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Purpose: To develop and evaluate the effectiveness/clinical application of an eosinophil cationic protein-myeloperoxidase (ECP-MPO)
test paper before and after treatment in patients with allergic rhinitis (AR).

Patients and Methods: We included 40 controls and 106 AR patients who were enrolled in the Allergy Clinic of Renmin Hospital of
Wuhan University. Total IgE, specific IgE and skin prick test (SPT) were detected in all participants. AR patients were treated with oral
cetirizine hydrochloride for 14 days. The ECP-MPO test paper results, nasal secretion smear and eosinophil counts, rhinoconjunctivitis
total nasal symptom score (TNSS), quality of life questionnaire (RQLQ), visual analogue scale (VAS), serum Th1/Th2/Th17 cytokine,
and chemokine data were collected pre- and post-treatment. ECP concentrations in nasal secretions were assessed by ELISA. Pearson
correlation test and Kappa consistency test were used for statistical analysis.

Results: The post-treatment colour grade of the ECP-MPO test paper was lower in AR patients than the pre-treatment grade. The
chromogenic grade correlated positively with the ECP concentration and the eosinophil count in nasal secretions both before and after
treatment. Positive ECP-MPO test paper results were consistent with positive SPT, Der p-IgE and Der f-IgE result (Kappa values,
0.843, 0.810, 0.795, respectively). The pre- and post-treatment chromogenic grades correlated positively with the TNSS (r1=0-691;
r2=0-539), RQLQ (r1=0-783; 12=0-625), and VAS (r1=0-703; r2=0-682) scores in AR patients.

Conclusion: The ECP-MPO test paper can effectively detect ECP in nasal secretions, and its results are consistent with those from the
SPT, Der p-IgE and Der f-IgE result. Its chromogenic grade can reflect the symptom severity and specific cytokine and chemokine
levels in AR patients.
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Introduction
Allergic rhinitis (AR) is an IgE-mediated nasal mucosal allergic disease characterized by paroxysmal repetitive sneezing,
runny nose, and nasal congestion. Pathologically, local nasal mucosal accumulation of eosinophils is the main feature of AR."
Studies have shown that the nasal eosinophil count is related to the severity of clinical symptoms,” and can be applied for
diagnosing AR.>* Thus, it is widely accepted that eosinophils are closely related to the occurrence and development of AR.
Eosinophil cationic protein (ECP) is mainly stored in eosinophil secretory granules and secreted when stimulated by
secretory substances such as immunoglobulins and complements. It has bactericidal and antiviral properties.” ECP can be
detected in most biological fluids as a marker of eosinophil inflammation.®’ This makes it possible to diagnose AR by
detecting ECP, which is a marker of eosinophils.
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Commonly used AR diagnostic methods such as allergen testing usually do not yield immediate results. The
development of instant detection methods can improve detection speed and efficiency. At present, ECP detection methods
have many limitations. The test paper evaluated in this study is the first method devised to detect ECP in local nasal
secretions, and yields results in 10 min. It is non-invasive, convenient, and rapid, and can be applied to large patient
populations and at local hospitals with limited medical resources.

In addition to detecting local ECP, this test paper can also detect myeloperoxidase (MPO), thus the name ECP-MPO test
paper. MPO is a heme enzyme and is an important index for distinguishing infective rhinitis; ®° therefore, this test paper can
also be used to distinguish AR from infectious rhinitis. In this article, we tested the diagnostic effectiveness of the ECP-
MPO test paper in AR and its ability to detect the degree of allergic inflammation before and after treatment.

Materials and Methods

Study Design

In this study, outpatients of Renmin Hospital of Wuhan University and controls were prospectively recruited from June to
August 2021. All participants provided informed consent, and tested negative for coronavirus disease (COVID-19) nucleic
acid within seven days of the first visit. The research program was approved by the Ethics Committee of Renmin Hospital of
Wuhan University (WDRY?2021-K052) and registered in Chinese Clinical Trial Registry (NO. ChiCTR2200057205). This
study was conducted in accordance with the Declaration of Helsinki.

Study Participants

A total of 40 controls and 179 subjects were included in this study. In the experimental group, 143 participants had
complete examination and questionnaire information; 37 participants who were lost to follow-up were excluded. Finally,
106 participants in the experimental group were statistically analysed (Figure 1A).

The inclusion criteria for the experimental group were as follows: (1) Men or women aged 3—65 years; (2) meeting the
AR clinical diagnostic criteria,'® as follows: (i) symptoms: sneezing, snot, nasal itching, and nasal congestion occur >2
times daily, with a duration >1 hour; (ii) signs: common nasal mucosa pallor, oedema, nasal clear water-like secretions. (iii)
serum: specific IgE > 0.35KU/L for at least one allergen within 12 months before the administration of the tested drug,'' or
the diameter of the wheal in the skin prick test (SPT) was at least 3 mm larger than that in the negative control.'?

The exclusion criteria for the experimental group were as follows: (1) nasal septum deviation (> 50%), obstructive
inferior turbinate hypertrophy, and obstructive adenoid hypertrophy or evidence of nasal polyposis; (2) combined non-
allergic rhinitis (vasomotor rhinitis, eosinophilia);'® (3) underwent nasal surgery within 90 days; (4) presence of any disease
that necessitates the use of incompatible drugs (used oral or nasal glucocorticoids, oral or nasal antihistamines, anti anxiety
drugs, sedatives, etc. within two weeks); (5) pregnancy or any serious underlying disease;'* (6) alcoholism or drug abuse/
addiction; (7) not suitable for the trial as per researchers’ judgment; (8) Patients with MPO positive in ECP-MPO test paper.

Study Procedures

This was a nonrandomized trial. According to the inclusion criteria, the clinical trial population was divided into the
control group and the experimental group. We defined the control group as patients without AR symptoms and signs and
with negative IgE and SPT tests. Control participants were not given any drug treatment (blank control). AR patients
visited the hospital three times, as follows: first visit (V1) confirmed the inclusion criteria. They were randomly recruited
into the experimental group. During the screening period which lasted for 1 to 8 days, informed consent was obtained and
basic information (ethnicity, height, weight, body mass index (BMI), history of chronic diseases, smoking and drinking
history) was collected; second visit (V2): treatment day 1, treatment with cetirizine hydrochloride tablets (one tablet daily
before bedtime), admission criteria were reconfirmed, electronic symptom questionnaires were applied, serum and nasal
secretion smears were collected, and ECP-MPO test paper were applied; third visit (V3), re-examination day, occurred
after day 14, electronic symptom questionnaires were applied and serum and nasal secretion smears were collected for
ECP-MPO test paper analysis. Telephonic follow-up was carried out within seven days after the visit (Figure 1B).
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Figure |1 (A) Experimental group subject disposition. (B) Experimental group study design.

Symptom Assessment Questionnaires

The clinical symptoms in the experimental group were evaluated at V2 and V3, and the following data were collected: total nasal
symptom score (TNSS), which is the sum of four Rhinitis Symptom Scores (RTSS) including nasal itching, sneezing, runny nose,
and nasal congestion, evaluated on a 4-point scale (O=asymptomatic, 1=mild symptoms, 2=moderate symptoms, 3=severe
symptoms); Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ); Visual Analog Scale (VAS; scale=0-100).'>'

Nasal Secretion Smear and Cell Count

The nasal secretions of the patients were evenly and thinly coated on slides and naturally air-dried for Swiss-Giemsa
staining. After the staining was completed, the cells were counted and classified using a light microscope. The eosinophil
count was determined at 400x magnification; the average value from five visual fields was taken.

Detection of Serum Cytokines and Chemokines

The serum (3 mL) of the patients was collected and analysed using an ECP estimation ELISA kit (Wuhan Zhongmin Taike
Technology Co., Ltd., Wuhan, China). The levels of interleukin (IL)-2, IL-4, IL-6, interferon (IFN)- v, tumour necrosis factor
(TNF)-a, IL-17A, and IL-10 in the serum were detected using the Th1(IFN-y, TNF-a and IL-2)/ Th2(IL-4, IL-6 and IL-10)/
Th17(IL-17A) CBA detection kit (BD Pharmingen, San Jose, CA, USA). The serum levels of C-C motif chemokine ligand
(CCL)17, CCL22, CCLI11, and CCL26 were obtained by Luminex detection (R&D Systems, Minneapolis, MN, USA).W’18
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ECP-MPO Test Paper Development Process
Preparation of the gold standard pad: A labelled human ECP antibody solution and a MPO antibody solution were
slowly dripped into a colloidal gold solution. The solution was stirred and the container was closed to obtain a colloidal
solution with a particle diameter of 3040 nm. Subsequently, the colloidal gold solution was centrifuged, the supernatant
was discarded, and the precipitate was re-dissolved into a colloidal gold working solution at different proportions at 50%
of the original volume. The labelled colloidal gold solution was added to a glass fibre film or a non-woven fabric, and
after drying, the colloidal gold pad was made.

Nitrocellulose (NC) membrane coating: An NC film was coated with dilutions of human ECP and MPO antibodies and
sheep anti-mouse IgG solutions at a density of 1.2 pL/cm using a film spray instrument. The coated NC film was then dried.

Test paper card assembly: In a dry room, the coated NC film was pasted in the middle of a plastic base plate, and 1/4 of
the colloidal gold pad was then pasted on one side of the NC film Test(T) line; the sample pad was pasted on the other side of
the colloidal gold pad. The suction pad was then set up on one side of the NC film Control(C) line. Finally, the plastic plate
was cut into a 3—5 mm-wide test paper with a cutting machine, and then loaded onto the plastic card to construct a test paper
card (Figure 2A). The test paper was prepared by Wuhan Dabai Xiaobai Technology Co., Ltd., Wuhan, China.

Testing of the ECP-MPO Test Paper Strips

A trained staff member gently put the sterile (autoclaved) 4 cm x 0.4 cm filter paper into the patient’s total nasal passage
and retrieved to collect a small quantity of nasal secretions. After the filter paper fully absorbed the nasal secretions, the
surface residue was wiped away gently, and a piece measuring 0.5x0.4 cm (at the first line) was cut and placed in 1 mL of
sample extraction solution (1% bovine serum albumin solution). A second piece of the filter paper was cut (at the second
line) and placed in 5 mL of 1% sample extraction solution. After shaking for 15s with a shaker, the sample extract was
dropped into the sample hole of the test paper card, incubated for 10 minutes, and read by visual inspection (Figure 2B).
The ECP-MPO test strip can detect ECP and MPO dissociated in nasal secretions. Figure 2C shows the four different test
results of the ECP-MPO test strip.

By comparing the colour intensities of the detection and control lines, four grades were defined as follows: level 3, the
detection and control line colour intensities are similar; level 2, the detection line is slightly lighter than the control line;
level 1, the detection line is only slightly coloured; grade O/negative, the detection line is not coloured (Figure 3A).

Sample Size Calculation and Statistical Analysis
The hypothesis of this study is that ECP-MPO test strip can effectively distinguish between AR patients and control
patients. The study hypothesis is that the sensitivity and specificity of ECP-MPO test strip are greater than 0.7. In the
previous experiment, the sensitivity and specificity of ECP-MPO test paper were 0.825 and 0.900, respectively. The ratio of
test group to control group was 3:1, and the sample size was estimated by PASS11 (NCSS, Kaysville, Utah, USA). The
results showed that at least 133 people needed to be included, including 100 in the experimental group and 33 in the control
group. Considering the loss of follow-up rate of 20%, the study included 125 people in the experimental group and 41 in the
control group. It can be seen that the sample size included in this study meets the minimum requirements.'*-*°

SPSS 19.0 (IBM, Armonk, NY, USA) and R 4.0.3 (R Foundation, Vienna, Austria) were used for statistical analysis using
descriptive analysis, normal distribution, and analysis of variance. The results pertaining to normally distributed data are
expressed as mean =+ standard deviation (SD). The Shapiro—Wilk method was used to test for normality. Single factor analysis
of variance (ANOVA) was used to compare groups, and the Tukey’s test was used for pairwise comparison. P<0.05 was
regarded as statistically significant. Pearson’s correlation test was used to evaluate all correlations, and KAPPA test was used
to evaluate the consistency of test paper diagnosis with total IgE, Der p-IgE, Der f-IgE and SPT diagnosis.

Results
Study Participants

A total of 106 AR patients (experimental group) and 40 control individuals (control group) were included in this study.
There were 56 men and 50 women in the experimental group, with the following characteristics: men, women: average
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Figure 2 (A) Schematic diagram of the principle of the eosinophil cationic protein-myeloperoxidase (ECP-MPO) test paper. (B) Test paper operation steps: a. Take out the
sample extract, test card, and sampling strip; b. allow the nasal secretions to infiltrate the scribe line of the sampling strip; c. cut the soaked sampling strip into the ECP
extract (green) and MPO extract (yellow) strips along the scribe line; d. shake the bottles with the extracts for |5 seconds; e and f. Put two drops of the extracts from the
green bottle and the yellow bottle on the ECP and MPO test holes respectively, and wait for 10 minutes; after the incubation time, read the results. (C) Test paper result
display. a. normal; b. allergic inflammation; c. infectious inflammation; d. infectious inflammation or infectious inflammation combined with allergic inflammation.

age, 21 years, 22 years; average height, 156.58 cm, 152.74 cm; average weight, 53.39 kg, 51.13 kg; history of smoking
5.7%, 2-8%; and history of drinking 6.6%, 7.5%. The baseline characteristics were not significantly different between
men and women. Most of the patients were of Han ethnicity; Hui, Manchu, and Tujia ethnicities accounted for 1.9%,
1.9%, and 0.9% of the participants, respectively. The control group comprised 19 men and 21 women, with an average
age of 21 years (Table 1).

ECP-MPO Test Paper results Reflect ECP Content in Nasal Secretions Pre- and

Post-Treatment

Figure 3B shows the comparison of the results of ECP-MPO test strip before and after drug treatment in the experimental
group. The colour grade of the test paper decreased with a decrease in the eosinophil count (Figure 3C), with a high
positive correlation between the two results (Figure 3D). The correlation coefficient between the test paper colour grades
and the ECP content in the nasal secretion before treatment (r;) was 0.801, and that after treatment (r,) was 0.789, which
indicated strong positive correlations (Figure 3E). The receiver operating curves (ROC) of ECP concentration and EOS%
in nasal secretions were used to evaluate the diagnostic performance of positive test strips. The area under the curve
(AUC) of the two were 0.9283 and 0.9243, respectively; when the test strips was positive, the cutoff values of the two
were 18.13ug/mL, 10.08% (Figure 3F). Figure 3G shows that there are statistical differences in test paper colour grades
between all patients before and after treatment and control subjects (*P<0.05; **P<0.01). Using paired #-test, it was
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Figure 3 (A) Colour grading of the ECP-MPO test paper and test paper performance in samples from healthy control subjects. (B) Comparison of the eosinophil cationic
protein-myeloperoxidase (ECP-MPO) test paper results before and after drug treatment. (C) Microscopic examination of nasal secretions. a. The morphology of eosinophils
observed using oil-immersion microscopy; b. eosinophils from level 3 participants (400X); c. eosinophils from level 2 participants (400X); d. eosinophils from level |
participants (400X); e. eosinophils from control participants (400X). (D) Correlation between the colour grade of the test paper and the percentage of eosinophils before
and after treatment. (E) Correlation between the colour grade of the test paper and the ECP concentrations in nasal secretions before and after treatment. ry, correlation
coefficient before treatment; r,, correlation coefficient after treatment. (F) Receiver operating curve (ROC) of ECP-MPO test paper. (G) The levels of color grading from all
patients before and after treatment and control subjects. (H) Paired t-test of color grading level of ECP test paper before and after treatment in patient group. (I)
a. Comparison of serum total IgE (IU/mL) and slIgE (IU/mL) in produced response to Der p and Der f between control participants and allergic rhinitis (AR) participants;
b. comparison of serum eosinophil cationic protein (ECP) concentration (ug/mL) and the proportion of eosinophils under 400X magnification (light microscopy) between
control participants and participants with AR before and after drug treatment; c. comparison of the total nasal symptom score (TNSS), quality of life questionnaire (RQLQ),
and visual analogue scale (VAS) scores between the control group and the experimental group (with AR) before and after drug treatment. *, P<0.05; **, P<0.01.
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Table | Baseline Characteristics by Gender

Characteristic Trial Participant Control Participant
Men Women Men Women

(n=56) (n=50) (n=19) (n=21)

Age (y)

Mean * SD 21.46+1.93 22.22+2.20 20.95+3.54 21.48+3.34

Median 16 19 14 18

Height (cm)

Mean + SD 156.58+2.62 152.74+3.37 155.00+4.89 152.24+5.14

Median 160 160 160 158

Weight (kg)

Mean + SD 53.39+2.24 51.13+2.42 51.21+3.73 51.36+4.44

Median 53.25 51.50 50.00 52.00

Smoke, n (%)

Yes 6 (5.7) 3 (28) | (2.5) | (2.5)

No 50 (47.2) 47 (44.3) 18 (45.0) 20 (50.0)

Drink alcohol, n (%)

Yes 7 (6.6) 8 (7.5) 2 (5.0) 4 (10.0)

No 49 (46.2) 42 (39.6) 17 (42.5) 17 (42.5)

Total IgE (IU/mL)

Mean * SD 315.93+271.31 367.15%282.50 27.78%16.17 24.41%15.87

Median 253.50 315.50 27.80 15.50

Der p-IgE (IU/mL)

Mean * SD 40.49+33.80 45.57+36.59 0.02+0.01 0.02+0.01

Median 32.45 39.45 0.02 0.02

Der f-IgE (IU/mL)

Mean * SD 49.29+36.80 54.24+38.00 0.01+0.02 0.01+0.01

Median 50.00 59.35 0.00 0.00

ECP concentration (pg/mL)

Mean + SD 27.08+14.23 31.59+15.93 7.1848.21 6.72+6.69
Median 27.72 32.01 2.00 3.67
EOS, (%)
Mean + SD 18.21+9.63 19.25+9.68 3.43£5.05 3.83+4.53
Median 17.07 18.52 0.50 222
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found that the color grading level of ECP test paper in the patient group before treatment was significantly greater than
that after treatment (P<0.01) (Figure 3H). In addition, the total IgE, Der p-IgE and Der f-IgE concentrations, ECP
concentrations, EOS%, and the symptoms scores were significantly higher in the experimental group than in the control
group (*¥*P<0.05; **P<0.01) (Figure 3I).

Consistency Between the Test Paper Diagnosis and the Traditional Diagnosis
Figure 4A shows the diagnostic performance of the ECP-MPO test paper for AR. For Der p-IgE and Der f-IgE, the sensitivity of
the test paper was 94% (95% CI 86.88-97.53%) and 93.94% (95% CI 86.76-97.51%), respectively. The specificity was 86.96%
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Figure 4 (A) a. Sensitivity of ECP-MPO test paper diagnosis; b. Specificity of ECP-MPO test paper diagnosis. (B) Kappa test of positive test paper results and total IgE, Der
p-IgE, Der f-IgE and SPT. (C) correlation between the concentration of ECP in nasal secretions and the concentration of total IgE, and IgE pertaining to Der p and Der f. (D)
Correlation between ECP concentrations in nasal secretions and TNSS, RQLQ, and VAS scores before and after treatment; r|, correlation coefficient before treatment, ry,
correlation coefficient after treatment.
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(95% CI 73.05-94.58%) and 85.11% (95% CI 71.08-93.31%)), respectively. For SPT, the sensitivity and specificity of the test
paper was 95.92% (95% CI 89.28-98.68%), and 87.50% (95% CI 74.06-94.81%), respectively. There was a positive correlation
between a positive test paper result and a positive SPT result, a positive Der p-IgE and Der f-IgE result (Kappa values, 0.843,
0.810, 0.795, respectively). However, a positive total IgE result was not consistent with a positive test paper result (Kappa value,
0.534) (Figure 4B). For this reason, we further verified the effectiveness of the use of ECP concentration in nasal secretions for
diagnosing AR. An analysis of the correlation between nasal secretion ECP concentration and total IgE, sIgE of Der p and Der f,
and symptom scores (TNSS, RQLQ, and VAS) showed that the ECP concentration did not correlate strongly with total IgE
(r=0.525), but correlated with Der p (r=0.607) and Der f (r=0.609) (Figure 4C). The post-treatment TNSS, RQLQ and VAS
scores of subjects showed a downward trend compared with the pre-treatment values; however, there was a positive correlation
between these scores and the concentration of nasal secretion ECP in both pre- and post-treatment conditions (Figure 4D).

The ECP-MPO Test Paper Colour Grade Reflects the Severity of AR Symptoms
Figure 5 shows that as the colour grade of the test paper increased, the total IgE level, Der p-IgE level, Der f-IgE level,
TNSS, RQLQ, and VAS scores increased by different degrees. The colour grade of the test paper correlated positively
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Figure 5 (A—C) Correlation between the colour grade of the eosinophil cationic protein-myeloperoxidase (ECP-MPO) test paper and total IgE, Der p-IgE and Der f-IgE
levels. (D-F) Correlation between the colour grading of the ECP-MPO test paper before and after treatment and the total nasal symptom score (TNSS), quality of life
questionnaire (RQLQ), and visual analogue scale (VAS) scores. ry, correlation coefficient before treatment; r,, correlation coefficient after treatment.
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with the Der p-IgE, Der f-IgE level. The colour grade of the test paper correlated positively with the TNSS, RQLQ, and
VAS scores before drug treatment; the correlation coefficient decreased slightly after drug treatment, but the direction of
correlation did not change. The colour grade of the test paper showed a weak correlation with the total IgE level.

Correlation Between the Test Paper Results and the Levels of Characteristic

Inflammatory Factors

The experimental group showed higher pre-treatment 1L-4, 1L-6, IL-10, IL-17A, CCL11, CCL17, CCL22, and CCL26
levels than the control group, and lower pre-treatment IL-2, IFN-y, and TNF-a levels. Compared with the level before
drug treatment, the patients’ serum IL-4, IL-6, IL-10, IFN-y and IL-17A levels decreased, and IL-2 and TNF-a levels
increased after drug treatment (Figure 6A). Among the above, IL-4, IL-6, and IL-10 levels correlated positively and
IFN-y levels correlated negatively with the ECP-MPO test paper colour grade. There was no significant correlation
between the levels of IL-2, TNF- o, and IL-17A and the colour grade (Figure 6B). After drug treatment, there was
a downward trend in the levels of CCL17, CCL22, CCL11, and CCL26 (Figure 6C); all the chemokines showed
different degrees of positive correlation with the colour grade of the test paper (CCL26 showed the best correlation)
(Figure 6D).

Discussion

Secreted ECP reflects the degree of eosinophil activation.” ECP in the nasal mucosa helps monitor acute allergic
inflammation?' and the efficacy of sublingual immunotherapy.® However, at present, the methods used for the detection
of nasal ECP are very limited. To the best of our knowledge, the ECP-MPO real-time test paper developed and evaluated
in this study is the first and only method that can be used for the rapid detection of nasal ECP in the clinic. In this study,
the effectiveness of the test paper in the diagnosis and assessment of symptoms and inflammation in 106 AR patients
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Figure 6 (A) Serum interleukin (IL)-6, IL-10, tumour necrosis factor (TNF)-a, IL-4, IL-17A, interferon (IFN)-y and IL-2 concentrations (pg/mL) of control participants and
participants with allergic rhinitis (AR) before and after treatment. (B) The correlation coefficient between the colour grading of the eosinophil cationic protein-
myeloperoxidase (ECP-MPO) test paper and the concentration of serum IL-2, IFN-y, TNF-o, IL-17A, IL-10, IL-4, and IL-6. (C) Serum C-C motif chemokine ligand (CCL)
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before and after treatment with cetirizine hydrochloride were evaluated. We found that the pre- and post-treatment results
obtained by analysing nasal secretions with the ECP-MPO real-time test paper was consistent with those obtained by
SPT, Der p-IgE and Der f-IgE result. The colour degree of the test paper closely reflected the severity of AR symptoms
and correlated with several AR-related inflammatory factors and chemokines.

First, we verified the validity of the ECP-MPO test paper results. Previous studies found that the levels of activated
and pathogenic eosinophils in the blood and nasal secretions were positively associated with ECP levels.>** In agreement
with the above, we observed a strong positive correlation between the ECP concentration in nasal secretions and the test
paper colour grade in this study; the strong correlation was maintained even after drug treatment. Similarly, the
eosinophil count in the nasal secretion smears strongly correlated with the colour grade of the test paper before and
after treatment. The AUC of the ECP concentration and eosinophil count were 0.9283 and 0.9243, respectively; When
the test strip is positive, the cutoff values were 18.13ug/mL, 10.08%. These strong positive correlations indicate that the
ECP-MPO test paper can reliably detect ECP in nasal secretions, and the colour grade of the test paper deepens with an
increase in the local ECP concentration. In addition, We found that the total IgE, Der p-IgE, Der f-IgE, ECP concentra-
tion, EOS%, and nasal secretions symptom scores were higher in the experimental group than in the control group, which
confirmed the effectiveness of AR diagnosis in the experimental group.

Further analysis showed that the sensitivity of test paper positive for serum Derp-IgE and Derf-IgE was 94% and
93.94%, respectively. The specificity of test paper positive for serum Derp-IgE and Derf-IgE was 86.96% and 85.11%,
respectively. For SPT, the sensitivity and specificity of positive test paper were 95.92% and 87.50%, respectively. In the
Kappa consistency test, we also found that the positive test paper results were consistent with the positive results of
Derp-IgE, Derf-IgE and SPT. The results show that when the test strip is positive, it has a good diagnostic performance
for patients with AR. Airway allergen exposure induces the production of some cytokines (GM-CSF, IL-3, IL-5) in
allergic diseases. These cytokines can locally and systematically affect the maturation, activation and recruitment of
eosinophils, and release ECP.>* In previous reports, the concentration of ECP in serum and nasal lavage fluid increased
significantly in some patients with allergic rhinitis.** Serum ECP levels are also used as a useful clinical indicator for
evaluating the effectiveness of specific immunotherapy.®® These findings provide a good theoretical basis for the research
and development of the test paper, as well as strong evidence for the accuracy of the test paper. In addition, Our SPT
mainly detected the response of patients to Der p and Der f, and our results were consistent with previous studies that
reported an increase in ECP concentration in rhinitis patients with dust mite allergy.>*® Dust mite faecal particles are
presented as antigens, which leads to the differentiation of ThO cells into the Th2 phenotype. This in turn induces AR and
promotes the production and aggregation of eosinophils.”” Our results show that the ECP-MPO test paper can be used for
diagnosing dust mite AR. We found that the positive test paper results were not consistent with total IgE positivity.
Indeed, it has been reported that the correlation between total IgE and eosinophils is weak.?®** The possible reason is
related to the diversity of clinical samples. Epidemiological studies have shown that the total IgE level decreases with
age, and correlates significantly with occupation type, obesity, smoking status, and other factors.>® The total IgE level is
also affected by the ecological imbalance of the microflora in the inferior turbinate mucosa, especially Staphylococcus
aureus and Propionibacterium acne.!

The TNSS, RQLQ, and VAS are the most commonly used indicators to evaluate symptoms in clinical trials and
clinical practice.*? Previous studies have shown that the eosinophil count is related to symptoms such as nasal
hyperresponsiveness and nasal congestion in AR.>*** Moreover, another study has shown that the TNSS score was
significantly associated with eosinophil count in the blood and nose of patients with AR.> In a multiple regression
analysis, eosinophils were independent predictors of AR and correlated with clinical severity.”> The RQLQ score is
usually used in conjunction with the eosinophil count to evaluate the treatment effect and prognosis in AR patients.***°
After antihistamine treatment, it has been reported that the RQLQ scores and eosinophil counts decreased significantly.*®
Additionally, the RQLQ score was positively associated with the speed and degree of symptom development.’” In
agreement with these studies, we found that the colour grade of the ECP-MPO test paper was significantly associated
with and increased with the increase of TNSS, RQLQ, and VAS scores. This indicates that the test paper results reflect
the severity of clinical symptoms of AR before and after treatment.
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In this study, AR patients showed higher Th2 immune responses than the control group. After treatment with
cetirizine hydrochloride, the imbalance in Th1/Th2 responses was reversed; the downregulation of IFN-y may be
related to the specific inhibition of H;R receptor in Thl cells by cetirizine.’® Further, the pre- and post-treatment
ECP-MPO test paper results correlated positively with Th2 cytokines and negatively with IFN-y, indicating that
these results were able to reflect the unbalanced T cell response in AR patients (Figure 7). It has been reported that
during the pathogenesis of AR, ECP, eosinophil chemokines, and Th2-related cytokines increased synchronously in
the late reaction phase and peaked at 8 hours.*” CCL11 and CCL26 are the main chemokines responsible for the
local recruitment of eosinophils, and the effect of CCL26 is the most obvious.*’ CCL17 and CCL22 play a role in
the recruitment of Th2 cells.*® Th2 cells can further promote the local recruitment of eosinophils by secreting
cytokines.*? Similarly, we found that the ECP-MPO test paper colour grade correlated positively with the Th2 cell
chemokines CCL17 and CCL22, and with the eosinophil chemokines CCL11 and CCL26. These correlations imply
that the test paper results can effectively indicate the relative levels of some characteristic inflammatory factors and
chemokines in patients with AR by reflecting the concentration of local ECP in nasal secretions. The test paper can
thus be used for guiding the diagnosis and treatment of AR as well as for evaluating patient prognosis.

There are some limitations to this study: first, the sample size was small, and the subjects were recruited from a single
region. Therefore, the results may reflect regional characteristics, reducing the generalizability of our findings.
A multicenter study is under way to expand the sample size. Second, Dermatophagoides pteronyssiodes and
Dermatophagoides farinae were the primary sources of allergens in this study. Thus, the patient population was not
representative of all AR patients. AR caused by other allergens should also be included in future studies. Third, MPO-
positive patients (co-infection) were excluded from this study, and in later studies, we will fully discuss other types of
rhinitis and MPO-positive patients with AR.
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Figure 7 Schematic diagram of the association between eosinophil cationic protein (ECP) and cytokines and chemokine.
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Conclusion

This study developed and evaluated the ECP-MPO instant detection test paper for nasal secretions, and demonstrated the
effectiveness of this method for the diagnosis of AR. The colour grade results from the test paper effectively indicated the
severity of clinical symptoms and the serum levels of several inflammatory factors and chemokines before and after drug
treatment in patients with AR. The test paper is user-friendly, non-invasive and allows for rapid diagnosis. The
development and subsequent clinical application of the ECP-MPO test paper will provide a new method for the diagnosis
of AR and to assess its severity.
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