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Ratiometric Fluorescent Lateral Flow Immunoassay for Point-of-Care
Testing of Acute Myocardial Infarction

Jing Wang", Chenxing Jiang", Jiening Jin, Liang Huang,* Wenbo Yu, Bin Su,* and Jun Hu*

Abstract: We report the development of a highly sensitive
ratiometric fluorescent lateral flow immunoassay (RFLFIA)
strip for rapid and accurate detection of acute myocardial
infarction biomarker, namely heart-type fatty acid binding
protein (H-FABP). The RFLFIA strip works in terms of
ratiometric change of fluorescence signal, arising from blend-
ing of fluorescence emitted by two composite nanostructures
conjugated to capture and probe antibodies and inner filter
effect of gold nanoparticles. In conjunction with using custom
smartphone-based analytical device and tonality analysis,
quantitative detection of H-FABP was achieved with a low
limit of detection at 0.21 ngmL~". The RFLFIA strip can
generate a visually distinguishable green-to-red color change
around the threshold concentration of H-FABP (6.2 ngmL™),
thus allowing the semi-quantitative diagnosis by the naked eye.

Introduction

Acute myocardial infarction is the leading cause of sudden
cardiac death. So its early and timely warning is highly
important in the diagnosis and control of cardiovascular
diseases.!! Given the lack of specificity by signs and symp-
toms, the detection of myocardial biomarkers is considered to
be a reliable method for acute myocardial infarction diag-
nosis.”) For example, heart-type fatty acid binding protein (H-
FABP), a biomarker of cardiac injury with a threshold value
of 6.2 ngmL "', can be detected as early as 1.5 h after the first
symptom.F! However, the current clinic detection of H-FABP
is usually based on either enzyme-linked immunosorbent
assay or latex assay,'* both of which are capable of providing
reliable evaluation but require specific instruments, profes-
sional examiners and certain turnaround time, thus being
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unsuitable for emergency case or self-testing by untrained
patients at home. Because the prime time to treat an acute
myocardial infarction is within 2 h,”’ there has been growing
demand of developing an at-home blood test or point-of-care
test (POCT) that allows the patients to rapidly and timely
monitor H-FABP.

Lateral flow immunoassay (LFIA) is currently the state-
of-art platform for POCT, thanks to its superiority of
speediness, low-cost, portability and simplicity.”’ Among
commercial LFIA, gold nanoparticles (AuNPs) and fluores-
cent microspheres are used predominantly as reporters to
achieve optical signal readout.”! AuNPs-based colorimetric
LFIA is easy to use and can acquire results straightforwardly
with the naked eye, which is however limited by the
quantification ability and sensitivity."] In contrast, fluores-
cence-based LFIA (FLFIA) is advantageous in terms of
sensitivity, because the optical signal can be amplified
remarkably by doping microspheres with highly-luminescent
molecular emitters or quantum dots (QDs).”) Despite numer-
ous FLFIAs have been developed and commercialized so far,
some challenges still exist. First, similar to AuNPs-based
LFIA, the naked eye visual inspection of FLFIA is also based
on the change of color intensity (luminance), so that it is
difficult to qualitatively or semi-quantitatively discriminate
targets at a low concentration with a weakly colorful test-line,
in particular for untrained examiners or patients."”! Second,
most reporters give rise to single-signal response, both
accuracy and sensitivity of quantitative results are influenced
by a number of analyte-independent parameters, such as
reporter photobleaching, light scattering, excitation light
fluctuation and so on.!'"! Third, bulky instruments or devices
are still needed to collect data, which are incompatible with
on-site detection and unfriendly to resource-constrained end-
users.'” Therefore, solving these technical issues and promot-
ing the widespread use of FLFIA are of continuously great
interest.

Ratiometric fluorescence technology that relies on the
intensity ratio of two or more emission bands has been widely
used in the design of fluorescent sensors.'” Unlike single
fluorescence signal, the ratiometric scheme can minimize the
external interference by self-calibration to improve the
detection sensitivity."! Additionally, it can also output differ-
ent colors with typical tonality (hue) to enhance the visual
identification. Compared with color intensity, color hue is
a superior strategy for naked eye readout, since hue is tunable
and its variations are easy to differentiate.'”>) Moreover, the
hue changes along with the intensity variations of three
primary colors (red-green-blue, RGB), hence the signal
intensity ratio of different colors, such as R/G, can be utilized
to quantify the target concentration with portable terminal
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devices (such as smartphone)."” The universal design strategy
for hue evolution is based on ratiometry with either a fixed
reference signal or two reverse signal changes. By contrast,
the latter presents a more sensitive intensity ratio change, and
its sensitivity is on the same order of magnitude with the
spectral analysis.'”l However, the utilization of double-signal-
responsive strategy for the detection of protein biomarkers is
still scarce, although it possesses a high sensitivity for
visualization and is achievable via the energy transfer
model."®!

In this work we report a ratiometric fluorescence strategy
for designing highly sensitive FLFIA (designated as
RFLFIA) with hue signal readout. The RFLFIA strip enabled
us to accomplish either naked eye readout of specific
concentration of H-FABP or highly sensitive quantification
of H-FABP with smartphone. As shown in Figure 1 (top
panel), the fluorescent silica nanosphere loaded with AuNPs
and red-light emitting CdSe/CdS/ZnS QDs (rQDs) (desig-
nated as SAQ) and tagged with anti-FABP 10E1 antibody
(mAb1) is buried in the conjugate pad of test strip, meanwhile
green-light emitting CdZnSe/CdS/ZnS QDs (gQDs) conju-
gated with anti-FABP 28 antibody (mAb2) (designated as
mAb2-gQD) is immobilized in the test-line (T-line). In
a positive assay, SAQ-mAbl and mAb2-gQDs, together with
H-FABP in the sample, form sandwich-like immunological
complex structure at the T-line, resulting in the fluorescence
color change from green to red. The change originates from
the overlap of red fluorescence emitted by rQDs and green
one by gQDs, as well as inner filter effect of AuNPsin SAQ on
the green fluorescence, which is much more distinguishable
than traditional FLFIA with only single fluorescence color
change (bottom panel, Figure 1). Moreover, the color inten-
sity ratio (R/G) of T-line also allows accurate quantitative
analysis by combining with a custom strip analyzer and
smartphone.
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Results and Discussion

SAQ and gQD are two core elements in RFLFIA. The
former was prepared by loading AuNPs and rQDs into
dendritic silica nanospheres (dSiO,) (see the Supporting
Information and Scheme S1 therein for details). As shown in
transmission electron microscopy (TEM) images (Figure 2a,
b), dSiO, has a dendrimer-like structure with a diameter of ca.
275 nm. AuNPs and rQDs have an average diameter of ca.
11.0 nm and ca. 7.5 nm, respectively (Figure 2¢c, d). AuNPs
were loaded to thiolated dSiO, via the formation of thiol-gold
coordination." The resulting dSiO,/AuNPs sphere consists of
a number of AuNPs well distributed in the dendritic matrix
(Figure 2¢), which was then subjected to silanization and sol-
gel reaction to fill the radial pores. Meanwhile, AuNPs were
successfully buried inside the nanosphere (Figure 2 f). After
surface thiolation with (3-mercaptopropyl)trimethoxysilane
again, rQDs can be subsequently assembled to the sphere,
producing dSiO,/AuNPs/SiO,/rQDs (Figure 2g). Thus ob-
tained sphere was eventually coated with another silica layer
to prepare SAQ. TEM and high-angle annular dark-field
scanning TEM (HAADF-STEM) images (Figure 2h, i), as
well as elemental mapping by x-ray energy dispersive
scattering (EDS; Figure 2j), confirm that AuNPs are uni-
formly distributed in the interior of SAQ sphere and rQDs are
located only in the surface coating silica shell. Furthermore,
the resulting SAQ displays a maximum absorption band at
533 nm and a fluorescence emission band at 626 nm (Sup-
porting Information, Figure S1), indicating that SAQ retains
the original plasmonic characteristic of AuNPs and fluores-
cent nature of rQDs. To conjugate with H-FABP antibody,
namely mAb1, the surface of SAQ sphere was pre-derivatized
with carboxylic groups (Supporting Information, Scheme S2).

To prepare gQDs, commercially available hydrophobic
green-light emitting CdZnSe/CdS/ZnS QDs with an average
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Figure 1. lllustration of RFLFIA and traditional FLFIA for visual and quantitative detection of H-FABP.
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Figure 2. a)-h) TEM images of dSiO, (a), a single dSiO, (b), AuNPs
(c), rQDs (d), dSiO,/AuNPs (e), dSiO,/AuNPs/SiO, (f), dSiO,/AuNPs/
SiO,/rQDs (g) and SAQ (h). i) HAADF-STEM image of SAQ. j) EDS
mapping of different elements (j;-j;) for a single SAQ nanosphere.

diameter of ca. 9.5 nm (Supporting Information, Figure S2 a)
were transferred from chloroform to water by surface
encapsulation with amphiphilic poly(maleic anhydride-alt-1-
octadecene) (Supporting Information, Scheme S3). The ob-
tained carboxylated gQDs (Figure S2b) displayed a very
slightly red-shifted fluorescence maximum at 524 nm with
respect to the original one at 523 nm (Supporting Informa-
tion, Figure S3).

Carboxylated SAQ and gQDs were then conjugated with
H-FABP monoclonal antibodies (mAbl and mAb2) by
carbodiimide cross-linking reaction to form SAQ-mAbl
reporters and mAb2-gQDs capture probes. Note that the
hydrodynamic sizes of both SAQ-mAbl and mAb2-gQDs
were increased after the antibody conjugation (Supporting
Information, Figure S4), and their zeta potentials showed
a reduced negative charge from —61.3 to —20.7 mV and from
—52.0 to —30.8mV (Supporting Information, Figure S5),
respectively, indicating the successful antibody conjugation
on the particle surface.” The conjugation was also confirmed
by the fact that the obtained SAQ-mAbl and mAb2-gQDs
can specifically bind with FITC-labeled goat anti-mouse IgG
(Supporting Information, Figure S6) and RBITC-labeled
goat-anti-mouse IgG (Supporting Information, Figure S7),
respectively.”!

With RFLFIA, we intend to achieve two reverse fluo-
rescent signal changes for H-FABP detection in a positive
assay, which relies on the attenuation effect of AuNPs loaded
to SAQ sphere on the fluorescence of gQDs, as well as
ratiometric blending of fluorescence emitted by rQDs loaded
to SAQ sphere and that by gQDs. To verify this hypothesis,
the absorption, excitation and emission spectra of different
nanostructures were compared. As shown in Figure 3a, both
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excitation (curve I) and emission (curve II) spectra of gQDs
overlap well with the absorption spectra of AuNPs (curve III)
and SAQ spheres (curve IV). This feature confirms the
possibility of fluorescence attenuation by AuNPs or SAQs
spheres via inner filter effect involving both excitation
quenching (that is, competitive absorption) and radiative
fluorescence quenching.” Indeed, as illustrated in Figure 3b,
the fluorescence intensity of mAb2-gQD (black curve)
decreased apparently in the presence of dSiO,/AuNPs/SiO,-
mAbl1 (red curve) or SAQ-mAbl1 (blue curve).

Note that neither the fluorescence intensity of mAb2-
¢QD nor that of SAQ-mADbI changed significantly after
mixing with H-FAPB antigens to form immunocomplex
structure, namely SAQ-mAbl/antigen/mAb2-gQDs (green
curve, Figure 3b). It implies that rQDs influence insignif-
icantly the fluorescence of gQDs, although the emission
spectrum of mAb2-gQDs also overlaps with the absorption
spectrum of rQDs (Supporting Information, Figure S8).
Given the closest approach and center-to-center distance
between rQDs and gQDs in the immunocomplex structure
are at least 28nm and 162 nm, respectively, which are
significantly larger than the Forster distance (ca. 9.4 nm),
implying that non-radiative resonance energy transfer be-
tween two types of QDs is indeed unfavorable (see the
Supporting Information, Figure S8 and its caption for details).

Above data corroborated a scheme involving ratiometric
fluorescence change, which can be used for designing highly
sensitive RFLFIA strip for H-FABP detection. As exempli-
fied in Figure 1 (top panel, see also details in the Supporting
Information), SAQ-mAbl and mAb2-gQDs were loaded to
and fixed in the conjugate pad and T-line of RFLFIA test
strip, respectively. The control-line (C-line) was immobilized
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Figure 3. a) The excitation (curve 1), emission (curve Il) spectra of
gQDs and the absorption spectra of AuNPs (curve 111) and SAQ
spheres (curve V). b) The variation of emission of mAb2-gQDs (black
curve) upon mixing with dSiO,/AuNPs/SiO,-mAb1 (red curve), SAQ-
mAb]1 (blue curve), both SAQ-mAb1 and H-FABP (green curve). The
concentrations of mAb2-gQDs, dSiO,/AuNPs/SiO,-mAb1, SAQ-mAb1
and H-FABP are 1.4 nM, 20 ugmL ™", 20 pgmL " and 1 pgmL ™",
respectively. ¢, d) Photographs (i), fluorescence (i) and SEM images
(i) of RFLFIA strip membrane after a negative (c) and positive assay
(d, 50 ngmL™"). The red arrows annotate SAQ spheres captured in the
T-line.
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with goat-anti-mouse IgG antibodies. Upon adding sample
solutions onto the sample pad, the lateral flow of liquid
carries SAQ-mADb1 to migrate toward the absorbent pad via
the capillary effect. For a negative assay where H-FABP was
absent, the T-line was colorless under daylight (Figure 3c, i)
and remained green under UV illumination (Figure 3¢, ii). In
this case, no immunocomplex was formed and thus no SAQ
spheres were found in the T-line (Figure 3c, iii). In contrast, in
the case of a positive test, SAQ-mADb1 was captured in the T-
line by forming SAQ-mAb1/H-FABP/mAb2-gQDs complex
(Figure 3d, iii). Therefore, the T-line appeared maroon under
daylight (Figure 3d, i) whereas turned red under UV (Fig-
ure 3d, ii).

At present FLFIA result readout usually relies on
dynamic scanning and acquisition of light intensity by
complicated optical system,’! which heavily limits its prac-
tical applications in POCT. In addition, the existing reader
can only recognize one signal of a certain wavelength range at
a time, which is also incompatible with RFLFIA developed
herein. To solve these issues, we fabricated a portable reading
device that consists of a smartphone, 3D-printed top and
bottom covers, strip holder, light emitting diode (LED),
polymer lithium ion battery and two optical filters (as shown
in Figure 4a; Supporting Information, Figure S9a). The
miniaturized device had only an overall dimension of ca.
140 mm x 75 mm x 55 mm. The LED functioned as the light
source, the light from which was filtered by 365 nm band-pass
filter and then illuminated the detection zone of RFLFIA
strip at an incidence angle of 45°. The generated fluorescence
signals passed a 500 nm long-pass filter to reduce background
noise and were then captured by the CMOS image sensor of
smartphone.

The top panel of Figure 4b displays the images of
detection zones of RFLFIA strips captured by the custom
device. 75 uL. of sample solutions containing different con-
centrations of H-FABP (from 0 to 50 ngmL ") were added
onto the sample pad. And the reaction time was set to 10 min
(as optimized in the Supporting Information, Figure S10).
Clearly, with the increase of H-FABP concentration, the T-
line of RFLFIA appeared a distinguishable fluorescence
color change from green to red. It should be noticed that the
fluorescence color of T-line displayed a sensitive color change
from yellow to orange when the concentrations of H-FABP
was increased from 3.12 to 6.25 ngmL " This color change is
beneficial to rapid test because a concentration higher than
6.2 ngmL " indicates cardiac injury suffered.

To gain more accurate information from fluorescence
images, we used an app called “Color Picker” to extract hue
and RGB values (Supporting Information, Figure S9b, c).
The former can be derived using the HSL model, which
describes colors in terms of hue (H), saturation (S) and
lightness (L).?" The whole hue is represented by a 360° color
wheel with an angle from 0° to 360°. Red, green, and blue
colors correspond to the angles of 0°, 120° and 240°,
respectively, in the wheel. For example, when the color
changes from green to red, the hue value turns from 120° to
0°. As shown in Figure 4c, the hue value at a concentration of
6.2 ngmL " is about 20. It means that, when the concentration
of H-FABP is higher than 6.2 ngmL"!, the hue value is less

Angew. Chem. Int. Ed. 2021, 60, 13042 —13049
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than 20. Therefore, the hue-based image analysis can enhance
the accuracy of test results by directly recognizing the
fluorescence color rather than measuring the fluorescence
intensity.

For the sake of more quantitative analysis, RGB values
can be also extracted from the deconvolution of each image
into three primary color codes, namely red, green, and blue.
And each color can be further divided into 256 integer values
in terms of its brightness.’”! As displayed in Figure 4d, with
the increase of H-FABP concentration, the green fluores-
cence intensity and G value declined, whereas the red one and
R value increased, resulting in a double-signal reverse
fluorescence change. A control experiment using a 525 nm
bandpass filter in the front of smartphone detector also
confirmed the continuous decrease of green fluorescence, as
shown in the Supporting Information, Figure S11. The ratio
between red and green channel (R/G value) exhibited a linear
relationship with the concentration of H-FABP in the range
of 0-6.25 ngmL ' (Figure 4¢). The limit of detection (LOD)
was calculated to be 0.21 ngmL™! (30/m, in which o is the
standard deviation of the blank and m the slope of the linear
dynamic range).” In comparison with the lab-instrument
based strategies previously reported for H-FABP detection
(Supporting Information, Table S1), the RFLFTA strip test
yielded rapid and sensitive quantitative results in a more
convenient manner. Meanwhile, in comparison with conven-
tional POCT approaches that only tell yes/no, the current
RFLFIA strip test can provide a more accurate semiquanti-
tative and even quantitative answer.

To further verify the superiority of RFLFIA, traditional
FLFIA with single-signal response (as illustrated in Figure 1,
bottom) was also prepared for comparison, in which the T-line
was immobilized with only mAb2 instead of mAb2-gQDs. As
can be seen in Figure 4b (bottom), only red fluorescence was
captured at the T-line at a high enough concentration of H-
FABP, which was generated by rQDs in SAQ. It was hard to
read out the variation of H-FABP concentration according to
the color change. Although the change of hue value caused by
weak green fluorescence background (most likely originated
from BSA used for pretreating conjugate pad) was also
observed (Figure 4 f), the resulting color change of T-line was
insensitive to the naked eye. Moreover, the R value can be
also fitted for quantitative analysis (Figure 4 g), but the LOD
was calculated to be 0.59 ngmL~"' (Figure 4h), ca. 3 times
higher than that of RFLFIA.

In a control experiment, SiO,/rQDs/SiO, nanospheres
with size similar to SAQ ones (Supporting Information,
Figures S12 and S13) were also synthesized to replace SAQ to
prepare SiO,/rQDs/SiO, based RFLFIA (designated as
RFLFIA-2). Although similar results were obtained, the
fluorescent color change was more sluggish (Supporting
Information, Figures S14 and S15a). Moreover, as can be
seen from the Supporting Information, Figure S15b, the G
value of RFLFIA-2 changed insignificantly and therefore the
R/G ratio changed more slowly too. The results prove the
essential role of inner filter effect of AuNPs in achieving
highly sensitive visual and quantitative ratiometric fluores-
cence change.
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Figure 4. a) lllustration of smartphone-based portable fluorescence reading device. b) Fluorescence images of RFLFIA and conventional FLFIA
strips at different concentrations of H-FABP (from 0 to 50 ngmL™). c),d) The dependence of hue (c), R and G (d) values of the T-line of RFLFIA
strips on the concentration of H-FABP. e) The relationship of R/G ratio of the T-line of RFLFIA strips with H-FABP concentration. Inset shows the
concentration dependence of R/G ratio in the low concentration range. f),g) The dependence of hue (f) and R (g) values of the T-line of
conventional FLFIA strips on the concentration of H-FABP. h) The relationships of R value of the T-line of conventional FLFIA strips with H-FABP
concentration. Inset: the linear dependence of R value in the low concentration range.

To evaluate the specificity of RFLFIA for H-FABP
recognition, several general cardiac markers and proteins in
human blood, such as cardiac troponin I (cTnI), N-terminal
pro brain natriuretic peptide (NT-proBNP), myoglobin
(Myo), human serum albumin (HSA) and C-reactive protein
(CRP), were selected as negative controls. The photographs
under daylight and fluorescence images under UV illumina-
tion were both recorded. As compared in Figure 5a and b, the
presence of H-FABP made the T-line appear maroon under
daylight, while it turned from green to orange under UV
illumination. In contrast, there were no obvious color changes
for all controlled samples. Moreover, the R/G value obtained
with H-FABP was much larger than other negative controls

© 2021 Wiley-VCH GmbH

and blank control (Figure 5c), even if the concentration of
controls was 1000-fold higher than that of H-FABP. These
data proves the high specificity of RFLFIA.

We also implemented the real sample analysis using
RFLFIA strips. The recoveries and coefficients of variation
(CV) for the analysis of five H-FABP-spiked fetal bovine
serum samples at five different target concentrations, namely
3.12, 6.25, 12.5, 25, and 50 ngmL . The test procedure was
exhibited in the Supporting Information, Video S1. As shown
in Table 1, the average recovery value fell in a range of 97.95-
109.50% and CV was <10.36 %, suggesting an acceptable
accuracy and precision for quantitative H-FABP detection.
Furthermore, the RFLFIA test strips could be stored for

Angew. Chem. Int. Ed. 2021, 6o, 13042 —13049
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Figure 5. a)—c) Photographs (a), fluorescence images (b) and corre-
sponding histogram (c) for the specificity of RFLFIA test strips toward
H-FABP detection. d) Correlation analysis of the detection results
between RFLFIA and clinically latex agglutination test of 30 human
serum samples with the concentration of H-FABP from 2.5 to

429 ngmlL".

Table 1: Recoveries and coefficients of variation (CV) for the detection of
H-FABP in fetal bovine serum (n=5) using RFLFIA strips.

Analyte Added Detected Recovery cv
[ngmL™"] [ngmL"'] (%] (%]
3.12 3.284+0.13 105.11 3.93
6.25 6.8440.31 109.50 4.57
H-FABP 12.5 12.59+1.30 100.72 10.36
25 24.49+1.86 97.95 7.58
50 54.424+4.32 108.85 7.94

28 days at room temperature (Supporting Information, Fig-
ure S16), displaying a good stability for wide applications in
low-resource settings.

Encouraged by the excellent performance shown above,
the RFLFIA strip was applied to clinical detection of H-
FABP in real serum samples. The correlation between results
obtained with RFLFIA strips and clinical latex agglutination
tests for 30 samples was analyzed. As shown in Figure 5d, in
the concentration range from 2.5 to 42.9 ngmL~', a good
linear correlation of two methods was obtained with a corre-
lation coefficient (R?) of 0.949, indicating the high reliability
of RFLFIA for POC diagnosis of clinical samples.

On the other hand, as shown in Figure 4b, with the
increase of H-FABP concentration, the T-line of RFLFIA
generated an apparent distinguishable green-to-red color
change in the concentration range of 0-12.5 ngmL'. Con-
sidering that the threshold value for clinic diagnosis of
myocardial injury, namely 6.2 ngmL ™, falls within this range,
the result in Figure 4b implies the possibility of estimating
semi-quantitatively the specific H-FABP concentration and
achieving diagnostic purpose by the naked-eye readout. To
examine the practicability and reliability, semi-quantitative
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naked-eye readout tests were performed with independent
users. As displayed in Figure 6, with the increase of H-FABP
concentration from 0 to 8 ngmL ', the T-line of RFLFIA
illustrated a visually recognizable green-to-orange red color
change (Figure 6a, top panel), with which a color reference
chart can be generated (Figure 6a, bottom panel). Subse-
quently, naked-eye signal readout by 11 independent users
was implemented (see the Supporting Information and Fig-
ure S17 therein for details). Six samples containing different
concentrations of H-FABP (0, 1,2,4,6.2,and 8 ngmL™") were
analyzed for 3 times using RFLFIA strips, and the images of
T-lines were interpreted with the naked eye by 11 independ-
ent users according to the color reference chart (totally 3 x
11 =33 readouts for each sample). All readouts made by users
are summarized and compared in Figure 6b. The accuracy of
determining a specific concentration was calculated to be
72.7-97.0%, indicating that RFLFIA strips indeed enable
reproducible and reliable visual detection of H-FABP as

a
C-line
T-line
1 2 4 6.2
H-FABP Concentration (ng/mL)
b Read Added concentration (ng/mL)
concentration
(ng/mL) 0 1 2 4 6.2 8
0 30 5
1 3 28 3
2 30
4 32
6.2 1 26 9
8 7 24
90.9% 84.8% 90.9% 97.0% 78.8% 72.7%
Accuracy
99.2% 100%

Figure 6. a) Fluorescence photographs of T-line and C-line of RFLFIA
strips at 6 different concentrations of H-FABP. The images of T-line
were used for generating the color reference chart (bottom). The white
arrow and number indicate the test strips identifying the visible LOD
interpreted by 11 independent users. b) Semi-quantitative naked-eye
readout results for the analysis of 6 samples containing different
concentrations of H-FABP for 3 times by 11 independent users
(3x11=33 readouts for each sample, and totally 3x11x6=198
readouts for all). Numerals represent the times for each sample image
interpreted by independent users. Accuracy is defined as the propor-
tion of correct readouts among 33 readouts. Note that the images
were placed in a fully random order before naked-eye readout (see the
Supporting Information, Figure S17 for details). In all cases, we used
HUAWEI P30 smartphone to capture images with an irradiation of
365 nm light and 500 nm long-pass filter.
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simple as reading a pH test strip. The visual LOD interpreted
by multiple users was ca. 1 ngmL~".['"" Moreover, if counting
the detection of H-FABP at a concentration below and above
the threshold value (6.2ngmL™"), the overall accuracy is
99.2% and 100 %, respectively, verifying the feasibility of
diagnosing cardiac injury suffered by the naked eye.

Conclusion

We have developed a brand-new RFLFIA platform for
quantitative and visual detection of H-FABP by using SAQ as
reporters and gQDs as capture probes, respectively. The
results confirm the sensing mechanism that target-induced
inner filter effect between the SAQ and gQDs leads to an
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