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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% 

CI 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 IL-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 respiratory 

pathology, children. 
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ПРОГНОСТИЧНА ЗНАЧУЩІСТЬ РІВНЯ ПЕПСИНУ У 

СЕКРЕТІ РОТОВОЇ ПОРОЖНИНИ В РОЗВИТКУ 

РЕКУРЕНТНОЇ РЕСПІРАТОРНОЇ ПАТОЛОГІЇ У ДІТЕЙ 

РАННЬОГО ВІКУ З СИНДРОМ РЕГУРГІТАЦІЇ.  

Вступ. Синдром малюкової регургітації (СМР) найчастіше 

зустрічається серед дітей раннього віку з функціональними по-

рушеннями шлунково-кишкового тракту та може призвести до 

розвитку рекурентної патології дихальних шляхів. Вважається, 

що ключову роль у пошкодженні слизової оболонки дихальних 

шляхів відіграє пепсин.  

Метою дослідження було визначення прогностичної значу-

щості рівня пепсину у секреті ротової порожнини в розвитку ре-

курентної респіраторної патології у дітей раннього віку із синд-

ромом регургітації. 

Матеріали та методи. Проведено аналіз клініко-анамнести-

чних даних 55 дітей раннього віку, серед яких основну групу 

становили 38 дітей із видимим синдромом регургітації, а групу 

порівняння – 17 здорових дітей без клінічних проявів цього си-

ндрому. Рівень пепсину та інтерлейкіну-8 (ІЛ-8) визначено в се-

креті ротової порожнини тричі на добу методом імунофермент-

ного аналізу («Human Pepsin Elisa Kit» та «Human IL-8 ELISA 

Kit», США). Статистичну обробку результатів дослідження про-

ведено із застосуванням пакету програм «Statistica v.6.1». Для 

оцінки діагностичної значущості рівня пепсину у секреті рото-

вої порожнини проводився ROC-аналіз з визначенням оптима-

льної точки відсікання (cut off), розрахунком площі під ROC-

кривою (AUC) з 95 % ДІ та операційних характеристик крите-

рію (чутливість і специфічність). 

Результати та їх обговорення. Результати добового моніто-

рингу пепсину в слині дітей раннього віку показали, що його рі-

вень був достовірно вищим у дітей з регургітацією, ніж у групі 

порівняння, як за середньодобовими значеннями, так і за промі-

жними показниками. Не виявлено вірогідних відмінностей між 
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трьома зразками слини та середньодобовим показником пеп-

сину в дітей основної групи, що може свідчити про приховані 

епізоди рефлюксу. Виявлено прямий кореляційний зв’язок між 

рівнем IL-8 слини та рівнем пепсину у дітей з основної групи 

(r = 0,78, p < 0,05). Серед потенційних предикторів ризику роз-

витку рекурентної респіраторної патології у дітей із синдромом 

регургітації були: рівень пепсину натще > 309,27 пг/мл, рівень 

пепсину за годину після їжі > 275,73 пг/мл та рівень пепсину пі-

сля зригування > 532,31 пг/мл. 

Висновки. Рівень пепсину натще > 309,27 пг/мл та рівень 

пепсину за годину після їжі > 275,73 пг/мл можуть бути викори-

станими в множинній логістичній регресійній моделі для про-

гнозування ризику розвитку рекурентної респіраторної патоло-

гії з урахуванням інших клініко-анамнестичних та лаборатор-

них даних. Рівень пепсину після зригування > 532,31 пг/мл є не-

залежним предиктором і може використовуватись окремо. 

Ключові слова: регургітація, пепсин, рекурентна респірато-

рна патологія, діти.  
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ІL-8 – interleukin-8 

OR – odds ratio  

95% СІ – 95% confidence interval 

IRS – infant rumination syndrome  

INTRODUCTION / ВСТУП 

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-α, 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 DeLonghi 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). 

424



 

 

  

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) р 

Portion I 

Min-Max 139.4–968.1 0.0–359.4 

< 0.001 Me 393.5 0.0 

25–75% 257.7–615.3 0.0–0.0 

Portion II 

Min-Max 169.9–2542.8 0.0–342.4 

< 0.001 Me 446.8 0.0 

25–75% 267.9–534.7 0.0–0.0 

Portion III 

Min-Max 172.9–807.7 0.0–356.4 

< 0.001 Me 378.9 0.0 

25–75% 247.1–581.2 0.0–0.0 

Average daily level 

Min-Max 139.4–1183.8 0.0–141.7 

< 0.001 Me 398.1 0.0 

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 

syndrome. Among the listed indicators, the 

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) 

– 1.01 (1.004–1.02), p = 0.0001 (Fig. 1). 

 

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-

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). 

               

 
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 

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. 

 
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 

 

Figure 4 – Regression model for predicting recurrent respiratory pathology risk using fasting pepsin levels 
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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 

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.  

 

CONCLUSIONS / ВИСНОВКИ  

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 

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 / ПЕРСПЕКТИВИ ПОДАЛЬШИХ ДОСЛІДЖЕНЬ 

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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