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Abstract

Toxoplasma gondii is an intracellular parasite that primarily utilizes cats as its definitive host. This parasite,
which is spread through cat feces, can be transmitted to other animals and, from there, to humans through
various routes. In healthy individuals, this parasite may not cause severe illness, but it can be fatal, especially
in individuals with weakened immune systems due to factors like chemotherapy or organ transplantation, as
well as in fetuses developing in the womb. Given its relatively common occurrence worldwide, controlling the
spread of this parasite is imperative. In this study, an antibody-based electrochemical biosensor was developed
to directly detect Toxoplasma gondii, offering potential applications in disease surveillance and management.
The biosensor was designed using screen-printed electrodes, and the electrode surface was modified with
chitosan and gold nanoparticles. Anti-Toxoplasma gondii antibodies were immobilized onto the modified
electrode surface using glutaraldehyde as a cross-linking agent. Changes in surface properties were investigated
using various techniques, including differential pulse voltammetry, cyclic voltammetry, and electrochemical
impedance spectroscopy. The surface morphology of the developed immunosensor was visualized using
scanning electron microscopy. Subsequently, the biosensor's linear working range and detection limit were
determined, followed by its application in the detection of Toxoplasma gondii in synthetic serum samples. This
innovative approach holds promise for the development of sensitive and specific diagnostic tools for the
detection of Toxoplasma gondii infection, which is important for effective disease prevention.
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Toksoplazma gondii Tespiti Icin Alin Nanoparc¢acik/Kitosan ile Dekore Edilmis

Serigrafi Baski Elektrota Dayah Yeni Bir Elektrokimyasal Immiinsensor Tasarim
Oz
Toksoplazma gondii hiicre i¢i bir parazittir ve ana konak olarak kedileri kullanmaktadir. Kedi diskist ile yayilan
bu parazit diger canlilara ve oradan insanlara birgok farkli yolla bulasabilmektedir. Bu parazit, saglikli
bireylerde ciddi hastaliklara yol agmayabilmektedir ancak 6zellikle kemoterapi veya organ nakli gibi faktorler
nedeniyle bagisiklik sistemi zayiflamis bireylerde ve anne karninda gelisen fetiislerde 6liimciil olabilmektedir.
Bu parazit enfeksiyonunun tiim diinyada olduk¢a sik goriilmesi sebebiyle kontrol altinda tutulmasi
gerekmektedir. Bu amagla gergeklestirilen ¢alismada Toksoplazma gondii’yi direkt tespit edebilen antikor
temelli elektrokimyasal bir biyosensor gelistirilmistir. Gelistirilen sensorde serigrafi baskili elektrotlar
kullanilmistir. Elektrot yiizeyi kitosan ve altin nanopargaciklarla modifiye edilmistir. Modifiye edilen elektrot
ylizeyine anti-Toksoplazma gondii antikorlar1 glutaraldehit ile immobilize edilmistir. Yiizey 6zelliklerindeki
degisimler diferansiyel puls voltametrisi, dongiisel voltametri, elektrokimyasal impedans spektroskopisi gibi
tekniklerle incelenmistir. Gelistirilen immiinosensdriin yiizey morfolojisi taramali elektron mikroskopu ile
goriintiilenmistir. Dogrusal ¢alisma araligi ve tayin limiti belirlenen biyosensor daha sonra sentetik serum
igerisinde Toksoplazma gondii tayininde kullanmilmistir. Bu yenilik¢i yaklasim, hastaligin etkili bir sekilde
onlenmesi i¢in 6nemli olan Toksoplazma gondii enfeksiyonunun tespitine yonelik hassas ve spesifik teshis
araglarinin gelistirilmesi konusunda umut vaat etmektedir.
Anahtar Kelimeler: Toksoplazma gondii, patojen, biyosensor, elektrokimya, immiinosensor
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1. Introduction

Toxoplasma gondii (TOX) is an intracellular protozoan parasite responsible for causing a
disease known as toxoplasmosis[1, 2]. This pathogen primarily utilizes members of the Felidae
family, particularly domestic cats, as its definitive hosts, while it employs warm-blooded
animals as intermediate hosts[3, 4]. TOX is found in the oocyst form in cat feces, which can be
disseminated into the environment extremely fast. In humans, TOX infection is typically
associated with the consumption of unwashed vegetables, undercooked meat, or contact with
animal feces[5]. Recent studies also have presented potential evidence of sexual transmission
of the disease[6, 7].

Toxoplasmosis in humans often manifests as an asymptomatic infection; however, depending
on the individual's immune status, it can lead to serious consequences|1]. Particularly during
the first trimester of pregnancy, transmission from mother to fetus can result in symptoms that
may lead to fetal death[8—10]. In individuals with weakened immune systems, such as those
with HIV, undergoing chemotherapy, or having undergone organ transplantation, TOX
infection can cause neurological disorders, inflammation in various organs, and even death[ 11,
12]. Given that a large majority of humans and cats worldwide are infected, direct monitoring
of this pathogen is of paramount importance[3, 11].

In Tiirkiye, TOX tests are generally conducted by examining patients' anti-Toxoplasma IgM
and IgG values from their blood samples needed, to monitor acute infections or past infection
history of the patients[13, 14]. However, direct determination of TOX is necessary for
preventive measures before infection occurs[15].

In this study, the direct detection of TOX was achieved using electrochemical methods. The
biosensor involved the modification of screen-printed electrodes (SPE) with chitosan and gold
nanoparticles. Gold nanoparticles (AuNP) were employed to enhance the sensitivity of the
sensor due to their biocompatibility and ability to improve charge transfer. Chitosan (CHT) is
a polymer with free amine groups, commonly used in biosensors, which provide binding sites
for biomolecules[16]. Anti-Toxoplasma gondii antibodies (Abrox) were immobilized onto the
electrode surface using glutaraldehyde through these amine groups. Immobilized Abrox
captured Toxoplasma gondii proteins on the surface, which were then determined using
differential pulse voltammetry. Surface modifications were characterized using cyclic
voltammetry, electrochemical impedance spectroscopy, and UV-visible spectrophotometry.
Scanning electron microscopy was employed for morphological characterization.

2. Material and Methods
2.1 Instrumentation and Chemicals

All electrochemical measurements such as cyclic voltammetry (CV), differential pulse
voltammetry (DPV), and electrochemical impedance spectroscopy (EIS) were carried out with
PalmSens 4 potentiostat, Electrochemical impedance spectroscope driven by PC Trace 5.9
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software (Houten, Netherland). 4 mm carbon screen-printed carbon electrodes were obtained
from Life Sense Teknoloji (Samsun, Tiirkiye). Surface morphology studies of modified
electrodes were carried out with Hitachi SU-1510 scanning electron microscope (SEM) (Japan).
The UV-visible spectrophotometer was used for the examination of CHT-AuNP interaction.
Anti-toxoplasma antibody and toxoplasma protein were obtained from Abcam (Cambridge,
UK). All other analytical grade chemicals were obtained from Sigma Aldrich (Missouri, ABD).

2.2 Construction of Biosensor
AuNP synthesis

100 mL of 100 uM HAuCls4 was poured into a round bottom flask and heated until boiling
temperature. 3 mL of 1% sodium citrate was added to the hot HAuCl4 solution with rapid
magnetic stirring. The solution color was turned from pale yellow to bright red, indicating gold
nanoparticle formation[17]. The nanoparticle solution was heated and mixed for 15 minutes
more to complete the reaction.

Electrode Modification

Screen printed electrodes (SPE) with 4 mm carbon working electrodes were precleaned with 10
cyclic voltammetry measurements between -2 V and +2 V in 0.05 M HCI solution before
modifications. 7.5 pL of CHT and AuNP mixture was drop-casted on a carbon working
electrode and dried on a hot plate at 50 °C. The surface was washed three times with 1 mL of
pH:7.4, 50 mM phosphate buffered saline solution (PBS) to remove unbounded chemicals and
labeled as SPE/CHT-AuNP. Amino groups of SPE/CHT-AuNP surface were activated with 7.5
uL of 1 % glutaraldehyde (GA) crosslinker for 1 hour at 4 °C. The surface was washed three
times with 1000 pL PBS to remove unreacted GA and dried with nitrogen gas. Afterward, 7.5
pL of Abrox was added to the surface and let the reaction overnight at 4 °C[18]. GA crosslinker
created the covalent bond between the primary amine groups of antibody and chitosan amine
groups. Unbounded Abrox was removed from the surface by washing three times with PBS-
Tween 20 solution and the surface labeled as SPE/CHT-AuNP/Abrox. 10 pL of 1 % Bovine
Serum Albumin (BSA) solution was added at SPE/CHT-AuNP/Abrox surface and washed after
30 minutes with PBS-Tween 20. BSA was used as a surface-blocking agent to prevent
nonspecific interactions. The calibration curve of the biosensor was obtained after optimization
studies. Biosensor modification steps were summarized in Figure 1.
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Figure 1. Biosensor construction.
Electrochemical Measurements

DPV which is a very sensitive electrochemical method was used for the detection of TOX. 1
mM K3[Fe(CN)g]**# in 0.1 M KCl solution (HCF) was used as a redox mediator for all TOX
detection experiments, and surface characterization studies. DPV peaks of the HCF solution
were measured between -0.35 V and 0.65 V potentials before and after interacting the
SPE/CHT-AuNP/Abrox surface with TOX. The difference between the peak potentials of
SPE/CHT-AuNP/Abrox and SPE/CHT-AuNP/Abrox/TOX was taken as biosensor response.

Optimizations

The optimization of Abtox concentration was performed on the SPE/CHT surface. Antibody
concentrations ranging from 10 pg/mL to 100 pg/mL were immobilized on electrodes, and
subsequent biosensor responses were assessed and compared. The Abrox concentration
yielding the highest biosensor responses was considered the optimal concentration. Following
this, solutions of AuNPs ranging from 5 pL to 30 uL were combined with CHT and applied to
SPEs’ surfaces. Variations in SPE/CHT-AuNP/Abrox responses were then analyzed in relation
to the incremental addition of AuNPs.

Characterization Studies

The techniques of CV and EIS were employed for electrochemical characterization.
Experiments were carried out by adding an 80 pL of 5 mM HCF solution onto the biosensor
surface. A scanning electron microscope (SEM) was utilized to observe surface morphology
and capture images at various magnifications throughout all stages of surface modification.
Characterization of the CHT-AuNP nano-composite was carried out using UV-VIS
spectrophotometry.
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Real sample experiments

In real-sample experiments, synthetic serum containing 7oxoplasma gondii proteins was chosen
over Toxoplasma gondii because of high pathogenicity. The composition of the synthetic serum
was provided in Table 1[19]. The prepared synthetic serum was spiked with 25 ng/mL TOX
and examined on the SPE/CHT-AuNP/Abrox.

Table 1. Synthetic serum composition

Compound Concentration (mM)
MgCl, 1.6

NH>CONH: (urea) 2.5

KCl 4.5

D(+)-Glucose 4.7

CaCl, 5

NaCl 145

Human Serum Albumin 0.1 % (w/v)

3. Results and Discussion

While developing the biosensor surface, the initial objective was to ascertain the quantity of
antibodies. During this stage, experiments were carried out on a CHT-coated surface with
antibody concentrations ranging from 10 ug/mL to 100 pg/mL. While the signals at 10 pg/mL
and 25 pg/mL Abrox concentrations were notably low, the optimal biosensor response was
obtained at 50 ug/mL Abrox (Figure 2A). The signal decrease observed at 100 pg/mL Abrox
was attributed to a reduction in the interaction between the analyte and the surface due to the
excessive accumulation of antibodies. 50 pg/mL Abrox was used in the subsequent stages of
the experiments.
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Figure 2. Biosensor response over different concentrations of Anti-toxoplasma antibody (A)
and gold nanoparticle (B).

At the next optimization step, AuNPs were added to the CHT solution in volumes ranging from
5 uL to 30 pL to investigate their effects (Figure 2B). The highest biosensor response was
obtained when 10 pL. of AuNPs was added and was selected as the optimum value. It was
observed that AuNPs enhanced the biosensor response due to their high conductivity
properties[20—22]. The observed biosensor response decreased with an increase in the amount
of AuNPs added could be attributed to the disruption of antibody orientations.

The electrochemical evaluation of electrode modifications has been demonstrated with CV and
EIS techniques. Initially, the electrochemical behaviors of SPE, followed by SPE/CHT-AuNP,
SPE/CHT-AuNP/Abrox, and SPE/CHT-AuNP/Abrox/TOX sequential stages, were assessed
based on the current responses observed in CV measurements. The variations in anodic and
cathodic current peaks were monitored across each modification step. The cathodic peak current
magnitude for the unmodified SPE was recorded at -28.3 pA. In contrast, the SPE modified
with CHT-AuNP exhibited a cathodic peak current of -61.9 pA. Further modification with the
Abtox on SPE/CHT-AuNP resulted in a cathodic peak current of -51.3 pA, while the
subsequent introduction of the TOX on SPE/CHT-AuNP/Abrox yielded a cathodic peak current
of -39.3 pA. Conversely, the observed anodic peak current values were 21.0 pA for the
unmodified SPE, 69.6 pA for SPE/CHT-AuNP, 50.1 pA for SPE/CHT-AuNP/Abrox, and 33.1
nA for SPE/CHT-AuNP/Abtox/TOX. The measured peak-to-peak separations were 0.104 V
for bare SPE, 0.139 V for SPE/CHT-AuNP, 0.143 V for SPE/CHT-AuNP/Abrox, and 0.139 V
for SPE/CHT-AuNP/Abrox/TOX.
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As observed in Fig. 3A, in accordance with modified surfaces, it has been determined that the
bare SPE surface generates significantly lower current peaks. After the surface coating with
CHT-AuNP, a substantial enhancement in both anodic and cathodic peaks was observed. The
presence of amine groups on the CHT surface, along with the conductivity-imparting AuNPs,
was found to facilitate this increase in current. This behavior is analogous to prior studies where
positively charged amine groups on polyethyleneimine-coated surfaces had a similar effect[23].

Furthermore, it was observed that the modification of the surface with antibodies and the
binding of TOX proteins to the surface impeded electron transfer, thereby reducing both anodic
and cathodic peak currents.
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Figure 3. CV (A) and EIS (B) diagrams of SPE/CHT-AuNP/Abtox/TOX sensor surface
modification steps.

The electrochemical characterization of the SPE/CHT-AuNP/Abrox sensor was also examined
using the EIS technique. Raw EIS data were fitted using the Randle equivalent circuit
commonly employed in previous studies[16, 23, 24]. In Figure 3B, Nyquist plots were shown
for each modification step. The Randle equivalent circuit was incorporated as an inset graph,
and it displayed parameters including the solution resistance (Rs), Warburg impedance (Zw)
resulting from the diffusion of the [Fe(CN)s]®*) redox probe, the double-layer capacitance
(Cdl), and the charge transfer resistance (Rct). The Rct value of bare SPE was 252.2 Q. The
Rct was significantly decreased to 20.5 Q with SPE/CHT-AuNP surface. Increasing Rct were
obtained respectively 55.1 Q for Abrox immobilized and 91.0 Q for TOX captured sensor
surface.

SEM technique was used for topographical characterization of modification steps of the
SPE/CHT-AuNP/Abrox sensor. Observations revealed that a single CHT layer created a
smooth appearance on the surface. Upon the addition of AuNPs, they were visualized as bright
spherical particles on the surface. Immobilization of Abrox led to a blurring effect in the images
of AuNPs observed on the surface. The immobilization of TOX proteins by antibodies resulted
in the formation of a significantly rough protein layer on the biosensor surface (Figure 4).
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Figure 4. SEM images of SPE/CHT, SPE/CHT-AuNP, SPE/CHT-AuNP/Abrox, and
SPE/CHT-AuNP/Abrox/TOX with 5k and 10k magnifications.

Additionally, the interaction of CHT with AuNP was observed with a UV-VIS
spectrophotometer. In the UV-VIS spectra of AuNPs, a classic AuNP absorbance peak was
observed at 520 nm[17]. On the other hand, the absorbance peak of CHT appeared as a broader
peak at 300 nm[25]. In the CHT-AuNP mixture, the CHT peaks shifted to 280 nm, which
indicates the formation of CHT nanoemulsion with AuNPs[26]. The absence of any shift in the
AuNP peaks confirmed that there was no aggregation occurring (Figure 5).
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Figure 5. UV-Visible spectrums of AuNP, CHT, and CHT-AuNP.

To assess the analytical capabilities of the SPE/CHT-AuNP/Abrox electrode for TOX
detection, the DPV technique was employed. Various concentrations of TOX were applied to
the electrode, and the evaluation hinged on the current signals derived from the disparity
between the peak responses of SPE/CHT-AuNP/Abrox in the presence and absence of the
analyte (TOX ranging from 1.0 to 100 ng/mL).
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Following the introduction of varying TOX concentrations to the SPE/CHT-AuNP/Abrox
electrode, a decrement in DPV signals was observed, as depicted in Figure 6A. Moreover, a
standard addition curve over the range of 1-250 ng/mL TOX was demonstrated in Figure 6B.
A linear standard curve was established over the 1-100 ng/mL of TOX range, yielding the
equation y = 0.246x+7.483 (R2 = 0.9998), as illustrated in Figure 6B inset. Given the extensive
dynamic range and the heightened sensitivity of this current biosensor, its potential as a
promising candidate for Toxoplasma gondii detection is evident.
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Figure 6. DPV signals of TOX ranging from 1.0 to 100 ng/mL (A), standard addition curve
over the range of 1-250 ng/mL TOX (B), and linear standard curve of SPE/CHT-AuNP/Abrox
(B inset).

The repeatability and limit of detection (LOD) of the SPE/CHT-AuNP/Abrox platform were
also investigated. The repeatability was assessed through six consecutive measurements,
yielding a + 0.025 % standard deviation and a coefficient of variation (cv) of 1.2 %. Regarding
TOX LOD, it was determined using the 3.3SD/m formula, resulting in a value of 0.34 ng/mL
(n = 6), based on the standard deviation of the intercept and the slope of the calibration curve.

The concentrations of TOX-spiked synthetic samples at 25 ng/mL were quantified using our
biosensor, as outlined in the experimental section. The 26.42 + 3.6 ng/mL concentration was

obtained. These findings demonstrate the remarkable sensitivity of our biosensor relative to the
conventional methods.
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Table 2. Comparison of analytical properties of designed SPE/CHT-AuNP/AbTOX with other
Toxoplasma gondii and toxoplasmosis detection techniques.

Method Analyte Linear range LOD Ref.

PCR Toxoplasma gondii genomic 5x101-2.5 x 104 fg/uL 5 fg/ulL [27]
DNA

PCR Toxoplasma gondii genomic 100 ng uLL ™! - 400 ng pL ™! 100ng uL™!  [28]
DNA

Electrochemistry  Toxoplasma gondii genomic 0.5 pg/mL -25 pg/mL 1.78 ng/mL  [29]
DNA

Colorimetric Toxoplasma lysate antigen Dot-blot assay - [30]

immunoassay antibodies
Electrochemistry anti-Toxoplasma gondii 0UmL'-200 UmL™ 0.012U [31]
specific antibodies mL!
Electrochemistry  Toxoplasma gondii proteins 1.0 - 100 ng/mL 0.34 ng/mL.  This
work

Table 2 provides a summary of several studies conducted on Toxoplasma gondii and anti-
Toxoplasma gondii antibodies. Some of these studies have achieved a low limit of detection
and high sensitivity. Notably, most of these techniques could be considered expensive
measurement systems, and some of these studies have pointed out that the presence of other
parasites in the sample can lead to interference. The developed SPE/CHT-AuNP/AbTOX
biosensor in our research offers an economical, practical, and field-applicable solution
compared to other methods, primarily owing to the utilization of screen-printed electrodes.

4. Conclusion

In this study, a novel electrochemical immunosensor capable of direct Toxoplasma gondii
detection was designed. The designed sensor utilized screen-printed electrodes, which are
highly practical for on-site detection, and a chitosan-gold nanoparticle nanocomposite on the
electrode surface to enhance sensitivity and accuracy. The SPE/CHT-AuNP/Abrox biosensor
exhibited excellent analytical performance in the determination of TOX within a linear range
of 1-100 ng/mL. Toxoplasmosis tests are typically developed by detecting the presence of anti-
Toxoplasma antibodies in patients. However, the developed SPE/CHT-AuNP/Abrox
immunosensor allows for the direct detection of Toxoplasma gondii itself. Detecting disease
sources prior to individuals contracting toxoplasmosis can be possible with this approach.
Specially results of this work hold promise for the potential direct determination of Toxoplasma
gondii from cat feces in future studies. In the context of domestic cats, there exists a slightly
lower incidence of toxoplasmosis in comparison to stray feline populations.

849



Design of a Novel Electrochemical Immunosensor for Toxoplasma gondii Detection Based
on Gold Nanoparticle/Chitosan Decorated Screen Printed Electrode

Hence, routine vaccination and parasite control of household cats are of paramount importance

for human health. Indeed, within this context, the designed biosensor exhibits the potential to
evolve into a commercial product, offering a point-of-care diagnostic solution for the
monitoring of Toxoplasma gondii in cat feces.

Ethics in Publishing
There are no ethical issues regarding the publication of this study.
Author Contributions

Serdar SANLI: The author confirms sole responsibility for the following: study
conceptualization, methodology, validation, formal analysis, investigation, resources, writing -
original draft, writing - review & and editing, visualization supervision, project administration,
and funding acquisition.

Acknowledgments

This work was supported by Ordu University Scientific Research Project Coordination (BAP)
(project number: A-2337). SEM analyses were performed at ODU MARAL (Ordu
University/ORDU).

References

[1] Dubey, J. P. and Jones, J. L. (2008). Toxoplasma gondii infection in humans and animals
in the United States. Int J Parasitol 38 1257-78.

[2] Hill, D. E., Chirukandoth, S. and Dubey, J. P. (2005). Biology and epidemiology of
Toxoplasma gondii in man and animals . Anim Health Res Rev 6 41-61.

[3] Chen, J., Xue, L., Hu, H., Yin, X., Cao, H. and Shen, B. (2022). MIC17A is a novel
diagnostic marker for feline toxoplasmosis. Animal Diseases 2.

[4] Black, M. W. and Boothroyd, J. C. (2000). Lytic Cycle of Toxoplasma gondii .
Microbiology and Molecular Biology Reviews 64 607-23.

[5] Pinto-Ferreira, F., Caldart, E. T., Pasquali, A. K. S., Mitsuka-Bregano, R., Freire, R. L.
and Navarro, [. T. (2019). Patterns of transmission and sources of infection in outbreaks
of human toxoplasmosis. Emerg Infect Dis 25 2177-82.

[6] Tong, W. H., Hlavacova, J., Abdulai-Saiku, S., Kankova, S., Flegr, J. and Vyas, A.
(2023). Presence of Toxoplasma gondii tissue cysts in human semen: Toxoplasmosis as
a potential sexually transmissible infection. Journal of Infection 86 60-5.

[7] Kankova, Hlavacova, J. and Flegr, J. (2020). Oral sex: A new, and possibly the most
dangerous, route of toxoplasmosis transmission. Med Hypotheses 141 109725.

850



Design of a Novel Electrochemical Immunosensor for Toxoplasma gondii Detection Based
on Gold Nanoparticle/Chitosan Decorated Screen Printed Electrode

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Paquet, C., Yudin, M. H., Allen, V. M., Bouchard, C., Boucher, M., Caddy, S., Castillo,

E., Money, D. M., Murphy, K. E., Ogilvie, G., van Schalkwyk, J. and Senikas, V. (2013).
Toxoplasmosis in Pregnancy: Prevention, Screening, and Treatment. Journal of
Obstetrics and Gynaecology Canada 35 78-9.

Gomez-Chavez, F., Murrieta-Coxca, J. M., Caballero-Ortega, H., Morales-Prieto, D. M.
and Markert, U. R. (2023). Host-pathogen interactions mediated by extracellular vesicles
in Toxoplasma gondii infection during pregnancy. J Reprod Immunol 158 103957.

Jiang, S., Hua, E., Liang, M., Liu, B. and Xie, G. (2013). A novel immunosensor for
detecting toxoplasma gondii-specific IgM based on goldmag nanoparticles and graphene
sheets. Colloids Surf B Biointerfaces 101 481-6.

Wesolowski, R., Pawlowska, M., Smoguta, M. and Szewczyk-Golec, K. (2023).
Advances and Challenges in Diagnostics of Toxoplasmosis in HIV-Infected Patients.
Pathogens 2023, Vol. 12, Page 11012 110.

Roche, A. D., Rowley, D., Brett, F. M. and Looby, S. (2018). Concentric and Eccentric
Target MRI Signs in a Case of HIV-Associated Cerebral Toxoplasmosis. Case Rep
Neurol Med 2018 1-3.

Ozcelik, S., Alim, M. and Ozpinar, N. (2020). Detection of Toxoplasma gondii infection
among diabetic patients in Turkey. Clin Epidemiol Glob Health 8 899-902.

Sevimligul, G., Polat, Z. A. and Gokce, S. F. (2023). Toxoplasma gondii and multiple
sclerosis: a population-based case-control seroprevalence study, Central Anatolia,
Turkey. Mult Scler Relat Disord 78 104871.

Molaei, S., Masoomeh Dadkhah and Fathi, F. (2023). Toxoplasmosis diagnostic
techniques: Current developed methods and biosensors. Talanta 252 123828.

Bulut, U., Sanli, S., Cevher, S. C., Cirpan, A., Donmez, S. and Timur, S. (2020). A
biosensor platform based on amine functionalized conjugated benzenediamine-
benzodithiophene polymer for testosterone analysis. J Appl Polym Sci 137.

Sanli, S., Moulahoum, H., Ghorbanizamani, F., Celik, E. G. and Timur, S. (2020).
Ultrasensitive covalently-linked Aptasensor for cocaine detection based on electrolytes-
induced repulsion/attraction of colloids. Biomed Microdevices 22.

Sharafeldin, M., McCaffrey, K. and Rusling, J. F. (2019). Influence of antibody
immobilization strategy on carbon electrode immunoarrays. Analyst 144 5108-16.

Sanli, S., Moulahoum, H., Ghorbanizamani, F., Gumus, Z. P. and Timur, S. (2020). On-
Site Testosterone Biosensing for Doping Detection: Electrochemical Immunosensing via

Functionalized Magnetic Nanoparticles and Screen-Printed Electrodes. ChemistrySelect
5 14911-6.

851



Design of a Novel Electrochemical Immunosensor for Toxoplasma gondii Detection Based
on Gold Nanoparticle/Chitosan Decorated Screen Printed Electrode

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Yilmaz Kabaca, A., Bilgi Kamag, M., Yilmaz, M. and Atici, T. (2023). Ultra-sensitive
electrochemical sensors for simultaneous determination of dopamine and serotonin

based on titanium oxide-gold nanoparticles-poly Nile blue (in deep eutectic solvent).
Electrochim Acta 467 143046.

Wu, S, Li, K., Dai, X., Zhang, Z., Ding, F. and Li, S. (2020). An ultrasensitive
electrochemical platform based on imprinted chitosan/gold nanoparticles/graphene
nanocomposite for sensing cadmium (II) ions. Microchemical Journal 155 104710.

Bonardd, S., Ramirez, O., Abarca, G., Leiva, A., Saldias, C. and Diaz, D. D. (2022).
Porous chitosan-based nanocomposites containing gold nanoparticles. Increasing the
catalytic performance through film porosity. /nt J Biol Macromol 217 864—77.

Sanli, S., Celik, E. G., Demir, B., Gumus, Z. P., Ilktac, R., Aksuner, N., Demirkol, D.
O. and Timur, S. (2018). Magnetic Nanofiber Layers as a Functional Surface for

Biomolecule Immobilization and One-Use ‘Sensing in-a-Drop’ Applications.
ChemistrySelect 3 13553-60.

Durmus, C., Balaban Hanoglu, S., Harmanci, D., Moulahoum, H., Tok, K.,
Ghorbanizamani, F., Sanli, S., Zihnioglu, F., Evran, S., Cicek, C., Sertoz, R., Arda, B.,
Goksel, T., Turhan, K. and Timur, S. (2022). Indiscriminate SARS-CoV-2 multivariant
detection using magnetic nanoparticle-based electrochemical immunosensing. Talanta
243.

Oh, J.-W., Chun, C. and Chandrasekaran, M. Preparation and In Vitro Characterization
of Chitosan Nanoparticles and Their Broad-Spectrum Antifungal Action Compared to
Antibacterial Activities against Phytopathogens of Tomato.

Rani, D., Nayak, B. and Srivastava, S. (2023). Smaller Sized Hepatitis E Virus ORF2
Protein-Chitosan Nanoemulsion Conjugate Elicits Improved Immune Response.
Biointerface Res Appl Chem 13.

Zhang, S., Lin, S., Zhu, L., Du, Z., Li, J., Wang, L. and Xu, W. (2022). Novel indicator
and stem-loop-primer assisted isothermal amplification for the visual semi-quantitative
detection of Toxoplasma gondii. Sens Actuators B Chem 372 132544.

Alves, L. M., Rodovalho, V. R., Castro, A. C. H., Freitas, M. A. R., Mota, C. M., Mineo,

T. W. P, Mineo, J. R., Madurro, J. M. and Brito-Madurro, A. G. (2017). Development
of direct assays for Toxoplasma gondii and its use in genomic DNA sample. J Pharm
Biomed Anal 145 838—44.

Gokce, G., Erdem, A., Ceylan, C. and Akgoéz, M. (2016). Voltammetric detection of
sequence-selective DNA hybridization related to Toxoplasma gondii in PCR amplicons.
Talanta 149 244-9.

852



Design of a Novel Electrochemical Immunosensor for Toxoplasma gondii Detection Based
on Gold Nanoparticle/Chitosan Decorated Screen Printed Electrode

[30] Safarpour, H., Pourhassan-Moghaddam, M., Spotin, A., Majdi, H., Barac, A., Yousef],
M. and Ahmadpour, E. (2021). A novel enhanced dot blot immunoassay using
colorimetric biosensor for detection of Toxoplasma gondii infection. Comp Immunol
Microbiol Infect Dis 79 101708.

[31] Takara, E. A., Pereira, S. V., Scala-Benuzzi, M. L., Fernandez-Baldo, M. A., Raba, J.
and Messina, G. A. (2019). Novel electrochemical sensing platform based on a
nanocomposite of PVA/PVP/RGO applied to IgG anti- Toxoplasma gondii antibodies
quantitation. Talanta 195 699-705.

853



