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ABSTRACT 
A t pr esent, the pr evalence of infectious diseases is rising annually, making it an important risk 
factor for human health that should not be neglected. Consequently, infection control and 
pr ev ention hav e become ev en mor e important. The key t o det ermining and desig ning the most 
effective anti-inf ectious medication depends upon the immediate and accurate iden tifica tion of 
the causa tive agen t. The standard techniques used for routine infection screening and surveillance 
tests are shifting toward biosensors. Furthermore, biosensors are project ed t o be employed for 
microbiolog ical det ection t o satisfy the higher ac curacy r equir ed for clinical diagnosis. This is because 
of their compact size, real-time monitoring and ability to analyze large sample numbers with less 
sophistication and manpower requirement, which have allowed them to develop quickly with 
extensive uses. Biosensors have multiple applications in f ood saf ety, en vir onmental surv eillance, 
drug sensing and national security because they offer several adv an tages such as quick response, 
outstanding sensitivit y, remarkable selectivit y, high degree of accuracy and precision, ease of 
use and affordable price. This review highlights the performance aspects of recently developed 
biosensors for the detection of infec tious bac teria and viruses in biological and environmental 
samples and emphasizes the sig nificanc e of nanot echnology in sig nal amplification for enhanced 
biosensor performance and dependability. 

PL AIN L ANGUAGE SUMMARY 
Biosensors are special tools used to identify bacteria and viruses in environmental and clinical 
samples. They work quickly and are simple to operate, so can be used at home or in small clinics. One 
of the best things about biosensors is that they ar e v ery sensitiv e, which means they can find even 
small numbers of infectious bacteria or viruses before disease symptoms appear. Early iden tifica tion 
of such infectious agents can stop the spread of the illness. Biosensors are becoming compact, 
less costly and simpler to use. This makes them a useful tool for communities that do not have 
straigh tforw ard ac c ess t o healthcare. In short, biosensors ar e v ery useful because they allow people 
to find infections rapidly so that treatment can be started sooner. 
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he increased demand brought on by population
xpansion and industrial development has made w a ter
hortages a significant problem during the past few
ecades [ 1 ]. Due to the scarcity of freshw a ter bodies,
eople all around the world are forced to rely on
lterna tive w a ter sources generated by applying various
 a ter purifica tion techniques such as desalination,

ndustrial w a ter trea tmen t, etc. to fulfill the need for
reshw a ter for consumption as well as other applications.
ow ev er, it poses a risk of w a ter-media ted transmission
f infectious agents [ 2 ]. Apart from the increase in
opulation, factors such as habitat invasion, overseas

rav el and commer cialization ar e also other factors
esulting in the transmission of novel infections that may
resent a risk to overall population health [ 3 ]. Along
ith microorganisms and other organic matter, heavy
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metals and synthetic chemicals have increased in the
environment as major pollutants [ 4 ]. 

The increase in pollution nec essitat es ongoing
r esear ch and development in the field of detection
and iden tifica tion of pa thogens fr om envir onmental
and clinical samples [ 5 ]. There are multiple types of
pathogenic microbes found in environmental and
clinical samples; how ev er, bacteria pr edominate in
mass and diversity [ 6 ]. Some of the potential pathogenic
bacteria include species of Pseudomonas, Mycobacterium,
Escherichia, Corynebacterium, Salmonella, Vibrio, Yersinia,
Legionella, Klebsiella, Bacillus, Clostridium, Listeria,
Entero co ccus, Heliobac ter, Campylobac ter, Neoehrlichia,
Alloscardovia, Waddlia, Parachlamydia, Actinobaculum,
Simkania, Aero co ccus and Bartonella [ 7 ]. They have led
to the development of severe clinical manifestations
such as diphther ia, diar r hea, meningitis, pneumonia,
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iver abscess, typhoid fever, cholera, gastrointestinal
yndromes, urinary trac t infec tions, nosocomial
nfections, anthrax, botulism, bacteremia, listeriosis,
eptospir osis, infectiv e endocar ditis, neoehrlichiosis and

iscar r iages. They are also sometimes associated with
nchocerciasis and lymphatic filariasis [ 8 , 9 ]. Table 1
 epr esents the summary of various pathogenic bacterial
pecies found in environmental and clinical samples with
heir associated diseases. 

The environment has also been found to contain a
ariety of verified enteric viruses, such as enteroviruses,
aliciviruses, hepatitis A and adenoviruses. Viruses found

n w a t er bodies are one of the major c onc erns for public
ealth and the environment [ 23 ]. The viruses found

n w a t er bodies exhibit c ommon traits and can cause
 wide range of illnesses, including acute as well as,
hronic cases of hepatitis , conjunctivitis , gastroenteritis ,
 espiratory disor ders and infections of the brain and
ervous sy st em. Ent eric viruses, including c ox sackie, echo
nd polioviruses, can persist in freshw a ter environmen ts
or extended periods of time. Their average rates of
nactiv a tion range from 0.174 log10 d 

-1 in groundw a ter to
.576 log10 d 

-1 in surface w a ter obtained from taps [ 24 ]. 
Along with enteric viruses, a variety of non enteric

iruses which include west Nile, dengue virus (DENV),
oronaviruses and influenza are also reported in the
nvironment and are a topic of concern for the commu-
ity [ 25 ]. A list of potential pathogenic viruses found in

he environment and clinical samples has been summa-
ized in Table 2 . 

Disease-causing microorganisms are crucial to food
af ety, en vironmental health and human health. As a
esult, it is critical t o ac curat ely, swiftly and readily identify
hese microbes. With all of these characteristics, biosen-
ors provide a special method of microbe detection. They
r e alr eady in use in r elated industries and ar e dev eloping
s a more ergonomic and flexible technology [ 37 ]. 

Mass screening, along with appropria te isola tion and
rea tmen t is the most efficient approach to identifying
hese infectious disorders . C ompared with traditional
et ection t echniques, the installation of biolog ical sen-
ors in the field of detection may achieve significantly
igher levels of testing, proper desolation and analy-
is [ 38 ]. 

When compared with traditional approaches, the
evelopment of biosensors showed various advantages
ecause they are portable, quick and simple to use with
inimum handling or manual error. Sensors that employ

iological reactions as an identifying factor are known
s biosensors. They consist of the transducer and the
iorec og nition element as their two primary parts [ 39 ].
he biorec og nition element can be microorganisms,
roteins , antibodies , nucleic acids or whole cells; on the
other hand, the transducer can be elec trical, elec tro-
chemical , optical , thermal , acoustic or piezoelectric . A
biochemical reaction induced by an interaction between
the analyte and bioreceptor is converted into the desired
signal by the transducer component of the biosensors
[ 40 ]. 

Research on the development of biosensors for
pathogen detection has been in pr ogr ess in r ecent times.
Biosensors designed for the detection of pathogenic
micr obes ar e capable of giving r eal-time analysis and
monitoring of microbial con tamina tion. Early detection
and notification of infectious disease-causing pathogens
in the environment can shield the population against
potential hazards in the near future and help prevent the
infection from becoming epidemic. However, present
biosensor r esear ch for pathogen detection is still in its
nascen t stage, indica ting the need for more study in this
area [ 41 ]. The fact that the environment consists of a
complex matrix makes it crucial to take into account the
precision of the biosensors toward one specific or class
of pathogen detection in the environment and clinical
samples [ 42 ]. As a result, optimizing the fabrication
paramet ers t o impr ov e the biosensor r esponse is
sig nificant. The inc orporation of nanomat erials in
the biosensor design increases the sensitivity of the
biosensors, making them more ac curat e and precise in
the analysis of real environmental samples. The affinity
and biocompatibility of nanomaterials for biological
rec ept ors must be taken into account while introducing
them into the biosensor’s fabrication. In certain cases,
functionalized/capped nanomaterials are more suitable
for biosensor design as they provide additional functional
groups for efficient and suc c essful immobilization of the
bio element on the surface of nanomaterials [ 43 ]. Such
nanomat erial-biorec ept or c onjugat es can be more
effectively c oat ed on the surfac e of electrodes or other
mat erials t o creat e a biosensing pla tform tha t can easily
interact with the analyte, resulting in a change in the
physiochemical property of the reaction medium, that
can serve as a sensory cue. The effectiveness of the
produc ed phy siochemical changes sig nificantly depends
upon the electrical , magnetic , optical and electr onic
characteristics of the nanomaterials [ 44 ]. More sensitive
biosensors have been made possible as a result of the
use of nanomaterials in the biological sensing industry.
Utilizing these unique features has made nanomaterial-
based biosensors competitive [ 45 ]. 

2. Biosensors for the detection of pathogens 

Professor Clark first described an enzyme-based biosen-
sor in the Annals of the New York Academy of Sciences
in 1962. The glucose oxidase (GOx) in this biosensor



FUTURE MICROBIOLOGY 59 

Table 1. List of potential pathogenic bacteria found in environment and clinical samples. 

Class Genera Pathogenic species Virulence factor Disease-associated Ref. 

Ac tinobac teria Corynebacterium C. diphtheria and C. jeikeium A dher ence, toxins formation Diphtheria and nosocomial 
infections 

[ 10 ] 

Gammaprot eobact eria Escherichia Ent erot oxigenic, 
enter oinvasiv e, 
enteropathogenic, 
enterohemorrhagic, 
enter oaggr egativ e, diffusely 
adher ent, ur opathogenic E. 
coli 

A dher ence ability, toxin, 
pr otease, ir on uptake , in vasion, 
transportation system 

Diarrhea, urinary tract 
infec tions, bac teremia, sepsis, 
meningitis, pelvic infection 
and abdominal infection 

[ 11 ] 

Klebsiella K. pneumoniae, K. oxytoca A dher ence, capsule formation Pneumoniae, liver abscess [ 12 ] 
Legionella L. pneumophila A dher ence , endotoxins , 

enzymes, iron uptake 
Legionnaires’ disease, 
nonpneumonic Pontiac fever 

[ 13 ] 

Pseudomonas Pseudomonas aeruginosa A dher ence , antiphagocytosis , 
iron uptake 

septic shock due to infectious 
wound and eye infection. 
Infection of the lung leading to 
cystic fibrosis. 

[ 14 ] 

Salmonella S. typhimurium, S. typhi, S. 
dublin, S. enteritidis, S. 
virchow, S. hadar, S. anatum, 
S. bongori 

Surfac e a ttachment , immune 
ev asion, mag nesium uptake 

Gastroenteritis, typhoid fever [ 15 ] 

Vibrio V. cholerae A dher ence, r egulation, secr etion 
syst em, t oxin 

Cholera [ 16 ] 

Yersinia Y. pestis, Y. enter oc olitica, Y. 
pseudotuberculosis 

A dher ence, capsule formation, 
Invasion, Uptake of iron, 
plasminogen activation 

P lague, gastroen teritis, 
mesenteric adenitis and 
lymphadenitis 

[ 17 ] 

Epsilonproteo - 
bacteria 

Ar c obacter A. butzleri, A. cryaerophilus, A. 
skirrowii 

A dher ence , in vasion, 
cyt ot oxicity 

Gastroent eritis, Bact eremia [ 18 ] 

Firmicutes Bacillus B. anthracis, B. c er eus A dher ence, anti phagocytosis Anthrax, diarrhea [ 19 ] 
Clostridia Clostridium C. tetani, C. perfringens, C. 

difficile, C. botulinum 

Formation of biofilm, 
a ttachment , capsule and flagella 
formation 

Tetanus, gastrointestinal 
infection and botulism 

[ 20 ] 

Actinomycetia Mycobacterium M. tuberculosis, M. leprae Macrophage invasion, utilization 
of iron, multiple drug resistance 

Tuber culosis, lepr osy [ 21 ] 

Spirochaetia Treponema T. pallidium, T. pert en ue, T. 
endemicum 

Attachment, invasion Syphilis , yaws , bejel [ 22 ] 

Table 2. List of potential pathogenic viruses found in environment and clinical samples. 

Family Genus Reported disease Transmission route Ref. 

Flaviviridae Hepacivirus Hepatitis C Bloodborne [ 26 ] 
Herpesviridae Varicellovirus Chickenpox, varicella zoster infection, 

encephalitis, post chickenpox 
syndrome 

Respirat ory syst em [ 27 ] 

Coronaviridae Betac or onavirus Nov el cor onavirus Respiratory [ 28 ] 
Matonaviridae Rubivirus Rubella Respiratory [ 29 ] 
Togaviridae Alphavirus Encephalitis , chikungun ya Vector-borne [ 30 ] 
Picornaviridae Hepatovirus Hepatitis A Enteric [ 31 ] 
Hepeviridae Orthohepevirus Hepatitis E Enteric [ 32 ] 
Caliciviridae Norovirus Norovirus Enteric [ 33 ] 
Hepadnaviridae Orthohepadnavirus Hepatitis B Bloodborne [ 34 ] 
Retroviridae Lentivirus HIV Bloodborne, semen, breast milk, 

v ag inal fluid 
[ 35 ] 

Filoviridae Ebolavirus Reston, Sudan, Tai Forest, Zaire 
ebolavirus 

Blood and body fluids [ 36 ] 
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 as coa ted on the oxygen electrode’s surface using
 dialy sis membrane; henc e, the r elationship betw een
he drop in oxygen and the gluc ose c onc en tra tion w as
stablished [ 46 ]. 

The In terna tional Union of Pure and Applied Chemistry
IUPAC) defines a biosensor as an aut onomous, int eg rat ed
evice that can directly int eg rat e a transduc er and a
iometric element for quantitative or semi-quantitative

arget analy sis. Ac c ording t o this definition, the basic
idea behind biosensors is to r ecor d quantifiable signals
(such as electrical , optical , acoustic , temperatur e, etc .)
produc ed due t o phy sical or chemical responses gen-
erated as a result of interaction between targets and
biosensitive elements, such as phages, proteins, cells,
tissues , enzymes , lectin, aptamers , DNA and antibodies
captured and amplified by the transducer, such as optical
fibers , field-effect transistors , surface plasmon resonance
(SPR), thermistors and micr oelectr odes, etc . Figur e 1
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Figure 1. The working principle of biosensor describing the interaction of various components is schematically r epr esented. 
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how s the diag rammatic r epr esen ta tion of a typical
iosensor working flow. 

Numerous biosensors available are classified both
ased on the bio element used as well as, based on

he transducer component employ ed . Based on the
ransducer element, biosensors can be amper ometric ,
otentiometr ic, impedimetr ic, voltammetr ic, piezoelec-

r ical, ther mometr ic or optical. On the other hand,
mmunosensors , whole cell biosensors , aptamer-based,
ucleic acid-based, biomolecule-based and biomimetic
iosensors are categories of biosensors based on their
io-element [ 46 , 47 ]. Figure 2 shows the diagrammatic
 epr esen ta tion of a typical biosensor working mechanism
or microbial detection. 

.1. Biosensors designed for the detection & 

identification of pathogenic bacteria 

ever al ther apy and detection str ategies have been
eveloped and implement ed t o increase the effective-
ess of diagnosis. Although immunology-based tech-
iques, cell culture, quan tita tive polymerase chain reac-

ion (qPCR) and colony counting methods are reliable
nd precise, they are oft en c ostly and time consuming.
dditionally, a lab setup is necessary to carry out the
etection. 

To ov er c ome the limitations of c onventional methods
vailable for the detection and monitoring of pathogenic
acteria in clinical and environmental samples, biosen-
ors have been proposed as a feasible alternative. Biosen-
ors offer economical , handy, pr ecise, and point-car e
evices for environmental assessment and monitoring.
iosensors also offer adv an tages like a lower detection

imit, high sensitivity and selectivity, less inv olv ement
f hazardous chemicals and reliable output [ 48 ]. In
ubsequent par agr aphs, some of the biosensors designed
for the detection of bacteria in recent times have been
discussed. 

2.1.1. Detection via immunosensor 
E. coli is a well-known opportunistic pathogenic bacterial
species that can cause water bor ne illnesses. It has been
widely utilized as a definitive index of coliforms in w a ter
bodies. The conventional procedure for the iden tifica tion
of E. coli r equir es a duration of 2–3 days . Thus , in the
past few y ears, r esear chers hav e dev eloped biosensors
for E. coli serotype detection. Most of the r esear ch gr oup
has developed immunosensors by modifying screen-
pr inted car bon electrodes. Lin and the gr oup dev eloped
an immunosensing disposable strip for rapid detection
of E . coli O157:H7. T he desig ned screen-print ed car-
bon electrode immunosensor exhibited high specificity
to ward E . coli O157:H7 with a detection limit of 6
CFU per strip and a detection range from 10 2 to 10 7 

CFU/ml. Their assay technique was based on an indirect
sandwich enzyme-linked immunoassay in which E. coli
O157:H7-specific antigens first and second (conjugated
with horseradish peroxidase) and intact E. coli cells
w er e used . Ferr ocenedicarboxylic acid and hy dr ogen
per oxide w er e used as substr ates for horser adish per -
oxidase. The response of the sensor was enhanced 13-
fold by modifying screen-pr inted car bon electrodes with
gold nanoparticles (AuNPs) [ 49 ]. In another attempt,
Huang developed an electrochemical immunosensor for
quan tifica tion of E. coli O157:H7 in a label freeway.
They developed a gold nanoparticle-modified screen-
pr inted car bon electrode immobiliz ed with an E . coli
O157:H7-specific an tibody. The resultan t immunosensor
worked on the principle of an tigen-an tibody reaction
on the w orking electr ode. The r esponse was r ecor ded
in the form of cy clic v oltammetry (CV) and electro-
chemical resistance. The detection range was found to
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Figure 2. Mechanism of microbial biosensing: Interactions between the microbial cells and the sensor’s detection components 
resulting in microbial cell response and detection. 
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e 1.19 × 10 3 to 1.19 × 10 9 CFU/ml with a lower
etection limit of 5.94 × 10 2 CFU/ml [ 50 ]. In the same
ear, Mo and colleagues also reported a polyaniline and
educ ed g r aphene oxide-neutr al red-gold nanoparticle
Platinum c omposit e modified screen-print ed carbon

lectrode for quan tita tive analysis of E. coli O157:H7. Their
lectr ochemical immunosensor gav e a linear r esponse in
he range of 8.9 × 10 3 to 8.9 × 10 9 CFU/ml with a limit of
etection of 2.84 × 10 9 CFU/ml [ 51 ]. Recently, Vu and the
r oup hav e r eported a label-fr ee electr ochemical biosen-
or for rapid detection of bacterial pathogens. Their
lectrochemical biosensor comprises an anti- E. coli O 157
ntibody immobilized via N-hy dr oxy succinimide cross-

inking on a gold nanoparticle-c oat ed screen-print ed
arbon electrode. The biosensor response was recorded
ith the help of a cy clic v oltammeter. This label-fr ee

pproach exhibited a detection range of 10 to 10 6 CFU/
l and a limit of detection of 15 CFU/ml [ 52 ]. In addition,

avas and the group focused on developing an antibody
ensor that could detect V. cholerae using a conventional
mmunoassay. To do that, spherically synthesized AuNPs
f different sizes were produced in-house. The Turkevich
ethod also r eferr ed to as the citrate reduction method,
as used to create colloidal AuNPs. The boiling gold

III) chloride solution was mixed with a decreasing
uantity of sodium citrat e t o creat e AuNPs of various
iz es. T hese AuNPs w er e then coupled with a secondary
n tibody -horseradish peroxidase enzyme complex, and
heir potential impact on the lowest detection limit of
. cholerae was examined. With high sensitivity, low limit
f detection (1 CFU/ml), and specificity, the developed
uNPs-immunosensor allowed the quan tifica tion of V.
holerae in a wide c onc en tra tion range. Thus, a novel elec-
rochemical immunoassay w as crea ted for the detection
of V. cholerae in drinking w a ter in less than 5 min [ 53 ].
A ll these e xamples show the potential of biosensing
platf orms f or monitoring pa thogenic agen ts with the
help of point- of- car e devices in a selectiv e, sensitiv e and
economical manner. 

2.1.2. Detection via aptamer-based biosensor 
An aptasensor for the iden tifica tion of E. coli O157:H7
and Salmonella typhimurium was also developed by Fang
based on the transient wave dual color fluoresc enc e
technique. A fiber nano probe coated with a silica fiber
optic nanoporous layer containing aptasensors Cy3- apt-
e and Cy 5.5- apt- s employing the tube surface carving
method was developed and placed in a microfluidic cell.
This fiber nanopore was c onnect ed t o a phot odet ect or
and optical controller through a single multimode fiber
optic coupler. The bacterial sample buffer and washed
w a ter w er e pumped over the surface of the fiber
nanoprobe using a peristaltic pump during the course
of detection. When excita tion ligh t of 520 and 635 nm
w as alterna tively in troduced in to the fiber nanoprobe, the
excitation of the two aptasensors was r ecor ded by the
phot odet ect or. In the presenc e of a varying c onc en tra tion
of pathogenic bacteria, the fluorescent intensity r ecor ded
by the phot odet ect or decreases due to the specific inter-
action of the bacteria with the corresponding aptasensor
on the nanoprobe surface when excited with a laser
of wavelength 520 and 635 nm, respectively. Due to
the nano-size effect of free aptasensor and bounded
aptasensor, the detection of Salmonella typhimurium and
E. coli O157:H7 was c onduct ed using the fabricated
biosensor. Target molecules may be identified with ease
using a fluorescent-labeled aptasensor in conjunction
with a nanoporous layer and a fiber nanotube acting as a
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ransducer. The quan tifica tion w as c omplet ed in less than
5 min, and the limit of detection was found to be 340
nd 180 CFU/ml for S. typhimurium and E. coli O157:H7,
 espectiv ely [ 54 ]. 

Song developed a quadruplex DNA aptamer with
eroxidase-like activity to design an aptasensor for the
etection of H. p ylori . T he sensor was fabricated by

mmobilizing G- quadruplex DNAzyme and magnesium-
ependent DNAzyme substrate on a gold electrode.
he sensor works on linear isothermal amplification
eaction, and the response was recorded with the help
f differential pulse voltammetry. H. pylori , 17 nucleotide

arget DNA sequence was the analyte to be detected by
he fabricated sensor. The assay was simple, selective and
ensitiv e towar d H. p ylori detection. T he sensor response
as linear in the range of 2.1–67.2 pg with a limit of
etection of 1.3 pg [ 55 ]. 

A triple-helix molecular switch was employed in
nother study by Cai and the group to create a biosensor
ith electrochemical activity for the iden tifica tion of

taphylo co ccus aureus . A broad linear response in the
ange of 60–6 × 10 7 CFU/ml and a detection limit of 8
FU/ml w er e det ermined for S. aur eus by the fabricat ed
ptasensor [ 56 ]. In addition, Hou and colleagues concen-
rat ed on phot oelectrochemical biosensors as a recently
eveloped detection method with cost–effectiveness,

ow noise, ease of use, high sensitivity and accuracy
n c omparison t o c onventional methods t o det ect V.
arahaemolyticus . This photoelectrochemical aptasensor
as c onstruct ed employing a la yer-by-la yer self-assembly
ethod on the surface of a glass working electrode.

he glass electrode surface was coated with bismuth
anoparticles and silver nanoparticles; the functional-

zed layer of silver nanoparticles was then used for
mmobilization of V. parahaemolyticus specific aptamer.
he detection was monitored by recording the decrease

n photocurrent due to a specific reaction between V.
arahaemolyticus and the aptamer. The sensor was suc-
 essfully t est ed for quan tifica tion of V. parahaemolyticus

n the seafood with no int erferenc e by bacteria belonging
 o Staph ylo co ccus, Salmonella or Bacillus species at the
 onc en tra tion of 3.2 × 10 5 CFU/ml. This device measured
 LOD of 40 CFU/ml with a linear range from 3.2 × 10 2

o 3.2 × 10 8 CFU/ml with good precision and high
tability [ 57 ]. 

.1.3. Detection via fluorescent biosensor 
o det ermine S. aur eus , a dual-mode nano-biosensor
ith ratiometric fluoresc enc e and c olorimetry has been
eveloped by Gao and colleagues. The carbon dots

BCDs) and manganese dioxide nanosheets (MnO 2 NSs)
enerat ed proc edures were simple , effective , and labor-
aving. The fluoresc enc e quenching and oxidation medi-
ated by MnO 2 NSs enhanced detection signals during
analy sis. The dual-mode det ermination had a low limit
of detection of 9 CFU/ml (ratiometric fluoresc enc e) and
22 CFU/ml (colorimetry), with a wide linear range of 37 ∼
3.7 × 10 6 CFU/ml [ 58 ]. 

Sheini also created a fluorescent biosensor for the
iden tifica tion of four bacterial species, namely P. aerug-
inosa , S. aureus , S. p yogenes and E . coli . T hey developed
a paper-based microfluidic device (PAD) for the iden-
tification of bacteria. The biosensor was designed by
immobilizing nanoclusters made of gold and copper on
rectangular paper of dimension 1.5 × 1.0 cm. The paper
device was divided into hy dr ophilic and hy dr ophobic
z ones b y the ink -printed method . The hy dr ophilic zones
w er e loaded with synthesized six different nanoclusters
(OVA-c oat ed gold nanoclust ers, pepsin-c oat ed gold nan-
oclust ers, trypsin-c oat ed gold nanoclust ers, GSH-c oat ed-
c opper nanoclust ers, pepsin-c oat ed c opper nanoclust ers
and trypsin-c oat ed c opper nanoclust ers). The analyt e
present in human serum was t est ed by injecting it into a
clean glass sheet, followed by pasting the fabricated PAD
on it. After 15 s of incubation, the PAD was placed in a
fluorimet er. The analyt e (bact eria) in the serum sample
interacts with the nanocluster, and when irradiated with
a wavelength of 365 nm in the fluorimeter under dark
conditions, the change in the fluorescence intensity was
r ecor ded as a measure of analyte detection. The sensor
was able to detect low concen tra tions of bacteria in the
sample with detection limits of 43.0, 63.5, 26.0, and 47.0
CFU/ml for S. aureus , S. p yrogens, E . coli and P. aeruginosa ,
r espectiv ely [ 59 ]. 

Some more biosensors developed for bact erial det ec-
tion and iden tifica tion have been listed in Table 3 . 

2.2. Biosensors developed for the detection of 
pathogenic viruses 

Viral diseases pose a serious threat to the population and
safety. Inadequa te iden tifying instrumen ts are the cause
of their high prev alence. Consequen tly, there is a notable
need for the quick, pr ecise, and selectiv e iden tifica tion
of viruses. Numerous biosensors have been created and
t est ed for their ability t o det ect viruses in environmental
samples to pr ev ent their harmful impact on the human
population. Real-time molecular target identification is
made possible by nanotechnology. Human excrement is
a major source of w a ter bor ne viruses because an infected
individual can shed anywhere from 10 5 to 10 12 virus
particles per gram. The real-time detection of viruses
is one of the main adv an tages and con tributions tha t
biosensors could offer. This makes early detection of
poten tially fa tal viruses in the environmen t, and thus their
spread and impact can be controlled [ 75 ]. In subsequent
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Table 3. Biosensors for identification of pathogenic bacteria. 

Tar geted or ganism Biorecognition element Biosensor Detection time 
(minutes) 

LOD (CFU/ml) Linear range 
(CFU/ml) 

Ref. 

Shigella sonnei DNA Aptamer Dual-mode 
immunochromatog r aphic 
test strip (DITS) biosensor 

10 1 × 10 4 – [ 60 ] 

Vibrio parahaemolyticus DNA2 Probe Electrochemiluminescent – 2.11 7.04–1 × 10 7 [ 61 ] 
Clostridium perfringens Monoclonal antibody Electrochemical 

immunosensor 
– – – [ 62 ] 

Mycobacterium 

tuberculosis 
DNA aptamer Electrochemical – – – [ 63 ] 

Str eptoc oc cus pneumoniae Oligonucleotide probe Electrochemical – 10 2 10 1 –10 8 [ 64 ] 
Salmonella Typhimurium Anti-Salmonella 

polyclonal antibodies 
Electrochemical 120 10 10–10 6 [ 65 ] 

Escherichia coli O157 Anti- Escherichia coli O157 
antibody 

Electrochemical 30 15 10–10 6 [ 66 ] 

Salmonella enterica Polyclonal 
anti-Salmonella 
antibodies 

Electrochemical 
immunosensor 

125 10 10–10 5 [ 67 ] 

Aer omonas hydr ophila DNAzyme Fluoresc enc e 10 36 0–10 3 [ 68 ] 
Staphyloc oc cus aur eus Vancomycin Electrochemical impedance 

spectroscopy 
– < 39 – [ 69 ] 

F-pili containing E. coli M13 phage Chemiresistor – 45 10 2 –10 7 [ 70 ] 
Haemophilus influenzae Single strand probe DNA Electrochemical – 10 -10 10 -10 [ 71 ] 
Escherichia coli O157: H7 Functional DNA aptamer Electrochemical 60 19 10–10 -6 [ 72 ] 
Salmonella typhimurium Nanozyme Optical 50 100 10 4 –10 6 [ 73 ] 
Salmonella enteritis Molecularly imprinted 

polymers 
Electrochemical 20 100 3 × 10 2 –

3 × 10 7 
[ 74 ] 
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ar agr aphs, some of the biosensors designed for the
etection of viruses in recent times have been discussed.

.2.1. Detection via lateral flow biosensor 
hi and group designed a lateral flow biosensor based
n AuNPs that was int eg rat ed with r ev erse transcription

oop-media ted isothermal amplifica tion. They designed
 primer that was made fr om differ ent genotypes of the
epatitis C virus, namely 1b , 3b , 2a, 3a and 6a. The device
as utilized for testing the hepatitis C virus in clinical and

nvironmental samples. The detection and identification
roc ess t ook approximat ely 40 min without any need

or extra instruments, and the limit of detection value
 omes out t o be 20 c opies per serum sample. The sensor
eveloped was precise and stable [ 76 ]. 

.2.2. Detection via optical biosensor 
ith an estimated 2 billion cases worldwide, the hepatitis
 virus (HBV) r anks among the most common vir al

llnesses in Asian nations. Though vaccination is available
or its pr ev ention, appr oximately 25 million people are
till affected, and nearly one million deaths are recorded
ue to hepatitis B virus infection. ELISA is the most
 ommon t echnique for its det ection, but due t o its

ow sensitivity, its effectiveness is unsatisfact ory. A s a
esult, quan tita tive PCR is a benchmark for HBV detection.
CR t echniques need sophisticat ed lab setup along with
r ofessional , skilled personnel . As a r esult, efforts hav e

een made to create a biosensor that can detect HBV at 
the point of care. Chang et al . r eported a “light-sensitiv e
sensor” for the detection of HBV. In their approach,
they have prepared helical gold nanorods functionalized
as optical probes. HBV DNA strands isolated from the
sample w er e conv erted to hybridization chain prod-
ucts that e xhibit quadruple x DNAzyme structure when
treated with hemin and potassium ions. This pr epar ed
quadruplex DNAzyme, when incubated with the helical
gold nanor ods, r esults in an etching of the helical gold
nanorods and a decrease in scattering intensity that
can be captured by dark field microscopy. Helical gold
nanor ods w er e r eport ed t o the exc ellent biosensor probe
with a limit of detection as 30.15 fM. Their approach
opened an avenue for sensitive detection of viral DNA
detection [ 77 ]. 

2.2.3. Detection via colorimetric biosensor 
Duy en dev eloped a color imetr ic biosensor for the identi-
fica tion of DENV tha t w as based on the precise binding
of dengue’s genomic RNA to a DNA-conjugated gold
nanoparticle, which forms a DNA–RNA duplex structure
and causes the gold nanoparticle t o agg regat e, g iving
the ruby red color to turn blue under acidic condition. A
change in the color is a visual indication of the presence
of the DENV, and the same can be quantified by r ecor ding
the absorbance of the developed blue color at 620 nm.
The detection limit was measured as ∼1 pg/ μl. The time
taken to complete the reaction process along with the
ex trac tion of genomic RNA was 1 h [ 78 ]. 
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.2.4. Detection via electrochemical biosensor 
ygun and Tasoglu developed a biosensor sy st em that
as a peptide-based antimicrobial biosensor sy st em
tilizing electrochemical impedance spectroscopy for the

den tifica tion of gp 120, a viral envelope protein of HIV.
he biosensor uses silver nanoparticles and a gold-c oat ed
arbon electrode with MXene to detect the HIV envelope
rot ein g p120. On the biosensor surfac e, the presenc e
nd dispersion of MXene and silver nanoparticles were
erified by scanning electron microscope. To guarantee
ependable and stable functioning, the antimicrobial
eptide was applied to the electrode surface in a way that
 educed the br eakdown of the bior ec og nition rec ept or.
or the detection of gp120, the sensor showed a linearity
ange of 10–4000 pg ml -1 , showing good repeatability in
ctual samples. Additionally, it was determined that the

imits of quan tifica tion and detection w er e, r espectiv ely,
.14 pg and 0.05 pg ml -1 [ 79 ]. 

Viral flu is easily confused with common flu during
he majority of flu pandemic cases globally. In 1918,
pproximately 50–100 million deaths w er e r eported due
o the outbreak of H1N1 flu; a similar case was also
eported in 2009, killing 4 lakh people. Earlier detec-
ion of the flu causative agent can be very helpful in
ontrolling such outbreaks. RT-PCR and virus culture
r e conv entional detection methods for such viruses.
ow ev er, these methods are influenced by the exter-
al envir onment, ar e time-consuming, and cannot be
iniaturized ther efor e sensitiv e, pr ecise, ac curat e and

ependable alternative techniques for viral detection are
n need of time. Recently, Yang et al . dev eloped an electro-
hemical sensor for the iden tifica tion of influenza viruses.
 single-stranded DNA (ssDNA) probe was designed
nd synthesized that has an H1N1 target sequence
eorganiza tion elemen t as well as a primer sequence tha t
an initiate rolling circle amplification. When this ssDNA
robe was incubated with a specific target H1N1 RNA,
robe cleavage was initiated , follow ed by loop-based
mplification t o reduc e multiple biotin-labeled ssDNA
hat can be det ect ed by the streptavidin present on the
orking surface of a modified gold-coated electrode.

he sensor response is measured with the help of a
y clic v oltameter and by electrochemical impedance
pectroscop y. T he developed biosensor can serve as an
conomical and reliable tool for clinical application, and
he strategy of biosensor design can be implemented
or the detection of other viruses in different types
f samples [ 80 ]. With a high global pr evalence, sev er e
ympt oms, and c onc erning mortality rat es, DENV is
he most common arbovirus in the w orld . Do Couto
nd c olleagues creat ed an electrochemical biosy st em
or the detection of DENV genotypes 1 and 2, utiliz-
ng an ti-DENV an tibodies, cadmium telluride quan tum
dots and cy st eine, in response t o the limitations of
existing diag nostic t echniques. At omic forc e microsc opy
(AFM), f ourier transf orm infrared spectroscopy (FTIR), SPR,
CV, and electrochemical impedance spectroscopy were
used to analyze the performance of immunosensor.
Ther e w er e observable angular and t opog raphic varia-
tions in the AFM and SPR data, which supported the
biomolecular iden tifica tion. The study examined v arying
c onc en tra tions of DENV-1 and DENV-2 (0.05 × 106 to
2.0 × 106 PFU ml-1), yielding maximum anodic shifts
of 263.67% ± 12.54 for DENV-1 and 63.36% ± 3.68
for DENV-2. The response of the detection methods to
the rise in virus c onc en tra tion w as linear. Across a wide
c onc en tra tion range, excellen t linear correlations were
established, with R 

2 values of 0.95391 for DENV-1 and
0.97773 for DENV-2. High repeatability was observed in
the analysis of the data. The quantification limits w er e
found to be 1.49 × 10-6 PFU ml-1 and 0.06 × 106 PFU
ml -1 , whereas the detection limits were 0.34 × 106 PFU
ml -1 and 0.02 × 106 PFU lL -1 [ 81 ]. 

2.2.5. Detection via aptamer-based biosensor 
I n addition, K han and c olleagues creat ed an aptamer-
based biosensor that can quickly and ac curat ely iden-
tify viruses, opening up new possibilities for COVID-
19 detection on a broader scale. They described the
use of molecular docking and bioinformatics tools in
conjunction with an aptamer-based electrochemical and
c omputational t echnique t o charact erize the int eraction
between a 60-base single-stranded (ss) DNA aptamer and
the viral S protein. The DNA aptamer was attached to the
surface of an electrode modified with AuNPs to produce
the biosensor. Methylene blue was utilized as a redox
indicat or. In the presenc e of S-prot ein, c onformational
changes in the aptamer’s structure were obtained that
increased the methylene blue redox sig nal. This sig nal
had a linear range of 10 pM–6 nM and a differential
pulse voltammetry limit of detection of 91.1 pM [ 82 ].
The Zika virus (ZV) can cause hemor r hagic fever, which
can be fatal. A quick diagnostic method is needed to
identify ZV infection. To address this issue, Jang and
c olleagues creat ed a quick electrical biosensor using the
alter nating cur r ent electr othermal flow (ACEF) method
and a DNA aptamer mounted on an int erdig itat ed gold
micr o-gap electr ode. To low er pr oduction costs for the
creation of biosensors, the truncated ZV aptamer (T-ZV
apt) w as crea ted, which demonstra ted binding affinity
c omparable t o the orig inal ZV aptamer. This biosensor
which used the pulse-voltammetry was made of an
immobilized T-ZV apt on an int erdig itat ed micro-gap
electr ode. Target virus env elope pr otein found in the
serum binds to the aptamer, and detection can be
achieved within 10 min. When the serum’s Zika envelope
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 onc en tra tion increases, the biosensor waveform g row s
inearly, with a detection limit of 90.1 pM [ 83 ]. 

Different types of biosensors have been developed to
dentify the viral pathogens, which are summarized in
able 4 . 

.3. E ffe ct of nanomaterials on the electrochemical 
p erforma nce for sensing the microbial 
existence 

everal nanomaterials, including metal oxides, metal sul-
des, g raphene nanoc omposit es, AuNPs, silver nanopar-
icles (AgNPs) and quantum dots, have been used in
iosensor fabrication. They have characteristics related

o optics, electrical, thermal and ca talytic. Nanoma terials
ffer man y adv an tages, such as a high surfac e-t o-volume

atio, small size and unique optical and electronic prop-
rties; this makes them a powerful tool for improving
iosensor performance in detecting target analytes.
hen nanoeng ineered mat erials are inc orporat ed int o

iosensors, they greatly influence their performance met-
ics, including sensitivit y, specificit y, response time and
verall c ost. Nanomat erials can enhanc e the selectivity
f sensors, enabling better differen tia tion of v arious
icroorganisms, and can also differen tia te viable and

onviable cells. Additionally, they can boost the stability
nd durability of electrochemical sensors, resulting in
or e r eliable and enduring perf ormance f or microbial

etection [ 96 ]. 
To facilitate the electrochemical biosensor for E. coli

et ection, Zheng and c olleagues creat ed a bifunctional
anomaterial (Pt-Ni@erGO) made of platinum (Pt)-nickel

Ni) nanoparticles and epoxy-rich graphene oxide (erGO).
harp edges and a large specific surface area of erGO
re adv an tageous for inserting or cutting through cell
embranes and loading high-density Pt-Ni nanoparti-

les while main taining ca talytic activity. Pt-Ni@erGO has
trong an tibody -like activity, both of which ar e fav orable
o increasing sensitivity. This led to the successful detec-
ion of E. coli , achieving a linear range of 1.5 × 10 2 –
.5 × 10 7 CFU/ml with a sensitivity of 38 CFU/ml [ 97 ]. 

In another study, using a two-step spin coating
ethod, Guinlet and colleagues introduced an electro-

hemical immuno-biosensor that included non cyt ot oxic
ilica nanoparticles (NPs). This novel technique, which
ses CV measurements, enables the continuous and non-
a tura t ed det ec tion of E. coli bac teria in about 5 min and
an reach up to 10 3 CFU/ml in 30 min, in contrast
o biosensors that have a special an tibody -based layer
ithout NPs [ 98 ]. 

Lai and colleagues have reported a sensitive and
isposable screen-pr inted car bon electrode-based elec-

rochemical biosensor strip for rapid and ac curat e iden-
tification of the Japanese encephalitis virus. Japanese
encephalitis virus antibodies w er e immobilized on the
electrode surface by amide bond formation between
the amino group on the carbon nanomaterial and the
carboxy group of antibodies. In 10 min, the electro-
chemical biosensor strip demonstrated a linear detection
range of 1–20 ng/ml -1 and a low detection limit of
0.36 ng/ml -1 [ 99 ]. 

Karakus and the group devised a color imetr ic tech-
nique for detection of the SARS-CoV-2 antigen using a
gold nanomaterial-based biosensor. Irr ev ersible aggr e-
gation of AuNPs in the presence of SARS-CoV-2 spike
antigen resulted in a change in the color fr om r ed to
purple due to an tigen-an tibody in teraction tha t can be
measur ed spectr ophot ometrically with a det ection limit
of 48 ng/ml. The same was electrochemically det ect ed
using the developed probe on a commercial screen-
printed gold elec trode. Elec trochemical analysis showed
a linear response to the SARS-CoV-2 spike antigen with a
detection range of 1 pg/ml to 10 ng/ml. SARS-CoV-2 spike
antigen could be detected with excellent specificity using
this approach [ 100 ]. 

T hus, the abo v ementioned w ork indica tes tha t nano-
mat erials g r eatly impr ov e the electr ochemical perfor-
mance of sensors designed to detect microorganisms.
Their small size and special characteristics enhance the
sensors’ sensitivity and efficiency, enabling them to
detect low concen tra tions of microbes. Incorporating
nanomaterials not only enhances the accuracy but also
the reliability of biosensors for microbial detection. 

3. Challenges in the de velopmen t of biosensors 

From t echnolog ical bar r iers to practical issues, the devel-
opment of biological sensors for pathogen detection
poses a multitude of challenges. T he follo wing are some
key points for addressing these difficulties: 

3.1. Sensitivity & selectivity 

In c omplicat ed matric es such as clinical samples and
environmental samples, biosensors need to have a high
sensitivity to identify pathogens at low c onc entrations.
Attaining selectivity is of equal importance in distinguish-
ing intended pathogens from non-pathogenic species
or environmental pollutants [ 101 ]. Complex matrices can
also introduc e backg round noise and interfere with signal
transduction pa thw ays, r esulting in false positiv es or
negatives. Examples of these include biological fluids and
environmental samples. Because of the significant back-
gr ound r esponse in clinical samples, it is v ery difficult to
identify bioanalytes such as specific proteins, cytokines or
abnor mal cells. U tiliza tion of v arious nanoma terials while
constructing a biosensor can lead to signal amplification
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Table 4. Biosensors for identification of pathogenic virus. 

Tar geted or ganism Biorecognition element Biosensor Detection time 
(minutes) 

LOD (ng/ml) Linear range 
(ng/ml) 

Ref. 

Nipah virus DNAzyme Fluorescent 20 10 – [ 84 ] 
Human monkeypox virus Heparan sulfate receptor Impedimetric – 2.08 2.0–50 [ 85 ] 
H1N1 virus Single-stranded DNA 

probe 
Electrochemical – 6.7 × 10 -8 3 × 10 -8 –

3 × 10 -3 
[ 86 ] 

Hepatitis B virus DNA Hepatitis B virus DNA 
oligonucleotides 

Electrochemical 0.417 10 -7 5 × 10 -4 –
5 × 10 7 

[ 87 ] 

Hepatitis A virus Molecularly imprinted 
polymers 

Fluoresc enc e 15 3 × 10 -3 2 × 10 -2 [ 88 ] 

Dengue virus CRISPR RNA & Cpf1 Electrochemical 30 10 -5 – [ 89 ] 
HIV Spherical nucleic acid and 

CRISPR/ Cas12a 
Electrochemiluminesc enc e 120 0.00003 – [ 90 ] 

Human papilloma virus 
subtype 

CRISPR/Cas12a Electrochemiluminesc enc e 70 0.00048 – [ 91 ] 

Influenza A H1N1 virus Monoclonal anti-FluA 
antibodies 

SERS-based biosensor 30 50 – [ 92 ] 

Hepatitis B surface 
antigen 

Anti-hepatitis B antibody Electrochemical 8.33 0.018 0.1–250 [ 93 ] 

Singapor e gr ouper 
iridovirus 

Q2 and Q3 aptamers Lat eral flo w biosensor < 90 5 × 10 4 – [ 94 ] 

HIV Anti-gp120 Electrochemical – 0.066 1–10 [ 95 ] 
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s nanomaterials exhibit excellent electrical and optical
roperties, leading to enhancement in the sensitivity
f the biosensor. Nanomaterials also serve as excellent
atrices for the immobilization of bio elements with

ncreased loading capacity. When it comes to stability,
ost, sensitivity and reaction time, nanoscale catalysts
re the emerging stars, yet their specificity still has to
e further enhanced [ 102 ]. Effective CRISPR/Cas netw ork -
riven aut ocataly sis amplification can be utilized as
nother t echnical advanc ement in the field of biosensor
esign for the detection of cellular DNA and RNA [ 103 ]. 

.2. Extensiv e v ersatility 

ince Multiplexing systems offer a thorough mapping of
isease traits and ac curat e results, multiplexing assays are
ssential to clinical practice toward precision diagnostics.
ultiple analyt e det ection in one t est decreases varianc es

etween single plex assays it saves time and sample
olume and provides maximum information regarding
he sample during analysis. Sensitivity, cr oss-r eaction and
estrict ed sig nal readouts are issues with the multiplex
apability. Ac c ording t o Shen, most of the electrochem-

cal biosensors can analyze only three analytes in a
articular sample due t o sig nal overlap. On the other
and, Optical biosensors come up with upgraded systems
ecause they can int eg rat e with many optical tags,

ncluding SPR, surface enhanced Raman scattering (SERS)
nd upconverting nanoparticles thus optical biosensors
ffer a better option for diverse analyses [ 104 ]. 

.3. Real-time monitoring 

o c ontinuously prot ec t the status of health, effec tive
ealthcare depends on technology that monitors
phy siolog ical variables in real time, same applies to
environmen tal assessmen t and monitoring. While
attaining in situ real-time monitoring is challenging thus
modern biosensing sy st ems need t o be pow er ed with
multiplexing capabilities, quick response, low sample
size with high sensitivity. Developments in implanted
chips and wearable electronics have made it possible to
monitor a variety of health issues continuously. These
dev elopments hav e gr eatly heightened interest in the
application of wearable technology and sensors [ 105 ].
Analyte r ev ersible signals can be obtained from a
con tinuously opera ting real-time biosensing device
even in situations where the analyt e c onc en tra tion
fluctuates . C onsequently, it can distinguish signals
in a c omplicat ed sample environment among the
substance that is being studied. Without requiring
mor e operational pr oc esses, it can immediat ely
supply the analyte’s real-time signal in the interim. A
current obstacle in the use of biosensors for constant
molecular monitoring is the conversion of particular
analyte information into continuously detectable
signal outputs in vivo without drifting background
signals [ 106 ]. 

3.4. The ecosystem’s sustainability 

Due to the widespread connectivity and modern expec-
tations for quick, dependable, and ac c essible information
about our health status, economical safer, and portable
monit oring devic es are in demand which can be easily
fulfilled by the disposable sensors [ 107 ]. Concurrently,
such disposable sensors are one-time use solutions there-
fore con tamina tion-free for the user. Though disposable
biosensors ac c elerat e and simplify our lives, they also
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ose a threat to the environment. To make biological
ensing devices sophisticated and reliable in terms of
a ta ga ther ed , the addition of electr onic component

s needed. To safeguard the hazardous impact of used
iosensor elements its biodegradability aspect has to
e kept into considera tion. Adv ancemen ts in sustainable
ensing platforms in recent times target economical
nvironmentally benign, smart and user-friendly devices.
dvanced biosensing systems include wearable biosen-
ors , biochips , smartphone-based biosensors , r ecy clable
iosensors , IOT-based biosensors , etc [ 108 ]. Paper-based
nalytical devices ha ve emer ged as semi-quan tita tive
nalyzing devices with scalable, economical and point-
 o-care t ools [ 109 ]. The developmen t of sophistica ted
nd in telligen t biological sensing machinery with the
 equir ed analytical performance that is also sustainable
o the ecosystem r equir es car eful thought because it is
ifficult t o creat e an environmentally friendly sensing
y st em with all the desired qualities [ 110 ]. 

. Conclusion 

n this paper, we have discussed various biosensors
eveloped for the iden tifica tion of pa thogenic microor-
anisms. The review initially explains the prevalence of

nfec tious bac ter ia and viruses and the r isks associated
ith them. Furthermore, biosensors as a promising

ool , hav e been described for immediate and accurate
a thogen iden tifica tion. Environmen tally safe and bio-
ompatible sensors can detect and iden tify v arious bacte-
ia and viruses in environmental and biological samples,
s reported by researchers. The several biorec og nition
lement-based biosensors that have been reported for
he detection of microbes include aptamers, nucleic
cids, enzymes and antibodies. Aptamers show potential
s an alternative to antibodies because of their ease
f synthesis, high stability, ease of modification, tissue
enetration, low cost and low toxicity. Biosensors can be
esigned for point-care analyses as well as, monitoring
f infection at its various stages. Biosensors and nano-
iosensors are potent measurement tools that simplify,
peed up, and effectively identify significant clinical
acteria and viruses. 

. Future p ersp ective 

uture applications face various significant obstacles that
ust be ov er come, including the need to address the

ossibility of detecting low c onc en tra tions of pa thogens
nd the r equir ement for bacterial strain-specific bior ecep-
 ors. One sig nificant challenge arises when the c omplex
nvironmen tal ma trix produc es sig nifican t in t erferenc es
hen target analytes are detected by a developed biosen-

or. Futur e dev elopments in biosensors should pr ior itize
the development of innovative sensing components,
smart sensing materials, effective signal transduction and
onsit e det ection of a broad variety of environmental
con taminan ts to address the problems listed above. By
improving sig nal t o noise ratio of the sensor, one can
strengthen the signal transduction process of the devel-
oped biosensor, thus impro ving o verall performance.
Nanot echnology advanc ements are/can aid in the devel-
opment of biosensor technology. Continuous monitoring
will be impr ov ed by the dev elopment of w earable and
less invasive implantable biosensors that offer comfort
to the user. The biocompatibility aspect of biosensors
designed f or inf ectious agen t determina tion should be
g iven prime importanc e. Comprehensive and ac curat e
health monitoring will be made possible by noninvasive
methods, multianalyt e det ection and nanoscale biosen-
sors. 

Article highlights 

• Biosensors offer rapid pathogen detection often in minutes 
allowing for timely medical attention. 

• Biosensors can detect pathogens at much lower concentrations 
than traditional methods. 

• Biosensors are increasingly being used for continuous monitoring 
of pathogens, providing real-time data for better management of 
disease outbreaks and environmental c ontamina tion. 

• In this review various biosensors developed for the detection of 
bacteria and viruses are discussed along with challenges in their 
development and future prospects. 
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