
Gastric Pepsin in Middle Ear Fluid 
of Children With Otitis Media: 

Clinical Implications
Zhaoping He, PhD, Robert C. O’Reilly, MD, and Devendra Mehta, MD

Corresponding author
Robert O’Reilly, MD
Division of Pediatric Otolaryngology, Alfred I. duPont Hospital for 
Children, 1600 Rockland Road, Wilmington, DE 19899, USA.
E-mail: roreilly@nemours.org

Current Allergy and Asthma Reports 2008, 8:513–518
Current Medicine Group LLC ISSN 1529-7322
Copyright © 2008 by Current Medicine Group LLC

Gastroesophageal refl ux and extraesophageal refl ux 
have been postulated to be involved in the pathogen-
esis of otitis media. This is supported by recent studies 
revealing the presence of gastric pepsin in the middle 
ear space of children with otitis media but not in con-
trol patients without otitis media. Refl ux’s role in otitis 
media appears to be most pronounced in younger chil-
dren and those with purulent effusions.

Introduction
Otitis media is the second most common reason for chil-
dren to visit the pediatrician [1]. This disease’s incidence 
appears to be on the rise; thus, it is vital to elucidate its 
pathophysiology to allow for more effective preven-
tion and treatment [2–5]. Multiple risk factors for otitis 
media in children have been identifi ed, including adenoid 
hypertrophy, pacifi er use, smoke exposure, presence of 
allergy, order of birth, craniofacial anomalies, ethnicity, 
age, group child care, season of the year, lack of breast-
feeding, and genetic predisposition [4]. However, the role 
of gastroesophageal and extraesophageal refl ux in this 
disease only recently has been recognized. The discovery 
of gastric pepsin in middle ear fl uid has provided direct 
evidence for this relationship and opens new opportuni-
ties to expand understanding of extraesophageal refl ux’s 
role in this common childhood disease.

Gastroesophageal refl ux occurs in approximately two 
thirds of infants at 4 months of age but decreases as the 
child matures [6–8]. Once these refl ux events cross a bio-
logic threshold, pathologic changes are produced in the 
esophagus or upper aerodigestive tract and are termed 
gastroesophageal refl ux disease (GERD) or extraesopha-

geal refl ux disease (EORD) [9,10,11•]. As otitis media is 
produced by eustachian tube dysfunction [12,13], EORD 
is likely to produce infl ammation of the tubal mucosa and 
surrounding structures of the nasopharynx [12,14,15]. 
Alterations in native mucosal defense mechanisms, 
together with mucosal infl ammation, have been shown to 
result from refl ux events [16•].

Five separate lines of clinical and experimental evi-
dence have implicated GERD/EORD in otitis media: 
1) clinical evidence for GERD/EORD producing upper 
aerodigestive tract pathology other than otitis media, 
2) animal models of GERD/EORD and otitis media, 
3) clinical evidence for GERD/EORD producing otitis 
media, 4) studies of pepsin’s role in upper aerodigestive 
tract pathology other than otitis media, and 5) studies of 
pepsin in otitis media pathophysiology. In this review, we 
focus on studies involving the detection of pepsin in the 
middle ear of children with otitis media and its potential 
role in the disease.

Pathophysiology of EORD in Otitis Media
Extraesophageal refl ux may contribute to eustachian 
tube dysfunction and induce otitis media in several ways. 
Refl uxate may induce mucosal infl ammation through pro-
duction of an acidic environment, toxicity of conjugated 
bile acids, and osmotic damage [14,15]. However, the 
consensus is that mucosal damage is principally mediated 
by proteolytic activity from pepsin [17•]. Radiographic 
evidence has shown that fl uid can traverse the eustachian 
tube and enter the middle ear cleft from the nasopharynx 
during swallowing [18]. The ciliated respiratory epithe-
lium that lines the human eustachian tube can undergo 
ciliostasis and subsequent disruption of mucociliary 
clearance below a pH of 4 [19–21]. Acid and nonacid 
EORD theoretically can lead to functional eustachian 
tube obstruction due to impaired mucociliary clearance, 
incomplete opening, and true anatomic obstruction from 
mucosal edema and adenoid hyperplasia. This leads to 
impaired pressure equalization with persistent negative 
pressure, a condition that has been shown to result in 
middle ear effusions [22,23].
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Animal models have demonstrated EORD’s effects on 
eustachian tube function. Exposure of the nasopharyn-
geal orifi ce of the eustachian tube to simulated refl ux in 
rats has resulted in persistent abnormalities in pressure 
equalization [15,22], and a gerbil model of EORD demon-
strated that refl uxate can readily penetrate the eustachian 
tube and enter the middle ear cleft [24].

Anecdotally, we have encountered pediatric patients 
with chronic, refractory tube otorrhea who have 
responded to antirefl ux medications. Clinical reports 
have validated this association linking EORD to otitis 
media. Evidence of distal and proximal refl ux monitored 
by using pH probe has been documented in patients 
with refractory discharging ears, and they have shown 
a positive response to medical treatment of GERD [8]. 
pH probe evidence for GERD is found in up to 56% of 
children with chronic serous and recurrent otitis media. 
In children with evidence of pharyngeal and esophageal 
refl ux on double-probe pH testing, a 10-fold and 5.3-fold 
greater risk, respectively, of developing middle ear fl uid 
has been documented compared with children with nor-
mal pH studies [25,26].

Pepsin as a Marker of EORD in Otitis Media
Although other types of evidence have implicated EORD 
in otitis media, it was not until gastric pepsin was detected 
and confi rmed in the middle ear cleft of patients with otitis 
media that this association’s scientifi c validity was estab-
lished. Pepsin’s principal role in the stomach is to digest 
proteins at low pH. Pepsin is produced by the chief cells of 
the stomach as the gastric proteolytic proenzyme pepsino-
gen [27,28]. It is converted to active form at pH below 4.0 
and uses aspartic acid residues in its active center to bind 
the substrate [27]. At least seven proteolytic enzymes are 
produced in the human stomach, with the isoenzyme pep-
sinogen/pepsin A predominating, although a signifi cant 
amount of pepsinogen/pepsin C is also produced there, 
accounting for 30% to 40% of total enzymatic activity of 
gastric pepsin [17•,28].

Studies of pepsin in otitis media have revealed four 
important facts: 1) pepsin is consistently detected in 
the middle ear cleft of patients with otitis media at the 
dilute concentrations expected for refl ux through the 
eustachian tube, 2) it is not concentrated from serum or 
endogenously produced in the middle ear, 3) it is asso-
ciated with GERD in children, and 4) it is found at a 
statistically higher rate in patients with otitis media than 
in controls without otitis media. The four points are dis-
cussed in the following sections.

Detection of pepsin in the middle ear
Tasker et al. [29] published the fi rst report on pepsin in 
middle ear effusions in 2002. Fifty-four children 2 to 8 
years old undergoing myringotomy for mucoid middle ear 
effusion were tested for pepsin. Forty-fi ve (83%) of the 

effusions were positive for pepsin using direct enzyme-
linked immunosorbent assay (ELISA) with an antibody 
to porcine pepsinogen/pepsin. The mean concentration 
of pepsin/pepsinogen was 36.6 mg/L. The proteolytic 
activity, measured at pH 2.0, was detected in 24% of 
samples. In a subsequent report using the same methods, 
Tasker et al. [30] evaluated 65 effusions from children 
with fi ndings similar to those of the fi rst study. They also 
demonstrated that the antibody used in their ELISA assay 
was not found experimentally to be cross-reactive with 
albumin or gammaglobulin, but fi brinogen did show 
cross-reactivity, giving an interference of up to 12%. The 
authors suggested that the discrepancy between the per-
centages of pepsin-positive samples on ELISA versus the 
enzymatic assay may be explained by the fact that the pH 
of effusion samples was so high that most pepsin would 
be irreversibly inhibited.

To verify this unexpectedly high rate of pepsin in the 
middle ear, we studied middle ear aspirates from 152 
children with the average age of 2.8 years undergoing myr-
ingotomy with tube placement [31]. The enzymatic assay 
developed by Krishnan et al. [32] was used and modifi ed 
to increase the lower limit of sensitivity from 250 ng/mL 
to 12.5 ng/mL. A total of 14% of the patients in the study 
demonstrated pepsin activity above the detectable level 
of 12.5 ng/mL, with an average concentration of 96.6 
ng/mL (range, 13–687 ng/mL). The prevalence of pepsin-
positive ears in our study was signifi cantly less than the 
rate found in the previous reports [29,30]. We performed 
direct ELISA and Western blot using the same commercial 
antibody that was used in the previous studies [29,30] in 
selected samples. Our data showed that more than 90% 
of samples were positive for pepsin using ELISA assay, but 
Western blot results revealed that the antibody, in addi-
tion to recognizing pepsin, also recognized a protein with 
a very strong signal at a higher molecular weight. This 
protein was also observed in normal serum (He et al., 
unpublished data). This unknown protein was observed 
in most of our tested samples because middle ear fl uid 
samples are typically contaminated with blood. The rec-
ognition of this contaminant by the polyclonal antibody 
likely contributed to the high pepsin false-positive rates 
reported when testing with ELISA using this antibody. 
The difference in the pepsin-positive rates found in our 
enzymatic method and those found in Tasker et al.’s 
[29,30] studies also may have been due to differences in 
substrates used, sample size, or population studied.

In the most recent report on pepsin and otitis media, 
Crapko et al. [33] used an antipepsin peptide antibody 
to perform Western blot analysis of middle ear effu-
sions aspirated from 20 pediatric patients at the time of 
tympanostomy tube placement. This assay had a lower 
sensitivity limit of 0.05 ng/mL of pepsin. Twelve of 20 
patients (60%) had detectable pepsin in the effusion, with 
a concentration range of 80 to 1000 ng/mL. A band at 
higher molecular weight than pepsin was observed in the 
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samples on Western blot. Based on its molecular weight, 
it is likely to be the same band we observed in our study. 
Mass spectroscopy revealed it to be serum albumin [33]. 
This report is consistent with the concentration range of 
pepsin reported in our current study [31]. The higher rate 
of pepsin in the middle ear in the Crapko et al. [33] study 
is probably due to better sensitivity of their antibody 
(0.05 ng/mL vs our sensitivity of 12.5 ng/mL). In another 
study, using a sandwich ELISA assay to human pepsino-
gen I, Lieu et al. [34] showed that 77% of patients were 
positive, and the proteolytic enzymatic assay revealed 
that 73% of patients were positive. In two separate stud-
ies, Sone et al. [35,36] used an immunoassay to detect 
pepsinogen in the middle ear fl uid of adult patients with 
otitis media and found that pepsinogen concentrations 
ranged from 9 to 3600 ng/mL.

Antonelli et al. [37] studied a group of children 2 to 16 
years old with untreated post-tympanostomy tube otor-
rhea. Twenty-four samples of otorrhea were tested using a 
commercial ELISA for pepsinogen I. Eight of the samples 
were positive above the test sensitivity of 1.2 μg/L, ranging 
in concentration from 2 to 17 μg/L. These levels were not 
above the negative control serum. They used a different, 
more specifi c antibody in their ELISA to pepsinogen I than 
the antiporcine pepsin used by Tasker et al. [29,30], so to 
explain the discrepancy in results, the authors pointed out 
that post-tympanostomy tube otorrhea contains bacteria 
and a variety of proteolytic enzymes that may degrade the 
pepsin in the sample. They also suggested that the assay 
used by Tasker et al. [29,30] might have cross-reacted 
with proteins other than pepsin/pepsinogen, leading to a 
high false-positive rate. However, the small sample size 
could also be the reason for failing to detect pepsin.

In an abstract originally presented at the American 
Academy of Otolaryngology Head and Neck Surgery 
annual meeting, Bates et al. [38] reported on a Western 
blot assay to assess pepsin in the middle ear fl uid of chil-
dren less than 4 years old with chronic otitis media with 
effusion. Pepsin was detected using Western blot with an 
antibody specifi c for human pepsin. None of the 27 effu-
sions from 16 children were reported to show detectable 
pepsin (detection limit, 20 ng/mL), and no enzymatic activ-
ity was found in the samples tested. Although the authors 
offered no explanation for the discrepancy between these 
fi ndings and prior studies, they stated that the negative 
results did not rule out an etiologic role of gastroesopha-
geal refl ux in chronic otitis media with effusion [38]. 
Certainly, the challenges in handling protein-rich fl uid 
in these assays may explain this discrepancy. Apparently, 
the true incidence of detecting pepsin in the middle ear of 
children with otitis media needs further investigation.

Pepsin in the middle ear space has gastric origin
Low levels of pepsinogen/pepsin can be detected with very 
sensitive ELISA methods; thus, one concern is that pep-
sin found in the middle ear space could be concentrated 

from serum or endogenously produced in the middle ear 
cleft. In a study of middle ear aspirates for pepsin, Tasker 
et al. [30] found that the samples had a mean albumin 
concentration equivalent to that of serum. However, the 
middle ear pepsin concentrations far exceeded serum 
pepsin concentrations, indicating that the pepsin had not 
been concentrated in the middle ear cleft from serum [30]. 
Several other studies have duplicated this fi nding using a 
comparison of pepsin, albumin, and fi brinogen levels of 
ear samples with serum [33,39]. Lieu et al. [34] found 
the gene encoding for pepsinogen I/A in two samples 
of gastric mucosa via reverse transcriptase polymerase 
chain reaction but not in separate discarded specimens 
from mastoid mucosa [34]. This indicated that the pepsin 
found in the middle ear cleft could not be endogenously 
produced in the middle ear mucosa.

It was demonstrated recently that pepsinogen C, the 
same protein produced in the stomach, is also expressed 
in lung epithelial cells [40]. This raises the question of 
whether pepsinogen C is also expressed in the middle ear. 
If so, the total enzymatic activity measured at a low pH 
would include pepsin A and pepsin C activity, resulting 
in overestimation of pepsin in middle ear fl uid or perhaps 
false pepsin positivity. However, two lines of evidence 
indicate otherwise. First, in some pepsin studies, pepsin 
detection has been verifi ed by using immunoassay with an 
antibody specifi c to pepsin A [31,33,34]. Although pepsin 
A and pepsin C are from the same gene family, they share 
only 50% identity in amino acid sequence and can be dis-
tinguished by immunoassay [41]. Pepsin A has never been 
demonstrated to be produced in an extragastric location. In 
a preliminary investigation, we have detected pepsin C in 
middle ear fl uid by Western blot using an antibody specifi c 
to human pepsin C. In the stomach, 60% to 70% of acidic 
protease activities are from pepsin A, and 30% to 40% 
from pepsin C and other minor acidic proteases. There-
fore, detection of pepsin C in the middle ear is expected 
if gastric fl uid gains access to the middle ear space. We 
found the ratio of pepsin A to pepsin C in middle ear fl uid 
to be very similar to that observed in gastric fl uid, indicat-
ing that pepsin C detected in middle ear fl uid has gastric 
origin, as the ratio of pepsin A to pepsin C would likely 
be lower if pepsin C were endogenously produced in the 
middle ear space (He et al., unpublished data).

Association of extragastric pepsin detection with 
GERD or EORD
Although more studies are emerging to investigate the inci-
dence of pepsin in the middle ear, few have been designed 
to analyze the association of its detection with GERD or 
EORD. In 2005, Lieu et al. [34] reported fi nding pep-
sin/pepsinogen in effusion samples from 22 children (age 
1–6.5 years) with otitis media and attempted to correlate 
these observations with a questionnaire of GERD symp-
toms. Patients with a medical history predisposing them 
to GERD or “airway or respiratory disease that might be 



516 Otitis

associated with GER” were excluded. Symptoms of refl ux 
were no more prevalent in the pepsin-positive children 
in the study than in normal children. They concluded 
that these patients, although showing evidence of EORD 
reaching the middle ear, do not necessarily complain of 
EORD symptoms. The realization that clinical symptoms 
of GERD in children are not adequate predictors of sig-
nifi cant EORD has prompted further studies. This has 
not been thoroughly investigated in children, but data on 
adults have been produced. Sone et al. [35] tested pepsino-
gen in the middle ear fl uid of 61 adult patients with otitis 
media with effusion. The patients were asked to fi ll out 
a questionnaire regarding refl ux symptoms. The propor-
tion of patients with pepsinogen concentrations greater 
than 500 ng/mL was higher in those with positive GERD 
as determined by the questionnaire. Additionally, four 
patients with pepsinogen concentrations higher than 1000 
ng/mL had repeat aspirations of the middle ear fl uid after 
treatment with a proton pump inhibitor for an unspecifi ed 
length of time. The pepsinogen levels decreased substan-
tially in all four patients. The authors also reported that in 
unpublished data, effusions from patients with “defi ned” 
causes of middle ear effusion other than GERD showed 
pepsinogen levels below 18 ng/mL. This clear association 
between GERD and detection of pepsin in the middle ear 
in adults has not been found in pediatric populations.

El-Fattah et al. [39] reported on 31 children with otitis 
media who had undergone 24-hour dual-probe pH testing, 
and pepsin was tested using direct ELISA in 17 children 
(mean age, 6.2 years) who underwent myringotomy with 
tube placement. Twenty-two children showed a positive 
pH probe study, indicating high prevalence of laryngopha-
ryngeal refl ux in otitis media. All 17 middle ear samples 
were pepsin-/pepsinogen-positive, and the pepsin levels in 
the middle ear effusions were signifi cantly correlated with 
proximal (laryngopharyngeal) refl ux episodes. In children 
with laryngopharyngeal refl ux, 51% had normal distal 
esophageal acid exposure time, suggesting that EORD—
and not GERD in isolation—predisposes to otitis media 
with effusion. The authors concluded that EORD, not 
isolated GERD, is necessary to predispose to otitis media 
with effusion in children. The high prevalence of pepsin 
in the middle ear samples is somewhat suspect, as the 
antibody used in the study was the same one that has 
been shown to cross-react with serum protein on Western 
blot. The association of subjective GERD symptoms with 
detection of pepsin in the middle ear cleft is still an open 
question in children.

In our previous work involving 152 children with otitis 
media, we found no association between clinical history of 
GERD, allergy, or asthma and positive pepsin assay [31]. 
In our most recent work examining 509 children, detec-
tion of pepsin in the middle ear was not associated with 
GERD by medical history or by objective testing or with 
other clinical conditions such as allergy and asthma [11•]. 
This may be due to a true lack of association between the 

medical history and otitis media or due to the inaccuracy 
of the clinical history. The latter explanation seems plausi-
ble given the small percentage of patients with objectively 
documented evidence of GERD, allergy, or asthma. This 
is particularly important with respect to EORD, as clini-
cal history of refl ux has been demonstrated repeatedly 
to lack correlation with objective testing (pH/impedance 
probe testing) in this age group [42,43].

Importance of a control group in studies of pepsin and 
otitis media
Because a strong association between detection of pepsin 
in the middle ear of children with otitis media and clinical 
symptoms of GERD/EORD had not been demonstrated, 
doubts existed regarding the signifi cance of gastric pep-
sin in otitis media. It was entirely possible that aspirating 
gastric fl uid into the middle ear space was a random but 
normal physiologic event in children regardless of their 
clinical condition. As otitis media pathophysiology was 
recognized to be a complex and likely multifactorial pro-
cess, EORD’s role in otitis media required evidence from 
a suitable control group without otitis media. This had 
not been addressed in previous studies. Therefore, we 
designed and executed a study with a large sample size 
that involved the prospective recruitment of 509 pediatric 
patients (age 2.7 ± 2.4 years) undergoing myringotomy 
with tube placement for recurrent acute otitis media and/
or otitis media with effusion. We also included 64 children 
(age 4.8 ± 4.2 years) with no documented history of oti-
tis media undergoing cochlear implantation as a suitable 
control group [11•]. Our previously described enzymatic 
method was used to measure pepsin activity in middle 
ear samples, and Western blot was carried out in selec-
tive samples to verify the results. The incidence of pepsin 
in the patients with otitis media was signifi cantly higher 
(20%) than that in the control patients (1.5%). The control 
group was older and by defi nition had a “dry” middle ear 
space. When the age and ear status were matched between 
the two groups, the pepsin positivity was still signifi cantly 
different (P < 0.05). This was the fi rst study that included 
a control group with adequate sample size to examine the 
association of GERD with otitis media and provided com-
pelling evidence that the detection of pepsin in the middle 
ear space of children is associated with otitis media.

Another novel fi nding in our study [11•] was that 
patients with dry ears were 13% pepsin-positive, sig-
nifi cantly lower than patients with middle ear effusions 
at the time of tube placement. Patients with purulent 
effusions had the highest rate of positive pepsin assay at 
47%; the difference was still signifi cant even when it was 
compared with an age-matched patient or age-matched 
mucoid/serous effusion group. Previous studies have 
demonstrated that the concentration of infl ammatory 
mediators such as interleukin-8 differs among subtypes 
of middle ear effusions [44,45]. Different types of middle 
ear effusion may represent different degrees of middle ear 
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infl ammation or may refl ect variable degrees of eusta-
chian tube dysfunction. We could not draw conclusions 
in our study group because objective tests of eustachian 
tube function were not performed. The compelling ques-
tion raised is whether the presence of pepsin in the middle 
ear escalates the degree of infl ammation or simply refl ects 
the degree of patency of the eustachian tube [44,45]. This 
requires further study.

We also discovered in our study that the highest rate 
of pepsin-positive patients was found in younger chil-
dren. Children less than 1 year old had a pepsin-positive 
rate of 31%, which is signifi cantly higher than that of 
other age groups. This age-dependent pattern remains in 
different subgroups in which other factors are controlled. 
This suggests that EORD may be an important initiator 
of otitis media in younger children. That GERD is very 
common in young children but decreases as they age 
presents the possibility that what had been deemed physi-
ologic refl ux may not be so benign but may play a role 
in otitis media. Clearly, multiple factors are involved in 
otitis media development, but our data clearly show that 
EORD is a factor in a subset of children. It is possible 
that in susceptible children, EORD may be the sole cause 
of otitis media, but further work is required to enable 
identifi cation of these patients.

Conclusions
There is no doubt that gastric pepsin can reach the middle 
ear space and be detected in patients with otitis media. 
Absence of gastric pepsin in control patients without oti-
tis media provides compelling evidence that refl ux plays a 
role in this disease’s pathophysiology. That pepsin is more 
prevalent in the middle ears of younger children with oti-
tis media and in those with purulent effusions may have 
implications regarding the mechanism of action of refl ux 
on eustachian tube function. Future work will focus on 
elucidating these mechanisms.
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