30
criteria was 8.4:107'° M. The developed approach was successfully tested on
model solutions and real saliva samples.

Key findings
e The approach of voltammetric determination of hemagglutinin using magnetic na-
noparticles in a portable microcell was developed.

e An algorithm of magnetic nanoparticle modification with 3-nitro-4-hydroxy-1,4-di-
hydro-7-propargylthio-1,2,4-triazolo[5,1-c][1,2,4 ]triazine was developed.

e Determination of hemagglutinin-containing viruses such as HiN1 can be realized.
e The developed approach is highly sensitive and selective.
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1. Introduction

Infectious diseases of viral etiology have become a serious
threat to human life safety due to their high contagiousness,
severe disease course and frequent complications [1]. Quick
and accurate determination of the viral nature of the path-
ogen “point-of-care” facilitates the timely prescription of

adequate therapy, reducing the risks of possible

complications and the number of contact patients [2]. Ex-
press, sensitive and portable (bio)sensors and test systems
today successfully complement traditional laboratory
methods of analysis as means of primary rapid diagnostics.
As arule, the patient’s blood, saliva and samples taken from
the nasopharynx or oropharynx are used as research ob-
jects, and the pathogen is identified both directly by the
content of viral particles and signaling proteins (C-reactive
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protein, hemagglutinin, serum amyloid A, etc.), and by an-
tibodies to them at later stages of the disease [3, 4]. At the
same time, non-invasive express diagnostic tools have an
absolute advantage. The detection method and the nature
and structure of the bio/chemical receptor layer play a key
role in ensuring the required analytical performance of
portable devices.

The authors of [5] developed immunochromatographic
test strips for determining the hepatitis B virus. The test
strip consists of a sample injection zone, a conjugation zone
coated with gold nanoparticles with immobilized mouse
monoclonal antibodies to the hepatitis B virus, and a con-
trol line. Blood is used as the analyzed sample. After injec-
tion, the sample moves along the strip to the test zone un-
der the influence of capillary effect. The assay reliably de-
tects hepatitis B surface antigens at levels of 50 IU/mL for
all genotypes and at lower concentrations for some geno-
types. The authors of [6] developed an improved method of
immunochromatographic analysis for the determination of
influenza A and B viruses, which uses antibodies conjugated
to fluorescent beads. The sensitivity and specificity of this
test are 100%. The disadvantages of the mentioned ap-
proaches include the high cost and low stability of the im-
munoreagents as well as qualitative or semi-quantitative
analysis results with insufficient sensitivity of optical de-
tection methods. The work [7] describes immunochromato-
graphic test strips for determining the influenza A HiN1 vi-
rus. The test strip consists of a zone for the introduction of
saliva, a conjugation zone coated with monoclonal antibod-
ies which recognize the nucleoproteins of the influenza A
virus, and a control line. The test kit provides a rapid (10-
20 min), non-invasive and cost-effective diagnosis of the vi-
rus. The sensitivity of the analysis does not exceed 60%,
and the detection limit is 103 units.

The sensitivity and accuracy of differential rapid deter-
mination of infectious agents can be improved by using
electrochemical portable test devices and sensors based on
nanomaterials [8, 9]. An electrochemical immunosensor for
the determination of Sars-CoV-2 in saliva was developed in
[10]. The determination algorithm consists of incubating
magnetic nanoparticles coated with monoclonal antibodies,
polyclonal antibodies against Sars-CoV-2, as well as poly-
clonal antibodies conjugated with alkaline phosphatase
used as a label, 1-naphthylphosphate and the analyzed sa-
liva sample. After 30 min of incubation, the resulting sus-
pension is applied to a three-electrode planar screen-
printed system. Using magnetic separation, the immuno-
complex is concentrated in the working area of the elec-
trode, after which the differential pulse voltammetric re-
sponse is recorded. The analytical performance of the elec-
trochemical immunoassay was assessed in a standard solu-
tion of spike (S) and nucleocapsid (N) proteins in buffer so-
lution and in untreated saliva. A detection limits for pro-
teins S and N in untreated saliva were 19 ng/ml and
8 ng/ml, respectively. A diamond biosensor [11] allows the
specific detection of influenza A virus. The surface of the

20f 8

ARTICLE

diamond electrode was modified with 4-aminobenzoic acid,
bovine serum albumin, and polyclonal antibodies against
the influenza antigen. The determination algorithm in-
cluded taking a swab from the nasopharynx or pharynx,
placing it in a buffer solution containing 0.5% nonionic sur-
factant Triton X-100 (C14H220 (C2H40)xn), incubation and re-
cording the electrochemical response using electrochemical
impedance spectroscopy. The detection limit was 0.7 fg, the
linear range - 1-100 fg.

According to the literature, primarily due to the simplic-
ity of the design, the most common portable devices for de-
tecting viruses are immunochromatographic systems. The
receptors in such devices are antibodies to the virus being
detected. At the same time, the transition to electrochemi-
cal devices is promising, since they allow quantitative as-
sessment of the virus in the sample, which increases the
sensitivity of the analysis and tracks the dynamics of the
disease.

A laboratory prototype of an electrochemical test plat-
form based on magnetite nanoparticles, used simultane-
ously as a signal-forming label, a carrier of the immunore-
ceptor layer, and concentration agents for the rapid analy-
sis of S. thyphimurium antigens, was developed [12]. Anti-
bodies are immobilized on the surface of magnetic nanopar-
ticles through carbodiimide cross-linking. Unlike most
known approaches and devices, in this design the formation of
the immunocomplex occurred in the sample volume placed in
the chamber of the flow cell, after which the immunocom-
plexes were concentrated on the surface of the three-electrode
planar system under the influence of a magnetic field. Input
and output of reaction components and cell washing were car-
ried out using a stationary laboratory micropump. The analyt-
ical signal was the difference in the electroreduction currents
of MNPs before and after incubation in the analyzed medium.
Such design ensured the stability of the quantitative determi-
nation characteristics over 10 cycles of measurements on one
electrode in the flow-injection mode.

The formation of a receptor layer of electrochemical
sensors using small heterocyclic molecules as elements of
independent (bio)molecular recognition (due to the ability
to selectively bind to the compound being determined) is
especially relevant today and can significantly expand the
analytical capabilities and prospects for the practical appli-
cation of such devices. Triazolotriazine compounds are a
group of condensed azaheterocyclic compounds that have a
wide range of biological activity [13]. Triazolotriazines oc-
cupy an important place among synthetic heterocyclic com-
pounds with antiviral activity. On the one hand, they are
structurally similar to natural purine bases, which deter-
mines their activity as antimetabolites or agonists of vari-
ous receptors. On the other hand, they have a high potential
for designing various structures using various synthetic ap-
proaches [14]. Electrochemical activity and selective inter-
action with the envelope protein of many RNA viruses (he-
magglutinin) make them useful as cross-linkers for affinity
immobilization and non-biological agents for biomolecular
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recognition. This makes it possible to use them for quanti-
tative rapid determination of antibodies to measles virus
and quality control of influenza vaccines [15-17]. 3-nitro-
4-hydroxy-1,4-dihydro-7-propargylthio-1,2,4-triazolo[5,1-
c][1,2,4]triazine shows the best characteristics of selective
affine interaction with hemagglutinin (Ka= 4.35-107 M™)
[17]. The long incubation time of the modified electrode, as
well as the need to wash unreacted components are the dis-
advantages of the existing approaches.

This work deals with the development of the voltammet-
ric determination of hemagglutinin in model solutions of
saliva using magnetic nanoparticles modified with 3-nitro-
4-hydroxy-1,4-dihydro-7-propargylthio-1,2,4-triazolo[5,1-
c][1,2,4]triazine (Aza), in the design of an original portable
electrochemical cell.

2. Experimental

2.1. Reagents and solutions

Ferrous chloride tetrahydrate, ferric chloride hexahydrate,
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC), N-
hydroxysuccinimide (NHS), aminoethanethiol, dimethyl
sulfoxide (DMSO), azobisisobutyronitrile (AIBN), hemag-
glutinin, diethylene glycol 99% were purchased from
Sigma-Aldrich, USA. Glycine 99% were purchased from
PanReac AppliChem, Spain. Universal Britton-Robinson
buffer (BRB, (pH 5.0)) was prepared according to standard
method [18]. Deionized water was obtained using a com-
bined membrane installation DVS-M/1NA(18)-N series (Me-
diana-Filter, Russia).

Aza (Figure 1) was synthesized according to the known
method [19].

2.2. Equipment and measuring instruments

The synthesis of magnetic nanoparticles was carried out us-
ing a stirrer IKA EUROSTAR digital 200 (IKA, Germany).
pH values were measured using an Expert-pH ion meter
(Econix-Expert, Russia).

FT-IR spectra were recorded using a LUMOS IR Fourier
spectrometer (Bruker, Germany).

Electrochemical studies were carried out using an Au-
tolab PGSTAT 204 potentiostat/galvanostat (Metrohm Au-
tolab, The Netherlands) connected to both a stationary la-
boratory electrochemical cell and a developed portable mi-
crocell. The 3D model for microcell was created using the
online service http://tinkercad.com. The microcell was
manufactured using stereolithography method on a Form-
Labs Form 3B 3D printer (Formlabs, USA) from Clear Resin
V4 (Form 3) (Formlabs, USA). The measurements were per-
formed using a screen-printed three-electrode planar sys-
tem (TPS, Rusens LTD, Russia), consisting of a carbon-
based working and counter electrodes and an Ag/AgCl
pseudo-reference electrode.
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2.3. Synthesis of magnetic nanoparticles (MNPs)

The Fe3;04 MNPs were synthesized by the controlled precip-
itation method (Equations 1) using ferrous chloride tetra-
hydrate, ferric chloride hexahydrate and ammonium hy-
droxide as precursors [20]:

Fe2* +2Fe3* + 80H™ = Fe304 + 4H20. (1)

0.0428 g of ferrous chloride tetrahydrate and 0.1163 g of
ferric chloride hexahydrate were dissolved in 50 mL of wa-
ter, and 0.5 mL of 25% NH4,OH was added drop by drop into
the solution while stirring. The solution was stirred for
30 min at a speed of 2200 rpm. The magnetic suspension
was washed with deionized water until pH 7.0-8.0 was
achieved.

2.4. Modification of MNPs with 3-nitro-4-hydroxy-
1,4-dihydro-7-propargylthio-1,2,4-tria-
zolo[5,1-c][1,2,4]triazine

Carboxylation of MNPs was performed with glycine. Ami-
nation of Aza was carried out by thiol-yne reaction with
aminoethanethiol. Final carboxylated MNPs and aminated
Aza coupling was conducted with carbodiimide cross-link-
ing. The whole algorithm is presented in Figure 2.

1 mL of MNPs suspension (0.1 mg/mL) was washed with
a diethylene glycol once; then MNPs were transferred to a
round-bottom flask, to which 30 mL of a diethylene glycol and
0.45 g of glycine were added. The resulting suspension was
kept for 4 h at 175 °C under N- atmosphere. After cooling, the
MNPs were washed with ethanol and distilled water.

Thiol-yne reaction was carried out in another one-neck
flask using solution of 0.0109 g of Aza in 2 mL of DMSO,
0.0026 g of aminoethanethiol, 0.0035 g AIBN and the 18 ml
of t-BuOH. The mixture boiled for 3 h at 85 °C.

After cooling, 1 mL of the resulting mixture, 0.0206 g of
EDC, 0.0124 g of NHS and 5 ml of BRB (pH 5.0) were added
to the flask with MNPs. This reaction was carried out in a
flask isolated from light to minimize the formation of by-prod-
ucts. The flask was kept under stirring for 1 h. The resulting
modified magnetic nanoparticles (MNPs-Aza) then were
washed with a BRB solution (pH 5.0) and finally dispersed in
BRB solution (pH 5.0) to form 0.1 mg/mL suspension.

2.5. Fourier-transform infrared spectroscopy (FT-
IR) research

FT-IR spectroscopy was carried out after each stage of mag-
netic nanoparticles modification.

OH

:# S4</N;N\N/|N

H

NO,

Figure 1 Structure of Aza.
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Figure 2 Scheme of immobilization of Aza on the surface of mag-
netic nanoparticles.

The nanocomposite was mixed with KBr powder and placed
in a mold to form a tablet. FT-IR spectra of the modified mag-
netic nanoparticles are given in Supplementary materials.

2.6. Electrochemical research

The electrochemical response from Aza was recorded using
square wave voltammetry under operating conditions given
in Table 1 [16].

2.7. Algorithm for quantitative rapid determina-
tion of hemagglutinin in saliva in the porta-
ble electrochemical microcell

An algorithm for the quantitative determination of HA in
saliva is given in Figure 3a.

e At the first stage, a saliva sample is taken using a
sterile cotton swab.

e At the second stage, this swab is placed in a test tube
containing 400 pL of 0.1 mg/mL MNPs-Aza suspension in a
BRB solution (pH 5.0), shook for 1 min and then removed.
Further incubation of MNPs-Aza and the sample from the
swab lasts 15 min.

e At the third stage, the 50 pL aliquot of the liquid from
the test tube is introduced into a sample hole of a microcell
on the working zone of pre-installed TPS. The scheme and
photo of the microcell are shown in Figure 3b and 3c, re-
spectively. The nanoconjugates MNPs-Aza-HA are magnet-
ized onto the surface of the work electrode of TPS.

Y

1.Collecting a saliva 2. Interaction of MNP-Aza
sample with a swab with HA in sample (15 min)

a)

ARTICLE

e At the fourth stage, a square wave voltammogram is
recorded.

The relative difference in the reduction current of tria-
zolotriazine immobilized on the surface of magnetic nano-
particles before and after incubation in the sample was
used as an analytical signal and calculated by Equation 2.

(2)

IvNpP-Aza — IMNP—Aza—
I* = MNP-Aza MNP-Aza—HA . 100%

IMNP—Aza

3. Results and Discussion

3.1. Modification of magnetic nanoparticles with 3-
nitro-4-hydroxy-1,4-dihydro-7-propargylthio-
1,2,4-triazolo[5,1-c][1,2,4]triazine

A approach for magnetic nanoparticles modification was
developed to determine the viral nature of diseases. The ap-
proach includes a carbodimide cross-linking reaction be-
tween carboxylated MNPs and triazolotriazine linked with
aminoethanethiol.

MNPs-Aza was characterized by FT-IR spectroscopy and
square wave voltammetry based on the cathodic peak cur-
rent of the nitro group of triazolotriazine immobilized on
the MNPs surface. FT-IR spectra (Figure S1) of carboxylated
MNPs show the presence of characteristic absorption bands
in the range of 750-1250 cm™, confirming the presence of
amino acids and Fe304 in the sample.

Table 1 SWV-s registration parameters.

Parameter Value
Start potential -0.2V
Stop potential -1V
Step potential -0.005V
Modulation amplitude 0.1V
Frequency 20 Hz
Interval time 0.05 s

3. Introduction of suspension
into the cell and

MNP-Aza-HA
MNP-Aza

EV

4. Registration of
electrochemical response

magnetization of nanoconjugates

b)

Sample injection
hole

/_ Sampleinjection hole

c)

Hole for . £
electrode

Figure 3 Design of the portable electrochemical cell: (a) Algorithm for voltammetric determination of HA in the design of the portable
electrochemical cell, (b) scheme of the portable cell (c) photo of the cell.
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The characteristic bands in the range of 1300-1500 cm™
and 1550-1650 cm™ apparently corresponding to vibrations
of -OH,-NH, -NO: groups were observed in the spectra of
MNPs-Aza.

The peak at ~-0.62 V, corresponding to the first stage of
electroreduction of the -NO. group of azoloazine [16], is ob-
served in the square-wave voltammograms (SWV) (Figure 4a).
The results obtained indicate the successful immobilization of
Aza on the surface of MNPs using the developed approach.

The influence of the time of the thiol-yne reaction on the
nanoparticles electrochemical response was investigated.
As the reaction time between Aza and aminoethanethiol
reached 180 min, an increase of the cathodic peak current
was observed. Therefore, MNPs-Aza obtained from thiol-
yne cycloaddition for 180 min was used in further studies
(Figure 4b). MNPs are the carriers of the receptor molecule
(Aza), and concentrating Aza MNPs after reaction with HA
on the TPS surface is possible. The electroreduction peak
current depends linearly on the concentration of MNPs-Aza
in the range of 0.5-10 mg/mL and can, therefore, be used
as an analytical signal (Figure 4c).

The investigation of the MNPs-Aza and HA incubation
time showed that I* reaches saturation after 15 min.

ARTICLE

Therefore, 15 min of MNPs-Aza incubating with HA was ap-
plied in further studies (Figure 4d). A 2-fold decrease in the
analysis time was achieved compared to the approach de-
veloped in our previous studies [16].

3.2. Voltammetric determination of hemaggluti-
nin using MNPs-Aza in model solutions and
real saliva samples

Under selected operating conditions, using the developed
algorithm and 2 type of cells (stationary laboratory and
portable microcell), linear calibrations I* (%) = f(lg cua)
were obtained, and analytical characteristics were calcu-
lated (Figure 5, Table 2).The results indicate similar values
of the analytical characteristics of HA determination in both
laboratory and developed portable electrochemical micro-
cell. The detection limits calculated using 30-criterion are
more than 100 times higher than the values obtained in our
previous work [16]. This is probably due to the more effi-
cient formation of MNPs-Aza-HA conjugates in the case of
the biorecognition reaction in the volume of the analyzed
sample with subsequent concentration conjugates on the
surface of the working electrode.

() .
o r t, min
10 S 10 20 30 6o g0
-20 @ g s s s
30 “- - BRBpHS5O SERNEEN
E | S 20 | N
= MNP é
-50 F *
)
60 F Aza =
o] §_40 |
7T MNP-Aza
80 N L ;
-1 -0.8 -0.6 -0.4 60 -
T NT
465 () 100 (d)
Y O Foonnn z
47 F § 80 F
475 } i o 1
< <60 f
L 48 | i, I
3 ol
485 :
E E
49 : 20 |
495 | ' '.F
. o . . ,
50 . . Fy 0 10 20 30
-0.5 4] 0.5 1 t, min
1BCHNPs-2s

Figure 4 SWV-s of unmodified and modified MNPs (laboratory cell with three-electrode screen-printed planar system, background elec-
trolyte: BRB (pH 5.0) (a); effect of thiol-yne reaction time on the MNPs-Aza electrochemical response (b); effect of MNPs-Aza concentra-
tion (mg/mL) on electrochemical response I(HA) = (2.0+0.3)-1g Cunps.aza+(47.6£0.9), R? = 0.96 (c); effect of incubation time MNPs-Aza

with HA (cya = 107* M) on the analytical signal (I*)(d).

Table 2 Analytical characteristics of the voltammetric determination of HA using TPS-MNPs-Aza using stationary laboratory and porta-

ble microcells.

Cell type I*vs g cua R? LOD (M) Linear range (M)
Laboratory cell I* = (16.7+0.3) 1g cua + (163+4) 0.98 6.7-107%° 1073-107°
Portable microcell I* = (12.8+0.3) 1g cua + (137+2) 0.97 8.4-107"° 1073-107°
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(a)

-10 f = —_ BRB(pH5.0)
3 *  MNPs-Aza-HA (102M)
-40
T 70
MNPs-Aza
-100 1 1 )
-1 0.8 -0.6 0.4
E,V
(b)
100 | z.
!.5 "
80 . %‘.
£ 60 | ;
% ;;"%.
0 o'-
{r" @ Stationary laboratory
20 f."." @ Portable microcell
O L L L J
-10 -8 6 -4 2

Ig cya

Figure 5 SWV of standard HA solutions (portable microcell with
three-electrode screen-printed planar system, scan rate 100 mV/s)
(a), I*(%) vs (1g cya) (n = 5, P = 0.95) in a stationary laboratory
and portable microcell (b).

The approach proposed in this study is comparable in
terms of analytical characteristics and analysis time with
the literature data presented in Table 3, which makes it
promising for further development of a portable device.

Figure 6 shows the effect of introducing various inter-
fering components on the electrochemical response of the

ARTICLE

The figure shows that interfering model mixtures do not
have a significant effect on the results of the analysis, which
confirms selectivity of the interaction of azoloazine deriva-
tives with HA and indicates the possibility of its quantita-
tive determination in real samples of saliva using the devel-
oped approach.

Table 4 shows the results of the quantitative determina-
tion of HA in non-spiked and spiked saliva samples from 5
volunteers. The calculated values of the Student's t-test do
not exceed the critical value, which indicates the accuracy
of the developed approach for the quantitative determina-
tion of HA in saliva samples.

Model saliva

a-amylase

Urea

Potassium chloride

Ammonium nitrate

Monopotassium phosphate

Sodium chloride

Bovine serum albumine

TEHEHEE E L

Hemagglutinin

40 60
I*, %

o)
o

100

Figure 6 Diagram for the determination of HA (c = 10 M) in model
solutions (Cq-amilase = 450 IU/L-103, Cyrea=0.198 g/L, Cxa = 0.202 g/L,
Cnugnog = 0.328 g/L, € xmapog = 0.636 g/L, Cnaa = 1.594 g/L,
Cpsa = 1 g/L) and model saliva.

Table 4 HA determination in saliva samples using the developed
approach in the portable electrochemical cell t. = 2.570 (P = 0.95,
n=>5).

MNP- AZA-HA. The list of components and their contents _ Sample Spiked, cua, M Found, cua, M t-value
were selected according to the literature data [21]; the model 1 o 0.00+0.02 o
solutions consisted of a-amylase (Co-amilase = 450 IU/L-103), 2 1073 1073+(0.82£0.03) 2.367
urea(Curea=0.198 g/L), KCl (cka = 0.202 g/L), NH4NO; 3 107 107:(0.81£0.04) 2.004
(cNHgNO3 = 0.328 g/L), KH2PO, (C knz2p04 = 0.636 g/L), NaCl 4 107 107:(0.84+0.04) 1.990
(cNacl = 1.594 g/L), BSA (casa = 1 g/L), respectively. The model 5 107 107+(0.79+0.04) 2.007
saliva consisted of all these components in one solution. 6 107 107°-(0.8240.03)  2.410
Table 3 Portable devices for different virus determination.

Method of Object of Time,

. Analyte Receptor . LOD . Ref.
analysis analysis min
Immunochro- . Gold nanoparticles with immobilized

i Hepatitis B i K Blood 50 IU/ mL 20 5
matographic mouse monoclonal antibodies
Immunochro- . X
K Influenza A Monoclonal antibodies - - 10-20 6
matographic
Immunochro- Influenza A . X Nasal swab 3.
K Monoclonal antibodies 10° units - 7
matographic and B samples
Nanoparticles coated with monoclonal  Untreated sa-
Voltammetry Sars-CoV-2 i X i 8 ng/mL 30-60 10
antibodies liva
Impedance
P Influenza A Polyclonal antibodies Saliva 0.7 fg 5 11
spectroscopy
Hemahhluti- 3 8.4-10°M This
Voltammetry i MNP-Aza Saliva 20
nin (0.92 ng/mL) work
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4. Limitation

The main limitations of the developed approach are related
to the instrument base not being adapted for use by the con-
sumer outside the laboratory. Also, when scaling the mag-
netite modification approach, additional clarification of the
operating conditions for the implementation of individual
stages may be required. Further developments will be
aimed at adapting the developed approach for conducting
measurements on a micro-potentiostat and developing soft-
ware for automatic processing of measurements when us-
ing the device. It is also necessary to develop a protocol for
cleaning the cell for its repeated use.

5. Conclusions

A portable electrochemical microcell was designed for the
quantitative voltammetric assessment of HA in saliva sam-
ples. The approach includes collecting a saliva sample, in-
cubating it with modified MNPs in a test tube, and transfer-
ring them into the electrochemical microcell equipped with
TPS for square-wave voltametric detection. The MNPs acted
both as carriers for the receptor (Aza), which can selec-
tively interact with HA, and as agents for concentrating
Aza-HA complexes on the working electrode surface. The
peak current during the initial stage of electroreduction of
the triazolotriazine derivative served as the analytical sig-
nal. The operating parameters for preparing MNPs-Aza con-
jugates and the duration of their incubation with HA in the
analyzed medium were optimized. The approach yielded
linear calibration curves given by I'* = (12.81+0.26) Ig cra +
(136.75+1.73). The approach's analytical characteristics
(LOD 8.4:10*° M, linear range 1073-1079 M) are comparable
to those reported in literature. The components of model
saliva do not affect the accuracy of hemagglutinin determi-
nation. Overall, the straightforward design and accessibil-
ity of the developed portable electrochemical microcell
alongside the impressive analytical features of the pro-
posed voltammetric determination for HA suggest promis-
ing applications for quick diagnostics of the viral nature of
infectious diseases.

Supplementary materials

This manuscript contains supplementary materials, which are
available on the corresponding online page.
Figure S1: IR spectra of modified magnetic nanoparticles.
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