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Abstract
Questionnaires and invasive diagnostic tests are established for diagnosing gastro-esophageal reflux disease (GERD) but shown
not to be sensitive or specific for diagnosing laryngopharyngeal reflux (LPR) where vast majority of reflux events are weakly
acidic or non-acidic. The research question addressed in the current multicentre study was to determine if the measurement of
salivary pepsin is a sensitive, specific and reliable diagnostic test for LPR. Five UK voice clinics recruited a total of 1011 patients
presenting with symptoms of LPR and a small group of subjects (n = 22) recruited as asymptomatic control group. Twenty-six
patients failed to provide demographic information; the total patient group was 985 providing 2927 salivary pepsin samples for
analysis. Study participants provided 3 saliva samples, the first on rising with two samples provided post-prandial (60 min) or
post-symptom (15 min). The control group provided one sample on rising and two post-prandial providing a total of 66 samples.
Pepsin analysis was carried out using Peptest as previously described. High prevalence of pepsin in patient groups (75%)
represents a mean pepsin concentration of 131 ng/ml. The greatest prevalence for pepsin was in the post-prandial sample (155
ng/ml) and the lowest in the morning sample (103 ng/ml). The mean pepsin concentration in the control group was 0 ng/ml.
Patients across all 5 clinics showed high prevalence of salivary pepsin (ranging from 69 to 86%), and the overall sensitivity was
76.4% and specificity 100%. Pepsin was shown to be an ideal biomarker for detecting airway reflux and LPR.
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Introduction

Responsible for up to 10% of all otolaryngology consulta-
tions, laryngopharyngeal reflux (LPR) is a condition growing

in awareness [1]. Knowing that the retrograde movement of
gastric contents including acid and pepsin into the esophagus
can lead to gastro-esophageal reflux disease (GERD) [2, 3], it
is currently recognised that reflux reaches beyond the esoph-
agus and into the larynx. This causes a myriad of persistent
extra-esophageal symptoms (hoarseness, sore-throat,
dysphagia and chronic cough) to be experienced and result
in LPR [4–6]. There is also an ongoing debate as to whether
LPR is associated with head and neck cancer [7, 8].

As heartburn is predominately absent in LPR, affecting less
than 40% of all patients [2, 5], it is often referred to as silent
reflux [7] and classified as an extra-esophageal disorder [3].
Due to LPR commonly being known as silent reflux, it is often
misdiagnosed [2], costing the US economy greater than $52
billion per year [5]. The original ‘gold-standard’ for LPR di-
agnosis was dual channel 24-h pH monitoring which lacks
sensitivity and specificity due to its inability to detect non-
acidic reflux events [9]. However, this has been somewhat
superseded as the ‘gold-standard’ by MII-pH monitoring and
there have been several studies published describing the use of
MII-pH in monitoring and detection LPR [10–15].
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After, initially being overlooked [16], salivary pepsin has
been accepted as a diagnostic tool for LPR [17]. Only synthe-
sised by the gastric chief cells [18], pepsin’s presence in the
larynx strongly implies a reflux event has taken place and
pepsin is now regarded as the pathogenesis for LPR [17].
This recent awareness has led to the development of Peptest
(RD Biomed Limited, UK), a novel, rapid, non-invasive diag-
nostic method for LPR—a lateral flow device which detects
and measures pepsin concentration in expectorated saliva.

The aim of this study was to demonstrate how Peptest can
be used to diagnose LPR in clinical settings, allowing Peptest
availability to increase for clinic use in both primary and sec-
ondary care patients and those involved in clinical trials.

Methods

Recruitment

The patients (n = 1011) in the present study were recruit-
ed from 1 of 5 voice centres all of whom ran referral
centres for patients suspected of having LPR. There were
some differences between centres as to how patients were
recruited but all had a structured history and clinical ex-
amination which included transnasal flexible laryngosco-
py. One common factor between all patients in all 5 cen-
tres was that Peptest was used as the diagnostic test to
support or aid exclusion of the diagnosis of LPR. All
patients and control subjects provided three saliva sam-
ples for testing the presence of pepsin using Peptest (RD
Biomed Limited, UK). Some of the patients had other
diagnostic assessment including 24-h impedance and/or
MII-pH impedance. Gaviscon or other antacids were
stopped for 48 h prior to patients or controls providing
saliva samples; however, patients could continue taking
any PPI as this has no effect on pepsin detection.

Doncaster Royal Infirmary

Patients (n = 332) were recruited who had a clinical diagnosis
of LPR. Peptest was used to improve diagnostic accuracy and
prevent misdiagnosis. A small proportion of patients went on
to have 24-h dual channel pH monitoring and high-resolution
esophageal manometry.

Northwick Park Hospital, North West London

Patients (n = 63) were recruited by using Peptest as a screen-
ing tool after they had previously undergone numerous LPR
diagnostic techniques providing contradictory results.

Queen’s Medical Centre, Nottingham

Patients (n = 266) were recruited if they had one or more of the
following LPR symptoms with little or no heartburn:

& Symptoms of chronic cough
& Sore throat
& Hoarseness or voice problems
& Lump sensation
& Excessive throat clearing of mucus or phlegm

Additional patients were recruited after nasoendoscopy
supporting a diagnosis of throat irritation or inflammation be-
ing a contributory cause to their symptoms or signs such as
chronic laryngitis, a granuloma, vocal cord cyst, polyp, nod-
ules and muscle tension imbalance. Peptest was also used in
patients who failed lifestyle/dietary change, who did not re-
spond to anti-reflux medication and when there were multiple
causes of their symptoms or signs.

York Hospital

Patients (n = 213) suspected of LPR underwent a standard 3-
part diagnostic assessment which included a structured histo-
ry, a clinical examination which included transnasal flexible
laryngoscopy and Peptest.

Bristol Royal Infirmary

Peptest was used and patients were recruited (n = 137) if they
suffered with chronic cough paired with one of the following
GERD symptoms:

& Significant peptic symptoms
& Overweight
& Voice changes
& Lump in the throat
& Food/postural related symptoms
& Absence of signs associated to structural lung disease,

asthma or sinusitis

Control Subjects

Asymptomatic LPR age-matched control subjects (n = 22) were
recruited from patients presenting at Doncaster Royal Infirmary
who did not have a clinical diagnosis of LPR and had no symp-
toms of heartburn, regurgitation or any extra-esophageal symp-
toms for example chronic cough, hoarseness, sore throat and
voice disorders. The mean age was 54.1 years (range 20 to 74)
and a male/female ratio of 1:2.7 was present. This was compared
with the clinically diagnosed LPR groups who had an average
age of 59 years (range 17 to 99) and a male/female ratio of 1:1.9.
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Sample Collection

All samples were collected following a standard procedure in
30-ml collection tubes which contained 0.5 ml of 0.01M citric
acid (Fig. 1). All participants provided three saliva samples,
the first on rising prior to eating and cleaning their teeth. For
patients, the other two samples were taken either post-prandial
or post-symptom, and for the control group, the remaining two
samples were both taken post-prandial. Post-prandial samples
were collected 1 h after the participant consumed their main
meal and any post-symptom samples were collected within
15 min of experiencing reflux symptoms. Patients/subjects
were instructed to store all collected saliva samples at 4 °C
prior to pepsin analysis. This was a fully validated procedure
and samples were stored at 4 °C for a maximum of 3 days
prior to pepsin analysis.

Sample Analysis

All collection tubes were centrifuged at 4000 rpm for 5 min
until a clear supernatant layer was visible. If not, the samples
were centrifuged again and 80 μl from the surface of the
supernatant was drawn up into an automated pipette. The
sample was transferred to a screw-top microtube containing
240 μl of migration buffer (pH 8.2) and the solution was
vortex mixed for 10 s (Fig. 1). A second pipette was used to
transfer 80 μl of the sample/migration buffer solution to the
circular well of a lateral flow device (LFD) containing two
unique human monoclonal antibodies; one to detect and the
other to capture any pepsin present in the saliva sample (RD
Biomed Limited, UK).

Fifteen minutes after introducing the clinical sample for
pepsin analysis into the well of the Peptest, the LFD was
placed into the Peptest reader to determine the intensity of
the pepsin test line. Following intensive Peptest validation
studies, the limit of detection of pepsin was determined to be
16 ng/ml and this lower limit of detection was used throughout
the multicentre study. Pepsin concentrations > 16 ng/ml were
considered positive.

Of the 2927 patient saliva samples collected and
analysed for the presence of pepsin, approximately 10%
of the samples were found to be viscous which meant that
a useable supernatant was not present after first pass cen-
trifugation. Viscous samples were vortex mixed for ap-
proximately 15 s and centrifuged at 4000 rpm for 5 min.
If a supernatant layer was formed, the sample analysis
was followed as above. If no supernatant layer was appar-
ent following centrifugation, additional migration buffer
(500 μl) was added to the collection tube and the sample
is vortex mixed for 15 s and centrifuged again at
4000 rpm for 5 min. If a supernatant layer was now
formed, the sample was analysed as above and if no su-
pernatant layer was visible, the centrifugation step was
repeated.

Statistical Analysis

All patient and control subject data were anonymised prior to
statistical analysis. Unpaired t tests were performed between
each voice centre using the statistical package GraphPad
Prism 7 (GraphPad Software, San Diego, CA 92018, USA).
p values < 0.05 were considered statistically significant.

Fig. 1 Scheme of collection and analysis of saliva samples using Peptest
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Results

A total of 1011 male and female patients recruited from five
UK voice centres were used in this study. Table 1 refers to the
total number of male and female participants from each centre.
For Doncaster Royal Infirmary, the male/female ratio was
1:2.1 and 1:2.4 for Queen’s Medical Centre, Nottingham.
Northwick Park Hospital recruited 33 males and 30 females,
with York hospital having a male/female split of 1:1.4. Finally,
Bristol Royal Infirmary had 33 males and 97 females.

Breakdowns of age range for male and female patients
from each of the five centres are presented in Table 1. The
average age of the patient group (59 years, range 17–99) was
similar to the control subjects (54.1 years, range 20–74). There
was a total of 26 patients who provided only their gender, age
or neither and were subsequently categorised as patients who
failed to provide information. A breakdown of the number of
patients who failed to provide information for each centre is
shown in Table 1. Consequently, all statistical analysis was
performed on the eligible 985 patients with complete demo-
graphic information.

The total number of saliva samples collected and analysed
for the presence of pepsin using Peptest was 2927 for patients
and 66 for control subjects. For the patient samples (n = 2927),
the greatest prevalence of positive pepsin concentration was
seen in the post-prandial samples (154.8 ± 4.985 ng/ml pep-
sin) and the lowest in the morning samples (102.9 ± 5.187
ng/ml pepsin (Fig. 2). Post-symptom samples had a positive
pepsin concentration of 118.1 ± 7.083 ng/ml).

In the control group 0/22 subjects had a positive saliva
sample for the presence of pepsin; therefore, the mean pepsin
concentration for the control subjects was 0 ng/ml. It was
unusual to observe zero pepsin in the control subjects; future
studies should address this issue and a larger control group
should be recruited. Several previous studies have reported
that in healthy asymptomatic control subjects, one or more
of the saliva samples analysed were positive for low levels
of pepsin. For example, in the study reported by Hayat et al.
[19] of the 87 asymptomatic controls, 33 had one or more
saliva samples positive for pepsin (21% of all control

samples). In comparison with the control subjects, there was
a high prevalence of saliva samples positive for pepsin in the
patient population; 740 out of 985 patients were found to be
pepsin positive in one or more sample (75.1%). The mean
pepsin concentration for all 2927 patient samples was 130.9
ng/ml.

Figure 3 illustrates the pepsin concentration for each saliva
collection point at each of the 5 voice centres. The morning
sample taken on waking was lower than the post-prandial and
post-symptom saliva samples.

Unpaired t tests were performed between each voice centre.
It was observed that all five voice centres had a significantly
higher mean pepsin concentration than in the control group,
with all p values < 0.0001. Figure 4 displays York Hospital to
have the highest mean pepsin concentration of 170.7 ng/ml.
The mean pepsin concentration range for all 5 voice centres
was 97.7–170.7 ng/ml. In Fig. 4, when summarising the total
pepsin concentration for each study centre, the 3 saliva collec-
tion samples (on waking, post-prandial, post-symptom) were
displayed as mean ± SEM

In patients presenting with LPR symptoms, the prevalence
of pepsin is consistent across the different voice centres.

Table 1 Demographic
characteristics provided by all
patients

Gender Average age Age range Failure to
provide
informationMale Female Male Female Male Female

All centres 335 650 61 58 21–97 17–99 26

Doncaster 106 222 61 58 21–88 17–90 4

North West London 33 30 60 57 37–86 26–78 0

Nottingham 76 184 55 55 23–97 20–92 6

York 87 117 63 65 27–89 32–99 9

Bristol 33 97 66 58 32–99 20–81 7

Fig. 2 Pepsin concentrations (ng/ml) recorded for all samples taken in
each specific collection category
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Fig. 4 Mean pepsin
concentration (ng/ml) for each
study centre with triple testing
protocol showing each study
centre to display high mean
pepsin concentrations compared
with the control group

Fig. 3 Mean pepsin
concentration (ng/ml) for each
saliva collection point at each
study centre
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Table 2 illustrates the range and prevalence of pepsin varying
from 69.2 to 85.8% across each of the five centres. Table 2
also displays the strong association between pepsin and
suspected LPR symptoms making pepsin a potential biomark-
er for detecting airway reflux and LPR.

In contrast to the LPR patients, the control subjects had
three negative pepsin samples, generating a pepsin concentra-
tion of 0 ng/ml. The breakdown for the total LPR patient
population and the relatively small number of control subjects
showed a sensitivity of 76.4%, a specificity of 100%, overall
positive predictive value of 1 and a negative predictive value
of 0.09 (Table 3).

Discussion

Pepsin is extremely effective at digesting proteins and is
refluxed into areas of the upper digestive system where pro-
tection is poor, for example the esophagus [20] and also the
airways and the lungs [21]. Pepsin also attaches to the epithe-
lial surface and causes damage by proteolysis and over time
increased reflux can cause considerable damage. Pepsin is
also capable of interacting with cell surface receptors and to
be taken up via receptor-mediated endocytosis and stored in
intracellular vesicles that become increasingly acidic generat-
ing conditions that restore proteolytic activity [22, 23].

There have been a lot of publications describing studies of
salivary pepsin in adults with GERD symptoms with many
reporting good results comparable with those from using in-
vasive diagnostics tests such as pHmetry or pH-impedance

monitoring. The prevalence of LPR in the general population
may be higher than previously thought and is postulated to be
as high as 34% [6]. However, this figure of 34% only refers to
LPR sy\mptoms assessed by the reflux symptom index (RSI)
which can be argued is not specific enough and only accounts
for some of the potential symptoms of LPR and other symp-
toms may follow which are not apparent at the time of patient
self-assessment. This has significant implications at both pri-
mary and secondary care levels.

In a recently published meta-analysis [24] evaluating clin-
ical outcomes of LPR treatment in 5781 suspected or con-
firmed LPR patients, a comparison with our current study is
difficult as the primary objective of this latest meta-analysis
was to investigate the therapeutic benefit of PPIs over placebo
in patients suspected of having LPR. The meta-analysis major
finding also suggested that diet and behavioural changes
played a role in modulating the therapeutic effectiveness of
PPIs.

Many studies in the past have supported the view that the
diagnosis of LPR and symptoms of extra-esophageal reflux
can be adequately diagnosed using the reflux symptom index
(RSI) [25] and the reflux finding score (RFS) [26] question-
naires together with ambulatory 24-h double probe pH mon-
itoring or 24-h MII-pH monitoring. Missing from the battery
of diagnostic tests is a validated LPR questionnaire correlating
pepsin (Peptest) concentrations with LPR symptoms. This
questionnaire needs to be prepared and validated in patient
and control subjects. This area remains controversial and even
using this battery of diagnostic tests is not considered to be
accurate [27–29]. Recently, several studies have suggested
that pepsin is a good biomarker for detecting LPR and that it
can be considered as a reliable diagnostic marker [30–37]; this
in turn has led to a valuable role for pepsin as a diagnostic test
for both GERD and LPR [1, 38–41] especially as Peptest is a
rapid and non-invasive diagnostic test and patient compliance
has been demonstrated to be high. This in turn suggests

Table 2 Peptest results in LPR
patients (n = 985) with pepsin
prevalence ranging from 69 to
86%

LPR study
location

Doncaster
Royal
Infirmary,
Doncaster

Northwick
Park, North
West
London

Queen’s
Medical
Centre,
Nottingham

York
Hospital,
York

Bristol
Royal
Infirmary,
Bristol

Doncaster
Royal
Infirmary,
Doncaster
(control)

n= 328 63 260 204 130 22

Number of
positive
patients

227 45 202 175 104 0

Number of
negative
patients

101 18 58 29 26 22

Percentage
positivity of
patients (%)
(sensitivity)

69.21 71.43 77.69 85.78 80 0

Table 3 Breakdown of
patient sensitivity and
specificity for males and
females (n = 985) from
each centre

Sensitivity (%) Specificity (%)

76.4 100
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Peptest as an interesting alternative to the other more invasive
diagnostic tests including the current gold standard. In partic-
ular, it would be an interesting alternative in patients who do
not want to haveMII-pH impedance or in those clinics that do
not have accessMII-pH impedance. Some studies have report-
ed inconclusive results [42] and some studies have been more
critical of pepsin analysis as still not being fully validated in
terms of sensitivity and specificity [43]. This area remains
somewhat controversial and what have been missing are large
patient validation studies to fully identify whether salivary
pepsin can reliably be used as an accurate diagnostic test.
Two areas of controversy are as follows: (1) When is the best
time to take the saliva samples? (2) What is the number of
saliva samples required for an accurate diagnosis of LPR?
This was questioned in a recent study published by
Fortunato et al. (2017) [44]. In their study design, 8 saliva
samples were collected, the first before the catheter was
inserted into the patient, 6 samples prior to and after 3 meals,
and the final sample immediately upon waking. For these
samples, the volume of the saliva collected was measured
using an adjustable 1-ml micropipette and then transferred to
a 1-ml snap top tube for storage. In this study, 9.3% of the
control subjects were Peptest positive versus 85.6% of the
patients. What has also been missing is a large clinical study
to address these critical questions and to determine the value
of salivary pepsin in diagnosing LPR in a large multicentre
study. There are still questions which need addressing, for
example in patients who remain symptomatic, but in whom
Peptest pepsin analysis is negative, we propose asking the
patients to provide saliva samples on another day for repeat
pepsin analysis. A future study will also evaluate how well
treatment works in pepsin-positive patients presenting with
cough and LPR symptoms to investigate if symptom improve-
ment correlates with a drop in salivary pepsin concentration.

The results from some investigators have demonstrated that
pepsin in saliva could be a marker for treatment success
whereas oropharyngeal pH monitoring was shown not to be
an adequate test [16]. This has largely been superseded by
MII-pH impedance monitoring as the new gold standard for
detection of LPR [45]. This diagnostic test [46, 47] is not
available in many ENT clinics and is often reserved as a re-
search tool only. However, the use and naming of MII-pH
impedance as the gold standard in establishing LPR diagnos-
tics is frequently questioned due to high false positive and
false negative results. The interpretation is often difficult due
to probe placement and anatomical differences. Future studies
should address the direct comparison of MII-pH impedance
diagnosis with Peptest pepsin analysis. We have attempted to
address this issue and recently completed our own study val-
idating Peptest in GERD and LPR patients undergoing imped-
ance testing [48]. In this small study of only 20 reflux sufferers
(10 GERD and 10 LPR), Peptest had a positive predictive
value of 69% in detecting reflux compared with 88% for

MII-pH impedance. A similar positive predictive value was
observed for Peptest against symptomatic episodes (69%).
Currently, there are well over 100 peer-reviewed publications
describing the diagnostic potential of pepsin in LPR [7, 19,
49–58]. Many studies have incorporated the rapid simple pep-
sin spit saliva test into the battery of diagnostic procedures
routinely used in ENT clinics such as questionnaires [36] like
the RSI [25] and the RFS [26] together with a flexible
transnasal laryngoscope. The most frequently used non-
invasive pepsin diagnostic test is Peptest which was first in-
troduced in the UK in 2010 [39] and is now registered as an
in vitro diagnostic test in many countries. Other pepsin diag-
nostic tests which have largely been superseded by Peptest
include enzyme linked immunosorbent assays (ELISA) [23]
and Western blot techniques [23], enzymatic assays and im-
munohistochemistry [23, 52].

The mean ages of the patient groups (59 years) and the
control group (54 years) were well matched. However, the
limitation of the study was the size of the control group al-
though smaller than the patient groups the saliva samples were
pepsin negative. Future studies would benefit from a far larger
control group similar to that used in Hayat et al. [19] and this
remains a major criticism of the current study.

There were some differences between the salivary pepsin
concentrations reported between the five centres although all
the centres reported significantly higher pepsin levels in the
LPR patients than in the control group (p < 0.0001). The level
of the consistency of the pepsin concentration across the pa-
tients evaluated in the five centres was generally good and fell
within the range 97.7 to 170.7 ng/ml. In terms of significance
between centres, the LPR patients in York reported the higher
salivary pepsin concentrations compared with the other four
centres (p < 0.0001 to p < 0.0462). The Doncaster Royal
Infirmary reported a similar mean pepsin concentration to that
of Northwick Park Hospital in North West London and both
centres were generally significantly lower than the other three
centres (p < 0.0001 to p < 0.0392). This can be explained as
both centres were not recruiting first line LPR patients but
patients who were attending the clinics for examination after
receiving unclear and contradictory diagnostic results and
fewer patients were identified as primarily LPR patients until
tested with Peptest. One very valid criticism of the current
study is the small control group recruited and the fact that
the asymptomatic subjects were found to have zero pepsin
present which based on previous control populations was a
surprising observation. Future studies in this area would also
benefit from breaking down the patient groups even further
and conducting subgroup analysis, for example on patients
presenting primarily with chronic cough or who present with
the symptoms of hoarseness or voice disorders. Finally, the
current multicentre study was aimed at addressing the use of
pepsin analysis as a marker of LPR in secondary care and
further studies would be beneficial in investigating the use
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of this simple rapid diagnostic test in the primary care
environment.

The method of saliva sample collection has been well val-
idated [33]. The total number of saliva samples analysed for
pepsin in the current multicentre study was 2927 and the best
time for collecting saliva samples for salivary pepsin analysis
has been answered in the current study with the post-prandial
saliva collection time showing the greatest pepsin prevalence.
Clearly, although the timing of the sample collection has
shown to be important, future studies also need to look closer
on the influence of diet as well as sample timing.

The current multicentre study carried out in over one thou-
sand patients with suspected LPR demonstrated Peptest to be
a simple non-invasive test capable of diagnosing LPR with an
overall sensitivity of 76.4% and specificity of 100% and goes
some way in addressing the frequently asked questions in this
important clinical area. However, an important question not
addressed by this current multicentre study is how treatment
options across the different centres influence the outcome of
the LPR symptoms seen within patient groups. This area re-
mains controversial and requires further investigation.
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