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Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis. Detection and control of infectious diseases is a
major problem, especially in developing countries. Lateral flow immunoassay (LFIA) has been introduced as a handheld
immunoassay-based point-of-care platform for an automated detection of TB. The CFP10-ESAT6 antigen of M. tuberculosis was
used as the target in early detection of TB using LFIA strip-based POC strategy. An interesting platform based on optical signals
is implemented as a colour change in the detection area that is visible to the naked eye. The gold nanoparticles (AuNPs) were
used as the colour probe for the detection of a target of interest. The high-resolution transmission electron microscopy
(HRTEM) image and ultraviolet-visible spectrophotometer (UV-Vis) analysis confirmed that the synthesized AuNPs were
appropriate for the immunoassay designed. The platform consists of AuNPs conjugated with specific antibodies (Ab) to capture
the antigen of M. tuberculosis. Under the capillary effect, sandwich immunoreactions of AuNP-Ab-antigen were performed on
the test pad of the immunostrip, which can be observed by the colour signal on the test line of the strip with a short assay time.
Furthermore, the newly developed biosensor was utilized in CFP10-ESAT6 antigen detection in human sputum specimens with
satisfactory results. The characteristic coloured bands enable visual detection (naked eye) of target analyte without
instrumentation. This noninvasive diagnose system which is sputum-based detection could provide user-friendly and affordable
diagnostic tests in developing countries.

1. Introduction

Tuberculosis (TB) is one of the deadliest infectious diseases
that became a significant public health problem worldwide
[1]. The disease is mainly caused by the infection ofMycobac-
terium tuberculosis, which can be transmitted via minute
aerosol droplets such as coughing, sneezing, or even talking
by an infected TB person [2]. This airborne contagious dis-
ease caused more than nine million new cases annually, mak-
ing TB the second leading cause of death after human
immunodeficiency virus (HIV) infection [3]. The primary

reasons for the high prevalence rate of TB include inadequate
access to effective diagnostic methods and inability to treat
all infectious cases of pulmonary TB in a timely fashion,
allowing continued M. tuberculosis transmission within
communities.

The current gold standard for TB diagnosis is sputum
smear microscopy, chest radiology, and solid culture [4, 5].
Even though the methods are capable of diagnosing TB,
these tests are limited by poor sensitivity, low specificity,
and a time-consuming process [6]. The nucleic acid
amplification-based systems have been developed and offer
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relative improvements in sensitivity, specificity, and rapid
detection of M. tuberculosis over conventional techniques.
However, this method requires a high standard of techni-
cal competence and high-cost equipment and is used only
in proficient laboratories that can afford reference reagents
to monitor the assay performance [7–9]. Since TB is a dis-
ease of poverty, in which over 90% of the worldwide bur-
den of TB takes place in low-income and middle-income
countries, there is an unmet need for reliable diagnostic
methods to identify TB disease rapidly, efficiently, and
accurately in an economical way to be used in resource-
constrained settings.

Paper-based immunoassays represent a powerful tech-
nique with high relevance in biosensing as it achieved the
requirements needed for point-of-care (POC) devices,
including rapid detection, a small amount of sample, and
low cost so that more people can conveniently receive cost-
effective healthcare in resource-limited areas [10]. The
paper-based POC immunoassays are generally composed of
three major components, i.e., paper as the substrate, antibod-
ies as the detection element, and reporter molecules as the
signal-transforming element. Lateral flow immunoassay
(LFIA), also known as strip-based biosensing, is one of the
existing paper-based platforms that represent the most
favourable strategy for on-site and one-shot sensor (dispos-
able) analysis [10, 11]. It is worth mentioning that electro-
chemical approaches are also taking advantage of lateral
flow strips [12]. However, LFIA has some drawbacks; for
example, at low concentrations of analyte, this technology
may present problems in terms of sensitivity [13].

Incorporation of nanoparticles (NPs), such as gold nano-
particles (AuNPs) with different biorecognition elements
(antibodies, peptide arrays, polymers, and aptamers), pro-
vides an effective strategy to enhance the performance of
the detection systems. The AuNP-based paper biosensor ini-
tiated intensive studies recently for the diagnosis of various
infectious diseases, such as malaria [14], hepatitis B virus
(HBV) [15], dengue [16], Ebola virus (EBOV) [17], and other
viruses [18, 19]. In this context, three types of paper-based
immunoassays have been demonstrated, including colori-
metric-based, fluorescence-based, and electrochemical-
based immunoassays. Although the fluorescence-based and
electrochemical-based immunoassays show advanced merits
in terms of sensitivity, they also involved the issues of multi-
step operation and reader-dependent during detection,
which reduces the convenience of end-users. Meanwhile,
the advantages of colorimetric-based immunoassay include
low cost, equipment-free, rapid, naked-eye readable, and
suitable for high-throughput screening on-site; however,
the improvements in accuracy, sensitivity, and quantification
are still its challenges [10].

Concerning handheld detection platforms for the POC,
particularly for TB detection, colorimetric-based LFIA
appears to be a good start since this method realised rapid
diagnostics in the field conditions as well as simple operation.
In addition, early detection is so critical to enabling timely
initiation of antituberculosis treatment, which is the key to
reduce the mortality as well as to avoid TB epidemic. To
achieve that, we have focused on M. tuberculosis secretory

proteins suitable for the early detection of TB. The 10 kDa
culture filtrate protein (CFP10) and 6 kDa early secreted anti-
gen target (ESAT6) were found to be encoded by the Rv3874
and Rv3875 genes, respectively. These genes are located in
the region of difference-1 (RD-1) of the virulent M. tubercu-
losis genome, which are potent T-cell antigens recognised in
over 70% of TB patients [20, 21]. An exciting discovery was
that ESAT6 and its protein partner, CFP10, bind tightly to
each other in a ratio of 1 : 1 through hydrophobic and Van
der Waals interactions to form an ESAT6-CFP10 protein
complex. Both proteins adopt a stable, fully folded structure
in the complex, with about two-thirds of the backbone in a
regular helical conformation [22]. Meher and coworkers
reported that the complex formation of ESAT6-CFP10
resulted in structural changes, enhanced thermodynamics
and biochemical stability, and loss of binding to phospho-
lipid membranes [23]. This suggests that ESAT6 and
CFP10 are active as a complex and may confer several func-
tional advantages, including tighter control of the activity of
regulatory proteins such as transcription factors, and a gen-
eral mechanism for increasing the specificity of protein-
protein and protein-nucleic acid interactions [22, 23].
Besides, the work reported by Renshaw and coworkers
showed that the combination of CFP10-ESAT6 antigen
increased the diagnostic performance of assay as compared
to a single antigen [24].

Herein in this work, the merits of LFIA and CFP10-
ESAT6 as the identification protein biomarker were com-
bined, and for the first time, we developed a disposable
immunoassay-based test strip as a novel biosensor for
rapid detection of TB using the naked eye. Noteworthily,
the strategy that incorporated AuNPs as the label plays a
crucial role in enhancing the visual effect and the response
intensities of LFIA. The design and response principle of
this newly developed method are illustrated in Figure 1.
Antibodies are bound on different positions of the LFIA
to capture target antigens, and the coloured detector
reagents labelled (AuNPs) on antibodies give the coloured
responses on the test zone and control zone on the LFIA.
The characteristic coloured bands enable visual detection
(naked eye) of the target analyte. A sandwich immunoas-
say format was used to amplify the detection signal as well
as increase the selectivity of the sensor towards the TB-
specific biomarkers. The appearance of both coloured test
line and coloured control line indicate a positive result
(Figure 1(a)), whereas the observation of a single coloured
control line indicates a negative result (Figure 1(b)). The
control line indicates that the sample has migrated across
the membrane as intended, regardless of whether the ana-
lyte is present or not in the sample. If no coloured lines
appear at all, it is considered an invalid result; thus, the
test must be repeated.

We also demonstrated the effectiveness of developed
LFIA for the detection of CFP10-ESAT6 in sputum, col-
lected from human samples of TB-infected persons. The
study suggested that the blood test-free method through
sputum detection of biomarkers might be of value in the
early detection of TB disease, especially in HIV-positive
cases, and thus could provide wide potential applications
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in clinical analysis and at-home usage without peripheral
laboratory implementation.

2. Materials and Methods

2.1. Materials and Reagents. Polyclonal anti-CFP10 antibody,
rabbit anti M. tuberculosis, rabbit anti-M. tuberculosis HRP
conjugate, goat anti-rabbit IgG antibody, M. tuberculosis
ESAT-6-like protein esxB (CFP-10), and recombinant M.
tuberculosis immunogenic protein MPT64 antigens were
purchased from Cusabio (Selangor, Malaysia). Bovine serum
albumin (BSA), human serum, gold (III) chloride trihydrate,
potassium carbonate, phosphate-buffered saline (PBS) tab-
lets, and Tween-20 were purchased from Sigma-Aldrich (St.
Louis, MO, USA). 3,30,5,50-Tetramethylbenzidine (TMB)
ELISA substrate and sodium citrate were obtained from
Abcam (Cambridge, UK) and R&M Chemicals (Essex, UK),
respectively. Sputum samples of patients from Hospital Uni-
versiti Sains Malaysia (HUSM), Kelantan, Malaysia, were
used with identification numbers TB1273/2017, B562423,
TB541/2016, TB1304/2016, TB1280, and SA217. For the spu-
tum sample, the need for consent was waived because the
sputum sample is only leftover samples that have been used
for laboratory purposes of HUSM. In addition, the protocol
used in this study was approved by the Medical Research
and Ethics Committee (MREC) of the Ministry of Health
Malaysia (Approval Number: NMRR-17-3001-39473 (IIR)).

2.2. Synthesis of Gold Nanoparticles. The gold nanoparticles
(AuNPs) were synthesized by citrate reduction method as
previously reported [25]. A gold chloride solution was pre-
pared by dissolving gold chloride in 100ml of deionized
water, and the prepared solution was stored protected from
light. Then, a sodium citrate solution was freshly prepared
prior to use by dissolving a sodium citrate in 100ml of deion-
ized water and filtered. The gold chloride solution was heated
until the solution boil, and the sodium citrate was added
wisely drop by drop. After 10min, the flask was placed into
a water bath to cool down for at least 15min. The resulting
AuNPs were then collected and stored in a refrigerator at

4°C until further used. The synthesized AuNPs were then
characterized using UV-Vis and HRTEM image.

2.3. Conjugation of Rabbit Anti-M. tuberculosis Antibody
with AuNPs. Conjugation of rabbit anti-M. tuberculosis
antibody with AuNPs was prepared according to the
methods described previously [11] with slight modification.
Briefly, 6μl of rabbit anti-M. tuberculosis antibody
(12μg/ml) was added to 5ml colloidal gold solution. Prior
to use, the pH value of the prepared AuNP solution was
adjusted to 8.0 by using 0.2M potassium carbonate and
0.1M HCl. The mixture was stirred for 10min, and 10%
bovine serum albumin was added. The mixture was incu-
bated for 30min and stored overnight in 4°C. After that,
the mixture was centrifuged for 10min at 11,000 g to
remove unconjugated antibodies. The pellet was resus-
pended with passive diluent buffer (PDB) equivalent to
1/10 original volume. The optical density (OD) reading
was studied using UV-Vis at 540nm to get OD540 nm = 10.
Finally, the conjugated antibody with AuNP solution was
filtered through a 0.45μm cellulose acetate filter.
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Figure 1: Schematic illustration of the detection principle based on lateral flow test strip biosensor with colloidal gold as label. (a) Positive
result indicating M. tuberculosis detected by observation of two coloured lines (TB-infected patient). (b) Negative result indicating no
presence of M. tuberculosis in sample (healthy person). Only one coloured line appeared.
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Figure 2: Design of lateral flow immunoassay (LFIA).
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2.4. Spotting of Test Line and Control Line on Nitrocellulose
Membrane. Rabbit IgG antibody was dispensed on nitrocel-
lulose membrane as control line at a concentration of
1mg/ml. Rabbit anti-M. tuberculosis antibody at a concentra-
tion of 1mg/ml was spotted on a nitrocellulose membrane as
a test line. The antibody was prepared in PBS buffer and 1%
sucrose. The nitrocellulose membrane was dried at room
temperature and stored at 4°C.

2.5. Lateral Flow Immunoassay Strips. LFIA strips were pur-
chased from Kestrel Bio Sciences (Thailand) Co., Ltd. The
LFIA construction is demonstrated in Figure 2. LFIA strip
is designed with three overlapping pads placed on a back-
ing card: sample pad (Millipore C048, 18 × 300mm),
membrane (Whatman FF 60/100, 25 × 300mm), and wick-
ing pad (Whatman 470, 18 × 300mm). LFIA strips were
assembled on the backing card sequentially with a 1-
2mm overlap. The rabbit anti-M. tuberculosis antibody
conjugated with AuNP solution with OD540 nm = 10 was
immobilized onto a conjugate pad (0.5μl per 1mm). The
conjugate pad was dried at 37°C for 1 h. Then, goat anti-
rabbit IgG antibody and rabbit anti-M. tuberculosis anti-
body were lined onto the nitrocellulose membrane to form
the control line and the test line, respectively. The mem-

branes were dried at room temperature overnight. Finally,
the LFIA strips were cut into 4mm wide strips and stored
at 4°C until use.

The sputum samples were diluted with lysis buffer, and
100μl of the prepared sample was applied on the sample
pad. The prepared strips were placed horizontally for 5-
10min to allow the sample flow from the sample pad to the
wicking pad. The appearance of reddish colour at the test line
and the control line was observed.

2.6. Conventional Enzyme-Linked Immunosorbent Assay
(ELISA) Test. In order to confirm the positivity and negativ-
ity of the samples in comparison to our developed LFIA, a
semiquantitative ELISA test was done. For this purpose,
ELISA 96-well plates were coated with 100μl of rabbit anti-
M. tuberculosis antibody with a concentration of 1μg/ml in
carbonate buffer. The ELISA plate was covered with parafilm
and incubated for 2 h. Then, each coated well was washed 3
times by filling the wells with washing buffer containing
PBS and Tween-20. All the solutions were removed by flick-
ing the plate 2-3 times to remove any unbound protein. After
the washing step, the ELISA plate was blocked by adding
250μl blocking buffer (PBS and BSA) for 30min at room
temperature. The ELISA plate was washed again 3 times by

HRP + TMB 

Antibody: rabbit anti
Mycobacterium tuberculosis
conjugated HRP

Antigen: CFP10-ESAT6 antigen
of Mycobacterium tuberculosis

Antibody: rabbit anti
Mycobacterium tuberculosis

Well 1 : 5 𝜇g/ml antigen

Well 2 : 10 𝜇g/ml antigen

Well 3 : no antigen 

(a)

AuNPs

Antibody: rabbit anti
Mycobacterium tuberculosis

Antigen: CFP10-ESAT6 antigen
of Mycobacterium tuberculosis

Antibody: rabbit anti
Mycobacterium tuberculosis

Positive TB Negative TB

(b)

Figure 3: (a) Detection of CFP10-ESAT6 using conventional ELISA method with illustration of binding antibody-antigen complex with
labelled detection antibody in sandwich form. Negative controls (without antigen) show that no colour appears in well 3, whereas wells
containing antigen show blue coloured signal. (b) Detection of CFP10-ESAT6 using our developed LFIA platform with illustration of
binding antibody-antigen complex in sandwich form. Two coloured lines indicate the presence of antigen, while one coloured line
indicates no antigen detection.
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washing buffer and 100μl of different concentrations of
CFP10-ESAT6 antigen ofM. tuberculosis in antibody diluent
buffer containing PBS, Tween-20, and BSA were added to
each well. All antigen was tested in triplicate and incubated
overnight at 4°C. After incubation of antigen, the plate was
then washed again 3 times by using washing buffer and
100μl of rabbit anti-M. tuberculosis HRP conjugate was
added in each well for 1 h, followed by the washing step
and addition of TMB substrate solution. Blue colour will
appear which indicates the presence of labelled detection
antibody with complement antibody-antigen binding.
Finally, 100μl of stop solution (0.5M H2SO4) was added
and the reading of absorbance was obtained by using an
ELISA Microplate Reader.

3. Results and Discussion

3.1. Validation of Sandwich Format Using Conventional
ELISA Procedure. To further explain the sensing mechanism
of the sandwich strategy and evaluate the specific roles of
employed antibodies, control experiments were conducted.
ELISA analysis was employed to verify the binding of anti-
body and antigen on the test line as shown in Figure 3.

Detection antibody was labelled with HRP enzyme which
will induce a coloured signal when TMB was added. The
ELISA sandwich complex was formed, which includes the

capture antibody, the antigen, and the detection antibody
(Figure 3(a)). As can be seen in Figure 3(a), the control well
shows no colour signal as the absence of antigen will cause
no binding of the labelled detection antibody. The ELISA
plate shows the blue signal in the wells with antigen and no
blue signal can be observed in the absence of antigen. The
results confirmed that the fusion protein CFP10-ESAT6 has
been a great candidate antigen with high specificity for the
selected antibodies used in this work based on the immuno-
diagnosis sandwich format in ELISA.

Even though ELISA shows an effective method for the
determination of CFP10-ESAT6 in M. tuberculosis, tedious
washing procedures and required antibody labelling may
limit wide use of this method for simple and rapid detection
of TB. Thus, in this present study, we established a simple,
portable, user-friendly, and rapid platform for the determi-
nation of the anti-CFP10-ESAT6 antibody for TB diagnosis
based on LFIA in sandwich assay format, as shown in
Figure 3(b). The use of AuNPs enables reddish colour obser-
vation. A positive result indicates by observation both a
coloured test line and a coloured control line, while an obser-
vation of a single coloured control line indicates a negative
result. The current lateral flow device shows promise for
use in applications where AuNPs attach through specific bio-
logical recognition events (target-binding configuration)
when the target analyte (CFP10-ESAT6) is present.
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Figure 4: Characterization of synthesized AuNPs. (a) UV-visible absorption spectrum. (b) HRTEM image of AuNPs. (c) Histogram image of
nanoparticle size.
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3.2. Characterization of Antibody Conjugated with Gold
Nanoparticles. The synthesized AuNPs were characterized
by using UV-Vis and HRTEM to obtain the wavelength of

the maximum absorbance (λmax) and to determine the mor-
phology of AuNPs which have been synthesized by citrate
reduction method, respectively. Based on Figure 4(a), the
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Figure 6: (a) The LFIA strips show reddish coloured signal only appeared at the control line when control sample (buffer solution without
antigen) was loaded for 5-10min. (b) Reddish signals presented on both test line and control line which indicate a positive signal when
sputum samples of TB-positive patients 1 to 4 were dispensed on the sample pad.
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Figure 5: Characterization of synthesized AuNPs conjugated with antibody. (a) A series of different concentrations of antibody conjugated
with AuNP solution. (b) UV-Vis peak absorption of conjugate at different rabbit anti-M. tuberculosis antibody concentrations. (c) UV-Vis
peak of AuNPs incubated with various concentrations of antibodies.
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particle of AuNPs absorbs light at an absorbance of 520 nm
due to the surface plasmon resonance. The HRTEM image
shown in Figure 4(b) represents a clear image of spherical
AuNPs less aggregated with each other, and the average size
of AuNPs obtained is approximately ~30nm as depicted in
Figure 4(c).

The AuNP labelling approach was used as a rapid
detection of M. tuberculosis using lateral flow strips.
AuNPs which were conjugated with rabbit anti-M. tuber-
culosis antibody were optimized to get a stable ruby-red
colour for appearance as signal in the test line and the
control line. The stability of the gold colloid was examined
from the absorption of the colloid after addition of differ-
ent concentrations of antibody. The optimal stabilizing
antibody concentration was determined by using different
concentrations of antibody. For conjugation, the antibodies
are attached to the AuNP surface by physical and chemical
interactions [11]. The antibody is nonspecifically adsorbed
onto AuNPs while the stability in colloidal solution was
provided by the negatively charged nanoparticles [11,
26]. The stability of the gold colloid was examined from
the absorption of the colloid after addition of different
concentrations of antibody.

Figure 5(a) shows the colour changes of AuNP solution
containing antibody with different concentrations. The col-
our of the solution changed from red to blue after the addi-
tion of a low concentration of rabbit anti-M. tuberculosis
antibody in the presence of NaCl. The red colour of AuNPs
remains at a stable state when high concentration or excess
amount of antibody was added. The minimum concentration
of antibody to stabilize the colloidal gold was approximately
10μg/ml as shown in Figure 5(b). At 10μg of antibody per
1ml of gold solution, the antibody was adequately bound to
AuNPs. More protein bound to the AuNPs as the concentra-
tion of antibody increase, in which all of the available binding
sites were occupied. Figure 5(c) shows the UV-Vis absor-
bance spectra of different concentrations of antibody conju-
gated with AuNP solution. The maximum SPR absorption
for solutions 1 to 8 (from high concentration antibodies)
shows approximately at 550nm while solutions 9 to 11

(lower concentration antibodies) show long wavelength
shifted at 570 nm. This is due to the aggregation of AuNPs
shown in solutions 9 to 11.

3.3. Lateral Flow Immunoassay Characterization for Antigen-
Antibody TB Detection. Test strips were constructed as
shown in Figure 6. There are three main elements in a strip:
a conjugate pad, a membrane, and an absorbent pad. What-
man membrane was used so that the flow of the sample run
smoothly. The sample from the sample pad will flow through
the conjugate pad until the wicking pad. The wicking pad
pulled the sample over the test and control lines by trapping
the excess sample. The antibody conjugated with AuNPs was
deposited on the conjugate pad. The rabbit anti-M. tubercu-
losis was aligned on the membrane which was known to be
the test line. The other line was aligned with goat anti-
rabbit IgG antibody and known as the control line. The anti-
body on the test line will capture the antigen which was
bound to antibody labelled with AuNPs. As a result, reddish
signal colour could be observed on the test line. The rabbit
IgG antibody on the control line will capture the remaining
AuNP-labelled antibody and could always show signal as a
validation test.

The control line on the nitrocellulose membrane was
optimized so that a clear reddish signal could be observed
by the naked eye. The test strips were tested by lysis buffer
(no antigen), and the buffer was let to flow laterally on the
nitrocellulose membrane. The reddish signal on the control
line can be observed as shown in Figure 6(a) by the naked
eye after 5-10min buffer loading. Upon testing the lateral
flow strips with a clinical sample of patients with positive
TB, 100μl of solution was dispensed on the sample pad. As
shown in Figure 6(b), a reddish signal could be observed on
the test line and the control line. This result indicates that
the antibody on the test line was successfully bound with
the CFP10-ESAT6 antigen in the sputum sample.

The developed LFIA was further tested with different
types of antigen in order to verify the specificity of the strips.
The test line of each strip which has been spot off with the
antibody was observed after 5-10min after each target flows
from the sample pad to the wicking pad. As shown in
Figure 7, the signal appeared on the test line of the strip when
sputum sample was loaded after 10min. Meanwhile, no sig-
nal was observed on the test line of the control strip, which
indicates the absence of any target of the sample. The results
show the specific target of the antibody on the test line when
no signal could be seen on the test line when the recombinant
M. tuberculosis immunogenic protein MPT64 antigen and
human serum albumin were tested on the strips. Therefore,
the developed LFIA specifically detects the sputum sample
that contains CFP10-ESAT6 and the antibody on the test line
only captures the specific target of the sample.

3.4. Reproducibility Study. The reproducibility study of the
developed LFIA strips was applied by preparing three strips
from the same batch for each clinical sputum sample patient.
Based on Figure 8, each sputum sample from different TB-
positive patients (1-5) and TB-negative patient (6) was tested
on LFIA strips and the results were observed after the sputum

1 2 3 4 Loaded sample
1. Control (buffer)
2. Sputum sample
3. Mpt64 antigen
4. Human serum albumin

Control line

Test line

Figure 7: Specific detection of sputum sample using LFIA. The
detection of CFP10-ESAT6 in sputum sample was observed as a
reddish colour on the test line of the strips while no signal was
detected on the test line of another target.
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samples were loaded on the sample pad. The results on each
strip show that both the test line and the control line present
signal after 5-10min. Hence, the CFP10-ESAT6 antigen of
M. tuberculosis from the clinical sputum sample of TB
patients was detected by the antibody on each test line of
the strips. These results suggested that the precision of each
strip was assessed by randomly choosing LFIA for detection
of analyte sample. To further verify that the colour change
is due to the attachment of the complementary target anti-
body to the capture antibody on the developed LFIA strip,
an additional test was employed by using the sputum sample
from a TB-negative patient (patient 6). After loading the
sample on the sample pad of the strip for 5-10min, the test
showed no significant colour change at the test line as com-

pared to the control line, suggesting the absence of nonspe-
cific binding of target antigen to the capture antibody on
the test line zone. This proves that colour detection occurred
by the attachment of complementary target antigen of M.
tuberculosis with antibody functionalized on the developed
LFIA strip.

4. Conclusions

We demonstrated a rapid, simple, and affordable method
based on LFIA for ultrasensitive naked eye detection system
of TB. The CFP10-ESAT6 detection using sandwich format
procedure presented in this newly developed immunosensor
shows a simple and easy platform that may provide a rapid

Control line

Test line

Patient 1

(a)

Control line

Test line

Patient 2

(b)

Control line

Test line

Patient 3

(c)

Control line

Test line

Patient 4

(d)

Control line

Test line

Patient 5

(e)

Control line

Test line
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Figure 8: The reproducibility study of LFIA strips for detection of CFP10-ESAT6 antigen from sputum sample of TB patients. (a) Analysis for
patient 1 sputum specimen, (b) analysis for patient 2 sputum specimen, (c) analysis for patient 3 sputum specimen, (d) analysis for patient 4
sputum specimen, (e) analysis for patient 5 sputum specimen, and (f) analysis for patient 6 sputum specimen.
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alternative strategy with the potential to be used in TB diag-
nosis in comparison with the ELISA method. The developed
sandwich immunoassay showed exceptional detection
response towards CFP10-ESAT6 in sputum specimen for
clinical sample application and demonstrated high sensitiv-
ity, specificity, and reproducibility as disposable-based sen-
sor. This strip-based immunoassay could provide great
potential in low-cost and POC application for TB diagnosis.
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