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tell the difference between latent, recurrent, and acute infec-
tions (Davis et al. 1983). This highlights the urgent need for 
new diagnostic tools that offer better accuracy and sensitiv-
ity (Ahmadpour et al. 2019; Yu et al. 2021).

Biosensor technology offers a solution to these diagnos-
tic challenges. These technologies are devices that combine 
biological components with transducers to quickly and 

Introduction

Parasitic diseases can cause global health problems, espe-
cially in developing countries. The growth of international 
travel has helped spread these infections to new regions 
(Ricciardi et al. 2015). Accurate diagnosis is essential for 
proper treatment; however, traditional methods often cannot 
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Abstract
Parasitic diseases are among the most widespread infections worldwide, causing millions of deaths and illnesses each 
year. So rapid and accurate diagnosis is essential, requiring highly sensitive and specific tests. Biosensors can provide 
significant advantages over traditional diagnostic methods because of their specificity, sensitivity, speed, simplicity, ease of 
use, repeatability, and capacity for early-stage disease detection. Recent advances in modern diagnostic tools for detecting 
parasitic infections use nanomaterials such as gold nanoparticles, carbon nanofibers, and carbon nanotubes. These devel-
opments have significantly lowered detection limits to the picogram and femtogram levels. This review will cover recent 
advancements in biosensor-based diagnostic techniques in parasitology.
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accurately detect specific analytes. Their technology allows 
for easier, faster, and more sensitive measurements in vari-
ous samples (Rateni et al. 2017). The concept of biosensors 
was first introduced by Clark and Lyon, who used enzyme-
containing membranes to detect glucose and urea through 
pH and oxygen electrodes (Clark Jr et al. 1962). These inno-
vative approaches can have more sensitivity, selectivity, 
reaction time, reproducibility, detection range, half-life, and 
stability than other diagnostic tools (Mehrvar et al. 2004).

A typical biosensor consists of three main components: 
the biological recognition element, the transducer, and the 
signal processor, which converts a biological response into 
an electrical signal. Leyland C. Clark introduced the main 
concepts of biosensors in 1969 (Abid et al. 2021). The bio-
sensor components include bio-receptors like monoclonal 
antibodies, enzymes, nucleic acids, glycans, lectins, tis-
sues, whole cells (Ejeian et al. 2018; Bhalinge et al. 2016), 
and microorganisms (Ejeian et al. 2018). The interactions 
among these components are transformed into measurable 
signals by a transducer, allowing pathogen detection (Abid 
et al. 2021). As shown in Fig. 1, novel sensing tools are cat-
egorized into five types based on their transducer mecha-
nisms: thermal, electrochemical, acoustic, mass, and optical 
(Thévenot et al. 2001).

The development of diagnostic systems is a leading 
field in next-generation medical innovations (Kawamura 

et al. 2016). Different types include enzyme-based, tissue-
based, immunosensors, DNA biosensors, and thermal and 
piezoelectric biosensors (Mehrotra et al. 2016). Enzymatic 
biosensors use immobilized oxidoreductases and other 
enzymes, focusing on substrates or inhibitors (Wang et al. 
2008; Akyilmaz et al. 2010). Immunosensors take advan-
tage of the high affinity of antibodies for specific antigens 
(Pohanka et al. 2018; Bahadır et al. 2016). DNA biosensors 
identify complementary sequences through hybridization 
(Teles et al. 2008; Kavita et al. 2017). Temperature-sensi-
tive biosensors typically immobilize biological elements 
on a transducer, and methods such as quartz crystal micro-
balance and surface acoustic wave are mass-sensitive and 
piezoelectric biosensors, measuring changes in oscillation 
caused by mass binding (Mehrotra et al. 2016; Ramanathan 
et al. 2001).

These devices detect specific compounds or pathogens in 
complex mixtures, including liquids like water and serum 
(Sin et al. 2014). These devices are more stable and sensitive 
than traditional methods and are rapidly expanding across 
various fields (Haleem et al. 2021). These technologies are 
particularly valuable in parasitology (Baryeh et al. 2017; 
Turner et al. 2013). They are expected to become common 
in biomedical laboratories and personalized medicine. For 
example, diagnosing Chagas disease could greatly benefit 
from these tools (Rocha-Gaso et al. 2017). This review will 

Fig. 1  A sample biosensor can be used to detect parasites
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cover recent advancements in biosensor-based diagnostic 
techniques in parasitology.

Methods

Search strategy

To assess the sensory methods for diagnosing parasitic 
infections, a systematic search was conducted across major 
English-language databases, including PubMed, Scopus, 
ProQuest, and Google Scholar. The search targeted publi-
cations related to parasite diagnosis using biosensors from 
January 2000 to June 2025. This review was limited to orig-
inal papers published in English and used keywords such as 
“biosensor” and “parasite” or “parasites” (Table 1).

Study selection

The inclusion criteria for this scoping review were as fol-
lows: (i) Studies that diagnosed parasitic infections using 
a diagnostic approach; (ii) Journal articles published with 
full text or abstracts in English were eligible for inclusion; 
(iii) No geographic limitations were imposed on the studies. 
Exclusions included conference papers, posters, and stud-
ies with ambiguous or unclear content. All studies extracted 
from the databases were independently reviewed. Figure 2 
illustrates the scoping review methodology.

Data extraction

Data were extracted from 136 selected articles. Each 
included paper was examined for relevant details, including 
the year of publication, sensor types used, materials, target 
parasites, frequency range, and detection limits. To evaluate 
the quality of the selected articles, two independent review-
ers evaluated both data extraction and quality assessment.

Results

In this review, 136 full texts were retrieved based on the 
selection criteria described above. Of these, 136 articles 
were identified: 110 focused on using biosensors for pro-
tozoan detection, while 26 focused on helminth detection 
(Tables 2 and 3).

These tools used for detecting protozoan parasites 
include immunosensors, DNA biosensors, electrochemical 
biosensors, SPR biosensors, phosphatidylinositol 3-phos-
phate biosensors, nanostructured biosensors, piezoelec-
tric-excited millimeter-sized cantilever (PEMC) sensors, 
optical biosensors, aptasensors, impedimetric sensors, lat-
eral flow biosensors, flexible chemoreceptive biosensors, 
protein-based biosensors, magnetoresistance sensors, lipid 
biosensors, inductive-based sensitive and reusable sensors, 
label-free interdigitated capacitive biosensors, and density-
based biosensors.

On the other hand, the 26 articles related to helminthol-
ogy discussed various biosensors, including GloSensor 

Table 1  The table identifies the search keywords for each database, along with the corresponding number of articles
Database & 
Search engine

Search terms Search 
results 
11/06/2025

PubMed biosensor OR “biosensing” OR “electrochemical biosensor” OR immunosensor OR genosensor OR aptasen-
sor OR “DNA biosensor” nanoparticle biosensor” OR “carbon nanotube biosensor” OR “gold nanoparticle 
biosensor” AND"parasitic infection” OR parasite OR protozoa OR helminth OR malaria OR PlasmodiumOR 
schistosomiasis OR leishmaniasis AND sensitivity OR specificity diagnosis OR detection OR “early detec-
tion” OR “rapid detection”

1,007

ProQuest biosensor OR “biosensing” OR “electrochemical biosensor” OR immunosensor OR genosensor OR aptasen-
sor OR “DNA biosensor” nanoparticle biosensor” OR “carbon nanotube biosensor” OR “gold nanoparticle 
biosensor“AND”parasitic infection” OR parasite OR protozoa OR helminth OR malaria OR PlasmodiumOR 
schistosomiasis OR leishmaniasis AND sensitivity OR specificity diagnosis OR detection OR “early detec-
tion” OR “rapid detection”

450

Scopus biosensor OR “biosensing” OR “electrochemical biosensor” OR immunosensor OR genosensor OR aptasen-
sor OR “DNA biosensor” nanoparticle biosensor” OR “carbon nanotube biosensor” OR “gold nanoparticle 
biosensor“AND”parasitic infection” OR parasite OR protozoa OR helminth OR malaria OR PlasmodiumOR 
schistosomiasis OR leishmaniasis AND sensitivity OR specificity diagnosis OR detection OR “early detec-
tion” OR “rapid detection”

429

Google Scholar biosensor OR “biosensing” OR “electrochemical biosensor” OR immunosensor OR genosensor OR aptasen-
sor OR “DNA biosensor” nanoparticle biosensor” OR “carbon nanotube biosensor” OR “gold nanoparticle 
biosensor“AND”parasitic infection” OR parasite OR protozoa OR helminth OR malaria OR PlasmodiumOR 
schistosomiasis OR leishmaniasis AND sensitivity OR specificity diagnosis OR detection OR “early detec-
tion” OR “rapid detection”

2,421

Total after 
deduplication

2,542
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species among helminths are identified as the most impor-
tant parasites studied for diagnostic approaches.

In biosensor design, different materials are used based 
on their specific functions. These include antigens, anti-
bodies, nanoparticles, DNA ligands, magnetic beads, 
various proteins, and peptides. The targets a biosensor 
can detect vary depending on the biosensor type. Each 
biological tool has been employed not only for diagnosis 
but also to support other diagnostic methods, and in some 
cases, to replace serological and molecular techniques. 
These innovative approaches are highly valued for their 
high specificity and sensitivity, excellent selectivity, fast 
response times, simplicity, ease of use, and consistency. 
They can detect very low levels of substances, enable 
early diagnosis, and help prevent the incorrect use of toxic 
drugs. Additionally, they offer easy access without requir-
ing expensive diagnostic equipment.

(cyclic adenosine monophosphate bioluminescent sensors), 
protease-based biosensors, amperometric immunosensors, 
in vitro biosensor systems, piezoelectric immunosensors, 
electrochemical biosensors, DNA biosensors, genosensors, 
label-free nanostructured biosensors, cAMP biosensors, 
nucleic acid-based biosensors, point-of-care biosensors, 
porous silicon resonant microcavity biosensors, Dot-Lab 
biosensors, and optical biosensors, as well as nanoparticle 
biosensors.

Among the listed biosensors, immunosensors are the 
most commonly used in parasitology, with 49 articles 
focusing on protozoa and 14 on helminths. These sensors 
are especially valuable because of their rapid response times 
(results within two hours), accuracy, stability, low interfer-
ence, minimal detection limits, and the lack of need for 
markers, making them suitable for monitoring in endemic 
areas. Leishmania species among protozoa and Schistosoma 

Fig. 2  Flowchart describing the 
study design process
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The wide range of biosensors available for detecting 
parasites (Fig. 3), along with their notable advantages, may 
increase interest in exploring biological tools for detecting 
other parasites.

Reporting quality and risk of bias

The studies examined in this review show varying reporting 
quality, which was shown in Fig. 4. The reviewed studies 
provided full or partial descriptions of exposure frequency 
along with exposure duration and biosensor types.

Discussion

An efficient diagnosis method is vital for preventing and 
treating parasitic diseases (Sin et al. 2014). Biological tools 
are analytical devices that translate the molecular recog-
nition of target analytes into measurable signals, making 
them an easy-to-use, affordable, and sensitive technology 
for quickly identifying parasites and predicting effective 
treatments (Safarpour et al. 2021b). They require small fluid 
volumes, consume low energy, have short assay times, and 
offer high throughput and multiplexing capabilities. Various 
biosensors have been developed to identify helminth and 
protozoan parasites, which provide notable advantages over 

traditional methods (Ramos-Jesus et al. 2011), as outlined in 
the tables provided.

Immunosensors are biosensors used to detect parasites, 
made up of an antigen (Ag) or antibody (Ab) connected to a 
signal transducer. They are simple, portable, and offer high 
specificity along with rapid detection of Ag or Ab. Electro-
chemical immunosensors provide greater sensitivity than 
methods like ELISA, enabling earlier diagnoses and faster 
treatment while reducing the use of toxic drugs (Cabral-
Miranda et al. 2014; Sharma et al. 2010; Esteves et al. 2017). 
They serve as reliable monitoring tools in endemic areas for 
disease screening and can also support in vitro drug sensi-
tivity testing (de Souza Castilho et al. 2011).

Various types of immunosensors include electrochemi-
cal, amperometric, piezoelectric, SPR, label-free plasmonic, 
novel peptide-based, electrochemical sandwich enzyme-
linked, enzyme-free dual electrochemical, novel screen-
printed, and impedance immunosensors. Different materials 
such as nanoparticles, latex particles, quartz crystals, pro-
teins, and magnetic particles have been used in their design. 
These immunosensors have proven effective in detecting 
parasites like Leishmania spp., Trypanosoma spp., Plasmo-
dium spp., Toxoplasma gondii, Cryptosporidium parvum, 
and Schistosoma spp.

Malaria is one of the severe parasitic diseases. Early 
detection can prevent serious outcomes. According to Table 

Fig. 3  Wide variety of biosensors for detecting parasites
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Fig. 4   The evaluation method 
involved rating 136 articles based 
on their reporting quality and 
potential for bias. Each article 
was reviewed for the presence 
of essential study details and 
marked as "Yes,""Partly," or 
"No." The researchers catego-
rized the risk of bias in each 
article as "Low," "Moderate," or 
"High." If the risk of bias was not 
stated or addressed, the article 
was labeled as “Risk unknown” 
and assigned a corresponding 
score. The overall score repre-
sented the average percentage of 
all 136 articles

 

2, sensitive biosensors for detecting Plasmodium falci-
parum include various types, with immuno, geno, and apta-
sensors being the most effective. Their sensitivity depends 
on advanced nanocomposites and biosensor strategies, such 
as carbon nanofibers and magnetic nanoparticles (Gikunoo 
et al. 2014; Markwalter et al. 2016; Figueroa-Miranda et al. 
2018; Potipitak et al. 2011). Schistosomiasis is a life-threat-
ening helminth infection. The most sensitive diagnostic 
methods involve immuno/gemosensors, which use different 
nanoparticles and anisotropic-shaped gold nanoparticles, 
polyaniline-gold nanoparticles, nanocarbon, nanospheres, 
and magnetic nanoparticles (Delshadi-Jahromi et al. 2018; 
Garcia et al. 2015; Shohayeb et al. 2016; Xu et al. 2010a; 
Zhong et al. 2004).

Among various types of biosensors used to detect par-
asites, Genosensors, a DNA-based biosensor, play a vital 
role in identifying pathogens like Leishmania spp., Plasmo-
dium spp., Cryptosporidium parvum, Schistosoma spp., and 

Trichinella spp. They can target different life stages, includ-
ing larvae and adult worms. The most common types of 
DNA biosensors are optical, electrochemical, and piezoelec-
tric biosensors. The DNA biosensors exclusively detected 
P. falciparum without cross-reacting with P. vivax. This 
innovative technology is more sensitive, faster, less costly, 
and easier to operate than standard real-time PCR. It offers 
good specificity and sensitivity for parasite identification 
and niclosamide damage to DNA in clinical samples (Ittarat 
et al. 2013). The ZnO nanostructure-based electrochemical 
biosensor effectively differentiates between complementary, 
non-complementary, and partially complementary DNA 
sequences for Trichinella britovi primers (Gerbreders et al. 
2019). High sensitivity, excellent specificity, and simplicity 
suggest promising future applications for this method.

Genosensors are a type of biosensor used in parasitology 
for detecting Leishmania spp. and Trichomonas vaginalis. 
They come in various forms, including electrochemical, 
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optical, and label-free impedimetric genosensors. Their main 
goal is to identify DNA segments that enable the immobi-
lization of biomolecules. Additionally, they are inexpensive 
and easy to operate, making them suitable for both human 
and veterinary medicine, especially in resource-limited set-
tings (Delshadi-Jahromi et al. 2018; Nazari-Vanani et al. 
2018; Frias et al. 2017; Andreadou et al. 2016). An elec-
trochemical immunosensor can detect very low levels of 
Cryptosporidium parvum. Various types of electrochemical 
biosensors can be used to detect different parasites.

Aptamers are short nucleotide sequences that act as vital 
biosensors in parasitology (Nagarkatti et al. 2012). They are 
used in various types of biosensors, including Carbon nano-
tube aptasensors, Aptamer-based concentration methods, 
Colorimetric aptasensors (GNPs-based DIRK aptasensor), 
Aptamer-based detection, DNA aptamers, Aptamer-teth-
ered enzyme capture biosensors, Electrochemical aptasen-
sors, and BioFET sensors. These modern diagnostic tools 
have been employed to detect protozoa such as Leishmania 
infantum, Plasmodium spp., Cryptosporidium parvum, and 
Trypanosoma cruzi, as listed in the provided tables. With 
low detection limits, these biological tools can specifically 
bind to their targets, which may be a whole cell, a protein, 
or a small molecule (Ramos et al. 2010).

Cytosensors are popular cell-based biosensors known for 
their ease of use, portability, and small size, which enable 
non-invasive cell detection. They offer quick and cost-effec-
tive way to detect Helminths and Protozoan parasites using 
simple equipment. The main biosensors in this category are 
potentiometric and amperometric types, which use cell sur-
face or membrane markers. Aptamers and antibodies act as 
capture agents for analyzing target cells.

Critical evaluation and challenges  A wide range of biosen-
sors has underlined the excellent sensitivity and specificity 
properties to recognize parasitic infections (Rather et al. 
2024). Nevertheless, several critical challenges hamper the 
transition of these instruments into daily clinical and field 
applications (Hemdan et al. 2024). Firstly, the reproducibil-
ity aspect still holds the main position among challenges in 
performance because of assay conditions, types of samples, 
and methods of fabrication (Lavín et al. 2018). In fact, direct 
comparisons between different works are restricted (Wu et 
al. 2018). Secondly, there is a need to address the limited 
application of these techniques in real-world scenarios 
involving human samples. Most biological tools are tested 
under stable laboratory conditions, but they often struggle to 
maintain their effectiveness in complex biological or envi-
ronmental samples. Matrix effects and the number of false 
positives have a significant impact on diagnostic accuracy 
(Goumas et al. 2025). Third, setting as well as cost barriers 
seem to be the issues that are the least considered (Migliozzi 

et al. 2018). The process of taking these devices to the mar-
ket is associated with the strict observance of regulatory 
standards for diagnostic tools, something most prototypes 
are not yet able to achieve (Green Jr et al. 2022). Further-
more, manufacturing has been a costly and challenging 
process, particularly in low-resource settings where para-
sitic diseases are prevalent (Ogwu et al. 2025; Thwala et al. 
2023). The deployment of on-premise care platforms and 
healthcare infrastructure is still under discussion. Although 
advancements in size, multiplexing, and phone-based read-
outs are promising, testing in real-life situations in affected 
regions is necessary to ensure accessibility, affordability, 
and user-friendliness (Beduk et al. 2022; Parihar et al. 2025; 
Sasidhar et al. 2025).

To effectively address these challenges, we need a multidis-
ciplinary approach that includes the standardization of pro-
tocols, reliable clinical validation, and collaboration among 
engineers, clinicians, and policymakers. This approach will 
ensure that biosensor technologies progress beyond the 
proof-of-concept stage and can be utilized practically on a 
large scale (Marx et al. 2025).

Conclusions

This scoping review highlights significant advancements 
in biosensor-based diagnostic tools for parasitic infections. 
Key biosensor types—immunosensors, genosensors, and 
aptasensors—show great promise in diagnosing parasitic 
protozoa and detecting helminthic diseases. The integration 
of nanomaterials with advanced electrochemical biosen-
sors has pushed detection limits to femtogram levels. How-
ever, critical challenges remain. Many tools are still in the 
concept phase and have only been validated in controlled 
laboratory settings, with a few tested in real-world condi-
tions. To enable routine use, issues such as reproducibility, 
false positives, and regulatory approvals must be addressed. 
Additionally, ensuring cost-effectiveness and scalability is 
crucial for deployment in low-resource areas where these 
diagnostics are urgently needed. Overcoming these chal-
lenges will be essential to fully realize the potential of bio-
sensor technology.

Future research should focus on standardizing and vali-
dating diagnostic platforms for various sample types and 
environmental conditions. Emphasis should be placed on 
point-of-care integration, including miniaturization and 
smartphone-based readouts for use in remote areas. Mul-
tiplexing technology allows for the simultaneous detection 
of multiple pathogens, while pathways for approval and 
safety measures can help reduce production costs. Biologi-
cal tools that achieve these objectives could revolutionize 
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global health by providing quick, affordable, and accurate 
diagnostics for parasitic diseases, aiding in their prevention 
and eradication.
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