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Abstract: Introduction: Several studies have identified a link between inflammatory biomarkers in the blood and 
cardiovascular disease, highlighting their utility in diagnosis and prognosis. Lp-PLA2, combined with MPO, a com-
monly used marker of vascular disease, for dual detection, can improve the specificity and greatly reduce the false 
positive rate. Methods: We developed an MPO/Lp-PLA2 dual detection test strip utilizing time-resolved fluorescent 
(TRF) technology to detect cardiovascular disease. Results: This test is highly sensitive and specific, allowing for 
rapid diagnosis (15 min) of MPO and Lp-PLA2 simultaneously, without the need for any large-scale instrumentation. 
The MPO/Lp-PLA2 dual detection test strip has been validated using antigen standard curves and calibrated using 
clinical serum samples. The correlation coefficient (R2) of MPO and Lp-PLA2 is 0.9739 and 0.9658, respectively. 
Conclusion: This rapid dual detection system outlined here has promising potential for the diagnosis and prognosis 
of cardiovascular disease.
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Introduction

Increasingly, more people are suffering from 
various vascular diseases such as atheroscle-
rosis, coronary heart disease, cerebrovascular 
diseases (CVDs) or aneurysms [1]. Vascular dis-
eases exhibit a comparatively elevated inci-
dence of morbidity, disability, and mortality. 
With the increase in life expectancy and chang-
es in the socioeconomic environment in many 
countries, more individuals, especially the 
younger generations, are more vulnerable to 
developing vascular diseases [2-4]. The patho-
genesis of vascular disease is intricate, and 
inflammation plays an extremely important  
role in its occurrence and development. In- 
flammation can manage infection and tissue 
damage to maintain homeostasis, but if left 

unresolved, inflammation can cause vascular 
endothelial dysfunction, initiating the develop-
ment of vascular disease [5, 6]. Due to this  
connection, the analysis of proteins associat- 
ed with inflammatory signaling pathways has 
emerged as a dependable approach for diag-
nosing vascular diseases. Myeloperoxidase 
(MPO), an enzyme secreted by leukocytes (neu-
trophils and monocytes), catalyzes the forma-
tion of various active oxidants. In addition to 
participating in defense reactions, MPO also 
plays an important role in oxidation [7]. MPO is 
closely related to the catalytic reaction of nitric 
oxide (NO), abnormal lipid metabolism, and 
acute coronary syndrome. NO is an important 
regulator of the normal physiological function of 
the heart and cerebrovascular system, and it is 
also a substrate of MPO [8]. Numerous in vitro 
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studies and animal trials have confirmed that 
MPO catalyzes the consumption of NO and 
inhibits its biological activity. Meanwhile, MPO 
facilitates the nitrosation of NO, which further 
damages vascular endothelial function [9]. 
Consequently, MPO stands as a valuable and 
autonomous marker for assessing vascular 
endothelial dysfunction [10].

Lp-PLA2 is primarily secreted by macrophages 
and circulates in the blood in complex with low-
density lipoprotein (LDL) and high-density lipo-
protein (HDL) [11]. Since vascular disease is 
often accompanied by an inflammatory res- 
ponse, high concentrations of Lp-PLA2 are 
present in the blood. Lp-PLA2 and its associat-
ed lipoprotein complexes play a role in modify-
ing lipoproteins, which can contribute to the 
development of atherosclerosis and inflamma-
tion within blood vessel walls. Many studies 
[12-14], using animal models and human clini-
cal trials, confirm the strong correlation bet- 
ween Lp-PLA2 and vascular diseases.

Time-resolved fluorescent immunochromato-
graphic assay (TRFIA) is a detection method 
which combines immunochromatography with 
time-resolved fluorescence technology. In this 
technique, Nanoparticles containing lantha-
nide elements, often Europium (Eu3+), are uti-
lized as markers. These lanthanide elements 
are chosen for their distinct characteristics, 
including a long fluorescence lifetime and a 
large Stokes shift. These features effectively 
eliminate interference from non-specific back-
ground fluorescence through two resolution 
techniques: wavelength and time. The concen-
tration of the target substance is determined by 
analyzing the intensity of the fluorescent signal, 
allowing for precise quantification [15].

It is widely believed the sensitivity and accuracy 
of the dual detection of MPO and Lp-PLA2 are 
higher than that of the single detection, and a 
large number of studies [16-19] have shown 
that combined detection is helpful for the  
auxiliary diagnosis of cardiovascular disease. A 
dual detection method of MPO and Lp-PLA2 
was initially established. The carboxyl-rich sur-
face fluorescent microspheres were covalently 
bound to the amino groups of the unconju- 
gated antibodies. The coupled immunomicro-
spheres were sprayed on the immunomicro-
sphere pad, which had three lines: namely, the 
anti-MPO line, the anti-Lp-PLA2 line, and the 

polyclonal anti-rabbit IgG line. When the sam-
ple on the sample pad reached the immunomi-
crosphere pad, the MPO and Lp-PLA2 antigens 
in the sample were then specifically bound to 
their respective labeled antibodies, forming  
the “antigen-labeled antibody-fluorescent mi- 
crospheres” complex I. Complex I continued to 
move forward to the detection line containing 
immobilized corresponding antibodies, forming 
the “coated antibody-antigen-labeled antibody-
microsphere” complex II. Rabbit IgG polyclonal 
antibody immunomicrospheres were combined 
with goat anti-rabbit IgG monoclonal antibodies 
immobilized on the control line. The fluores-
cence immunochromatography result interpre-
tation recorder was used to measure the fluo-
rescence signal of complex II in the detection 
line. Since the intensity of the fluorescence sig-
nal was positively correlated with the concen-
tration of MPO and Lp-PLA2 in the sample, the 
detection results were substituted into the cor-
responding standard curve to obtain the con-
centrations of MPO and Lp-PLA2 in the detec-
tion sample.

Although a commonly used marker of vascular 
disease, MPO is often affected by individual 
variations and other diseases, leading to inter-
ference. Incorporating Lp-PLA2 for dual detec-
tion can enhance specificity and significantly 
reduce the occurrence of false positives. He- 
rein, we established a time-resolved fluores-
cence immunochromatography dual detection 
method for MPO and Lp-PLA2. This method 
offers a technical approach for diagnosing car-
diovascular disease, assessing prognosis, and 
predicting treatment outcomes. It is sensitive, 
specific, efficient, and does not require profes-
sional technicians or expensive equipment to 
be successful.

Materials and methods

Materials

MPO monoclonal antibodies (cat# 4M43-16E3 
and cat# 4M43-18B7), Lp-PLA2 monoclonal 
antibodies (cat# 4LA7cc-PL46cc and cat# 
4LA7cc-PL42cc), recombinant MPO antigen 
(cat# AG0007) and recombinant Lp-PLA2 anti-
gen (cat# CSB-DP113B) were purchased from 
RayBiotech, Inc. Goat anti-rabbit IgG (cat# 
P200301) and rabbit IgG (N160701) were pur-
chased from Boyin Biotech Ltd., Hangzhou, 
China. Nitrocellulose membranes (cat# VIV- 
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12025100R) were from Life Sciences Pall Vivid 
120. Latex particles (Cat# FCEU003) were from 
Bangs Laboratories.

Dual detection TRF assay design of MPO and 
Lp-PLA2

A single channel TRF reader (Guangzhou 
Labsim Biotech Co., Ltd., model # AFS-1000) 
was used for detection according to previously 
established methods [20]. The dual detection 
method for MPO and Lp-PLA2 consisted of 
three stages. Stage 1: antibody-microspheres 
were prepared by covalently linking micro-
spheres with reactive carboxyl groups on the 
surface to antibodies under the catalysis of 
1-Ethyl-(3-dimethylaminopropyl) carbodiimide 
(EDC) and N-Hydroxysuccinimide (NHS). The 
antibody-microspheres were washed and res- 

tored. Stage 2: the sample pad was blocked 
with blocking agents and detection antibodies 
and calibration antibodies were immobilized  
at discrete locations on nitrocellulose mem-
branes (the detection zone and calibration 
zone, respectively). Stage 3: the sample pad, 
nitrocellulose membrane, and wicking pad 
were assembled into a plastic casing to create 
a test cassette (Figure 1).

Procedures for MPO and Lp-PLA2 measure-
ments

The TRF reader was turned on for 5 min before 
use. The sample was diluted appropriately, and 
100 µL was deposited onto the sample zone of 
the cassette. The cassette was placed at room 
temperature for 15 minutes, after which it was 
read immediately with the AFS-1000 reader. 

Figure 1. Schematic diagram of dual detection test strips. Test strips include backing card, nitrocellulose mem-
brane, fiberglass membrane (sample pad and conjugate pad) and absorbent paper (wicking pad). The nitrocellulose 
membrane was coated with goat anti-rabbit polyclonal antibody as the quality control line (C line), MPO monoclonal 
antibody as the detection line 1 (T1 line), and Lp-PLA2 monoclonal antibody as the detection line 2 (T2 line). The 
fiberglass membrane is divided into a sample pad and a conjugate pad, and the conjugate pad is sprayed with time-
resolved fluorescent microsphere-labeled MPO monoclonal antibody complexes and Lp-PLA2 monoclonal antibody 
complexes.
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The fluorescence values of the C and T lines 
were recorded and interpolated using a stan-
dard curve.

Linearity and dynamic range study

A series of concentrations of Lp-PLA2 - 0, 10, 
20, 50, 100, 300, 600, and 1200 U/L and MPO 
- 0, 93.75, 187.5, 375, 750, 1500, and 3000 
pmol/L were prepared. For each concentration, 
five test cassettes from two different lots were 
evaluated. The signal for each test cassette 
was collected three times.

Determination of the lowest detection limit

Dual detection strips were tested with matrix 
serum in 20 replicates. C line, T1 line, T2 line 
fluorescence values were recorded and the 
mean (

_
X ) and standard deviation (SD) of the 

respective T/C were calculated. The value of 
X+2SD was substituted into the equation estab-
lished by the matrix serum and the lowest point 
of the linear range to obtain the respective low-
est detection limit.

Determination of the stability of the reagents

The following concentrations of MPO were 
selected for the standard, 167, 100, 33, 10, 
3.33, 1 pmol/L. Various concentrations of MPO 
were measured at room temperature over a 
4-week period. This was compared to measure-
ments obtained at 50°C over 4 weeks. Each 
concentration was measured in technical tripli-
cate. The same procedures were used to deter-
mine concentrations of Lp-PLA2. The standard 
concentrations used for Lp-PLA2 are 50, 30, 
10, 3, 1, 0.3 and 0.1 U/L.

Clinical samples

Serum samples selected need to be complete 
with information, including age, sex, and clini- 
cal diagnosis. Samples of hemolysis, lipidemia 
and renal dysfunction were excluded. Based on 
the above criteria, 230 serum samples were 
collected from the Affiliated Cancer Hospital 
and the Guangzhou Medical University. Prior  
to collection of patient information and serum 
samples, written informed consent was ob- 
tained from each participant. The institutional 
ethics committee of Guangzhou Medical Uni- 
versity approved this study. Samples were col-
lected from healthy individuals and from those 

with cardiovascular disease. For MPO valida-
tion, there were 60 patients with coronary he- 
art disease, 11 cases of acute myocarditis, 10 
cases of hypertension, 13 cases of coronary 
atherosclerotic heart disease, and 13 healthy 
people. For Lp-PLA2 validation, there were 73 
patients with coronary heart disease, 8 cases 
of acute myocarditis, 9 cases of heart failure, 
20 cases of hypertension, and 13 healthy peo-
ple. A total of 230 patients were included, 
including 143 males and 87 females. The aver-
age age is 62.93 years, with the youngest age 
being 3 years old and the oldest being 96  
years old. Before testing, the samples were 
diluted 30-fold.

Statistical analysis

For statistical analyses, the GraphPad Prism 7 
software package was used. Linear regression 
analyses were used to assess correlation. The 
transformation of the original data is a one-log 
or double-logarithmic transformation depend-
ing on the fit. When fitting data, simple linear 
regression is sufficient.

Results

Establishment of standard curve of MPO and 
Lp-PLA2

A set of linear standards with concentrations 
10, 20, 50, 100, 300, 600, and 1200 U/L were 
obtained by serial dilution of the standard, 
Lp-PLA2: 1200 U/L. Similarly, concentrations 
of 93.75, 187.5, 375, 750, 1500, and 3000 
pmol/L were obtained by serial dilution of the 
standard, MPO: 3000 pmol/L.

The dual detection test strips were assembled, 
and the standards were deposited onto the 
sample pad. After 15 min, they were immedi-
ately detected by the fluorescence immunoas-
say analyzer. Each standard concentration was 
tested 4 times. The fluorescence values for 
lines C, T1 and T2 were recorded (Tables 1 and 
2). The log(X)-log(Y) mathematical model was 
used where the log of the standard concentra-
tions was plotted on the X-axis and the log of 
the average T/C values were plotted on the 
Y-axis (Figure 2B and 2D). A linear equation 
was fitted, establishing a standard curve. A 
basic plot was also created using the concen-
tration of the standard in the X-axis and the  
T/C value in the Y-axis (Figure 2A and 2C). The 
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results indicated that on the test strip Lp-PLA2 
has good linearity (R2=0.9987) in the range of 

efficients (R2) of MPO and Lp-PLA2 are 0.9972 
and 0.9979, respectively (Figure 3A and 3B).

Table 1. T/C signals measured using 4 cassettes for a series of 
Lp-PLA2 concentrations
Lp-PLA2 (U/L) 1200 600 300 100 50 20 10
T/C 0.766 0.378 0.179 0.047 0.022 0.011 0.008

0.777 0.415 0.184 0.050 0.023 0.011 0.007
0.845 0.386 0.165 0.058 0.020 0.010 0.007
0.835 0.407 0.168 0.049 0.022 0.011 0.008

AVG 0.806 0.397 0.174 0.051 0.022 0.011 0.008
SD 0.040 0.018 0.009 0.005 0.001 0.000 0.001
CV 5.00% 4.43% 5.09% 9.49% 5.55% 1.89% 8.92%

Table 2. T/C signals measured using 4 cassettes for a series of 
MPO concentrations
MPO (pmol/L) 3000 1500 750 375 187.5 93.75
T/C 2.019 1.194 0.646 0.293 0.157 0.097

1.980 1.038 0.586 0.332 0.142 0.086
1.818 1.186 0.610 0.304 0.149 0.086
1.887 1.035 0.550 0.303 0.139 0.088

AVG 1.926 1.113 0.598 0.308 0.147 0.089
SD 0.091 0.089 0.041 0.017 0.008 0.005
CV 4.72% 7.97% 6.78% 5.39% 5.39% 6.09%

Figure 2. Linearity assessment of MPO and Lp-PLA2. A. Linear fitting and 
correlation coefficient (R2) of T/C value and Lp-PLA2 concentration. B. Linear 
fitting and correlation coefficient (R2) of log10 T/C value and log10 Lp-PLA2 
concentration. C. Linear fitting and correlation coefficient (R2) of T/C value 
and MPO concentration. D. Linear fitting and correlation coefficient (R2) of 
log10 T/C value and log10 MPO concentration. Error bars represent standard 
deviation (SD) for quadruplicate readings.

10-1200 pmol/L and MPO 
has good linearity (R2=0.9934) 
in the range of 93.75-3000 
pmol/L, which is suitable for 
determining common concen-
tration ranges in the human 
body.

The sensitivity of the test strip 
was determined by calculating 
the lowest detection limit from 
the fitted equation. The lowest 
detection limits for MPO and 
Lp-PLA2 were 1.68 and 9.16, 
respectively.

The specificity of MPO and 
Lp-PLA2 was determined by 
mixing common interfering 
substances and comparing 
the results to samples with- 
out those interfering sub-
stances. MPO and Lp-PLA2 
were mixed with the common 
interfering substances - biliru-
bin, cholesterol, triglycerides, 
hemoglobin, HAMA, and RF 
factors. MPO and Lp-PLA2 
test results were unaffected 
in the presence of the follow-
ing concentrations of sub-
stances: bilirubin ≤ 2 mg/mL, 
cholesterol ≤ 20 mg/mL,  
triglyceride ≤ 40 mg/mL, 
hemoglobin ≤ 30 mg/mL, 
HAMA ≤ 300 ng/mL, and RF 
factor ≤ 200 IU/mL. There- 
fore, the constructed dual-
detection test strip method 
has good sensitivity and spe- 
cificity for testing blood sam-
ples under common condi- 
tions.

Linearity and accuracy of 
MPO and Lp-PLA2 dual detec-
tion

There is a strong correlation 
between the measured con-
centration and the actual  
concentration of MPO and 
Lp-PLA2. The correlation co- 
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The standard MPO concentrations of 750, 375, 
and 187.5 pmol/L, and standard Lp-PLA2 con-
centrations of 600, 300, and 100 U/L were 
measured three times using the TRF reader. 
The deviation from the actual concentration 
was determined to be less than 6% for MPO 
(Table 3) and less than 10% for Lp-PLA2 (Table 
4). Thus, MPO/Lp-PLA2 standards of known 
concentration correlated well with measured 
values. The triplicate readings indicate the Ray- 
Biotech dual detection strip had good accuracy 
with < 10% deviation.

Repeatability and stability of MPO and Lp-
PLA2 dual detection

Next, we evaluated the repeatability of the dual 
detection strip. Testing ten replicates of 700 
and 350 pmol/L of MPO and ten replicates of 

In addition, the measured value of MPO in the 
dual detection of 107 human blood samples 
using RayBiotech test strips was compared 
with the MPO single detection product of Relia 
Bioengineering (Shanghai) Co., Ltd. which is 
already on the market. A series of concentra-
tion results measured for these two products 
had a high correlation (R2=0.9739) (Figure  
5A). The measured value of Lp-PLA2 in 123 
human blood samples using RayBiotech test 
strips was compared with the Lp-PLA2 single 
detection product of Fosun Diagnostic Tech- 
nology (Shanghai) Co., Ltd. which is already on 
the market. Lp-PLA2 concentration measure-
ments for both products correlated well over a 
range of concentrations (R2=0.9658) (Figure 
5B). The results above demonstrate the utility 
of Raybiotech’s MPO/Lp-PLA2 dual-detection 
TRF test strips for analyzing clinical blood sam-

Figure 3. Correlation between measured MPO and Lp-PLA2 concentrations 
and actual concentrations. A. MPO. B. Lp-PLA2. Error bars represent stan-
dard deviation (SD) for three replicates.

Table 3. Comparison of average measured MPO concentrations 
with the actual MPO concentrations
Actual concentration of MPO (pmol/L) 750 375 187.5
Measured concentration of MPO (pmol/L) 754.540 325.530 162.770

758.070 349.720 180.820
744.420 338.610 173.130

Avg. concentration of MPO (pmol/L) 752.343 337.953 172.240
CV 0.94% 3.58% 5.26%
Accuracy 0.31% -9.88% -8.14%

Table 4. Comparison of average measured Lp-PLA2 concentra-
tions with the actual Lp-PLA2 concentrations
Actual concentration of LP-PLA2 (U/L) 600 300 100
Measured concentration of LP-PLA2 (U/L) 713.28 329.51 99.66

616.42 271.83 109.22
648.69 313.89 98.97

Avg. concentration of LP-PLA2 (U/L) 659.460 305.078 102.615
CV 7.48% 9.78% 5.58%
Accuracy 9.91% 1.69% 2.61%

600 and 300 U/L of Lp-PLA2, 
indicated CVs less than 9% 
(Table 5), which demonstrat-
ed good reproducibility of 
dual-detection measurement 
data.

Stability was determined by 
comparing data when the test 
paper was heated to 50°C vs 
when it was at room tempera-
ture (18-25°C). The T/C value 
obtained under heated condi-
tions was comparable to tho- 
se obtained at room tempe- 
rature over 1-4 weeks. Test 
results did not differ with vary-
ing concentrations of MPO 
and Lp-PLA2 under those 
conditions.

The results of MPO (Figure 
4A) and Lp-PLA2 (Figure 4B) 
indicated that the reaction 
curve is consistent with the 
reagents stored at room tem-
perature, and the relative 
deviation of the T/C values of 
the high, medium and low lev-
els of fluorescence signals is 
not more than 15%. Based on 
this data, we concluded that 
the MPO/Lp-PLA2 reagents 
can be stored at 2-30°C for 
12 months.

Evaluation of clinical samples
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ples, showing a strong correlation with mea-
surements from market-approved products.

Discussion

This study combines the measurement of MPO 
and Lp-PLA2 for rapid detection (15 min) of car-

the single-detection MPO and single-detection 
Lp-PLA2 test strips currently sold in the 
market.

Immunochromatographic test strips have the 
characteristics of lightness, speed, specificity, 
and sensitivity, and are very suitable for instant, 

Table 5. Determination of MPO and Lp-PLA2 dual detection repeatability
MPO Repeatability Lp-PLA2 Repeatability
Actual conc. (pmol/L) 750 375 Actual conc. (U/L) 600 300
Measured conc. (pmol/L) 714.16 344.99 Measured conc. (U/L) 615.74 319.27

726.99 395.65 699.17 297.25
705.64 376.62 674.26 288.45
722.95 345.8 638.69 275.76
766.55 337.25 676.53 286.34
763.41 324.02 585.16 293.98
765.76 374.95 623.75 297.33
773.79 343.29 693.39 320.67
736.22 302.06 679.19 308.76
744.34 395.8 527.72 311.21

AVG 741.981 354.043 AVG 641.360 299.901
SD 24.405 30.863 SD 54.615 14.755
CV 3.29% 8.72% CV 8.52% 4.92%

Figure 4. Stability of reagents and the MPO/Lp-PLA2 dual-detection test 
strip. Error bars represent standard deviation (SD) for three replicates.

Figure 5. Comparison of clinical blood samples between RayBiotech TRF test 
strips and other companies. A. Comparison of MPO measurements. B. Com-
parison of Lp-PLA2 measurements. Serum was diluted 30-fold.

diovascular disease. Pre-dia- 
gnosis can now be quick and 
accurate in the early stage of 
cardiovascular disease, allow-
ing for routine examination 
while saving precious time for 
patients. This study develop- 
ed and evaluated the perfor-
mance of dual-detection test 
strips, using sensitivity, speci-
ficity, stability, and repeatabil-
ity. Finally, a large number of 
clinical blood samples were 
used to evaluate the correla-
tion between the results of 
the RayBiotech test strip and 
other commercially available 
single test strips (MPO: Relia 
Bioengineering, Lp-PLA2: Fo- 
sun Diagnostic Technology). 
The results have excellent 
performance, can meet the 
quantitative determination of 
MPO and Lp-PLA2 under com-
mon conditions, measure the 
two biomarkers at one time to 
evaluate the occurrence and 
development of vascular dis-
eases, and are comparable to 
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on-site detection. Remarkable achievements 
have been made in the field of antigen, anti-
body and hapten detection. In the future, the 
advancement of test strip detection techno- 
logy should prioritize preserving its traditional 
strengths while incorporating novel materials 
and design approaches to create sensitive and 
quantitative methods for detecting multiple 
analytes. Digital test strip detection can be  
harnessed in the Internet+ era, allowing large-
scale groups to conduct testing and gather 
extensive data for establishing an early warn- 
ing and evaluation platform. RayBiotech’s dual 
detection time-resolved fluorescent immuno-
chromatographic assay for MPO/Lp-PLA2 can 
provide a quantitative assessment of vascular 
disease in patients, thereby decreasing the 
occurrence of false positives associated with 
MPO single detection. This holds significant 
promise for various clinical applications.
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