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ARTICLE INFO ABSTRACT

Keywords: Chronic otitis media with effusion (COME) is a common cause of hearing loss in children and
Trypsin adults. Laryngopharyngeal reflux (LPR) is often overlooked in the clinical management of COME
Pepsin

complicated by LPR. This study aimed to investigate the presence and concentration of trypsin
and pepsin in the middle ear effusion (MEE), as well as the recurrence rate of otitis media with
effusion (OME) in COME patients with trypsin-/pepsin-positive MEE after acid-suppressive
treatment (AST). In this study, trypsin and pepsin were found in the MEE of COME patients.
Follow-up results showed that the recurrence rate of OME within 1 year was significantly lower in
the AST group than in the non-AST group. Taken together, patients with COME can be offered
pepsin detection of MEE, and if the pepsin test is positive, acid-suppressing drugs such as proton
pump inhibitors could be recommended to prevent the recurrence of OME.

Chronic otitis media with effusion
Laryngopharyngeal reflux

1. Introduction

Otitis media with effusion (OME) is a non-purulent inflammatory disease of the middle ear, mainly characterized by conductive
hearing loss and effusion in the middle ear. Research has shown that around 90 % of preschool children have OME [1]. If not properly
treated, it can lead to chronic OME (COME) with complications such as eardrum invagination, tympanic sclerosis, adhesive otitis
media, permanent hearing loss and even speech and language impairment in children [2]. COME is the most common cause of acquired
hearing loss in children [3].

The pathogenesis of OME is not fully understood. Mainstream theories include negative pressure in the middle ear [4], infection [5,
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6] and allergy [7]. Many studies have shown that there is a correlation between laryngopharyngeal reflux (LPR) and OME [8,9], and
that LPR can prolong the course of OME [10,11]. In recent years, researchers have detected pepsin in the middle ear effusion (MEE) of
OME patients, and the concentration is 100 times higher than that in serum [10,11]. The middle ear mucosa does not have the function
of secreting gastric protease. It has been speculated that pepsin in the MEE may originate from the digestive fluid or gaseous digestive
fluid of LPR through the eustachian tube.

LPR is a chronic condition with mucosal injury caused by abnormal reflux of gastric contents into the pharynx, larynx and upper
airways [12]. The reflux of LPR includes pepsin, gastric acid, bile acid and trypsin. However, few studies have detected the presence of
trypsin with stronger digestion in MEE. LPR reflux tends to trigger an inflammatory cascade response [13], and as the reflux is
transported into the airways, it is buffered into weakly acidic or non-acidic substances. The airway mucosa is damaged by these
non-acidic components, leading to frequent respiratory symptoms such as throat clearing, coughing and asthma [14]. Children with
poor expressive language skills are often overlooked by family members when LPR symptoms occur. The Dx-pH monitoring system is
currently the objective standard for LPR diagnosis [15]. It is an invasive test that is relatively expensive and causes significant
discomfort during the examination process. Some patients cannot tolerate this examination. The Reflux Symptom Index (RSI) is the
most commonly used diagnostic and assessment method for the clinical diagnosis of LPR due to its simplicity and accuracy [16].
Research has shown that pepsin measurement in saliva could be an alternative tool to assist in the diagnosis of LPR [17].

The characteristics of MEE can vary greatly [18]. Some MEE is fluid like water, with a pale-yellow color. Some are sticky like glue.
In this study, we used the RSI scale and MEE trypsin and pepsin detection to diagnose whether patients with OME had LPR. The
collected MEE was divided into serous and mucous groups and pH tests were performed on both. We performed Western blotting (WB)
to detect the presence of trypsin and pepsin in the MEE. In those with a positive WB, an enzyme-linked immunosorbent assay (ELISA) is
conducted to determine the concentration of trypsin and pepsin. Individuals with pepsin or trypsin positive were randomly divided
into two groups, one receiving acid-suppressive treatment (AST, proton pump inhibitors for 8 weeks) and the other being followed. 1
year later, the recurrence rate of OME was calculated.

2. Materials and methods
2.1. Human subjects

We conducted a prospective cohort study of patients admitted to the Department of Otorhinolaryngology-Head and Neck Surgery,
Affiliated Hospital of Xuzhou Medical University, Xuzhou, China, with a diagnosis of unilateral COME from January 2018 to December
2023.

All participants underwent the following four parts before enrolment.

@ General information (age, sex, recent medication, etc.) and completion of the RSI scale.

® Audiological examination: pure tone audiometry (adult) or auditory brainstem response (ABR) (child), acoustic immittance
measurement, MEE collection and MEE bacterial culture.

® Endoscopic photography of the tympanic membrane and nasopharynx.

@ Lateral skull film.

Inclusion criteria for the experimental group: duration of OME more than 3 months; conductive hearing loss on audiogram (adult)/
ABR (child); B-type curve on tympanogram; evidence of MEE on otoscopy; negative bacterial culture of MEE.

Exclusion criteria for the experimental group: Patients were excluded if they had any concomitant disease or trauma contributing to
hearing loss, such as chronic purulent otitis media, tympanic membrane perforation, adenoid hypertrophy in children or residual
adenoids in adults (adenoidal-nasopharyngeal (A/N) ratio obtained from lateral skull film <0.6) [19], nasopharyngeal or ear tumors,
or had received AST within 2 weeks, or had a positive bacterial culture of the MEE, or had a non-B-type curve on the tympanogram, or
had used ototoxic medications.

A total of 270 patients (150 adults and 120 children) and 50 healthy subjects were included in this study. There was no statistically
significant difference in age or gender (P > 0.05).

2.2. Materials

Pepsin and trypsin antibodies were bought from Abcam plc (Shanghai, China). The pepsin and trypsin Elisa kits were purchased
from Cloud-Clone Corp (Wuhan, China).

2.3. MEE collection and pH detection

Child group: After general anesthesia, the external acoustic meatus was rinsed and disinfected with iodophor and then rinsed three
times with a saline solution. An endoscopic incision of approximately 2-3 mm was made in the anterior inferior quadrant of the
tympanic membrane. A sterile suction device was used to slowly aspirate the effusion and a portion was quickly removed for bacterial
culture and pH testing. The remaining portion was placed in a 1.5 mL sterile tube and stored at —80 °C for future use.

Adult group: The external acoustic meatus was rinsed and disinfected with iodophor and then rinsed three times with a saline
solution. A thin cotton swab soaked in 1 % tetracaine should be gently applied to the skin of the external ear canal and tympanic
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membrane for 10 min. Puncture the anterior lower quadrant of the tympanic membrane with a needle. Fix the needle, slowly aspirate
the effusion and quickly collect a portion for bacterial culture and pH testing. The remaining portion was placed in a 1.5 mL sterile tube
and stored at —80 °C for future use.

The collected MEE were divided into two groups: serous and mucous, based on the characteristics of the MEE. If the MEE is clear,
watery and easy to aspirate, it is classified as serous MEE (Fig. 1A). If the MEE is viscous, gelatinous and difficult to aspirate, it is
classified as mucous MEE (Fig. 1B). They were all labelled and collected in 1.5 mL sterile tubes (Fig. 1C).

Control group: A nasopharyngeal swab was passed through the nasal meatus into the nasopharynx using an electronic naso-
pharyngoscope. The pharyngeal opening of the Eustachian tube was wiped with the swab and washed with 1 mL of physiological saline
in a 1.5 mL sterile tube and stored at —80 °C for future use.

2.4. RSI scale

All participants must complete the RSI scale under the guidance of the same professional ENT physician. Older children can
complete the RSI scale with the help of their parents, while younger children or those who are uncooperative can have their parents
complete the RSI scale. The severity of each symptom on the RSI scale was self-rated by the patient, and to minimize the influence of
subjective factors. An RSI score greater than 13 was considered positive.

2.5. WB experiments

Centrifuge tube pre-cooling, after thawing the sample, take a portion of the sample into the pre-cooled centrifuge tube, add pro-
tease inhibitors and lysis solution and lyse on ice for half an hour. After centrifugation (12000 r/min, 4 °C, 5 min), transfer the su-
pernatant to a new pre-cooled sterile tube. Add loading buffer and mix well. Boil at 100 °C for 10 min. Add the prepared sample to the
sample well and perform electrophoresis, membrane transfer, blocking, antibody incubation and development in sequence.

2.6. ELISA trial

After adding the sample to the sample well, incubate in a 37 °C incubator for 1 h, then add a chromogenic agent to develop the
colour and measure the absorbance (OD value) of each well sequentially. Calculate the concentration of pepsin and trypsin in the
sample according to the linear regression equation of the standard curve.

2.7. Acid-suppressive treatment (AST)

Patients who tested pepsin or trypsin positive (57 children and 50 adults) were randomly divided into two groups, one receiving
AST (proton pump inhibitors for 8 weeks) as the AST group and the other being followed as the non-AST group. We prepared 29 AST
cards and 28 non-AST cards for the Child group, mixed and put them in the Child Group Draw Box. For the Adult group, 25 AST cards
and 25 non-AST cards were prepared, shuffled and placed in the Adult Group Draw Box. Subjects decided whether they were in the AST
group or the non-AST group by drawing cards from the draw boxes and children had their parents do the drawing for them.

Subjects in both the AST and non-AST groups are required to undergo monthly follow-up examinations, including endoscopic
photography of the tympanic membrane, pure tone audiometry (adult)/ABR (child) and acoustic immittance measurement. Tympanic
membrane perforation, middle ear effusion, tinnitus and hearing loss related conditions were observed and recorded. After 1 year, the
recurrence rate of OME was calculated and the observation was terminated.

Fig. 1. Otoscopic signs and effusion samples of serous and mucous groups. (A) Representative endoscopic sign of the serous group. (B) Repre-
sentative endoscopic sign of the mucous group. (C) On the left is an effusion sample from the serous group and on the right is an effusion sample
from the mucous group.
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2.8. Statistical analysis

Statistical analysis was performed using SPSS version 25.0. Quantitative data in this study were all assessed using the Shapiro-Wilk
test, and data with normal distribution were expressed as mean [SD]. Data with non-normal distribution were represented by median
and 25 %, 75 % interquartile range (Qr, Qu). If the data met both normal distribution and homogeneity of variance, the independent
samples t-test was used for comparison between samples; otherwise, the Mann-Whitney test was used for comparison between samples.
The Chi-square test was used to compare rates. (*p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001).

3. Results and discussion
3.1. Study cohort demographic characteristics

The study involved a total of 320 volunteers, including 270 COME patients and 50 healthy volunteers. The 270 COME patients
included 120 children (range, 1-17 years; median age, 6 years) and 150 adults (range, 18-70 years; median age, 43 years). Each group
is further divided into serous and mucous groups based on the characteristics of MEE, and the age and gender distribution are shown in
Table 1. There was no statistically significant difference in age or gender (P > 0.05). 50 healthy volunteers (range, 18-50 years; mean
[SD] age, 34.14 [9.003] years) served as the control group, with a male-to-female ratio of 1:1.

3.2. Comparison of RSI positivity rate and WB positivity rate

In this cohort study of 270 COME individuals, the prevalence of trypsin and pepsin in MEE was 39.63 % (107/270). The WB-
positive rates of pepsin and trypsin in children are significantly higher than those in adults, suggesting that the incidence rate of
LPR in COME children is higher than in adults. However, there was no significant difference in the RSI positivity rate between children
and adults, which may be due to the inaccurate expression of reflux symptoms in children. In addition, research has demonstrated that
some patients with OME combined with LPR do not have reflux symptoms [20]. The RSI and WB test results in the control group were
both negative (see Table 2).

3.3. WB results of trypsin and pepsin in the MEE

Interestingly, as shown in Fig. 2, in both the child and adult groups, pepsin was positive in trypsin-positive samples. However,
trypsin was only detected in some of the pepsin-positive samples. Considering that the anatomical location of pancreatic juice is lower
than that of gastric juice, the possibility of trypsin reflux into the nasopharynx during reflux events is less than that of pepsin. Given
this, after collecting MEE from OME patients, only pepsin testing could be sufficient to assess whether they have LPR.

3.4. ELISA results of trypsin and pepsin in the MEE

Samples that were trypsin or pepsin positive by WB were subjected to further ELISA testing. The concentrations of pepsin and
trypsin in MEE were 83.1 (71.3, 89.5) ng/mL and 401.2 (369.8, 462.5) ng/mL in the child group and 55.2 [19.3] ng/mL and 304.6
(289.5, 397.5) ng/mL in the adult group. As shown in Table 3, the type of MEE, serous or mucous, is not significantly associated with
the concentration of trypsin or pepsin. Furthermore, the concentration of trypsin and pepsin was significantly higher than that of
serum, which also confirmed that the trypsin and pepsin in the MEE did not originate from serum.

As shown in Fig. 3 and Table 4, both pepsin and trypsin concentrations were higher in children than in adults (P < 0.05), suggesting
that LPR may be more severe in children with COME than in adults. In children, the Eustachian tube is almost horizontal, short, about
half the length of the adult Eustachian tube, but has a large internal diameter [21]. Children with weak gastrointestinal function and a
preference for sweets and fizzy drinks can increase the incidence of LPR. Young children also have poor verbal expression. All of this
ultimately leads to a higher incidence and severity of LPR in children with SOM compared to adults.

Considering that the optimal pH range for pepsin is 1.8-3.5, and pepsin is only active in acidic environments, whereas the optimal
pH range for trypsin is between 7.8 and 8.5, and trypsin hardly loses activity in highly acidic environments. The middle ear cavity is a
neutral environment (as shown in Table 4) that is more conducive to trypsin function, which has a stronger digestive action to exert
destructive effects. In the middle ear environment, activated trypsin can further activate trypsinogen to convert to trypsin, and pepsin
is in an inactivated state. The specific pathogenesis requires further research and investigation.

Table 1
The demographic characteristics of the study populations (COME patients).
Groups Variables Serous (n = 134) Mucous (n = 136) t/z-value p-value
Child Age (years) 6(4,11) 5(4, 6) -1.2 0.2
Male/Female (n) 26/30 33/31 0.3 0.6
Adult Age 41 (29, 55) 44 (31, 55) -0.4 0.7
Male/Female (n) 37/41 35/37 0.0 0.9
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Table 2
Comparison of RSI positivity rate and WB positivity rate.
Variables Child (n = 120) Adult (n = 150) X*-value p-value
RSI positivity rate 25 % 32.7 % 1.9 0.2
WB positivity rate of pepsin 47.5 % 33.3% 5.6
WB positivity rate of trypsin 41.7 % 23.3% 10.4 i
S1 S2 S3 S4 S5 S6 S7
Trypsin R — ——
Pepsin =~ S sng S e mgf® Wy~
Fig. 2. Representative WB images of trypsin and pepsin in the MEE of 7 COME volunteers.
Table 3
Analysis of ELISA results between serous and mucous groups.
Groups Variables Serous (n = 58) Mucous (n = 49) t/z -value p-value
Child Pepsin (ng/mL) 83.7 (63.5, 89.4) 83.1 (76.5, 90.4) -0.5 0.6
Trypsin (ng/mL) 398.1 (370.9, 421.2) 428.2 (362.8, 483.4) -1.1 0.3
Adult Pepsin (ng/mL) 54.6 [19.9] 55.8 [19.1] -0.2 0.8
Trypsin (ng/mL) 304.6 (256.4, 394.4) 318.2 (295.5, 412.3) —0.6 0.5
A 150 P=0.0000 #5x% B 1200 4
=
. 2 1
2 E 900
£ 100 )
) =
= ~
N = 600
| 2
2 50 5
& = 300
0 T T 0 T
Children Adults Children Adults
Fig. 3. Comparison of the concentrations of (A) pepsin and (B) trypsin in MEE between child and adult group by ELISA.
Table 4
Comparison of ELISA results and pH between children and adults.
Groups Variables Child (n = 57) Adult (n = 50) z/t-value p-value
Serous Pepsin 83.7 (63.5, 89.4) 54.6 [19.9] -3.5 ok
Trypsin 398.1 (370.9, 421.2) 304.6 (256.4, 394.4) —-2.6 i
Mucous Pepsin 83.1 (76.5, 90.4) 55.8 [19.1] -3.8 ok
Trypsin 428.2 (362.8, 483.4) 318.2 (295.5, 412.3) —-2.3 *
pH-value 7.4(7.1,7.6) 7.4(7.1,7.7) -0.0 1.0

3.5. Evaluation of the effect of 8 weeks-AST on COME

Patients who tested pepsin or trypsin positive were randomly divided into two groups, one receiving AST (proton pump inhibitors
for 8 weeks) and the other being followed. 1 year later, the recurrence rate of OME was calculated. As shown in Table 5, in both the
child and adult groups, the recurrence rate of OME in the AST group is significantly lower than in the non-AST group.

We also recorded the healing time of the tympanic membrane and other complications of tympanic membrane puncture, including
tympanic membrane perforation, suppurative otitis media, hearing loss and tinnitus (see Table 6). The results showed that the healing
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Table 5
The recurrence rate of OME within 1 year.
Groups Variables Non-recurrence rate (n = 62) Recurrence rate (n = 45) X?-value p-value
Child AST 86.2 % 13.8% 19.4 i
Non-AST 28.6 % 71.4 %
Adult AST 92 % 8% 23.7 il
Non-AST 24 % 76 %
Table 6
Evaluation of the effect of 8 weeks-AST on COME.
Groups AST (n = 54) Non-AST (n = 53) Z/X*-value p-value
a 1.1 month 1.6 month -3.9 ok
b 3.7 % 15.1 % 2.9 0.1
Non-b 96.3 % 84.9 %
c 1.9% 189 % 8.4 wox
Non-c 98.1 % 81.1 %
d 5.6 % 245 % 7.6 o
Non-d 94.4 % 75.5 %
e 9.3% 28.3 % 6.4 *
Non-e 90.7 % 71.7 %

*a, average healing time of the tympanic membrane; b, tympanic membrane perforation; ¢, suppurative otitis media; d, hearing loss; e, tinnitus.

time of the tympanic membrane was significantly shorter in the AST group than in the non-AST group, whereas there was no significant
difference in the incidence of tympanic membrane perforation between the two groups. Most tympanic puncture sites are completely
healed at the first follow-up visit after one month, which may be due to strict disinfection of the external acoustic meatus before
puncture and advice to patients to avoid water entering the external acoustic meatus after puncture. In addition, the incidence of
suppurative otitis media, hearing loss and tinnitus was significantly lower in the AST group than in the non-AST group, indicating a
significant therapeutic effect of AST on COME.

4. Conclusion

In clinical practice, patients with COME could be provided pepsin detection of MEE to determine if they have LPR. In patients with
OME combined with LPR, early acid-suppressive treatment can reduce the recurrence of OME.
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