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Abstract

Infectious and non-infectious diseases pose a tremendous challenge to global public health. Existing technologies for detecting 
infectious and non-infectious diseases are mostly tedious, expensive, and do not meet the World Health Organization’s 
(WHO) ASSURED (affordable, sensitive, specific, user-friendly, rapid and robust, equipment-free, and deliverable to end user) 
criteria. Early diagnosis of diseases can lead to effective control and early intervention of the patient's condition. Conventional 
approach for diseases diagnosis are including culture and microscopy, immunology (ELISA, fluorescent immunoassays, 
magnetic immunoassays, RIA, lateral flow immunoassays) and PCR have drawbacks like these are expensive, inaccurate, and 
require skilled technicians and time consuming process, especially for the earlier and rapid detection of infectious diseases. 
Over the past few decades, quantum dot have attracted widespread attention due to its immense potential in the area of 
diagnostic medicine for early detection of disease without relying on visible symptoms. This is largely due to their unique 
optical properties such as high brightness, narrow emission band, and resistance to photo bleaching, multiplexing capacity, 
and high surface-to-volume ratio and this will make them excellent candidates for intracellular tracking, diagnostics, in vivo 
imaging, and therapeutic delivery. In this mini review, we examine recent advances in the diagnosis of infectious and non-
infectious diseases, which has based on quantum dot nanomaterial. The current state-of-the-art and most promising quantum 
dot based technologies, including, QD based Lateral Flow Immunoassay, Quantum dot-based paper strip devices, QD based 
biomarkers, QD based biosensor devices etc. Quantum dot based techniques, devices are promising accessories in modern 
biomedical applications, and these techniques will go to become the future of next-generation diagnostics.

Keywords: Quantum Dot; Diagnosis; Biomarker; Devices; Conventional Approach

Abbreviations: WHO: World Health Organization; POCT: 
Point of-care Test; QD: Quantum Dot; LSPR: Localized surface 
Plasmon Resonance; SARS-CoV: Severe Acute Respiratory 
Syndrome Coronavirus; NIR: Near Infrared; MERS- CoV: 
Middle East Respiratory Syndrome Coronavirus; SARS-
CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2; 
NA: Anti-neuraminidase; HA: Anti-hemagglutinin; anti-HA 
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Introduction

Diagnosis is preliminary towards improving the 
effectiveness of treatments for infectious and non-infectious 
diseases. There are different prospects of diagnosis: first 
is to confirm which disease the patient is suffering and the 
second is to investigate the susceptibility of a person for 
various diseases depending on the different age groups 
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[1]. Existing technologies for detecting infectious and non-
infectious diseases are mostly laborious, mostly expensive, 
and do not meet the World Health Organization’s (WHO) 
ASSURED (affordable, sensitive, specific, user- friendly, rapid 
and robust, equipment-free, and deliverable to end user) 
criteria [2]. Early diagnosis of threatening diseases can lead 
to effective control of disease spread and early intervention 
of the patient’s condition. Globally, about 1 in 6 deaths are 
due to detection of cancer in its late-stages and inaccessible 
diagnosis of cancer and other disease. Infectious diseases 
(viral, bacterial, fungal, and parasitic infections) with their 
infectious etiology cause around 4 million deaths each year 
around world. Though the non-infectious diseases (cancer, 
metabolic, neurological, and neonatal disorders) are not 
transmissible and contagious, they have emerged as a 
principal cause of illness and death globally, contributing to 
71% of all deaths [1].

Infectious diseases are transmissible and communicable 
but proper precautions and sanitation can accessibly prevent 
their transmission and prevent people acquiring infections 
while non-infectious diseases has provoke by unhealthy 
lifestyle as well as maturing including genetic, physiological, 
environmental, and behavioral factors [3]. However, whether 
the disease is infectious or not, the treatment and healing 
entirely depend on its early and effective diagnosis. The 
conventional techniques like Microscopic techniques, 
immunosorbent methods ELISA, RIA, immunofluorescence 
and PCR though proved to be clinically significant, tend 
to display certain limitations such as lower sensitivity, 
low specificity, cumbersome nature, and high cost, time 
consuming process, imprecise results, especially for the 
earlier and rapid detection of infectious diseases and non-
infectious disease [1].

To overcome these limitations there is a need of new 
diagnostic techniques. Over the past few decades, quantum 
dot have attracted worldwide attention in different scientific 
disciplines biomedical, physical, chemical. This is largely due 
to their unique optical properties such as high brightness, 
narrow emission band, large Stokes shift, and high resistance 
to photo bleaching, multiplexing capacity, high chemical 
stability, a wide excitation wavelength range and high 
surface-to-volume ratio and these properties will make them 
excellent successor for intracellular tracking, diagnostics, in 
vivo imaging, and therapeutic delivery [4]. A Quantum dot 
is an important semiconductor nanocrystal line material, 
which is mostly quasi-spherical in shape, with a diameter 
between 2 and 10 nm. Typically, there is different types of 
QDs composed of materials such as Group IV elements, 
Group II−VI elements (such as CdSe, CdTe, ZnS and ZnSe) 
and Group III−VI elements (such as InP and InAs) [5] and 
have enormous potential in the area of diagnostics for it can 

enable early detection of disease without relying on visible 
symptom [6].

Undoubtedly, QDs have become a powerful tool for bio 
tracking and bio detection for different infectious and non-
infectious diseases. However, visible-light-emitting QDs 
are difficult to use for in-vivo imaging due to the strong 
absorption and scattering of visible light by tissues and it 
further increases the sensitivity to several magnitudes, and 
provides a high specific surface and hence provides high 
immobilization [7]. Thus, currently near infrared (NIR) QDs 
that can overcome these problems of unmodified QD, as well 
as auto fluorescence from biological components of cells, 
become auspicious in this field. Ag2X (X=S, Se and Te) QDs 
free of toxic metals are ideal options for the diagnosis [7] 
(Figure 1).

Figure 1: Quantum dot physical and biochemical 
properties.

In this review, we focus on the recent inclination 
towards the quantum dot based techniques for infectious 
and non-infectious diseases, especially for the point of-care 
test (POCT). Nano diagnostics that have the most potential 
to fight against threatening diseases. We briefly introduce 
the diagnosis of infectious disease caused by Influenza 
viruses with Fluorescent semiconductor quantum dot (QD) 
nanocrystals based on localized surface Plasmon resonance 
(LSPR)- induced immunofluorescence Nano biosensor and 
other techniques used for the diagnosis of different type of 
infectious and non-infectious diseases. Moreover, discusses 
about the recent approaches and the development of novel 
and new approaches to diagnose and treat infectious diseases 
in the future (Table 1).
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S.NO. Detection Method Limit of Detection Diagnostic Targets/
Diseases Additional Features References

1
Quantum Dot-

Based Lateral Flow 
Immunoassay

2 ng/mL, 0.016 HAU, 
lowest dilution of 12.5 
pg/µL, 0.001 IU/mL, 1 

pg/mL

Syphilis, influenza A 
virus tuberculosis, 

tetanus, and COVID-19

Based on antigen– 
antibody interaction [8]

2
Quantum dot-based 

immunochromatographic 
test strip

Concentration of 
labelled total bacterial 

protein was 3.9 
mg/ml, the coating 

concentration was 2.0 
mg/ ml

Brucellosis Based on antigen– 
antibody interaction [9]

3 Quantum dot barcodes 
with microfluidics

10-10-10-12 M (Pico 
molar)

(hepatitis B virus, 
HBV; Hepatitis C virus, 

HCV, and Human 
immunodeficiency 

virus, HIV)

Pathogen biomarkers 
were Hepatitis B surface 

antigen (HBsAg), HCV 
non- structural protein 

4 (NSP4), 
 

and HIV glycoprotein 41 
 

(gp41).

[10]

4
Quantum dot based Cell 

phone polarized light 
microscopy platform

Wide concentration 
range, from 103 to 
107 pfu/mL, ∼12 
cysts per 10 mL

Virus, Giardia lamblia 
and other infectious 
and non- infectious 

diseases

Based on bio imaging [11]

5 Quantum Dot Bio probe
3ng/ mL for dot assay 

and 0.5 ng/ mL for 
FRET assay

Staphylococcus aureus TNase based detection 
of Staphylocoaureus [12]

6 Quantum-dots-based 
fluoroimmunoassay 1.5 × 10−4 μg mL−1 Avian influenza virus 

(AIV) subtype
Based on antigen– 

antibody interaction [13]

7
Quantum dot based 

Electrochemiluminescen 
ce immunoassay “ECLIA”

0.6 (U/mL) Cancer Based on biomarkers [14]

8 Detection by QD based 
biomarkers

1.68 × 10−22 
μg mL−1, 0.082 

picomolesper liter 
1.341 picomolesper 

liter

Viral infections :- 
Coronavirus Disease— 

2019, Hepatitis B 
virus, Hepatitis C 

virus,

Based on biomarkers [15]

9 Quantum dots based 
fluorescent biosensor 0.09 pg. mL−1 Small cell lung cancer Based on biomarkers [16]

10 Quantum dot-based 
paper strip

By naked eyes was 
500 cfu mL−1 E. coli O157:H7

Visualized by 
fluorescent quenched 

band
[17]

Table 1: Overview of detection methods based on quantum dot for infectious and non- infectious disease.

Infectious Diseases

Infectious diseases are mainly caused by pathogenic 
microorganisms including viruses such as human 
immunodeficiency viruses (such as hepatitis B virus, 

and hepatitis C virus, influenza), fungi, bacteria (such as 
tuberculosis and cholera), and parasites (such as malaria, 
leishmaniasis, and trypanosomiasis) that have an intense 
impact on humankind and animals because of their unique 
characteristics and specific pathologies [18]. In the 21st 
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century, there have been successive epidemic outbreaks and 
pandemics of viruses including severe acute respiratory 
syndrome coronavirus (SARS-CoV), Middle East respiratory 
syndrome coronavirus (MERS- CoV), Ebola virus, and severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (the 
most recent) [1–3], all of the outbreaks give rise to a great 
challenge to global public health and economy worldwide 
[19].

More importantly, the frequent and widespread 
infectious diseases have caused progressive increase of 
morbidity and mortality rates in the developing nations 
with limited and slow diagnostic approaches towards these 
communicable diseases. Thus, there is an urgent need to 
develop new and novel diagnostic approaches to detect 
infectious diseases to stop the spread, secure public health, 
and promote rapid and best treatments. Nanotechnology 
has advanced the development of many fields because of the 
unique properties those are favourable for microorganism 
detection [18]. Evidently, the present modern-day biosensor 
mechanisms have great benefits, which offer extra precision, 
sensitivity, speed, specificity, and having ability to recognize 
a very low concentration of target biomolecules. One of the 

major infectious diseases has been cause globally by influenza 
virus and now days the diagnosis and treatment of this virus 
has become a big concern to the biomedical community. So 
furthermore, we briefly discuss about the Influenza virus and 
its diagnosis, which has based on quantum dot biosensor.

Influenza viruses have classified into three genera types, 
namely influenza virus A, B and C. Over them, influenza virus 
A is the most frequently disease-causing virus because it 
carries the infectious human pathogen and highly diversified 
and easily mutated within its genetic material [20]. Traditional 
diagnostic systems used for the influenza virus have certain 
limitations that have inspired the continuous development of 
efficient techniques. Fluorescent semiconductor quantum dot 
(QD) nanocrystals are been extensively used as fluorescence 
reporters in various biosensor designs. Therefore, by using 
fluorescent semiconductor, quantum dot (QD) nanocrystals 
an rapid ultrasensitive, and specific localized surface 
Plasmon resonance (LSPR)-induced immunofluorescence 
Nano biosensor has been developed for the influenza virus 
which basically based on a gold nanoparticle (AuNP)-induced 
quantum dot (QD) fluorescence signal (Figure 2).

(a)

( b)
Figure 2: a) Influenza virus, quantum dot, AuNPs b) Mechanism of fluorescent semiconductor quantum dot (QD) nanocrystals 
an ultrasensitive, rapid and specific localized surface Plasmon resonance (LSPR)-induced immunofluorescence Nano biosensor.
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The concept of the biosensor involves the conjugation of 
anti-neuraminidase (NA) antibody (anti-NA Ab) to thiolate 
AuNPs and the conjugation of anti-hemagglutinin (HA) 
antibody (anti-HA Ab) to alloyed quaternary L-cysteine-
capped CdSeTeS QDs. Interaction of the antigens displaying 
on the surface of the influenza virus target with anti-NA Ab-
conjugated AuNPs and anti-HA Ab-conjugated QDs induces 
an LSPR signal from adjacent AuNPs to trigger fluorescence-
enhancement changes in the QDs in proportion to the 
concentration of the target virus. Detection of the influenza 
virus (H1N1) has carried out in DI water and in human 
serum. The detection limit for influenza H1N1 virus was 
0.03 pg/mL in deionized water and pg/mL in human serum; 
while, for the clinically isolated H3N2, the detection limit was 
10 PFU/mL [21].

Non-infectious Diseases

A disease that is not transmissible has regarded as non-

infectious diseases. Generally includes heart and stroke 
disorders, chronic respiratory obstruction conditions cancer, 
diabetes, etc. These diseases influence people of all regions 
geographically and all nations have linked to older age groups. 
Recent reports state that around 15 million non-infectious 
diseases caused deaths has recorded between 30 and 69 
years of age and more than 85 percent of such deaths cases 
has reported in low- and medium economy holding countries. 
These deaths have been controlled through an effective, 
instant, inexpensive, and accurate diagnostic process. These 
requirements can be encounter with the advancement in the 
field of Nano biosensors, constructed for detection of specific 
biomarkers for the disease type, which supports further 
precise treatment of the patients. Therefore in the sections 
below applications of Nano biosensors has briefly discussed 
in some of the most depleting non-infectious diseases like 
cancer, metabolic disorders, and neurological disorders in 
(Table 2) [1].

S. 
No. Techniques Disease 

Types Nanoparticles Biomarkers Limit of 
detection References

1 Electrochemical Gastric 
cancer

AuNP and CdSe quantum 
dots- contained magnetic 

nanocomposites 
polythiophene/reduced 

graphene oxide- modified 
carbon electrodes

miR-106a 
and let-7a

0.02 fM for let-7a 
and 0.06 fM for 

miR-106a
[22]

2 Electrochemical Diabetes
Carbon quantum dots (CQDs)/

AuNPs and glucose oxidase 
(GOx) enzyme

Glucose 17 μM [23]

3
Fluorescence 

and 
electrochemical

Alzheimer’s 
disease

Curcumin– graphene quantum 
dot platform coated on the 

transparent
APOe4 0.48pgmL−1 [24]

4 Fluorescence Alzheimer’s 
disease

Sheet-like structures of GQDs 
(graphene quantum dots) Amyloid-β

Dependent on 
the fluorescence 

intensity
[25]

Table 2: Quantum dots based techniques for detection of non-infectious disease.

Current Scenario and Future Prospectus

For several infectious and non-infectious diseases, the 
current diagnostic technologies are inadequate. Most of them 
depend on the presence of symptoms or pathogen-specific 
antibodies for the diagnosis but these had been utilized 
until the pathogen has replicated to a detectable titer [26]. 
Quantum dots (QDs) present a versatile tool to enable more 
accurate diagnostics and fluoroimmunoassays, multiplexed 
imaging, dual imaging and therapeutic platforms, real-time 
in vivo and cellular process imaging, and tracking of single 
cells and biological molecules.

With the widely increased attention towards inorganic 
particles as if nanoparticle includes quantum dot over 
the last decade, the design and development of QDs has 
advanced significantly. Recent advances in synthesis and 
bio conjugation strategies have rapidly progressed the 
ability to ensure accurate control over QD size, quantum 
yield, and surface properties, florescence properties. The 
developed strategies after modification are versatile and 
flexible; enabling QDs has been used in more complex 
hybrid nanomaterials for new and advanced technologies. 
Additionally, QDs has been readily used as replacement for 
other toxic material and are significantly more significant 
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than traditional fluorophores, outperforming in nearly 
every aspect of biomedical fields [4]. Generally, QDs have 
become a powerful tool for hazardous and transmissible 
diseases. However, visible-light-emitting QDs are difficult 
to use for in-vivo imaging due to the strong absorption and 
scattering of visible light by tissues. Thus, near infrared QDs 
that can overcome these problems of unmodified quantum 
dot approaches, as well as auto fluorescence from biological 
components, become promising in this field [7].

In spite of these advances, several notable limitations 
and regulatory issues need to be dispatch before the 
application of QDs. So there is a crucial need to develop a 
detailed understanding of the relationship between then 
QD physicochemical properties and their and diagnostics 
behaviour. The ultimate clinical advances of QDs will depend 
on the ability of future research overcome these limitations 
of conventional approaches and quantum dot novel 
modifications. Ultimately, we believe that researchers will be 
able to address these challenges and continue to push QDs 
forward towards their clinical potential [4]. Furthermore, 
in future the diagnostic devices based on nanotechnology, 
which can make thousands of measurements very fast and 
very inexpensively, will become accessible. Future drift 
in diagnostics will continue in miniaturization of biochip 
quantum dot based technology to the nanoscale range.

Conclusion

This review presented current limitations of conventional 
treatments and diagnostic approaches as well as current 
leading facilitated by quantum dot based techniques address 
these limitations and solve these problems of traditional 
approaches for diagnosis. Modern quantum dot -based 
techniques are more reliable and fast than conventional 
techniques. The emerging field of nanotechnology accelerates 
new approaches and developments of quantum dot based and 
related devices, especially through further miniaturization of 
different molecules and integration into lab-on-chip systems 
for to diagnosis of infectious and non-infectious diseases 
due to presence of their significant properties. Furthermore, 
nanotechnology based therapeutics, vaccines, and 
diagnostics may foster easy, inexpensive, safe, and portable 
use of end products, which will help control the spread of 
infectious diseases, especially in developing countries, and 
improve public health. The premier clinical applications 
of currently available nanotechnology are in the areas of 
biomarker discovery, cancer diagnosis, and detection of 
infectious disease causing microorganisms. Quantum dot 
promises to play an important role in the future development 
of diagnostic methods with several integration to different 
approaches in this field.
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