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Background: Pepsin is a biomarker for reflux disease and a major etiological factor in laryngopharyngeal
reflux (LPR). Do chronic pharyngitis patients have significant concentrations of pepsin present in saliva
samples indicating the presence of reflux disease?

Methods: Thirty-two patients with chronic pharyngitis symptoms and laryngoscopy findings from the
reflux finding score (RFS), indicating chronic pharyngitis, were recruited from an Ear, Nose and Throat
(ENT) department. A total of 96 patient saliva samples were analysed for the presence of pepsin. Reflux
questionnaires assessed the symptoms of reflux [reflux symptom index (RSI), RFS, and reflux disease
questionnaire (RDQ)] and, the non-invasive reflux diagnostic device Peptest™ was used to determine the
concentration of pepsin present in the patient’s saliva samples. Peptest™ uses lateral flow technology and
contains two unique human anti-pepsin monoclonal antibodies fully validated and sensitive for the detection
of pepsin in saliva.

Results: In total, 78% of chronic pharyngitis patients had medium to high concentrations of pepsin
(>75 ng/mL) in their saliva samples. In chronic pharyngitis patients 81% were found to have a positive pepsin
concentration in post-prandial samples, compared to the control, where 32% were found to have a positive
pepsin concentration.

Conclusions: A correlation was shown between the presence of pepsin and the presence of chronic
pharyngitis. 78% of chronic pharyngitis patients were shown to have medium to high concentrations
of pepsin in their saliva samples and 81% had a positive pepsin concentration in post-prandial samples.

™

Peptest " demonstrated good diagnostic potential and as a non-invasive, rapid and easy to use test, it will

play an important role as a first line reflux diagnostic.
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Introduction

Chronic pharyngitis is more than just a ‘sore throat’;
it causes the patient long-term pain and can even lead
to throat erosion and cancer (1). A survey by National
Ambulatory Medical Care 1995 showed 4.3% of outpatient
healthcare appointments were due to symptoms of
pharyngitis, making it the 3" most common complaint (2).
Pharyngitis can occur from a multitude of factors; viral
infection being the most common cause, however some
bacterial infections are often more serious (2). Typical
chronic pharyngitis symptoms include inflammation of the
pharyngeal mucosa (3).

Gastroesophageal reflux causes pepsin to reach
the throat. Therefore, pepsin has been proposed as a
biomarker of gastroesophageal reflux disease, and as a
major etiological factor in laryngopharyngeal reflux (LPR).
Pepsin is used in the stomach to break-down protein;
the stomach itself is not digested because of a protective
mucus layer. However, during a reflux episode, pepsin
and stomach acid reaching the oesophagus or throat can
cause tissue erosion and inflammation. One method of
inflammation was reported where pepsin induced the
production of pro-inflammatory factors on the tonsil (4).
They argued that inflammation can be caused directly
through tissue injury or by antigenic detection of pepsin,
leading to the recruitment of lymphocytes. Throat
infection and pharyngitis can also occur because pepsin
disturbs commensal bacteria lining the throat, allowing
pathogenic bacteria to accumulate (5). It is therefore
important to clarify the cause of chronic pharyngitis in
patients who have been cleared of bacterial, viral and
fungal infections to offer optimal therapy.

Previously, the absence of any easy-to-use objective
method has hindered the efforts from clinicians and
researchers to prove the possible association between reflux
and chronic pharyngitis. However, Peptest'™ (RD Biomed
Limited, Cottingham, UK) which is a non-invasive and
rapid test for diagnosing the presence of salivary pepsin in
clinical samples and used as a biomarker for detecting reflux
disease has recently become available and has been used
in the present study. Patients provided saliva samples at
specific time points because changes in activity can influence
the occurrence of reflux episodes. Samples from patients
were collected in the morning on waking, the second
sample post-prandial 60 minutes after finishing a meal and
the third sample within 15 minutes of a symptom. A healthy
control group without reflux disease were tested for pepsin

© Annals of Esophagus. All rights reserved.

aoe.amegroups.com

Annals of Esophagus, 2018

concentration in post-prandial saliva samples. These samples
were compared to the post-prandial samples in the patient
group. Currently, an acceptable concentration of pepsin
concentration found in the saliva of a healthy individual in
the UK is <75 ng/mL, which is considered as a physiological
pepsin concentration. Those which have >75 ng/mL
pepsin in saliva samples are pathologically positive and
would be classed as diseased and would require medical
attention. The cut-off value of 76 ng/mL is in line with the
specificity and sensitivity of guides obtained and previously
reported (6).

The aim of the present study was to establish the
association between reflux and chronic pharyngitis patients.
The study would also help to evaluate the diagnostic value
of Peptest' ™ (RD Biomed Limited) for reflux diseases.

Methods
Subjects

Thirty-two patients presenting with typical chronic
pharyngitis symptoms and laryngoscopy findings indicating
chronic pharyngitis were recruited from the Ear, Nose and
Throat (ENT) outpatient clinic at Jinling Hospital and BenQ
Hospital of Nanjing Medical University. Patient’s lifestyles
were also considered. No significant association was found
between patients with pepsin concentrations >75 ng/mL
and habits such as; smoking, drinking nor having an
appetite for spicy food. Those patients were also assessed by
reflux questionnaires, reflux finding score (RFS) (7), reflux
symptom index (RSI) (8), and reflux disease questionnaire
(RDQ) (9,10). Demographic information of patients with
chronic pharyngitis is presented in Table 1, where 18 out
of 32 patients completed this information. A control group
of similar demographics to the patient group was used for
comparison of pepsin concentration. The control group
was comprised of 31 healthy individuals recruited from the
Department of Gastroenterology, Zhongshan Hospital,
Fudan University, Shanghai, China. A comparison of
demographics between the control group and patient group
is shown in Table 2.

Salivary pepsin collection

Patients provided saliva which was collected into tubes
containing 0.5 mL of 0.01 M citric acid. Each patient
provided three salivary samples at specific time points,
patients were also informed not to take any medication
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Table 1 Chronic pharyngitis patients’ demographics (n=18)

Parameter All (n=18) Male (n=7) Female (n=11)
Mean height (cm) 164 171 160
Mean age (years) 43 38 46
Mean weight (kg) 61.8 66.4 58.8
Smoking habit (%) 11 29 0
Drinking habit (%) 11 14 14
Appetite for spicy 50 14 72

food (%)

A total of 18 out of 32 patients completed demographic
information.

Table 2 Patient and control group demographics (n=31)

Chronic Control

Parameter . .

pharyngitis subjects
Number of participants 32 31
Male/female 14/18 15/16
Age range (years) 21-64 26-68
Mean age (years) 43 45
Failed to provide information 12 0
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during the study period. The sample collection and
analysis procedure are outlined in Figure 1. One sample
was provided in the morning on waking, the second sample
post-prandial 60 minutes after finishing a meal and the third
sample within 15 minutes of experiencing a symptom. The
healthy control group provided only post-prandial samples.
All the saliva samples were analysed for the presence of
pepsin using Peptest'™ (RD Biomed Limited). Samples
were refrigerated at 4 °C and analysed within 2 days of
collection.

Questionnaire

To aid the diagnosis of the cause of the patients’ chronic
pharyngitis, patients completed three reflux questionnaires
which describe typical reflux symptoms (7able 3). The
RES is a clinician-rated endoscopic finding score based on
findings from laryngoscopy (7) which were calculated by
rating reflux symptoms to their corresponding number and
finding the total (0 to 26), RFS >5 suggests abnormality.
The RSI is a self-administered survey based on 9 questions
and calculated by rating reflux symptoms from 0 to 5 and
finding the total (0 to 45) (8). RSI >13 suggests abnormality.
And, the RDQ is a self-rated symptom score (9-11)

Collect 1 mL
of sample

Vortex mix for
10 seconds

Apply 80 pL sample to
screwtop tube containing
240 pL migration buffer

@ Apply 80 pL of the mixed sample

Centrifuge sample
for 5 minutes

Draw up 80 pL from
clear supernatent layer

A = Negative
B = Positive
C = Invalid test

to the well of the Peptest

Figure 1 Step-by-step diagram of pepsin analysis; from collection, to the analysis of pepsin concentration on a Peptest™ device
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Table 3 Questionnaire results in 32 patients presenting with

chronic pharyngitis

Questionnaire Mean [:():g/sni:L;:c;n;gr:tration
RSI positive >13 (n=9) 235+149

RSI negative <13 (n=23) 208+165

RFS positive >5 (n=17) 176+£150

RFS negative <5 (n=15) 261+161

RSI and RFS positive (n=7) 187+119

RSI and RFS negative (n=13) 239+158

*, mean pepsin concentration was calculated from the sample
provided with the highest concentration of pepsin. RSI, reflux
symptom index; RFS, reflux finding score.

calculated by rating reflux symptoms such as heartburn,
dyspepsia and regurgitation within a time frame, scored
from 0 to 5 and used as a classic gastroesophageal reflux
disease (GERD) diagnostic tool not considered suitable for
the diagnosis of LPR. Patients experience worse symptoms
if a higher RDQ total is recorded with a cut-off point of 12
for GERD diagnosis.

Analysis

Collection tubes were centrifuged at 4,000 rpm for 5 min
and a clear supernatant was seen. Samples were centrifuged
again if no supernatant was observed. 80 pL of clear
supernatant was drawn up into an automated pipette. The
80 pL sample was transferred to a screw-top microtube
containing 240 pL of migration buffer solution. This
sample was mixed with a vortex mixer for 10 s. A second
pipette was used to transfer 80 pL. of the sample to the
circular well of a lateral flow device (LFD) containing two
unique human monoclonal antibodies; one to detect and
one to capture pepsin in the saliva sample (Peptest™, RD
Biomed Limited) (Figure I). The lower limit for detection
of pepsin (as determined by the manufacturer) was set at
16 ng/mL. This value was used as a cut-off to consider a
saliva sample positive for pepsin. Therefore, all samples
with concentrations below this threshold were considered
to have zero pepsin.

Results

Patients with chronic pharyngitis and indications of
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chronic pharyngitis (n=32) were compared with a healthy
non-GERD control group (n=31). Post-prandial saliva
samples were compared for pepsin concentration. A pepsin
concentration at the level >18 ng/mL displayed a visible
test line on a Peptest’™ (RD Biomed Limited) device and
was marked positive. The absence of a test line was marked
negative, a pepsin concentration <18 ng/mL. In the healthy
individuals’ group, 10 (32%) were found to have a positive
pepsin concentration and 21 (68%) were negative. In the
chronic pharyngitis patient group, 25 (78%) were found
to have a positive pepsin concentration and 7 (22%) were
negative. Sensitivity was 78% and specificity was 68%.
Positive predicted value was 71% and negative predicted
value was 75%.

Reflux diagnostic questionnaires result in a positive
or negative determination for the presence of reflux.
A Chi-square test was used to determine if the type of
RDQ, namely RFS and RSI, influenced the outcome of
the diagnosis. The results show that there is a significant
association between the outcome of the questionnaire,
depending on which questionnaire was used to determine
if the patient may have reflux disease. It was more likely
a patient would be diagnosed with reflux disease if the
REFS questionnaire was used compared to RSI, asymptotic
significance (2-sided) P=0.000. The RFS produced
significantly more positive reflux disease diagnosis
results than RSI. However, when averaging the pepsin
concentration across the most highly concentrated samples
of all patients, a positive RFS did not correlate to a higher
mean pepsin concentration from the most concentrated
samples from each patient.

The mean maximum pepsin concentration from the
three samples taken by chronic pharyngitis patients against
the corresponding questionnaire results are shown in Table 3.
The patient group with the highest concentration of pepsin
was found when patients completed the RFS and scored a
negative reflux disease diagnosis. The lowest concentration
of pepsin from the patient group was found when the RFS
scored positively for reflux disease diagnosis. Two sample
t tests were performed to determine any significance
between the outcome of the RFS and RSI on mean
maximum pepsin concentration (Tzble 4). Two sample
t tests show no significant difference between means of
patients with a positive RFS or negative RFS and their
corresponding concentration of pepsin. Two sample 7 tests
show no significant difference between means of patients
with a positive RSI or negative RSI and their corresponding
concentration of pepsin. However, a significant difference
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Table 4 Independent samples test

Page 5 of 8

Difference between the mean

Statistically test applied maximum pepsin concentration

Difference between the mean
maximum pepsin concentration

Difference between the mean
maximum pepsin concentration and

and RFS and RSI both RFS and RSI

Levene’s test for equality of variances

f 0.033 0.539 0.906

Sig. 0.858 0.469 0.354
t test for equality of means

t -1.556 0.420 -0.769

df 30 30 18

Sig. (2 tailed) 0.130 0.678 0.452

Mean difference —-85.50235 26.55 -52.63077

Standard error difference 54.94636 63.21 68.44617

Two sample t tests. Sig., significance.

Table 5 Association between pepsin concentration and smoking,
drinking and an appetite for spicy food

2

Chi squared >75 ng/mL pepsin (n=18) X

Smoking 0.289
Drinking 0.596
Appetite for spicy food 1.000

Chi squared was calculated using IBM SPSS Statistics 23.

occurs when the two questionnaires are used in conjunction.
"Two sample # tests do show a significant difference between
means of patients with both a positive RES and RSI against
both a negative RFS and RSI and their corresponding
concentration of pepsin P=0.452 (Table 4).

Chi squared (Table 5) shows no significant association on
pepsin concentrations above 75 ng/mL through smoking,
drinking nor having an appetite for spicy food. No significant
association between pepsin concentration >75 ng/mL
and patients with a positive RSI score.

Of the 32 patients diagnosed with chronic pharyngitis
41 of 96 saliva samples had a pepsin concentration above
75 ng/mL (Table 6). This corresponded to a total of
25 patients with medium to high pepsin present in their saliva
sample representing 78% pepsin positivity, only 23 samples
had no pepsin present and 32 samples had low pepsin present.
Six patients had all three saliva samples >75 ng/mL pepsin,
four patients had two saliva samples >75 ng/mL pepsin
and 15 patients had one saliva sample >75 ng/mL pepsin.
Seven patients had saliva samples pepsin positive but below
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75 (0 to 74) ng/mL. No patients had all three saliva samples
negative for pepsin. The pepsin concentration in the saliva
samples provided following symptoms were significantly
different (P<0.05) to the samples provided on waking. The
mean pepsin concentrations were 69 (morning sample), 131
(post-prandial sample) and 150 ng/mL (sample provided
following symptoms) (Figure 2).

Discussion

The aim of this study was to determine if patients presenting
with chronic pharyngitis have a significant concentration
of pepsin in their saliva samples which could be a factor
causing exacerbation of their condition. Pepsin has been
shown to cause tissue damage resulting in inflammation and
erosion leading to pain. In the present study, a correlation
has been shown between the presence of pepsin in saliva
samples and patients with chronic pharyngitis. Seventy-
eight percent pepsin positivity was found signifying chronic
pharyngitis patients are likely to be affected by pepsin
indicating reflux disease. Pepsin concentrations on waking
and after symptoms were significantly different (P<0.05),
indicating that the patients recognize when they have
refluxed and can therefore provide a sample following
symptoms. This allows a more comfortable method of
diagnosis than previous diagnostic methods such as pH-
metry or endoscopy, which are both invasive and time
consuming. Through the use of Peptest'™ (RD Biomed
Limited) patients can be screened for the presence of pepsin

Ann Esophagus 2018;1:17
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Table 6 Pepsin concentrations of chronic pharyngitis patients (n=32)
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Sample Low pepsin Medium to high pepsin concentration (ng/mL ;

collection concentration (ng/mL) onpep (hg/mb) Mean pgpsm SD P value
concentration n=32

procedure 0<16 16<75 75<125 125<200  200<500 =500

Morning 11 13 2 4 2 0 69 121

sample

PP sample 6 10 3 5 7 1 131 144 0.0661

SX sample 6 9 2 5 9 1 150 148 0.0204

P values were calculated using unpaired t test. PP, post-prandial; SX, symptoms.

Chronic pharyngitis study

400

* b *P=0,0204
— 300 4
S
~
2
c 200 -
B
(o}
[0]
0O 100 A
0 T T T
NZ N2 N4
L QL QL
& 5 &
R
& N
&

Sample collection +1 SD

Figure 2 Analysed pepsin concentrations of chronic pharyngitis
patients. Saliva samples were collected in the morning, PP and
following SX. One SD shown. Calculated using GraphPad Prism
7. P values were calculated using unpaired t test. PP, post-prandial;
SX, symptoms; SD, standard deviation.

non-invasively. Peptest™ (RD Biomed Limited) is highly
sensitive and specific (12-16) for detecting pepsin and
diagnosing reflux in patients.

The significance of reflux questionnaires in chronic
pharyngitis patients showed significantly higher results
in RSI and RFS for patients with chronic non-specific
pharyngitis than in the control subjects P<0.01 (17).
In the present study, when RFS and RSI were used in
conjunction, there was a significant difference between
the mean maximum pepsin concentration and a positive or
negative result for diagnosis of reflux disease. However, if
the RFS and RSI used in conjunction was the sole method
of reflux diagnosis in this patient group 22% would have
been diagnosed with reflux disease (Tuble 3). Peptest™
(RD Biomed Limited) was a better diagnostic marker
because 78% of chronic pharyngitis patients were found
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to have a significant positive pepsin concentration in post-
prandial samples (>75 ng/mL) indicating reflux disease.
Therefore, reflux questionnaires did not give a good
indication of reflux disease as many patients were diagnosed
with a false negative result.

Patient demographics were shown to not have a
significant impact on the results of pepsin concentrations
over 75 ng/mL as shown using Chi squared test (Tuble 5).
However, smoking did increase the number of reflux events
in a previously reported study (18). Obesity, (potentially
linked to weight of patients in this study) is a risk factor
for GERD (19). Spicy food has also been shown to induce
GERD symptoms (20). These factors may affect the
likelihood of reflux disease and lifestyle factors may be
adjusted accordingly. Therefore, Peptest'™ (RD Biomed
Limited) would be a suitable test for identifying reflux in
high-risk groups of individuals and, chronic pharyngitis
patients in this risk group should therefore be tested for
reflux as they are at even greater risk.

Limitations of this study are the relatively small sample
size (n=32), small sample size of patient demographic
information (n=18) and the relatively small sample size of
the control group (n=31).

By identifying the cause and associations with chronic
pharyngitis, patients can be treated appropriately. By
determining if pepsin is associated with chronic pharyngitis
it reduces the over prescription of antibiotics, other
treatments and invasive diagnostics.

Conclusions

Peptest™

(RD Biomed Limited) is a useful diagnostic
tool for determining the presence of pepsin in chronic
pharyngitis patients. A significant proportion (78%) of

chronic pharyngitis patients had over 75 ng/mL of pepsin
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present in their saliva samples.

The results showed chronic pharyngitis to be strongly
associated with reflux, and patients should be identified
and treated for reflux. Peptest'™ (RD Biomed Limited)
may play an important role in the identification of reflux in
chronic pharyngitis patients. A single high positive pepsin
sample out of the three samples outlined in this study, could
indicate a reflux episode and could infer reflux disease. A
single high pepsin concentration will have the potential
to damage the throat and if repeated over periods of time,
could lead to chronic pharyngitis. Peptest' " (RD Biomed
Limited) was easy to use and will provide a non-invasive,
rapid method for detecting pepsin in saliva samples in a
selected group of patients.

Future studies will need to investigate a larger sample size of
patients and repeated saliva collection to assist in determining
the correlation of reflux disease and chronic pharyngitis.
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