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Abstract

Tuberculosis (TB) is a bacterial illness caused by Mycobacterium tuberculosis (MTB), and it is a long-term public health risk due to
several biological and societal factors. Tuberculosis (TB) is a bacterial infection that most commonly affected the lungs and can damage the
kidneys, brain, and spine. Tuberculosis (TB) is a fatal human illness that has been prevalent for a long time. It is also known as "consumption"
or "phthisis."M. tuberculosis is thought to have killed more people than any other bacterial infection. As a result, early detection of this
bacterial infection is critical for patients to get prompt and suitable therapy. In underdeveloped countries, more than 98% of tuberculosis
cases are recorded. Effective diagnosis approaches based on biosensors are required for these bacteria due to a shortage of well-equipped and

specialized diagnostic facilities.
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1 Introduction

Tuberculosis (TB) is an ancient bacterial illness that has
infected people for over 40 000 years and has developed from
animal domestication [1]. A total of 7,163 CASES of tuberculosis
illness were recorded in 2020. In the face of the extensive use of
a diminished live vaccine and numerous medicines, tuberculosis
(TB), one of the first recognized human illnesses, is among the
most common causes of mortality among infectious diseases. To
stop the worldwide TB pandemic, which kills two million people
per year, new vaccinations and medicines are needed. It is critical
to understand the physiology and genetics of M. TB and similar
mycobacteria to design antitubercular novel drugs rationally [2-
4]. It is also crucial to comprehend the M. tuberculosis-host
interface to determine if these bacteria get past the host's immune
system and cause sickness [5-8]. Although tuberculosis is
primarily a pulmonary infection produced by the deposition of M.
TB onto lung alveolar surfaces through aerosol particles, it can
harm bone, the central nerve system, and other organ systems.
The disease can take several different paths, all of which are
primarily dictated by the immune system's reaction to the host.
Internal variables such as immune system genetics and external
factors such as immune system insults, the host's nutritional and
physiological condition impact the efficacy of this reaction [9-
11].
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Furthermore, the pathogen might be responsible for disease
development; meanwhile, various M. TB strains are more
infectious than others; infected persons have higher morbidity and
mortality, as demonstrated by increased transmissibility.
Regardless of the widespread use of an attenuated live vaccination
and a variety of treatments, TB diagnoses are higher than ever,
prompting the development of novel vaccines and therapies, as
well as more precise and quick diagnostics. Researchers are using
data from Mycobacterium tuberculosis' complete genome
sequence, innovative genetic and physiological approaches to
classify objects in M. TB that will assist in developing these much-
looked-for antitubercular medicines [12-14]. The rise of
multidrug resistance (MDR), drug resistance, and Pan drug-
resistant bacteria (PDR or XDR) is a severe issue in the fight
against tuberculosis. Roughly resistant bacterial strains have no
known therapies, and they might spread fast throughout the planet
[15-17].

The countries with the highest frequency of MDR TB infection
include China, Eastern Europe, and Iran [18]. The World Health
Organization (WHO) has recommended the reporting incidents
treatment, a short course method that effectively prevents drug
resistance in tuberculosis [19]. Current pulmonary fuberculosis
treatment methods need clinical processing, laboratory materials,
and techniques, including culture methods, X-radiography,
sputum smear microscopy, and the tuberculin skin test.
Furthermore, modern extrapulmonary TB diagnostic techniques,
such as biopsy of various bodily parts, should be done regularly
to vouch for preliminary results in instances with extrapulmonary
TB [19]. So, the progress of rapid, accurate, easy, and sensitive
detection methods is serious [2-4, 9-11, 13, 14, 16, 20-42].

The countries with the highest frequency of MDR TB infection
include China, Eastern Europe, and Iran [18]. The World Health
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Organization (WHO) has recommended the reporting incidents
treatment, a short course method that effectively prevents drug
resistance in tuberculosis [19]. Current pulmonary tuberculosis
treatment methods need clinical processing, laboratory materials,
and techniques, including culture methods, X-radiography,
sputum smear microscopy, and the tuberculin skin test.
Furthermore, modern extrapulmonary TB diagnostic techniques,
such as biopsy of various bodily parts, should be done regularly
to vouch for preliminary results in instances with extrapulmonary
TB [19]. So, the progress of rapid, accurate, easy, and sensitive
detection methods is serious [2-4, 9-11, 13, 14, 16, 20-42].

2 Tuberculosis Types

The illness is divided into two types:

Latent TB. Your body includes bacteria; however, your immune
system prevents them from spreading. You are not infectious and
do not have any symptoms. Nevertheless, the bacteria is still alive
and might resurface at any time. Your doctor will prescribe
medications to prevent active TB if you have HIV, have had an
infection in the previous two years, have an abnormal chest X-
ray, or have a compromised immune system.

Active TB. The bacteria proliferate and cause you to become ill.
You can spread the disease to others. In adults, 90% of active
cases are caused by latent tuberculosis infection.

Whether latent or active, a drug-resistant TB infection means that
some treatments will not work in contrast to the bacterium [43]:

Tuberculosis Signs and Symptoms
There are no signs of latent tuberculosis. A blood test or skin can
discover it.

3 Signs of active TB disease contain:
* A cough that lasts more than three weeks
* Night sweats
¢ Chest pain
* Feeling tired all the time
* Weight loss
+ Coughing up blood
* Loss of appetite
* Fever
* Tuberculosis Tests and Diagnosis
* Chills

4 For M. tuberculosis, there are two standard tests:

e Skin test. The Mantoux tuberculin skin test is another name
for this. A tiny quantity of fluid is injected into your lower
arm's skin by a technician. They will assess your arm for
swelling after 2 or 3 days. If your findings are positive, you
are most likely infected with tuberculosis. However, a false
positive is possible. If you have had the bacillus Calmette-
Guerin (BCG) tuberculosis vaccination, The test may show
that you have tuberculosis when you don't. If you have a
relatively new infection, the findings can also be false
negative, indicating that you do not have tuberculosis when
you have. This exam may be given to you more than once.

e Blood test. While TB proteins are combined with a small
amount of your blood, these tests, also known as interferon-
gamma release assays (IGRAs), assess the reaction.

These tests will not reveal whether your infection is dormant or

active. Your doctor will figure out which kind you have if you get

a positive blood test or skin:

* A CT scan or chest X-ray to evaluate for lung changes

* Acid-fast bacillus (AFB) checks for tuberculosis bacteria in
sputum or cough mucus.

5 M. Tuberculosis Treatment
The type of infection you have will determine how

you are treated:

Your doctor will prescribe medications to kill the bacteria and
prevent the infection from becoming active if you have latent TB.
Rifapentine, Isoniazid, or Rifampin can be used individually or in
combination. You may have to take medicine for up to 9 months.
Active tuberculosis is also treated with a mix of medications.
Ethambutol, pyrazinamide, isoniazid, and rifampin are the
furthermost frequent. You will be taking them for 6 to 12 months.
Your doctor may prescribe one or more medicines if you have
drug-resistant TB. You could have to take them for a longer time,
up to 30 months, and you might have more serious side effects.
Even if you feel better, it is critical to finish all of your
prescriptions, regardless of the type of illness. If you stop using
the medications too soon, the bacteria may grow resistant to them.
The severe worldwide public health burden of tuberculosis
necessitates the development of different quick and sensitive
detection methods. As yet, numerous procedures and methods
have been established for rapid detection of M. TB, for instance,
polymerase chain reaction (PCR) [44-47], latex agglutination
[48], enzyme-linked immunosorbent assay (ELISA) [49-51],
radiometric detection [52], Gen-Probe amplified M. TB direct test
(AMTDT) [53], TB rapid cultivation detection method, for
instance, MB/Bact system, BactecMGIT 960 system [54, 55] and
flow cytometry [56]. As appeared in Table 1, Traditional
microbial culture-based techniques are less sensitive and time-
consuming than modern methods [57]. Furthermore, because
complicated apparatus and highly skilled technical people are
essential, they cannot offer detection findings in real-time.
Furthermost of these approaches are centralized in an extensive
stationary research laboratory. As a result, developing portable,
rapid, sensitive, real-time, and accurate techniques for detecting
M. TB is critical for successfully preventing TB infection [39, 40,
58, 59].

6 Detection of M. tuberculosis using traditional
screening approaches

Signs, chest radiography findings, sputum smear microscopy,
and M. TB culture, which in this situation is considered the "gold
standard," might all be used to diagnose pulmonary tuberculosis
[60]. Also, the Ziehl-Neelsen (ZN) technique is regularly worked
to discover acid-fast bacilli (AFB). In low-income countries, it is
highly regarded for its simplicity, cost efficiency, high specificity,
speed, and positive predictive value [15]. The bacterial load per
milliliter of sputum determines the method's sensitivity. It is
correspondingly distinguished that accurate consequences on
acid-fast staining involve an extreme bacterial load for sputum
(5,000 AFB/ml;[61]). This technique has been found to have poor
detection capabilities in immunocompromised individuals (e.g.,
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Table 1: The numerous mentioned non-biosensing methods for bacteria detection [57]

Technique type Samples analysed Detection limit References

MB/Bact system Mycobacteria — Cambau et al. [55]
ELISA M. tuberculosis with the true positivity of 68% Delacourt et al. [51]
The AMTDT M. tuberculosis with the sensitivity of 94.3% Gamboa et al. [53]
MB/Bact system M. tuberculosis — Horvath et al. 2004

Latex agglutination

M. tuberculosis

with the true positivity of 73.6%

Krambovitis et al. [48]

Radiometric detection

M. tuberculosis

Middlebrook et al. [52]

Flow cytometry

M. tuberculosis

3.5 x 103 cells/mL

Qin et al. [56]

PCR

M. tuberculosis

with the true positivity of 95.5%

Thomson et al. [45]

HIV infection), pediatric TB, extrapulmonary TB, and may
generate false-negative findings [62].

Alternatively, acid-fast staining fails to discriminate live and
dead bacilli and M. TB from NTM and resistant/susceptible
strains [63]. The second class of techniques used to identify M.
TB in clinical samples is culture-based approaches. They are
regarded as the "gold standard" techniques for the diagnosis of
tuberculosis [64]. Solid and broth media can be used for culturing;
the solid egg-based Lowenstein—Jensen (LJ) medium is a popular
option.

The detection limit of culture methods is about 10 viable
bacilli per milliliter of clinical samples. However, compared to
acid-fast staining, LJ medium culture has a higher sensitivity (80—
85%). Because of the extended incubation period (4-6 weeks),
the findings must be accessed over a long period [65]. As a result,
an alternate method for the quick and reliable identification of M.
TB is necessary. Although no worldwide recommendations have
advised its use, For decades, serological techniques for
identifying antibodies against M. TB antigens have been presented
[66]. A commercial technique for detecting immunoglobulin G
against the antigen 85 complex (Ag85 complex) in serum samples
is the enzyme-linked immunosorbent assay (ELISA) [67]. PCR-
based diagnostic molecular testing includes real-time PCR, strand
displacement amplification methods, line probe tests, and loop-
mediated isothermal amplification; these procedures have
excellent accuracy but disadvantages, including high cost.
Furthermore, they need complex tools, and specialized people
have precluded widespread use, mainly in low-income
populations Table 1[68].

B Optical
B Magnetic
B Aptasensor

Fluorescent

B Colorimetric
Piezoelectric

W Electrochemical

Electrochemical Magnetic

52% 5%

Aptasensor
5%

Fluorescent
2%

Colorimetric
Piezoelectric 5%

7%

Figure 1. The number of reported biosensors for detecting M. TB
(optimal, aptamer, magnetic, electrochemical, piezoelectric, and
immunosensors) [20]

Table 2: Nucleic acid-based methods for detecting M. 7B in the lungs are compared [20]

Method Specificity Sensitivity Limit of detection | Assay time | References
GTMD ~58% ~97% NM up to 3 hours [69, 70]
q real-time PCR 62.5% 97.02% NM upto2h [71]
Xpert MTB/RIF 99% (Adults) 89% (Adults) ]
(Cepheid, USA) 62% (Children) 98% (Children) 30-150 cfw/ml 2h [66,72]
. 71.4% (pulmonary) 91.7% (pulmonary) .
Conventional PCR 28.6% (Extra pulmonary) 82.2%(Extra-pulmonary) NM 120 min [73,74]
. 100% (smear-positive) .
0, -
Line probe assays 99.2% 68.6% (smear-negative) 10000 cfu/ml up to 150 min [75-77]
LAMP 100% ~99% NM <lh [78]

Abbreviations: cfu, colony-forming unit; GTMD assay, GenoType Mycobacteria Direct assay; LAMP, loop-mediated isothermal amplification; q real-time

PCR, quantitative real-time PCR.
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7 Alternatives to M. tuberculosis detection using
biosensing methods

The majority of the existing diagnostic techniques for TB
detection are insufficiently effective for the early diagnosis of the
illness. Furthermore, they lack sufficient sensitivity and/or
specificity to distinguish between latent and active types of M.
TB. Current TB detection techniques are limited by the extended
development time of M. 7B (minimum of 17 days), the onset of
symptoms only in the later stages of the illness (pulmonary TB),
and the low bacterial load of sputum even in the active form of
TB [79]. Consequently, there is an immediate essential for quick,
sensitive, cost-effective, and simple approaches to distinguish
between active and latent TB forms, perform medication
susceptibility testing, and be deployed in underserved regions.
Reports on creating point-of-care testing strips that use biosensors
to identify bacteria in clinical and biological samples have been
reported [80-87]. Numerous TB biosensors were planned, for
example, piezoelectric, electrochemical, fluorescent,
colorimetric, magnetic biosensors, and optical Figure 1.

8 Electrochemical biosensors

A solid electrode serves as the primary electrode in
electrochemical biosensors, transmitting signals via the detecting
process and converting them to electrical signals like potential,
current, coulometry signals, and impedance [84, 86, 88-92]. The
reported electrochemical biosensors for M. TB diagnosis have
been classified into electrochemical DNA and immunological
biosensors based on the various biological targets of M. 7B
detection [83, 93-95]. The most prevalent use for electrochemical
biosensors (particularly electrochemical DNA biosensors) is
detecting infectious pathogens such as M. TB [96, 97]. In a study
in this regard, [98], A sophisticated target sandwich creation
technique was used to create an electrochemical DNA biosensor
for M. TB discovery. The DNA target amplification in this
biosensor was done with thermophilic helicase-dependent
isothermal primers, and a 190bp segment of the IS6110 gene was
aimed for the M. TB complex.

Furthermore, two different Thiolated DNA probes were
utilized to functionalize the dextrin-coated gold nanoparticles and
the amine-coated magnetic particles. The hybridized sandwich
complex formed between the two functionalized probes was
pulled and separated using a magnet before being transferred to
an SPCE. By dropping the presence of the gold ions, the
differential pulse voltammograms [Au’*] The gold nanoparticles
were produced by dissolving them in an HCI solution, and this is
achieved within the possible range of 0.00-1.25 V. In addition, the
discovery limit of future biosensors is an amplified target (105
bp) of 0.01 ng/pl.

Another investigation found that [99], For detecting M. 7B in
human serum samples, researchers utilized an immunosensor
device based on reformed graphene oxide TB specific antigens on
a gold electrode. Graphene oxide was changed for protein
attachment with N-ethyl-N'-(3-dimethylaminopropyl)
carbodiimide hydrochloride/N-hydroxysuccinimide.

An additional report found that [100] established an
electrochemical DNA biosensor to discover M. TB target based
on that DNA reduced gold nanoparticles and graphene oxide
nanoribbons Figure 2. In this work, the electrode was produced
by immobilizing gold nanoparticles on RGONPs; Following that,
the gold nanoparticles were covalently modified using [5'-SH-

ssDNA  (ssDNA/AuW/RGONR)]. Cyclic voltammetry and
chronoamperometry were utilized throughout the testing. As
shown in Figure 3, the DNA biosensor showed enough sensitivity
and selectivity (up to 0.1 fM) for DNA M. TB; the response
mechanism of the proposed biosensor is described by the
hybridization and immobilization of ssDNA probes. Due to the
repulsion between the [Fe [CN]s]*/* ions in the solution and the
phosphate backbone of DNA, the combination of ssDNA and
Au/RGO bioelectrodes hybridization complementary target
ssDNA to form dsDNA leads to electrons decreased transfer
kinetics.

In addition, the medication time for bacteria tests was reduced
from 9 months to 6 months (e.g., TB), numerous antibiotics (e.g.,
rifampicin; [101, 102] and pyrazinamide (PZA;[103]) were used.
In PZA, just susceptible M. TB strains released pyrazinoic acid
(POA; Figure 4). The quantitative measurement of POA is used
as a predictor of PZA resistance in this procedure. In an
investigation in this regard, [103] Figure 5 shows two
electrochemical biosensors made of gold and platinum wires that
measure the current produced when a potential difference is
applied to different concentrations of POA. POA is a
pyrazinamide prodrug working process catalyzed by
pyrazinamidase (PZase), an enzyme produced by the M. TB pncA
gene. When a mutation in the pncA gene of M. TB occurs, the
pyrazinamidase enzyme is weakened, and the bacterium develops
resistance to the prodrug PZA. The supernatant of negative liquid-
based microscopy was used to test these biosensors, and drug
susceptibility culture was seen to detect PZA, POA, and their
combination in the study stated. Furthermore, the suggested
biosensors' detection limits were predicted to be 40 and 1 uM of
POA for the gold and platinum working electrodes, respectively.

9 Fluorescent biosensors

Fluorescent chemical compounds, proteins, nanoparticles, or
mixtures are commonly used in biosensors [104]. These
biosensors have several significant benefits, including the ability
to scan and use excellent spatial and temporal resolution in live
cells and assess protein activity and small-molecule signals [99,
105]. Typically, because neither the receptor nor the binding
molecules are fluorescent, they must be mixed, for instance, green
fluorescent protein (GFP; [43, 105, 106]. Fluorescent labels are
usually working in fluorescence spectroscopy [107]. Tryptophan,
phenylalanine, tyrosine, and the proteins that include these amino
acids (nucleic acids, flavin nucleotides, GFP, and NADH) are
reactive species.
The majority of lipids and saccharides, on the other hand, are
nonfluorescent [108]. Fluorescence resonance energy transfer
(FRET) biosensors are based on the physical FRET procedure;
these biosensors utilize lower-energy radiation from a donor
fluorophore to an acceptor fluorophore to detect viral and
bacterial infections [109-111]. Fluorescent nanomaterials with a
minimum of one dimension (100 nm) and organic dyes might be
utilized to improve the design and production of fluorescent
biosensors, according to the study subject [112]. In this regard,
[113] suggested a nano biosensor detection technique that
integrates the benefits of cadmium telluride quantum dots
(CdTeQDs) and gold nanoparticles onto the platform surface and
two probes based on the conserved genomic sections of the
ESAT6 antigen. This is seen in Figure 6. Using two sequence-
specific oligonucleotide probes, QDs and AuNPs were shown to
construct a selective and sensitive sandwich from a FRET-based
biosensor (pl and p2). The proposed biosensor was tested using
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culture, PCR, and nested PCR methods to verify it. As a
consequence of their collaboration, a sandwich shape
fluorescence resonance energy transfer sensing technique with a
detection limit of ten was developed. The goal of these probes was
to identify BCG and other Mycobacterium species at the same

time, which might lead to false positives and cross-reactivity
during the detection procedure.

Au/RGONR
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Figure 2. The synthesis of AuNPs and RGONRs to detect M. 7B target DNA is schematically [20, 100].

Au/RGONR

ssDNA/Au/RGONR
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Figure 3. Schematic representation of the ssDNA / Au/ RGONR bioelectrode [100]. reduced graphene oxide nanoribbon (RGONR);

double-stranded DNA (dsDNA); single-stranded DNA (ssDNA) [20].
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Figure 4: Production of ammonia (NH3) and pyrazinoic acid

from water (H20) and pyrazinamide by the action of the enzyme
pyrazinamidase [20].

Figure 5: a: Outer diameter 13.2 mm in excellent electrochemical
sensor, b: Outer diameter 4 mm in small electrochemical sensor,
c¢: Large electrochemical sensor including platinum (Pt) and gold
(Au) electrodes [20, 98].

SO
™ w ",

T AVavaVy
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Figure 6. Schematic image of Sandwich-shaped fluorescence
resonance energy transfer (FRET) based biosensor. In the
presence of the objective, the P1/QDs segment is optically turned
off by the AuNPs / P2 segment; Fluorescence receptors near
P1/QDs are made of P2/AuNPs in the presentment target
molecules, leading to a FRET signal. [113] quantum dot (QD);
fluorescence resonance energy transfer (FRET); gold
nanoparticle (AuNP) [20].

10 Colorimetric biosensors

Light resistance etching techniques are used to build color
biosensors on rigid surfaces such as polymers, glass substrates,
and plastics; Finally, a deposit of thin dielectric film is formed on
the glass layer [114]. It can be said that light resistance material
is a substance that is sentient to light. Howbeit bio-color sensors
have received much consideration, they have limited clinical
diagnostic applications and relatively little sensitivity [115]. The
combination of colorimetric biosensors with LAMP is used to
detect M. TB, which is highly sensitive [116]. A polymer network
near gold nanoparticles was created in related research by
combining two target DNA probes on gold nanoparticles. In
addition, in a single tube, the pink color turned purple. A
complementary target strand at the reaction site inhibits
aggregation and prevents pink to purple discoloration. In a dilute
sample containing mycobacterial DNA (10 microliters), the
recognition range of the DNA biosensor is approximately 18.70
ng. A similar study designed a different colorimetric DNA
biosensor using LAMP products based on AuNPs connected to a
thiol reformed ssDNA probe based on the M.7B's IS-6110 gene
for M.TB detection [110]. Figure 7 shows that the change from
red to purple has a positive reaction, and the accumulation of
AuNPs produces a purple / blue color from red. LAMP-AuNP
detects approximately 5 pg of genomic DNA. A recent study
identified M. TB strains with point mutations in the katG 315 (G
— C) gene and isoniazid-resistant with a single biological LAMP
turbidity sensor [117]. Actual specimens like multidrug resistance
tuberculosis (MDR-TB) DNA are detected in less than 60 minutes
using the proposed LAMP biosensor.

Figure 7. Probes LAMP-AuNPs are shown schematically based
on the colorimetric method. Before and after aggregation of
AuNP probes, the test solutions were compared visually; A:
AuNPs probes single as empty; B: AuNPs probes in the
presentment of a non-supplementary DNA specimen as negative;
C: AuNPs probes in the presentment of a supplementary DNA
specimen as positive [113]., quantum dot (QD); loop-mediated
isothermal amplification (LAMP); gold nanoparticle (AuNP)
[20].

11 Piezoelectric biosensors

Piezoelectric biosensors come in various models, including
interactive, unlabelled, and direct, which take full advantage of
the system [118, 119]. Kaewphinit et al. Improved the
piezoelectric DNA biosensor, which contains a particular
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digested DNA sequence of IS6110 M.tb (by Btgl enzyme) fixed
by a supplementary DNA probe quartz [120]. Examination of 200
clinical specimens using biosensors and PCR showed similar
results. Also, high specificity was found in experiments on
microorganisms such as Escherichia coli and Mycobacterium
complex. The ability to repeat more than 10 times is another
strength of the biosensor. The Quartz Piezoelectric Series
(MSPQC) is another biosensor designed by Mi, X. et al. to detect
M. TB based on the natural growth-sensitive conductivity of M.
smegmatis [121]. M. smegmatis was detected during normal
growth due to phage killing of D29 due to the action of
ammonium iron sulfate (FAS) in the medium. In contrast, in this
instance, M. TB was not detectable in the medium. The principle
of recognition of M. TB is shown schematically in Figure 8 of the
diagram. In the sample solution containing M. TB, phase D29 was
step up, and incubation took 1 hour. Then to the inactive phase
D29, 4% FAS solution was added and larger than M. TB to
remove the duty of FAS, the specimen dilution was attenuate 10
times to exclude the role of FAS and placed in a cell containing
smegmatis, a diagnostic cell, in the assay medium. Subsequently,
the frequency curve was recorded using MSPQC, and nil M. 7B
destroyed phage D-29 in the reconnaissance environment. The
initial microbial value of M. TB with this biosensor can be
measured a maximum of 102 CFU/ml in a clinical specimen by a
rotation period of fewer than 30 hours [122]. Drug-resistant M.
TB cells can be identified by the recently introduced indirect
series piezoelectric system (ISP). There are three parts III, II, and
I of the ISP systems. The first part consisted of a quartz
piezoelectric, crystal chamber, and culture plus 32 sensors array
to initiate the M. TB development reaction; the data collection
device forms the second part. The third part of the system
chamber is constructed Figure 8. The sensitive part of the ISP
system is the first part of the biosensor, which response to
modification in electrical components in the M. TB broth growth
environment. Isolated M. TB (1%) and control room without anti-
tuberculosis drugs form the third part. The standard and critical
density of anti-tuberculosis antibiotics is ethambutol,
ethionamide, isoniazid, rifampin, the amino acid, caproemycin,
streptomycin, rifabutin, salicylic acid, and hydrochloride,
prepared by the laboratory and the standard institution. In the ISP
system, the detection chamber absorbs and measures the CO2 and
NH3 products produced by the growth of M. TB cells in the
diagnostic environment.

drug-resistant M.t
phage components

added to det€ctiommedium

D) + g § i -
| INT

sensiive M. oot
drug-sensitive M.tb inactivated phage D29

12 Optical biosensors

These biosensors are common sensors that use light tracking
from the reaction with target analytes as a source. There is scope
for extensive future research on optical biosensors and their
relationship to bioelectronics [124]. Features such as easy sample
preparation processes and low sample size lead to the use of these
materials compared to other biosensors [125]. Optical biosensor
systems such as reflectometric interference spectro- scopy,
bioluminescent optical fiber biosensors, SPR-based biosensors,
and evanescent wave fluorescence (RIfS; [126]). The other two
optical sensors are label-based and Label-free optical biosensors
[127]. In unlabelled optical biosensors, a straight reaction is
produced among the converter and the analyte. Still, in optically
labelled biosensors, the optical signal is produced by
fluorescence, luminescence, or colorimetric method [81, 128]. In
this regard, [129] detected tuberculosis antigens, including Ag85
LAM and ESATS6, by a flat-wave-based optical sensor in sputum
and spiked urine, respectively. Also, a reporter antibody labelled
fluorophore, antigen, and a biotinylated receptor antibody were
used on the biosensor. The combination of optical sensors and
ELISA increases recognition reliability and sensitivity. In a
similar study by Hong, S.C., et al. in TB patient's tissue fluids,
they apply an SPR light sensor to discover new composition TB
antigen (CFP10) [130, 131]. Cystamine absorbed the monoclonal
antibody (anti-CFP10) by direct chemical method to immobilize
the nude gold. The correlation between CFP10 density (span, 0.1-
1.0 pg / ml) and SPR angle change led to a diagnostic limit of 100
ng/ml. Clinical urine samples are the most commonly used
samples in the proposed optical biosensor for measuring CFP10
levels in tuberculosis patients. [130, 131]. Depending on the
degree of infection, the group of 55 patients was divided
according to the AFB system (stages 0—4). Subsequently, between
different studies for recombinant CFP10, a quantitative
correlation between AFB steps and SPR angle change was
surveyed with plotting a calibration curve. The results showed a
direct connection among CFP10 density and the numeral of
bacteria in AFB staining. Also, there was a large difference
between infected and healthy samples. Therefore, the study's
main strength was the classification of TB patients based on the
degree of the infection. In another study, an SPR biosensor system
by the capability to simultaneously diagnose DNA subsequence
from complex M. gordonae and M. TB cells (target ssODNs) was
introduced as a portable multi-channel based on probe-ssODNs
[132].

Figure 8. Flowchart of PA-MSPQC for M.tb detection [20, 123]

7
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The recommended biosensor detection limit for DNA
hybridization is a maximum of 0.05 pM at 30 ng / pl. Therefore,
according to the results, it was found that the efficiency of the
SPR method is premier toward ELISA. Another research
presented the waveguide biosensor as an optical detector that
detects tuberculosis with special antibodies. Alter in the
evanescent field dispensation and the interaction of antibodies
and tuberculosis antigens were generated and received by the
optical detector [123]. Also, a diagnosis bound of 30 ng/microliter
was proposed for the DNA biosensor, which is used as an optical
SPR genosensor to detect oligonucleotide strains with specific
point mutations rpoB gene and resistance to rifampin [123, 133].
The hybridization diagnosis limit and performance of the
genosensor were approximated at 10 nM and 1012x5
molecules/cm™ (30%), respectively. Another major study was
performed to recognize epitope areas (based on the SPR sensory
method) on this antigen to interact with specific monoclonal
antibodies and characterize the new composition Ag-85B affinity
[134]. In online and unlabelled measurements, the most suitable
option is SPR biosensors [122]. Therefore, the design and
production of unique and new vaccines based on current
biomarkers of different pathogens can be based on optical
biosensors Figure 9.
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Figure 9. There are three essential components to an indirect
piezoelectric system: A: 32 speciman of the diagnosis system; 1,
9 MHz AT-cut piezoelectric quartz crystals; 2, diagnose cell), B:
microprocessor system, and C: control system and data output
[20, 57, 135]

13 Magnetic biosensors

Nanoparticles can do the etiology of infection sickness [20,
136], such as M. TB with magnetic properties [137]. The reaction
in a suspicious sample between a specific bio-probe on the
scheme of magnetic composite and its supplement creates a
biomolecular detection system used for the biological diagnose of
M. TB and a combination of a magnetoresistive biochip and a
sandwich - immunoassay [136, 138]. Anti-M. TB labelling was
performed using streptavidin-coated magnetic nanoparticles.
Mycobacterium Bovis BCG cells and biotinylated tube antibodies

were used to replace M. TB [136]. During magnetic recording, the
functional biochip surface collided with the target bacteria to
carry them, and the anti-M reacted with the magnetically labelled
M. TB cells, which carried the TB antibodies through a functional
sensor on the magnetic biochip surface with Sandwich safety test
methods were identified Figure 10 [139]. A magnetic biosensor
to detect resistance to rifampin, wild-type strains as well as M. TB
nucleic acids. They were designed based on magnetic barcodes.
In this study, total RNA analysis was obtained, and the sample
was analysed from M. TB cells. Amplification of the 16S-rRNA
sequence was performed with asymmetric real-time PCR. The
ssDNAs were fixed on connected beads, in search for reaction
with MNPs, and covered to create a magnetic sandwich
composition by a detection probe. The identification procedure of
these collections was augmented by passing through microfluidic
pipes and its cost efficiency was significant [139].

J BCG cell

O Magnetic nanoparticle
O:@f‘]@___o @ BCG antigen
R
! J Probe antibody
A

Y Secondary antibody
6 SPDP linker

D MR sensor

\’-,,\m biochip

Figure 10. Schematic allegory of ELISA-sandwich assay in
magnetoresistive biochip apply in the experience task [20, 136]

14 DNA biosensors and M. tuberculosis detection

DNA biosensors are sensors with many applications in
diagnosing infectious diseases, are highly sensitive, low cost, and
are easy to operate [138]. Inexpensive automated testing devices
increase demand that could deal with the miniaturization of the
trial ideology motivated by the vast expansion of DNA biosensors
[138]. These sensors are based on DNA combination detection
and labelled and unlabelled DNA biosensors [138]. Labels on
DNA biosensors include nanoparticles, dye molecules (such as
methylene blue), and electrically active labels [138]. Guanine or
adenine oxidation signals are used in unlabelled DNA biosensors,
while among DNA biosensors, electrochemical DNA biosensors
have more different usages [138]. This article found that in M. 7B,
the most critical diagnostic target for researchers is the protected
areas of the IS6110 insertion sequence. Laboratory diagnosis of
M. TB by PCR is performed by identifying IS6110 b61 length. A
typical diagnostic sequence among complex M. TB species acts
as diagnostic targets while different regions of this sequence can
be identified [138, 140, 141].
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Table 3: Sequences and genes of DNA probes for M. TB bio-sensory diagnosis [20]

Genome Subsequences [5'-3'] Ref
sequence IS-6110 10-mer: 5'-GGTGAGGTCT-3' [142]
DNA genome M.tb 22-mer: 5'- CCA ACT TTG TTG TCA TGC ACC C-3' [132]
DNA genome M.tb 24-mer: 5'-CGGTGGCGTGTTCTTTGTGCAATA-3' [143]
Not in reference 20-mer: 5'-CTCGTCCAGCGCCGCTTCGG-3' [144]
sequence IS-6110 5'-SH-[CH2]6-TTT TTT GTG GCC ATC GTG GAA GCG A-3' [120]
sequence IS-6110 15-mer: 5'-ATCCGGCCACAGCCC-3' [145]
Rpo-B 15-mer: 5'-GATACTTCTATCACC-3’ [101]
Not in reference 21-mer: 5'-GGTCTTCGTGGCCGGCGTTCA-3’ [100]
DNA genome M.tb 20-mer: 5'-CTCGTCCAGCGCCGCTTCGG-3' [146]
DNA genome M.tb 20-mer: 5'-CTC GTC CAG CGC CGC TTC GG-3' [147]
Not in reference 21-mer: 5-IACHHICAATCCAIIIC-3’ [148]
Not in reference 21-mer: 5'- GGTCTTCGTGGCCGGCGTTCA-3' [149]
Rpo-B 21-mer: 5'- ACCCACAAGCGCCGACTGTTG-3' [133]
ESAT-6 antigen' Genomic Probe 1: 5'-NH2-[CH2]6- GTA AGT AAG GGA GGA AC-3 -

region 'Probe 2: 5'- TGC TCC CCT TCG TCA GG -[CH2]6-SH-3'
. 77-bp aptamer: 5'-[Btn]-GTA CAA ACG ACG GCC AGT CCT TGG GAT GAT TCA
MPT-64 antigen [150, 151]
AGC AAA GCC TCA CGC CTA CGG CTA AGT CAT AGC TGT CTC TCC TG-3'
Not in reference 21-mer: 5'-GGTCTTCGTGGCCGGCGTTCA-3’ [152]
sequence IS-6110 18-mer: 5'-GAGCGTAGGCGTCGGTGA-3’ [98]
IFN 37-bp aptamer: 5'- GGG GTT GGT TGT GTT GGG TGT TGT GTC CAA CCC CCC [153]
’Y C_3/

DNA genome M.tb 25-mer: 5'- biotin GAC CAA ATA GGT ATC GGC GTG TTC A-3’ [154]
Not in reference 15-mer: 5'--GATACTTCTATCACC-3’ [102]

15 Biosensors and antibiotic resistance of M.

tuberculosis

Designing standard and appropriate treatment regimens with
consideration of resistant strains are one of the critical principles
in antimicrobial monitoring of patients. According to M. 7B,
antibiotic susceptibility testing is performed using user-friendly
and common drug allergy testing methods, usually in endemic TB
regions worldwide, especially in the middle- and low-income
regions [155, 156]. Therefore, it is necessary to identify resistant
strains by accurate, fast, and cost-effective methods with potential
multifunctional features. Also, long-term antimicrobial treatment
of tuberculosis plays a critical duty in preventing the clinical
complications of tuberculosis. Treatment of tuberculosis is due to
common mutations and the high intrinsic resistance of M. TB to
antibiotics [147]. Magnetic barcode strategy is one of the new
sensory methods widely used to detect M. TB drug-resistant

strains [139]. Bio structural detection components as
mononucleotide mutant detectors can be detected by constructing
and designing new biostructures to providing great sensitivity and
specificity.

In contrast, in the clinical setting, the M. TB antibiotic
susceptibility pattern using Specific high-velocity probes detect
mutations for common native drug resistance. Diagnosis of the
resistor to first and second-line medicines, isoniazid [117],
pyrazinamide [103], and rifampin [101, 102, 133], is done
through sensory-based diagnostic systems. Ethynamide, re-
fabutin, the amino acid salicylic acid, capreomycin, rifampin,
hydrochloride, streptomycin, and ethambutol with; [122] the
motivation that these systems are becoming more advanced.
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16 Conclusion

Successful TB control worldwide requires solving the problem
of drug-resistant TB. According to the WHO, in developing
countries, more than 95% of tuberculosis cases occur due to
incorrect resource adjustments, high transmission of drug-
resistant strains, and high rates of TB infection in children.
Therefore, providing cost-effective biosensors as routine
analytical experiments plays an essential role in preventing
transmission and mortality from this disease.
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