MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
SUMY STATE UNIVERSITY
ACADEMIC AND RESEARCH MEDICAL INSTITUTE

Eastern Ukrainian Medical Journal

2, M. Sumtsova st., Sumy 40007, Ukraine
e-mail: eumj@med.sumdu.edu.ua

eumj.med.sumdu.edu.ua
ISSN: 2663-5909 (print)/2664-4231 (online)

© 2023 by the author(s).

Thiswork islicensed under Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by/4.0/

O

How to cite / SIx uuryBaTn crartio: llchenko S, Mozheiko T, Fialkovska A. The prognostic significance of
salivary pepsin level in the development of recurrent respiratory pathology in infants with rumination syndrome.

East Ukr Med J. 2023;11(4):421-429

DOI: https://doi.or g/10.21272/eum].2023; 11(4):421-429

ABSTRACT

Svitlana llchenko
https://orcid.org/0000-0003-2181-1833
Department of Propaedeutics of
Children's Diseases and Pediatrics 2,
Dnipro State Medical University,
Dnipro, Ukraine

Tetiana Mozheiko

Department of Propaedeutics of
Children's Diseases and Pediatrics 2,
Dnipro State Medical University,
Dnipro, Ukraine

Anastasiya Fialkovska
https://orcid.org/0000-0001-6004-8418
Department of Propaedeutics of
Children's Diseases and Pediatrics 2,
Dnipro State Medical University,
Dnipro, Ukraine

THE PROGNOSTIC SIGNIFICANCE OF SALIVARY
PEPSIN LEVEL IN THE DEVELOPMENT OF RECURRENT
RESPIRATORY PATHOLOGY IN INFANTS WITH
RUMINATION SYNDROME

Introduction. Infant rumination syndrome (IRS) is most
common among infants with functional disorders of the
gastrointestinal tract and can lead to the development of recurrent
respiratory pathology. Pepsin is believed to play a key role in the
upper airway mucosa impairment.

The objective of the study was to determine the prognostic
significance of salivary pepsin level in the development of recurrent
respiratory pathology in infants with rumination syndrome.

Materials and Methods. We analyzed the clinical and
anamnestic data of 55 infants: the main group consisted of 38
children with apparent rumination syndrome, and the comparison
group included 17 healthy children with no clinical manifestations of
this syndrome. Salivary pepsin and IL-8 levels were measured three
times a day by the enzyme-linked immunosorbent assay (Human
Pepsin Elisa Kit and Human IL-8 ELISA Kit, USA). The study
results were statistically processed using the Statistica v.6.1 software
package. To assess the diagnostic significance of salivary pepsin
level, ROC analysis was performed to determine the optimal cut-off
point and calculate the area under the ROC curve (AUC) with 95%
Cl and operating characteristics of the criterion (sensitivity and
specificity).

Results and Discussion. Daily monitoring of salivary pepsin in
infants showed that pepsin level was significantly higher in the main
group vs. the comparison group, both for average daily values and
intermediate indicators. No statistically significant difference was
found between the three saliva samples and the daily average pepsin
level in the main group of infants, which may be indicative of latent
episodes of reflux during the day. A direct correlation was found
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between salivary levels of 1L-8 and pepsin levels in the main group
of children (r = 0.78, p < 0.05). Among the potential predictors of
recurrent respiratory pathology risk in infants with rumination
syndrome, the following were established: fasting pepsin level
> 309.27 pg/ml, pepsin level in 1 hour after feeding > 275.73 pg/ml,
and pepsin level after regurgitation > 532.31 pg/ml.

Conclusions. Fasting pepsin level > 309.27 pg/ml and pepsin
level in 1 hour after feeding > 275.73 pg/ml can be used in a multiple
logistic regression model to predict the risk of recurrent respiratory
pathology, taking into account other clinical, anamnestic, and
laboratory data. A post-regurgitation pepsin level > 532.31 pg/ml is
an independent predictor and can be used alone.

Keywords: regurgitation, pepsin, recurrent
pathology, children.
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NPOTHOCTHYHA 3HAUYYIIICTH PIBHSA NEINCHHY VY
CEKPETI POTOBOi TIIOPOXXHHHH B PO3BUTKY
PEKYPEHTHOiI PECHIPATOPHOI ATOJIOI'Ti Y JITEA
PAHHBOI'O BIKY 3 CUHJAPOM PEI'YPI'ITAIIII

Beryn. Cunzipom mamokoBoi perypritanii (CMP) HaiiuacTime
3YCTPIYa€eThCsI Cepell AiTell paHHBOTO BIKY 3 (PYHKI[IOHAJIEHAMHU T10-
PYLICHHSMH IILTYHKOBO-KHIIIKOBOTO TPAaKTy Ta MOXKE HPU3BECTH JI0
PO3BUTKY PEKYPCHTHOI MATOJIOTIT AUXaIbHUX IUISAXiB. BBakaeThcs,
110 KJIOYOBY POJIb y MOUIKOPKEHH] CIM30BOi 000JIOHKH AMXAIbHUX
[UISAXIB BiJlirpa€e METCHH.

MeTo10 focaizxenHs Oyn0 BU3HAYCHHS IPOrHOCTHYHOI 3HATY-
IIOCTI PiBHS METICHHY y CEKPETi POTOBOI MOPOKHUHU B PO3BHUTKY pe-
KYPEHTHOI pecTipaTOpHOI MaToJOTi{ y JiTell paHHBOTO BIKY i3 CHH/I-
poMoOM perypriTauii.

Martepianu Ta Mmetoau. [IpoBeneHO aHai3 KIIiHIKO-aHAMHECTH-
YHUX JAaHUX 55 NiTel paHHBOrO BiKy, Cepell SKUX OCHOBHY IpYILy
CTaHOBWIIM 38 niTeil i3 BUOMMHUM CHHIPOMOM perypritalii, a rpymy
HOpiBHSHHS — 17 310pOBHUX JiTeil 63 KIIHIYHUX MPOSIBIB LIOTO CH-
Hapomy. PiBens nerncuny ta intepueiikiny-8 (1J1-8) BusHaueHo B ce-
KpETi POTOBOI MOPOKHUHY TPUYi Ha 100y METOIOM iMyHO(DEpMEHT-
Horo ananizy («Human Pepsin Elisa Kit» ta «Human IL-8 ELISA
Kit», CIIIA). CratuctuuHy 06p0oOKy pe3ysbTaTiB AOCIKESHHS IPO-
BE/ICHO 13 3aCTOCYBaHHIM HakeTy nporpam «Statistica v.6.1». Jlns
OIIIHKY JIarHOCTUYHOT 3HAYYIIIOCTi PiBHS MENCHHY Y CEKPETi pOTO-
BOi IOPOKHUHU MpoBoauBCcsi ROC-aHani3 3 BUBHAYCHHSIM ONTHMAa-
TBHOI ToukH BifcikauHA (cut off), po3paxynkom mromi mig ROC-
kpuBoto (AUC) 3 95 % I Ta onepariifHuX XapakTepHCTUK KpHUTe-
pifo (9yTMBicTS 1 crierdigHICTD).

Pe3yabraTn Ta ix o6roBopenns. PesynbraTi 1000BOro MOHITO-
PHHTY IETICHHY B CIIMHI JITeH paHHBOTO BiKy IOKa3ally, 10 HOro pi-
BEHb OYB JOCTOBIPHO BHIIHMM Y JiTel 3 perypritaui€ro, HiX y rpymi
TIOPIBHSHHS, SIK 32 CEPEAHBOJ000BIMH 3HAUEHHAMH, TaK 1 32 TIPOMi-
JKHUMU TTOKa3HUKaMu. He BHUSBICHO BIPOTiMHUX BiIMIHHOCTEH Mik
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TpbOMa 3pa3KaMH CJIMHH Ta CEpeIHbOJ000BUM IOKA3HUKOM IIell-
CHHY B JiTell OCHOBHOI I'pyIHd, III0 MOXE CBIIYUTH MO MIPUXOBaHI
emizoau perokcy. BusBneHo mpsiMuii KOpeIAmiiHIN 3B’ 130K MiXK
piBaem IL-8 cnmHM Ta piBHEM IENCHHY y TiTeH 3 OCHOBHOI TPYITH
(r=10,78, p < 0,05). Cepen NOTEHUIHUX TPEIUKTOPIB PUUKY PO3-
BUTKY PEKYPEHTHOI pectipaTopHOI MaToJIorii y JiTeH i3 CHHAPOMOM
peryprirtarii Oymu: piBeHp nerncuny Hatiie > 309,27 nr/mi, piBeHb
TIETICUHY 3a TOAMHY Micis Dki > 275,73 nir/mit Ta piBeHb MENCUHY -
ciist 3puryBansst > 532,31 nr/mut.

BucHoBku. PiBenp mencuny Hartme > 309,27 nr/mn ta piBeHb
TIETICHHY 3a TOIMHY M 1Xi > 275,73 1r/Mi MOXKyTh OyTH BUKOPH-
CTaHAMH B MHOXXHHHIN JIOTICTHYHIH perpeciiiHiil Momemi i mpo-
THO3YBaHHS PU3HMKY PO3BUTKY PEKYpPEHTHOI pPecripaTopHOi MaToio-
Til 3 ypaxyBaHHIM IHIOINX KIIiHIKO-aHAMHECTHYHHUX Ta J1aboparop-
HUX JaHuX. PiBeHb nencuny micis 3puryBanss > 532,31 nir/mi € He-
3aJIKHUM MPEAUKTOPOM 1 MOXKE BUKOPUCTOBYBATHUCH OKPEMO.

KurouoBi ciioBa: perypriraiiis, ercHH, peKypeHTHA PeCIipaTo-
pHa MaToJOTis, AiTH.
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Abbreviations

IL-8 — interleukin-8

OR - odds ratio

95% CI — 95% confidence interval
IRS — infant rumination syndrome

INTRODUCTION / BCTYII

Infant rumination syndrome (IRS) is most
common among infants with functional disorders of
the gastrointestinal tract [1, 2]. According to
literature sources, the prevalence of this disorder
ranges from 26 to 85% [3, 4] and has no association
with gender, ethnicity, and country of residence [5].
Undoubtedly, the rumination syndrome of a healthy
full-term newborn reflects the anatomical and
physiological features of the digestive tract
development and, as a rule, disappears in 90% of
children by the age of 12 months. This syndrome is
most frequent at the age of 2 to 4 months (41-67%
of cases), when the child begins to move actively and
turn over [6]. Although in most cases functional
disorders of the gastrointestinal tract resolve without
intervention, they are still early-age traumatic
conditions that can cause various diseases later. As
is known, IRS can lead to such complications as
esophagitis, acute and recurrent respiratory
pathology, physical development delay, and even
unexplained death in childhood [7].

IRS is believed to lead to recurrent respiratory
pathology through three possible mechanisms. The

most important mechanism is the direct damaging
effect of gastric contents on the respiratory mucosa,
which causes its swelling, hypersecretion of mucus,
mucociliary dyskinesia, and stimulates the release of
inflammatory mediators. Another mechanism is
stimulation of the vagus nerve response, supported
by the excessive vagal reactivity observed in
children with reflux compared to healthy children.
The third hypothesis states the association between
regurgitation and changes in the oral microbiome [8,
9]. Some studies have demonstrated that the acid
itself does not damage the mucosa. Pepsin is claimed
to play a key role in upper airway mucosa
impairment, which can explain the mechanism of
laryngeal mucosa damage in non-acidic reflux [10].
Pepsin is considered the most aggressive protease in
the gastroduodenal refluxate. During regurgitation,
pepsin can reach extraesophageal parts, where it
adheres to the epithelium [11]. Pepsin can be found
in many different tissue samples, such as laryngeal
mucosa, paranasal sinuses, saliva, middle ear fluid,
and bronchoalveolar fluid [12]. Pepsin remains
active at pH 6.5 and up. It is then inactivated but still
stable and can be reactivated when the pH changes.
Recent studies have shown that pepsin can also be
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reactivated in an acidic intracellular environment
after receptor-mediated uptake of pepsin by
laryngeal epithelial cells, even when the pH reaches
7.4. In addition, laryngeal epithelial cells are
sensitive to pepsin even in a non-acidic environment,
as pepsin stimulates the expression of many pro-
inflammatory cytokines and receptors, such as IL-6,
IL-8, TNF-q, etc. [9, 13].

To date, there is insufficient data on salivary
pepsin levels in infants and their role in the
development of recurrent respiratory pathology.

The objective of the study was to determine the
prognostic significance of salivary pepsin level in
the development of recurrent respiratory pathology
in infants with rumination syndrome.

Materials and Methods

We analyzed the clinical and anamnestic data and
immunoenzymatic test results of 55 infants: the main
group consisted of 38 children (average age — 6.8 +
0.9 months) with apparent rumination syndrome, and
the comparison group included 17 healthy children
(average age — 5.7 + 0.3 months) with no clinical
manifestations of this syndrome. The subgroup of
children with recurrent respiratory symptoms (n =
19) included those with recurrent laryngitis and
bronchitis during the year of observation. Salivary
pepsin level was measured three times a day: in
children of the main group (n=38) — in fasting state,
immediately after regurgitation, and 1 hour after
feeding; in children of the comparison group
(healthy children, n = 17) — in fasting state, half an
hour before feeding and 1 hour after feeding. In the
obtained samples, each of 1 ml, pepsin level was
measured by the enzyme-linked immunosorbent
assay using the Human Pepsin Elisa Kit
(Elabscience, USA). Along with  pepsin
measurements, saliva pH was measured using pH
test strips with a range of 0 to 14 and 0.5 accuracy.
Saliva IL-8 level was measured using a solid-phase
enzyme-linked immunosorbent assay kit (Human
IL-8 ELISA Kit, Elabscience, USA).

Recurrent respiratory pathology risk was
predicted using univariate logistic regression to
calculate the odds ratio (OR) and 95% confidence
interval (95% CI). The prognostic ability of pepsin
as a predictor of recurrent respiratory pathology risk
was assessed. To assess the diagnostic significance
of salivary pepsin level, ROC analysis (Receiver
Operating Characteristic) was performed to
determine the optimal cut-off point and calculate the
area under the ROC curve (AUC) with 95% CI and
operating characteristics of the criterion (sensitivity
and specificity). A comparison of ROC curves was

carried out according to the method of DelLonghi et
al. [14]. The predictor values with the highest
Youden index (sum of specificity and sensitivity)
were selected as cut-off points (the predictor value
used to classify the maximum percentage of
observations correctly). The results were considered
statistically significant at p < 0.05, and a trend was
determined at p < 0.10.

The study was approved by the local Committee
on Biomedical Ethics in accordance with the
fundamental moral and ethical principles and the
requirements to consider the rights, interests, and
personal dignity of the study participants, which are
provided by the following regulatory documents:
The Declaration of Helsinki, the Convention for the
Protection of Human Rights and Dignity of the
Human Being with regard to the Application of
Biology and Medicine, Good Clinical Practice
(GCP), the UNESCO Universal Declaration on
Bioethics and Human Rights, the Constitution of
Ukraine (Articles 3, 21, 24, 28, 32), Fundamentals of
the Legislation of Ukraine on Health Care (Articles
43.1,44.1).

Results

As a part of the daily monitoring of salivary
pepsin levels in children, we analyzed 165
biomaterial samples. The test was positive in 102
(89.5%) of 114 samples in the main group and only
in 10 (19.6%) of 51 samples in the comparison
group. Pepsin level was significantly higher (p <
0.001) in the main group children vs. the comparison
group children, both for average daily values and
intermediate indicators (Table 1).

The maximum pepsin level in the children of the
main group was observed immediately after
regurgitation and equaled 446.8 (267.9-534.7)
pg/ml on average. No statistically significant
difference was found between the three saliva
samples and the daily average pepsin level in the
main group, which may be indicative of latent
episodes of reflux during the day. We found out that
the average daily values of saliva pH were 8.1+0.4
in the children of the main group. No significant
correlations were established between pepsin level
and saliva pH (p > 0.05).

In the children with recurrent respiratory
pathology, the level of IL-8 in saliva was
significantly higher than in the comparison group
(720.1 = 50.1 pg/ml vs. 331.2 + 22.6 pg/ml, p <0,
05). A direct correlation was found between salivary
levels of IL-8 and pepsin levels in the main group of
children (r = 0.78, p < 0.05).




Table 1 — Average values of pepsin levels in children of the main group vs. comparison group

Salivary pepsin level, pg/mL Main group (n = 38) Comparison group (n = 17) p

Min-Max 139.4-968.1 0.0-359.4

Portion | Me 393.5 0.0 <0.001
25-75% 257.7-615.3 0.0-0.0
Min-Max 169.9-2542.8 0.0-342.4

Portion Il Me 446.8 0.0 <0.001
25-75% 267.9-534.7 0.0-0.0
Min-Max 172.9-807.7 0.0-356.4

Portion 11 Me 378.9 0.0 <0.001
25-75% 247.1-581.2 0.0-0.0
Min-Max 139.4-1183.8 0.0-141.7

Average daily level Me 398.1 0.0 <0.001
25-75% 255.3-608.3 0.0-28.7

An univariate logistic regression model was
constructed to achieve the study's goal. In this model,
we tested the prognostic ability of salivary pepsin
level to predict the development of recurrent
respiratory pathology in infants with rumination

following parameters had statistical significance:
"pepsin level after regurgitation": OR (95% CI) —
1.005 (1.0-1.009), p = 0.004; "fasting pepsin level™:
OR (95% CI) — 1.01 (1.004-1.02), p = 0.0001;
"pepsin level in 1 hour after feeding": OR (95% CI)

the listed the

indicators,

syndrome. Among —1.01 (1.004-1.02), p = 0.0001 (Fig. 1).
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Figure 1 — Salivary pepsin level as a predictor of recurrent respiratory pathology in infants with rumination
syndrome
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At the next stage, optimal pepsin levels for the
most accurate prediction of recurrent respiratory
pathology risk were determined using ROC analysis.
For fasting pepsin level indicator, the cut-off point
was > 309.27 pg/ml (sensitivity 100%, specificity
72.7%, area under the curve = 0.935, p < 0.0001); for
pepsin level in 1 hour after feeding indicator, the cut-

Fasting
100}
80
60 H
40H
20H
I AUC = 0,935
I P < 0,001
Ui I 1 I
0 20 40 60 80 100

100-Specificity

off point was > 275.73 pg/ml (sensitivity 100%,
specificity 70%, area under the curve = 0.9, p =
0.001); for pepsin level after regurgitation indicator,
the cut-off point was > 532.31 pg/ml (sensitivity
57.1%, specificity 90.9%, area under the curve =
0.753, p = 0.003) (Fig. 2).
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Figure 2 — ROC-curves of prognostic significance of pepsin levels a) in fasting state; b) in 1 hour after feeding;
c) after regurgitation to predict recurrent respiratory pathology risk in infants with rumination syndrome

Further, a comparison of ROC curves was
conducted to assess the prognostic significance of
salivary pepsin levels measured at different time
points (Fig. 3). Fasting pepsin level was found to
have the best operating characteristics; however,
this difference was not statistically significant. On
the other hand, there was a trend toward a
statistically significant difference between the
predictive significance of fasting pepsin level and
post-regurgitation pepsin level (p = 0.08).

Figure 4 presents a regression model for predicting
recurrent respiratory pathology risk in infants with
rumination syndrome using fasting pepsin levels.

Regression equation y = -0.227+0.00135x, p < 0.001.

At the next stage, all potential predictors that
showed statistical significance in an univariate
logistic regression model as prognostic risk factors
for recurrent respiratory pathology in infants with
rumination syndrome (fasting pepsin level
> 309.27 pg/ml, pepsin level in 1 hour after feeding
> 275.73 pg/ml, and pepsin level after regurgitation
> 532.31 pg/ml) were included in the multiple
logistic regression model; while the indicators with
p > 0.10 were excluded from the model in a backward
stepwise way. Indicators were excluded until the
value for all predictors in the model equaled p < 0.10.
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The p-value of the multiple regression model
remained < 0.10 after the inclusion of the post-
regurgitation pepsin level > 532.31 pg/ml. AUC was
0.736 (0.557-0.871), p = 0.003. Fasting pepsin level
and pepsin level in 1 hour after feeding were not

100 |-

included in this model; thus, according to the results
of this analysis, only pepsin level after regurgitation
> 532.31 pg/ml was found to be an independent
predictor of recurrent respiratory pathology risk.

80 |-

60 H

40 H

20 |-

in fasting state
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0] 20
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Figure 3 — Comparison of the ROC curves of prognostic significance of pepsin levels measured at different
time intervals as a predictor of recurrent respiratory pathology risk
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Figure 4 — Regression model for predicting recurrent respiratory pathology risk using fasting pepsin levels

Discussion

Our study has shown that pepsin levels were
significantly higher in infants with regurgitation vs.
comparison group, both for average daily values and
intermediate indicators. The maximum pepsin level
in children of the main group was observed
immediately after regurgitation. No statistically

significant difference was found among the three
saliva samples and the average daily pepsin level in
the main group of infants, which may be indicative
of latent episodes of reflux during the day. In our
opinion, repeated episodes of latent reflux lead to
pepsin activation in the cells of the respiratory tract
and, as a result, to their damage and the expression
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of pro-inflammatory cytokines, particularly IL-8.
Since salivary IL-8 is a cytokine that plays an
important role in the pathogenesis of inflammatory
and autoimmune diseases, based on the positive
association between IL-8 and neutrophil levels in
patients with pulmonary diseases [15, 16], we
concluded that salivary level of IL-8 was
significantly higher in the infants with recurrent
respiratory pathology. A direct correlation was
found between salivary levels of IL-8 and pepsin
levels in the main group of children. Clarke D. et al.
found an association between high levels of pepsin
and higher IL-8 levels in bronchoalveolar lavage
fluid in children with cystic fibrosis. These data
suggest that gastroesophageal reflux is common in
children with cystic fibrosis, and aspiration of gastric
contents is associated with more pronounced lung

CONCLUSIONS / BACHOBKH

1. Daily monitoring of salivary pepsin in
infants showed that pepsin level was significantly
higher in the main group of children vs. the
comparison group of children, both for average daily
values and intermediate indicators. A direct
correlation was also found between salivary levels of
IL-8 and pepsin levels in the main group of children (r
=0.78,p <0.05).

2. Among the potential predictors of recurrent
respiratory pathology risk in infants with rumination

inflammation [16].

It is hypothesized that salivary enzymes,
inflammatory molecules, and peripheral
mononuclear cells in saliva may modify the
respiratory epithelium and promote colonization by
respiratory pathogens. The oral microbiome and its
balance play an important role in overall human
homeostasis. Any violation leads to an increase in
certain types of bacteria, especially gram-negative
bacteria, associated with massive production of pro-
inflammatory cytokines, thus causing or maintaining
low-grade chronic inflammation [17].

Thus, measuring the salivary level of pepsin is a
non-invasive method for airway reflux diagnosis,
which is best among other more invasive methods,
such as 24-hour pH-impedancemetry.

syndrome, the following were established: fasting
pepsin level > 309.27 pg/ml, pepsin level in 1 hour
after feeding > 275.73 pg/ml, and pepsin level after
regurgitation > 532.31 pg/ml.

3. Fasting pepsin level > 309.27 pg/ml and
pepsin level in 1 hour after feeding > 275.73 pg/ml
can be used in a multiple logistic regression model to
predict the risk of recurrent respiratory pathology,
considering other clinical, anamnestic, and laboratory
data. A post-regurgitation pepsin level > 532.31 pg/ml
is an independent predictor and can be used alone.

PROSPECTS FOR FUTURE RESEARCH / TEPCIHEKTUBHA NNOJAJBIINX JOCJIIKEHb

Prospects for further research consist in the analysis of the implementation of the non-invasive diagnostic
method based on salivary pepsin level for a larger population and the development of preventive measures against
recurrent respiratory pathology in infants with rumination syndrome..
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