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Background: Helicobacter pylori (HP) is a major cause of upper digestive tract diseases. However, the relationship between HP infection and 25-hydroxyvitamin D [25(OH)D] levels in children has not been fully elucidated. This study investigated the levels of 25(OH)D in children of different ages and with varying degrees of HP infection and immunological features as well as the correlations between 25(OH)D levels in children infected with HP and their ages and degrees of infection.



Materials and methods: Ninety-four children who underwent upper digestive endoscopy were divided into an HP-positive group without peptic ulcers (Group A), an HP-positive group with peptic ulcers (Group B) and an HP-negative control group (Group C). The serum levels of 25(OH)D and immunoglobulin and the percentages of lymphocyte subsets were determined. HP colonization, the degree of inflammation, and the degree of activity were further evaluated by HE staining and immunohistochemical staining in gastric mucosal biopsy.



Results: The 25(OH)D level of the HP-positive groups (50.93 ± 16.51 nmol/L) was significantly lower than that of the HP-negative group (62.89 ± 19.18 nmol/L). The 25(OH)D level of Group B (47.79 ± 14.79 nmol/L) was lower than that of Group A (51.53 ± 17.05 nmol/L) and was significantly lower than that of Group C (62.89 ± 19.18 nmol/L). The 25(OH)D level decreased with increasing age, and there was a significant difference between Group C subjects who were ≤5 years old and those who were aged 6–9 years and ≥10 years. The 25(OH)D level was negatively correlated with HP colonization (r = −0.411, P < 0.01) and the degree of inflammation (r = −0.456, P < 0.01). The percentages of lymphocyte subsets and immunoglobulin levels among Groups A, B and C were not significantly different.



Conclusions: The 25(OH)D level was negatively correlated with HP colonization and the degree of inflammation. As the age of the children increased, the level of 25(OH)D decreased, and the susceptibility to HP infection increased.
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1. Introduction

Helicobacter pylori (HP) is a major cause of upper digestive tract diseases, including chronic and atrophic gastritis, peptic ulcer disease, mucosa-associated lymphoid tissue lymphoma, and gastric adenocarcinoma (1, 2). HP was first discovered in the stomachs of patients with gastritis and ulcers by Marshall and Warren in 1982. Approximately one-third of children worldwide are infected with HP, and the prevalence varies among different regions of the world (2). In China, there are also considerable regional disparities in the incidence of HP infection in children, with infection rates ranging from 30% to 60% (3, 4). HP infection in children can affect their growth and development, nutritional metabolism, and autoimmune systems (5) and is related to 25-hydroxyvitamin D [25(OH)D] deficiency (6), which could be a risk factor for HP eradication failure (7). However, there are few studies on the correlation between the levels of 25(OH)D in children with different degrees of HP infection and immunity.

25(OH)D is a steroid hormone derived from vitamin D and is the main indicator of vitamin D levels in the body. In recent years, this hormone has been shown to play a very important role in tumor prevention, immune system regulation, promotion of some types of cell differentiation, and anti-cell proliferation (8). In this study, the relationships between 25(OH)D levels in children and their ages, degrees of HP infection and levels of immunoglobulin and lymphocytes were investigated to provide novel insights into the prevention and treatment of HP infection in children.



2. Materials and methods


2.1. Study design and patients

Children with alarm signs who underwent upper digestive endoscopy in the Gastroenterology Department of Anhui Provincial Children's Hospital from March 2021 to September 2022 were identified. Alarm signs included persistent upper right or lower right quadrant pain, dysphagia, odynophagia, persistent vomiting, and gastrointestinal blood loss. These children underwent a 13C breath test and gastric mucosal tissue biopsy, and serum 25(OH)D and immunoglobulin levels and lymphocyte subset percentages were measured. In addition, these children did not take antibiotics, probiotics, antacids, bismuth, or traditional Chinese medicine with antibacterial effects in the previous 1 month. The exclusion criteria were a possible combination of other diseases, such as Henoch purpura, nephritis, inflammatory bowel disease, and connective tissue disease. Children meeting the diagnostic criteria of HP infection (9) were divided into an HP-positive group without peptic ulcers (Group A) and an HP-positive group with peptic ulcers (Group B) according to gastroscopic diagnosis results. Moreover, the children who were confirmed to have superficial gastritis by upper digestive endoscopy and those who had negative 13C and RUT tests and no HP detected on histopathology of the gastric mucosa were chosen as the control group (Group C).

Upper digestive endoscopy was performed by experienced endoscopy experts, and the Olympus GIF-H290 (8.9 mm) and Olympus GIF-XP290 (5.8 mm) (Olympus, Japan) upper digestive endoscopes were used. The endoscope used was selected according to the age of the child. All the children underwent gastric mucosal tissue biopsy and a rapid urease test during the examination, and then gastric mucosal tissue biopsy specimens were fixed with tissue fixation solution. Based on diagnostic criteria, superficial gastritis, HP-related gastritis, and peptic ulcers were identified (10). This study was approved by the Ethics Committee of Anhui Provincial Children's Hospital (EYLL-2017-012). Written informed consent was obtained from the guardian of each subject before endoscopy.



2.2. Determination of serum 25(OH)D and immunoglobulin levels and lymphocyte subsets

Determination of 25(OH)D: Three milliliters of venous blood was obtained from each child and centrifuged at 3,000 r/min for 10 min. The serum 25(OH)D level was detected by chemiluminescence immunoassay.

Immunoglobulin assay: IgG, IgA, and IgM levels in serum were determined with a fully automated biochemical analyzer.

Detection of lymphocyte subset percentages: Three milliliters of venous blood was obtained from each child, centrifuged at 1,600 r/min for 8 min, and analyzed by flow cytometry.



2.3. Evaluation of HP colonization, inflammation and activity in gastric mucosal tissues

The gastric mucosal biopsy tissues were embedded in paraffin and sectioned, and the sections were stained with hematoxylin-eosin (HE) for the evaluation of tissue inflammation. Another section was taken for immunohistochemical staining to evaluate HP colonization. The degree of inflammation was evaluated according to the degree of infiltration of lymphocytes and plasma cells into the glandular epithelium and the inherent membrane. The degree of activity was evaluated according to the degree of infiltration of neutrophils into the glandular epithelium and the inherent membrane. HP colonization was evaluated according to the amount of HP in the mucous layer of the gastric mucosa. The degree of inflammation, degree of activity, and HP colonization were divided into 4 grades, as described previously (11, 12). A score of 0–3 was assigned according to the grade (none = 0; mild = 1; medium = 2; heavy = 3). Each section was evaluated by two senior pathologists, and the evaluation criteria were based on the evaluation criteria and diagnostic criteria of gastric mucosal inflammation in HP-infected patients (11).



2.4. Statistical analysis

Statistical Package for Social Sciences Version 27.0 (SPSS, IBM) was used to analyze the data, and GraphPad Prism 9.0 software was used to generate figures. The approximate normal distribution measurement data are expressed as the mean ± standard deviation (χ ± SD). The differences between two groups and among multiple groups were determined by unpaired t test and ANOVA, respectively. Spearman rank correlation analysis was used to analyze the correlation between measurement data and grade data. Statistical significance was defined as P < 0.05.




3. Results


3.1. Patients

A total of 94 children were enrolled, of which 53 were males and 41 were females. The average age was 7.89 ± 3.18 years (2.6–15 years). There were 39 patients in Group A, and the average age of this group was 8.08 ± 3.22 years. There were 8 patients in Group B, and the average age of this group was 8.50 ± 3.02 years. There were 47 patients in Group C, and the average age of this group was 7.64 ± 3.21 years. There were no significant differences in age among the three groups.



3.2. Serum 25(OH)D levels, lymphocyte subset percentages and immunoglobulin levels in children of various ages with varying degrees of HP infection

The 25(OH)D level in the HP-positive groups (50.93 ± 16.51 nmol/L) was significantly lower than that in the HP-negative control group (62.89 ± 19.18 nmol/L) (P < 0.01), as shown in Figure 1A. Moreover, the serum 25(OH)D level of HP-infected children with different degrees of infection and ages was determined. The 25(OH)D level of HP-infected children with ulcers (Group B) was lower than that of HP-infected children without ulcers (Group A) and significantly lower than that of the HP-negative control group (Group C). These differences were significant (P < 0.01), as shown in Table 1. The serum 25(OH)D level of Group A was significantly lower than that of Group C in patients ≤5 years old and ≥10 years old (all P < 0.05). In addition, the serum 25(OH)D levels in Group A and Group C decreased with increasing age. The serum 25(OH)D levels in Group C were significantly different among the ≤5-year-old group, the 6–9-year-old group, and the ≥10-year-old group (all P < 0.01), as shown in Figure 1B.
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FIGURE 1
Results for 25(OH)D levels, lymphocyte subset percentages and immunoglobulin levels in the HP-positive groups in comparison to the HP-negative group. (A) The level of 25(OH)D was significantly lower in the HP-positive groups than in the HP-negative group. (B) In the HP-negative control group, the level of 25(OH)D in the ≤5-year-old group was significantly higher than those in the 6–9-year-old group and the ≥10-year-old group. (C) Comparison of the percentages of T and B lymphocyte subsets between the HP-positive groups and the HP-negative control group. (D) Comparison of the immunoglobulin levels between the HP-positive groups and the HP-negative control group. **P < 0.01, “ns” means not statistically significant.



TABLE 1 Serum 25(OH)D levels of children in the three groups according to different ages within each group (x ± SD).
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There were no statistically significant differences in the percentages of T and B lymphocyte subsets and immunoglobulin levels in peripheral blood between the HP-positive and HP-negative groups (Figures 1C,D) or among Groups A, B, and C (Table 2).


TABLE 2 Percentages of T and B lymphocyte subsets and immunoglobulin levels in the peripheral blood of each group (x ± SD).

[image: Table 2]



3.3. Evaluation of HP colonization, degree of inflammation, and degree of activity in gastric mucosal tissue

Gastric mucosal biopsies from 39 children in Group A, 8 children in Group B, and 10 randomly selected children in Group C were evaluated.

The total detection rate of the HP-positive groups was 93.6% (44/47). Immunohistochemical staining showed that HP was rod-shaped on the surface of the mucous layer, surface epithelium, concave epithelium, and glandular duct epithelium of the gastric mucosa, as shown in Figures 2A–C. The grading of HP colonization was analyzed as previously described (12), and the HP colonization in Group A was as follows: 25.6% (10/39) of patients had severe colonization, 12.8% (5/39) had moderate, and 53.8% (21/39) had mild. HP colonization was severe in 100% (8/8) of patients in Group B. No HP was found in Group C. The scores of HP colonization were significantly different between the HP-positive and HP-negative groups (Figure 4A). The HP colonization scores in Group B were significantly higher than those in Group A (3.00 ± 0.00 vs. 1.56 ± 0.97 points, P < 0.001) (Table 3).


[image: Figure 2]
FIGURE 2
Immunohistochemical staining results showed the degree of HP colonization in the gastric mucosa. (A) A concentrated amount of HP bacilli (black arrow) was found on the surface of the gastric mucosa, the gastric pits, and the epithelial surface of the glandular ducts (severe). (B) A medium amount of HP bacilli was found on the surface of the gastric mucosa, the gastric pits, and the epithelial surface of the glandular ducts (moderate). (C) Small amounts of HP bacilli were found on the surface of the gastric mucosa, the gastric pits and the epithelial surface of the glandular ducts (mild).
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FIGURE 3
He staining results showed the degree of lymphocyte cells, plasma cells and neutrophils in the gastric mucosa. (A) Lymphocytes and plasma cells accumulated in the epithelial cells and lamina propria of the gastric mucosa (severe). (B) Small amounts of lymphocytes and plasma cells were found in the gastric mucosal epithelium, and considerable amounts were found in the lamina propria (moderate). (C) Small amounts of lymphocytes and plasma cells were found in the epithelium and lamina propria of the gastric mucosa (mild). (D) Neutrophils accumulated in the epithelial cell layer and lamina propria of the gastric mucosa (severe). (E) Small amounts of neutrophils were found in the gastric mucosal epithelial cell layer, while considerable amounts were found in the lamina propria (moderate). (F) Small amounts of neutrophils were found in the epithelial cell layer and lamina propria of the gastric mucosa (mild).



TABLE 3 Scores of HP colonization, degree of inflammation and degree of activity in each group (x ± SD).
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No lymphocytes or plasma cells were found in the normal gastric mucosal epithelial cell layer and lamina propria. After HP infection, the epithelial layer and lamina propria showed varying degrees of lymphocyte and plasma cell infiltration. In particular, lymphocyte and plasma cell aggregation was observed in the HP-positive group with ulcers, as shown in Figures 3A–C. The grading of inflammation degree was analyzed as previously described (11), and the degree of inflammation in Group A was as follows: 23.1% (9/39) of patients had severe inflammation, 35.9% (14/39) had moderate, and 35.9% (14/39) had mild. In Group B, severe inflammation was observed in 62.5% (5/8) of patients, and moderate inflammation in 37.5% (3/8). The HP inflammation scores were significantly different between the HP-positive and HP-negative groups (Figure 4A). The inflammation score in Group B was significantly higher than that in Group A (2.63 ± 0.52 points vs. 1.77 ± 0.87 points, P < 0.05) (Table 3).
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FIGURE 4
HP colonization, inflammation and activity in the HP-positive groups were compared to those in the HP-negative group, and correlations with 25(OH)D levels were found in the HP-positive groups. (A) The scores of HP colonization, inflammation, and activity in the HP-positive groups were significantly higher than those in the HP-negative group. **P < 0.01, ***P < 0.001. (B) 25(OH)D was negatively correlated with the amount of HP colonization of the gastric mucosa. (C) 25(OH)D was negatively correlated with the degree of inflammation of the gastric mucosa.


No neutrophils were found in the normal gastric mucosal epithelial cell layer and lamina propria. After HP infection, the epithelial layer and lamina propria showed varying degrees of neutrophil infiltration. In particular, neutrophil aggregation was observed in the HP-infected ulcer group, as shown in Figures 3D–F. The grading of activity degree was analyzed as previously described (11). In Group A, severe activity was observed in 2.6% (1/39) of patients, moderate activity in 23.1% (9/39), and mild activity in 61.5% (24/39). In Group B, severe activity was observed in 87.5% (7/8) of patients and moderate activity in 12.5% (1/8). The HP activity degree scores were significantly different between the HP-positive and HP-negative groups (Figure 4A). The activity degree score in Group B was significantly higher than that in Group A (2.88 ± 0.35 points vs. 1.15 ± 0.67 points, P < 0.001) (Table 3).



3.4. Relationship between serum 25(OH)D levels and HP colonization and inflammation in gastric mucosa in children with HP

The 25(OH)D level was negatively correlated with HP colonization (r = −0.411, P < 0.01) and the degree of inflammation (r = −0.456, P < 0.01), as shown in Figures 4B,C, which suggested that the higher the HP colonization is, the higher the degree of mucosal inflammation and the lower the serum 25(OH)D level.




4. Discussion

It has been reported that low gastric acid levels caused by HP-related chronic gastritis can lead to reduced absorption of iron and vitamin B12 as well as other micronutrients and vitamin D (13). However, the relationship between 25(OH)D levels and different ages and degrees of HP infection in children has not been reported thus far. In our study, we found that HP colonization in the mucosa was positively correlated with the degree of gastric mucosal inflammation and activity. However, serum 25(OH)D levels were negatively correlated with both HP colonization and the degree of inflammation in the gastric mucosa. These findings suggested that vitamin D absorption was impacted by HP infection and that the impact increased as the degree of infection escalated. Our study unexpectedly discovered that serum 25(OH)D levels in five HP-infected children increased following eradication therapy compared to the prior period, despite these children neither taking vitamin D supplements nor making any changes to their lifestyle (Supplementary Table S1). This finding reinforces the view that HP infection significantly affects vitamin D absorption.

Vitamin D deficiency may increase the risk of HP infection (14). Zhou (15) found that the CagA content of mice with vitamin D receptor (VDR) knockout was significantly higher than that of wild-type mice, indicating that VDR knockout increased the susceptibility of mice to HP infection. El Shahawy (16) demonstrated that the success rate of eradication in infected patients with vitamin D deficiency is low and that serum vitamin D deficiency may be an independent risk factor for treatment failure in HP infection (17). Long-term oral vitamin D supplementation has been shown to reduce the risk of HP infection (18). Nevertheless, epidemiological research on vitamin D levels in Chinese children is lacking. In China, the vast majority of children take vitamin D supplements until they are 3 years old. Very few children are not supplemented with vitamin D after birth. In 2022, the Subspecialty Group of Children Health and Editorial Board issued guidelines recommending oral vitamin D supplementation (400 U/d) in China until adolescence (19), which will be generalized nationwide. Our study found that the serum 25(OH)D level of children in the HP-negative control group decreased with increasing age, especially in children older than 6 years. This was mainly due to parental neglect regarding vitamin D supplementation and a decrease in outdoor activities due to lifestyle changes. Ren (3) and Yuan (20) studied the prevalence of HP infection in children in China and worldwide and found that the HP infection rate increased with increasing age. These findings show that the risk of HP infection increases with decreasing 25(OH)D levels. Vitamin D has been shown to inhibit and clear HP through a variety of pathways. 1,25(OH)2D3 supports the integrity of the intestinal barrier by enhancing the action of antibacterial proteins, such as cathelicidin and β-defensin, in macrophages and monocytes. Thus, it regulates intestinal microbiome composition and protects the normal bacterial community. In addition, it enhances the differentiation of monocytes into macrophages and enhances the motility and phagocytosis ability of macrophages. Calcitriol downregulates IFN-γ and proinflammatory cytokine production by increasing the expression of anti-inflammatory cytokines (21). The breakdown product of vitamin D3 (VDP1) leads to the collapse of the membrane structure of HP and plays an antibacterial role (22). Hu et al. (23) proposed that vitamin D3 can remove HP by reactivating lysosome acidification and degradation functions by activating the PDIA3/STAT3-MCOLN3-Ca2+ axis. In addition, Tsai et al. proposed that the frequency of upper digestive tract bleeding caused by peptic ulcers has seasonal changes, with a higher incidence in winter and spring and a lower incidence in summer (24). Additionally, approximately two-thirds of peptic ulcers in children are caused by HP infection (25), which further supports the above views.

Infection with HP in adults increases the number of CD4+ T cells and induces the activation of CD4+ and CD8+ T cells (26). T helper type 1 (Th1) cells specifically recognize the HP antigen. Th1 cells promote the expression of the cytokine IL-1β, which increases the risk of hypogastric acid, gastric atrophy, and gastric adenocarcinoma. Regulatory T cells (Tregs) and the Th2-initiated immune system are protective responses to specific HP antigens that contribute to the alleviation of host tissue damage and HP colonization (27, 28). However, some studies (28) have found no significant differences in the percentages of T and B lymphocyte subsets in the peripheral blood of children with different degrees of HP infection, which is consistent with the results of our study. Furthermore, there was no significant difference in immunoglobulin levels among children with different degrees of HP infection. This finding may be explained as follows: (1) the local and systemic proinflammatory responses to HP infection in children are not as strong as those in adults, and (2) the downregulation of the HP-induced immune response may also be related to the immaturity of the immune response (29).

This study had some limitations. The sample size was small, and the critical value of the serum 25(OH)D level for HP susceptibility was not determined. Therefore, larger prospective clinical trials with increased consideration of pretreatment vitamin D levels are needed to further evaluate the relationship between vitamin D status and HP infection.

In summary, this study showed that the degree of inflammation and activity in the gastric mucosa were positively correlated with HP colonization in the gastric mucosa and that the level of 25(OH)D was negatively correlated with HP colonization and the degree of inflammation. As the age of children increased, the level of 25(OH)D decreased, and the susceptibility to HP infection increased.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by Anhui Provincial Children's Hospital. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin. Written informed consent was obtained from the individual(s), and minor(s)' legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.



Author contributions

L-PY: contributed to the conception of the study; QD and JC: performed the experiment; LZ, YC, and RC: contributed significantly to analysis and manuscript preparation; CW: helped perform the analysis with constructive discussions; P-fM: performed the data analyses and wrote the manuscript. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2023.1157777/full#supplementary-material.



References

1. Yin Y, Liang H, Wei N, Zheng Z. Prevalence of chronic atrophic gastritis worldwide from 2010 to 2020: an updated systematic review and meta-analysis. Ann Palliat Med. (2022) 11:3697–703. doi: 10.21037/apm-21-1464

2. Le LTT, Nguyen TA, Nguyen NA, Nguyen YTH, Nguyen HTB, Nguyen LT, et al. Antibiotic resistance of Helicobacter pylori in children with gastritis and peptic ulcers in Mekong Delta, Vietnam. Healthcare. (2022) 10:1121–30. doi: 10.3390/healthcare10061121

3. Ren S, Cai P, Liu Y, Wang T, Zhang Y, Li Q, et al. Prevalence of Helicobacter pylori infection in China: a systematic review and meta-analysis. J Gastroenterol Hepatol. (2022) 37:464–70. doi: 10.1111/jgh.15751

4. Wen X, Wen D, Yang Y, Chen Y, Wang G, Shan B. Urban-rural disparity in Helicobacter pylori infection-related upper gastrointestinal cancer in China and the decreasing trend in parallel with socioeconomic development and urbanization in an endemic area. Ann Glob Health. (2017) 83:444–62. doi: 10.1016/j.aogh.2017.09.004

5. Xu C, Wu Y, Xu S. Association between Helicobacter pylori infection and growth outcomes in children: a meta-analysis. Helicobacter. (2022) 27:12861–74. doi: 10.1111/hel.12861

6. Gao T, Zhao M, Zhang C, Wang P, Zhou W, Tan S, et al. Association of Helicobacter pylori infection with vitamin D deficiency in infants and toddlers. Am J Trop Med Hyg. (2020) 102:541–46. doi: 10.4269/ajtmh.19-0523

7. Shatla MM, Faisal AS, El-Readi MZ. Is vitamin D deficiency a risk factor for Helicobacter pylori eradication failure? Clin Lab. (2021) 67:217–22. doi: 10.7754/Clin.Lab.2020.200118

8. Antico A, Tozzoli R, Giavarina D, Tonutti E, Bizzaro N. Hypovitaminosis D as predisposing factor for atrophic type A gastritis: a case-control study and review of the literature on the interaction of vitamin D with the immune system. Clin Rev Allergy Immunol. (2012) 42:355–64. doi: 10.1007/s12016-011-8255-1

9. Huang Y. Expert consensus on the diagnosis and treatment of Helicobacter pylori infection in children. Chin J Pediatr. (2015) 53(07):496–8. doi: 10.3760/cma.j.issn.0578-1310.2015.07.006

10. Chinese Society of Gastroenterology. Consensus opinion on chronic gastritis in China (2017, Shanghai). Chin J Gastroenterol. (2017) 22(11):670–87. doi: 10.3760/cma.j.issn.0254-1432.2017.11.001

11. Zhang Y, Lai Z, Wang J. Helicobacter pylori associated gastric mucosal inflammation and histopathological assessment. Zhonghua Yi Xue Za Zhi. (2001) 81:811–5. doi: 10.3760/j:issn:0376-2491.2001.13.014

12. Price AB. The sydney system: histological division. J Gastroenterol Hepatol. (1991) 6:209–22. doi: 10.1111/j.1440-1746.1991.tb01468.x

13. Shafrir A, Shauly-Aharonov M, Katz LH, Paltiel O, Pickman Y, Ackerman Z. The association between serum vitamin D levels and Helicobacter pylori presence and eradication. Nutrients. (2021) 13:278–90. doi: 10.3390/nu13010278

14. Mut Surmeli D, Surmeli ZG, Bahsi R, Turgut T, Selvi Oztorun H, Atmis V, et al. Vitamin D deficiency and risk of Helicobacter pylori infection in older adults: a cross-sectional study. Aging Clin Exp Res. (2019) 31:985–91. doi: 10.1007/s40520-018-1039-1

15. Zhou A, Li L, Zhao G, Min L, Liu S, Zhu S, et al. Vitamin D3 inhibits Helicobacter pylori infection by activating the VitD3/VDR-CAMP pathway in mice. Front Cell Infect Microbiol. (2020) 10:566730. doi: 10.3389/fcimb.2020.566730

16. El Shahawy MS, Shady ZM, Gaafar A. Influence of adding vitamin D3 to standard clarithromycin-based triple therapy on the eradication rates of Helicobacter pylori infection. Arab J Gastroenterol. (2021) 22:209–14. doi: 10.1016/j.ajg.2021.08.002

17. Han C, Ni Z, Yuan T, Zhang J, Wang C, Wang X, et al. Influence of serum vitamin D level on Helicobacter pylori eradication: a multi-center, observational, prospective and cohort study. J Dig Dis. (2019) 20:421–26. doi: 10.1111/1751-2980.12793

18. Kawaura A, Takeda E, Tanida N, Nakagawa K, Yamamoto H, Sawada K, et al. Inhibitory effect of long term 1Α-hydroxyvitamin D3 administration on Helicobacter pylori infection. J Clin Biochem Nutr. (2006) 38:103–6. doi: 10.3164/jcbn.38.103

19. Subspecialty Group of Children Health, the Society of Pediatrics Chinese Medical Association, and Chinese Journal of Pediatrics Editorial Board. Practical guidelines for clinical issues related to vitamin D nutrition in Chinese children. Zhonghua Er Ke Za Zhi. (2022) 60:387–94. doi: 10.3760/cma.j.cn112140-20211230-01092

20. Yuan C, Adeloye D, Luk TT, Huang L, He Y, Xu Y, et al. The global prevalence of and factors associated with Helicobacter pylori infection in children: a systematic review and meta-analysis. Lancet Child Adolesc Health. (2022) 6:185–94. doi: 10.1016/s2352-4642(21)00400-4

21. Nabavi-Rad A, Azizi M, Jamshidizadeh S, Sadeghi A, Aghdaei HA, Yadegar A, et al. The effects of vitamins and micronutrients on Helicobacter pylori pathogenicity, survival, and eradication: a crosstalk between micronutrients and immune system. J Immunol Res. (2022) 2022:4713684. doi: 10.1155/2022/4713684

22. Wanibuchi K, Hosoda K, Ihara M, Tajiri K, Sakai Y, Masui H, et al. Indene compounds synthetically derived from vitamin D have selective antibacterial action on Helicobacter pylori. Lipids. (2018) 53:393–401. doi: 10.1002/lipd.12043

23. Hu W, Zhang L, Li MX, Shen J, Liu XD, Xiao ZG, et al. Vitamin D3 activates the autolysosomal degradation function against Helicobacter pylori through the PDIA3 receptor in gastric epithelial cells. Autophagy. (2019) 15:707–25. doi: 10.1080/15548627.2018.1557835

24. Tsai CJ, Lin CY. Seasonal changes in symptomatic duodenal ulcer activity in Taiwan: a comparison between subjects with and without haemorrhage. J Intern Med. (1998) 244:405–10. doi: 10.1046/j.1365-2796.1998.00383.x

25. Akeel M, Elhafey A, Shehata A, Elmakki E, Aboshouk T, Ageely H, et al. Efficacy of immunohistochemical staining in detecting Helicobacter pylori in Saudi patients with minimal and atypical infection. Eur J Histochem. (2021) 65:3222–30. doi: 10.4081/ejh.2021.3222

26. Soares TF, Rocha GA, Rocha AM, Correa-Oliveira R, Martins-Filho OA, Carvalho AS, et al. Phenotypic study of peripheral blood lymphocytes and humoral immune response in Helicobacter pylori infection according to age. Scand J Immunol. (2005) 62:63–70. doi: 10.1111/j.1365-3083.2005.01638.x

27. Ansari S, Yamaoka Y. Animal models and Helicobacter pylori infection. J Clin Med. (2022) 11:3141–60. doi: 10.3390/jcm11113141

28. Maciorkowska E, Kaczmarski M, Stasiak-Barmuta A, Kondej-Muszynska K, Kemona A, Roszko I, et al. Peripheral blood lymphocyte population in children infected with Helicobacter pylori. Rocz Akad Med Bialymst. (2003) 48:95–9.14737951

29. Helmin-Basa A, Michalkiewicz J, Gackowska L, Kubiszewska I, Eljaszewicz A, Mierzwa G, et al. Pediatric Helicobacter pylori infection and circulating T-lymphocyte activation and differentiation. Helicobacter. (2011) 16:27–35. doi: 10.1111/j.1523-5378.2010.00809.x



OPS/images/fped-11-1157777-t001.jpg
n

Group C

14

8451 %17.16

<5yearsold | 10 | 62771689 | /

6-9yearsold | 15 | 5234+1858 | / I 16 | 55431127
210 years old | 14 | 4184=852" | / 1 17 | 52101351
Total 39 | 515321705 | 8 | 4779+ 1479 | 47 | 62.89+19.18

*P<0.05.

**P <0.01, compared to Group C: 'n" is the number of examples; */* indicates that
i riber o cases i 100 few o b orouned b e





OPS/images/fped-11-1157777-t002.jpg
CD3 + (%)

Group A
7041 £7.49

Group B
67.56%7.14

Group C | P values
69112735

CD3 + CD4 + (%)

3654555

3638 =4.11

36.67 =599

CD3 + CD8 + (%)

2640 = 651

2436+8.30

2535605

CD3 + CD4+/CD3 + CD8+

148 %048

159039

151 %041

CD3-CD16 +56 + (%)

9.85+5.42

10.63 £5.35

1077 £ 6.08

CD3-CD19 + (%)

17.78 £ 6.06

19.19£6.73

17.71 £5.88

1gG (/L)

9.67+2.42

820222

9.16+ 1.8

IgA (/L)

140071

128+056

132+ 0.64

IgM (g/L)

134054

1.08 = 0.56

1.27 £ 0.42





OPS/xhtml/Nav.xhtml




Contents





		Cover



		25-hydroxyvitamin D levels in children of different ages and with varying degrees of Helicobacter pylori infection and immunological features

		1. Introduction



		2. Materials and methods



		2.1. Study design and patients



		2.2. Determination of serum 25(OH)D and immunoglobulin levels and lymphocyte subsets



		2.3. Evaluation of HP colonization, inflammation and activity in gastric mucosal tissues



		2.4. Statistical analysis











		3. Results



		3.1. Patients



		3.2. Serum 25(OH)D levels, lymphocyte subset percentages and immunoglobulin levels in children of various ages with varying degrees of HP infection



		3.3. Evaluation of HP colonization, degree of inflammation, and degree of activity in gastric mucosal tissue



		3.4. Relationship between serum 25(OH)D levels and HP colonization and inflammation in gastric mucosa in children with HP











		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

25-hydroxyvitamin D levels in children of
different ages and with varying degrees
of Helicobacter pylori infection and
immunological features






OPS/images/fped-11-1157777-g001.jpg
25(OH)D(nmol/L)

200
*k
150
100
50
0 T T
R S
N
s &
4 &
QX <
L3 RS
Y s ®  HP-positve group

HP- negative group

[+J

25(0OH)D(nomollL)

HP-positve group
HP- negative group

IgG IgA IgMm






OPS/images/fped-11-1157777-g002.jpg






OPS/images/fped-11-1157777-g003.jpg






OPS/images/fped-11-1157777-g004.jpg
>

Classification

~

Fokk

Hok © HPposivogoup
HP-negatie group

j

The classification of
HP colonization amount

(2]

‘The grading of
inflammation degree

4

== The degree of inflammation

= The degree of inflammatory activity

20

25(0H)D(nmol/L)

T
80

+ T
20 40 60 80
25(0H)D(nmol/L)

1
100





OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-11-1157777-t003.jpg
Group | The amount of | The degree of | The degree of
HP inflammation inflammatory
colonization activity

1.56 £ 0.97* 1.77 £ 087 1154067
3.00 £ 0.00° 263+052" 288+0.35"
0.00 +0.00 070+ 067 0402052

°P < 0.05 compared with Group C.
5P < 0.05 compared to Group A.





