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Objectives

The objective of the study was to compare the consistency of various staining methods, including H&E, Methylene Blue, Warthin-Starry (W-S), Immunohistochemistry (IHC) and Quantum dots immunohistochemistry (QDs-IHC), in detecting Helicobacter pylori (HP) in cases of mild, moderate and severe chronic gastritis.





Methods

Biopsy samples were obtained from 225 patients with chronic gastritis at the Department of Pathology, Yichang Central People’s Hospital between January 2019 and October 2019. The presence of HP was detected using H&E, Methylene Blue, W-S, IHC, and QDs-IHC.





Results

The positive rates for HP detection using H&E, Methylene Blue, W-S, IHC, and QDs-IHC were 42.22%, 51.11%, 53.78%, 59.11%, and 58.67%, respectively. In cases of mild chronic gastritis, the consistency of test results between H&E, Methylene Blue, W-S, and QDs-IHC with IHC were Kappa=0.196, P=0.033, Kappa=0.706, P<0.001, Kappa=0.717, P<0.001, and Kappa=0.968, P<0.001, respectively. Similarly, in cases of moderate chronic gastritis, Kappa values between H&E, Methylene Blue, W-S, and QDs-IHC with IHC were 0.356, P<0.001, 0.655, P<0.001, 0.741, P<0.001, and 0.946, P<0.001, respectively. For cases of severe chronic gastritis, the Kappa values between the staining methods and IHC were 0.271, P=0.037, 0.421, P=0.002, 0.621, P<0.001, and 1, P< 0.001, respectively.





Conclusion

The study showed that the positivity rate of IHC was significantly higher than that of H&E, Methylene Blue, and W-S in detecting HP infection in chronic gastritis cases. In terms of consistency with IHC, QDs-IHC was the most reliable staining method across all severity grades, while the agreement between H&E and IHC was poor, and that between Methylene Blue and W-S with IHC was average. Pathology departments may choose the most appropriate staining method based on their specific needs, considering the staining time, contrast, and cost of each method.
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Introduction

Helicobacter pylori (HP) is a gram-negative species of bacteria that reside between the mucosal and submucosal layers of the pyloric zone of the antrum. More than 50% of the global population is infected with HP (1). Recent studies have shown that HP infection is the leading cause of chronic gastritis and has been associated with peptic ulcers, gastric mucosa-associated lymphoid tissue (MALT) lymphoma, and gastric cancer (2–4). HP was designated as a class I carcinogen by the International Agency for Research on Cancer (IARC) in 1994, making it a clear carcinogenic agent. The Kyoto Global Consensus on HP gastritis and Maastricht Consensus on the Management of HP infection both define HP gastritis as a transmissible disease (5, 6). The most recent publication, “Screening and Eradication of Helicobacter pylori for Gastric Cancer Prevention: Taipei Global Consensus” promotes HP eradication strategies for gastric cancer prevention and features collaborative studies on population-wide screening and HP eradication initiatives (7). Therefore, the accurate diagnosis and treatment of HP infection is crucial in the diagnosis and treatment of the associated diseases, making precise detection of HP a significant topic of interest.

In clinical practice, the detection methods for HP can be mainly divided into invasive and non-invasive tests. Non-invasive tests, such as urea breath test, serum antibody detection, and stool antigen test, are relatively simple but may have a certain rate of misdiagnosis. Invasive tests include gastroscopy and histopathological examination using tissue samples obtained during gastroscopy to detect HP infection. Several methods for detecting HP from gastroscopic mucosal biopsy specimens are available in the pathology department, including H&E, special stains, immunohistochemistry (IHC), and Polymerase Chain Reaction (PCR) among others. PCR detection has high sensitivity, but due to its expensive cost and demanding experimental conditions, it is currently not widely available in some remote areas with poorer conditions. Through continuous practice, the IHC method has become the main method used by the author’s department to assist in detecting the infection status of HP due to its excellent performance. Recently, QDs-IHC has also been applied to the detection of HP in gastric mucosal biopsies. However, studies assessing the utility of these various tests in patients with various degrees of inflammation are scarce. The main objective of this manuscript is to discuss various common adjunct diagnostic methods employed in pathology departments for the detection of HP. The study aimed to assess the presence of HP infection in gastroscopic mucosal biopsy samples utilizing H&E, Methylene Blue, W-S, IHC, and QDs-IHC techniques. IHC was used as the gold standard for the first time to analyze the consistency of four other methods with IHC in detecting HP results in different types of chronic gastritis, in order to evaluate the superiority and inferiority of these detection methods. This research will provide a certain basis for selecting a precise and practical HP detection method for clinical diagnosis.





Subjects and methods




Study material

Chronic gastritis can mainly be classified into the following types according to etiology and pathological characteristics: 1) Hp-related chronic gastritis, which is a common type associated with Hp infection; 2) Autoimmune chronic gastritis, which is rare and related to immune abnormalities; 3) Drug-related chronic gastritis, such as non-steroidal anti-inflammatory drugs and indomethacin-induced chronic gastritis; 4) Radiation-induced chronic gastritis, which occurs after radiation therapy; 5) Idiopathic chronic gastritis, which is a minority of chronic gastritis with unknown etiology (8). This manuscript screened out cases diagnosed with chronic gastritis by searching the department’s information system, while excluding cases mentioned in items 2 to 5 above. From January 2019 to October 2019, a total of 225 (determined through a power analysis, taking into account an estimated effect size, desired statistical power, and significance level) gastric mucosal biopsies were collected from patients diagnosed with chronic gastritis at the Department of Pathology, Yichang Central People’s Hospital. All screened cases were classified into mild, moderate, and severe chronic gastritis according to the literature (9). All specimens were fixed in 10% neutral buffered formalin, routinely dehydrated, embedded in paraffin, and serially sectioned at 4 μm thickness. Adherent slides were laid in a consistent orientation and stained with H&E, Methylene Blue, W-S, IHC, and QDs-IHC. This study was approved by the ethics committee of the People’s Hospital of Yichang city. All cases were obtained with the written consent of the patients themselves or their families members.





H&E staining

H&E staining was performed according to the routine laboratory procedures using an H&E automated stainer (Thermo, USA). H&E were prediluted, reagents purchased from Zhuhai Beso Biotechnology Co., LTD.





Methylene blue staining

Methylene Blue staining was performed according to the manufacturer’s instructions (Beso, Zhuhai, China). Paraffin sections were routinely deparaffinized to water. Staining was performed using distilled water cleaning followed by dropwise addition of Methylene Blue staining solution (prediluted, Beso, Zhuhai, China) for 10 minutes. Excess dye solution was removed by washing with distilled water. Specimens were air dried using an electric blower before being transparent with xylene and sealed with neutral gum. Positive and negative controls were set up simultaneously to ensure the accuracy and objectivity of the study.





W-S staining

W-S staining was performed according to the manufacturer’s instructions (Beso, Zhuhai, China). Paraffin sections were routinely deparaffinized to water, washed with deionized water, and immersed in staining solution (prediluted, Beso, Zhuhai, China). The sections were then placed in a water bath box at 56°C to react for 30-60 minutes. After being removed without water washing, the sections were placed on a staining rack and the pre-prepared developing solution was added for 10-20 seconds. The sections were then washed with preheated deionized water at 56°C when they appeared gold-yellow or yellow-brown. After dehydration with absolute ethanol, they were transparent with xylene and sealed with neutral gum. Positive and negative controls were set up simultaneously to ensure the accuracy and objectivity of the study.





IHC staining

IHC was performed using the EnVision two-step method. Deparaffinized sections were stripped and repaired in a high-pressure pot with repair solution containing EDTA (pH 9.0) for three minutes. A 3% hydrogen peroxide solution was soaked for 15 minutes to eliminate peroxidase activity. Monoclonal mouse anti-HP antibody (prediluted, Maixin, China) was added dropwise and incubated for 60 minutes at room temperature. The secondary antibody was horseradish peroxidase labeled anti-mouse/rabbit IgG (prediluted, Dako, Denmark). After incubation for 30 minutes at room temperature, diaminobenzidine (DAB) chromogen solution was added dropwise for seven minutes at room temperature, and finally, the nuclei were counterstained with hematoxylin. Positive and negative controls were set up simultaneously to ensure the accuracy and objectivity of the study.





QDs-IHC staining

Deparaffinized sections were stripped and repaired in a high-pressure pot with repair solution containing EDTA (pH 9.0) for three minutes. After incubation in 2% BSA buffer (Sigma, USA) at 37°C for 30 minutes, monoclonal mouse anti-HP antibody (prediluted, Maixin, China) was added dropwise and incubated at 37°C for 60 minutes. The sections were then incubated in 2% BSA buffer at 37°C for another 10 minutes. Quantum dot-labeled goat anti-mouse IgG-525 (prediluted, Jiayuan, China) was subsequently added for incubation at 37°C for 50 minutes. The sections were blocked with 90% glycerol (Sigma, USA). Positive and negative control tissues were added to ensure the accuracy and objectivity of the study.





Interpretation of results

H&E, Methylene Blue, W-S, and IHC staining results were observed under a light microscope, while QDs-IHC results were observed under a fluorescence microscope. All staining results were interpreted by two independent observers with senior titles in a double-blind manner. If the interpretations were inconsistent, a third independent observer was consulted. The positive signals of HP were classified into four grades (0, 1+, 2+, and 3+) according to the pathological diagnostic criteria of chronic gastritis of China and the new Sydney system by visual analogue scoring (9–11).





Statistical analysis

Paired chi-square test and Kappa test were performed by SPSS 20.0 to analyze the data. Kappa < 0.40 represented poor consistency, 0.40 ≤ Kappa < 0.75 represented consistency in general, and Kappa ≥ 0.75 represented good consistency (12). The level of statistical significance was set at P < 0.05. Sensitivity and specificity were calculated based on the following formulae: Sensitivity= (True positive/(True positive + False negative)) * 100%; Specificity= (True negative/(True negative + False positive)) * 100% (13).






Results




Clinical features

A total of 225 cases of chronic inflammation gastric mucosal biopsy cases were screened through database retrieval and review slices. Among them, 123 cases (54.67%) were males aged 20-75 with an average age of (51.6 ± 11.2) years old, and 102 cases (45.33%) were females aged 27-79 with an average age of (52.8 ± 10.4) years old. Of the total cases, 83 (36.89%) demonstrated mild chronic gastritis, 94 (41.78%) displayed moderate chronic gastritis, and 48 (21.33%) showed severe chronic gastritis.





Morphology and localization of HP with different detection methods

HP positive signals were mainly distributed in the gastric pit cavity and mucus on the mucosal surface, which appeared spiral, curved or short rod-shaped. In H&E staining, HP was observed as rod-shaped, S-shaped or small dots (Figure 1A). In Methylene Blue staining, HP exhibited a blue S-shaped, short rod-shaped, or small dot-shaped appearance, with the background tissue staining blue (Figure 1B). In W-S staining, HP appeared as brown to black, while the rest of the background tissue stained yellow to brown (Figure 1C). In IHC staining, HP appeared yellow or brown spiral, S-shaped, or short rod-shaped (Figure 1D); occasionally, coccoid forms of HP were observed in the epithelial cell layer and the lamina propria of the gastric mucosa (Figure 1F). QDs-IHC staining showed high-brightness green fluorescence under a fluorescence microscope, appearing as a short rod shape, spiral-shaped, or dot-shaped. HP predominantly localized in the gastric mucosal tissue’s epithelial surface and gastric pits, with a small amount located in the glandular cavity close to the mucosa (Figures 1E, G).




Figure 1 | Results of HP detection (arrows refer to HP bacteria) (A) H&E stain, (B) Methylene Blue stain, (C) W-S stain, (D, F) IHC stain, envision two-step staining; (E, G) QDs-IHC staining, indirect staining. All images are from the same severe chronic gastritis case. Original magnifications:×300 (A–E), ×600 (F, G).







Statistics of HP detection results among different detection methods in different degrees of inflammation

As show in Figure 2. The HP positivity of H&E staining was 95 (42.22%) in 225 chronic gastritis cases, 7 (8.43%), 51 (54.26%) and 37 (77.08%) in mild, moderate and severe chronic gastritis, respectively. That of Methylene Blue staining was 115 (51.11%) in total, 14 (16.87%), 60 (63.83%) and 41 (85.42%) in mild, moderate and severe chronic gastritis, respectively. That of W-S staining was 121 (53.78%) in total, 16 (19.28%), 64 (68.09%) and 40 (85.42%) in mild, moderate and severe chronic gastritis, respectively. Overall HP positivity by IHC staining was 133 (59.11%) and 20 (24.10%), 70 (74.47%) and 43 (89.58%) in mild, moderate and severe inflammation cases, respectively. Overall HP positivity by QDs-IHC staining was 132 (58.67%) and 21 (25.30%), 68 (72.34%) and 43 (89.58%) in mild, moderate and severe inflammation cases, respectively. These data showed that the positivity rate of IHC was significantly higher than that of H&E, Methylene Blue, and W-S in detecting HP infection in chronic gastritis cases.




Figure 2 | Statistics of different detection methods in patients with mild, moderate and severe chronic gastritis.







Consistency analysis of detection results among different detection methods

Table 1 shows the consistency of detection results among H&E, Methylene Blue, W-S, and QDs-IHC with IHC in all cases of chronic gastritis. Table 2 displays the consistency of detection results among H&E, Methylene Blue, W-S, and QDs-IHC with IHC in mild, moderate, and severe chronic gastritis. These results suggest that in terms of consistency with IHC, QDs-IHC was the most reliable staining method across all severity grades, while the agreement between H&E and IHC was poor, and that between Methylene Blue and W-S with IHC was average.


Table 1 | Consistency analysis of five different HP detection methods in chronic gastritis.




Table 2 | Consistency analysis of five different HP detection methods in different degrees of gastritis.








Discussion

The incidence of HP infection is closely related to the level of socioeconomic development and sanitation. Research indicates that the natural population of China has a 54.76% infection rate (14). HP-related gastritis is one of the most common infectious diseases and the most important cause of gastric cancer in China. Gastric cancer ranks fifth among the top ten cancers worldwide with a death toll of 770,000 in 2020 (15). Early detection and effective treatment of HP-associated gastritis is crucial in preventing gastric cancer (2, 4, 16, 17). Pathology departments use various methods to diagnose HP, including morphology-based H&E, Methylene Blue, and W-S stains, immunology-based IHC and QDs-IHC, and gene-based PCR tests. PCR require expensive experimental conditions that limit their usage in remote areas and third-world countries. This research aimed to compare the consistency of H&E, Methylene Blue, W-S, IHC, and QDs-IHC in detecting HP in biopsy specimens of chronic gastritis, providing a basis for selecting the appropriate detection method for clinical diagnosis of HP-related gastritis.

H&E staining requires high-power microscopy to accurately observe HP morphology, which may be indistinguishable from impurities and contamination during staining. The positive rate of HP varies greatly in different laboratories. Only pathologists who have undergone rigorous training and follow a consistently optimized preparation process can guarantee accurate detection of HP. The results of this study showed that HP in H&E was pale and had poor contrast. When there was only a small amount of HP infection, the diagnosis was often missed due to the difficulty of observation. The false positive and false negative results of H&E staining were 10 (7.5%) and 48 (52.17%), respectively (Table 1). Therefore, the sensitivity and specificity of H&E staining were only 63.91% (85/(85 + 48)) and 89.13% (82/(82 + 10)). Some studies show that H&E has poor specificity with high false positives and false negatives (18), which is consistent with our results.

Methylene Blue staining has several advantages, including fewer staining steps, less time-consuming procedures, ease of operation, and low cost. However, it is important to be cautious when examining the staining results under a high magnification microscope, as the HP and background cells both present as blue. To address this, some studies have modified Methylene Blue staining, making it easier to observe the surface near the mucosal cells under the mucus layer in order to identify any changes in HP morphology. Despite these modifications, potential diagnosis oversights remain a concern as it is easy to miss changes in HP morphology. For example, El-zimaity et al. evaluated gastric biopsies from 200 patients treated for HP infection and found that Methylene Blue staining had up to 11% false negatives (19). Similarly, in this study, we found that Methylene Blue staining had a 25% (23/92) false negative rate, particularly in weakly positive (+) cases like those observed via H&E staining. The sensitivity and specificity of methylene blue staining were 82.71% (110/(110 + 23)) and 94.57% (87/(87 + 5)) (Table 1).

W-S staining reveals HP bacteria as brown to black, providing high contrast against the yellowish-brown background. However, this method requires complex preparation of the dye solution, specific temperature control, and prolonged dyeing time, with stringent external environmental demands. The presence of black silver particles can lead to false positive results if not discriminated carefully from HP bacteria. In our study, the false positive rate of W-S staining was 3.76% (5/133), comparable to the 6% rate reported by Rotimi et al. (20), but higher than IHC staining. The sensitivity and specificity of W-S staining were 82.71% (116/(116 + 17)) and 94.57% (87/(87 + 5)) (Table 1).

The IHC staining of HP results in a positive brown signal, which stands out against the light blue nuclear background observed after restaining with Hematoxylin. The positive signal can be easily observed in the gastric pits and glandular lumen of the gastric mucosa, even under low-power microscope. However, the increased use of antibiotics and proton pump inhibitors has brought about significant changes in the characteristics of HP infection (21, 22). The number of HP that has been exposed to these adverse environmental conditions has reduced, making it more challenging to locate them. Those that remain may be found in deep recesses or glands, or even migrate to the proximal region of the stomach, making it difficult to recognize them through morphological observation using H&E, Methylene Blue, and W-S staining. Instead, the use of the IHC method, based on antibody-antigen binding, allows for the easy identification of spherical HP and even small amounts of HP in the gastric epithelium and stroma. In addition to aiding in the identification of a small amount of HP on the surface of caveolae and mucosa (Figure 1D), the IHC method can also be used to observe HP bacteria and deformed components of HP within stromal and epithelial cells (Figure 1F).

QDs are a type of nano-fluorescent dye that has been developed in recent years. They have significant advantages over traditional fluorescent dyes, such as good light stability and high fluorescence intensity. Due to their excellent physical and chemical properties, QDs are increasingly used in bioimaging (23), molecular and cell labeling (24, 25) and in vivo labeling (26). This study shows that QDs-IHC staining offers several benefits, including high-brightness green fluorescence, clear contrast with the background, excellent sensitivity, and specificity, similar to the IHC method. With QDs-IHC, even a small number of bacteria can be easily detected under a fluorescence microscope. Although, it requires the use of antibodies labeled with quantum dots and a fluorescence microscope for observation, which may not be suitable for basic hospitals lacking adequate equipment. Moreover, patients will incur higher costs and greater burden.

The results of the concordance analysis reveal that the agreement between H&E and IHC staining was inadequate for mild, moderate, or severe chronic gastritis. The agreement between Methylene Blue and W-S staining and IHC staining was moderate, while the agreement between QDs-IHC and IHC staining was satisfactory. Therefore, relying solely on H&E staining to diagnose the presence of HP infection in gastric biopsy cases, regardless of the severity of gastritis, is highly unreliable. Methylene blue staining and W-S staining are also insufficient in detecting HP infection adequately. Only the use of IHC or QD-IHC methods can accurately diagnose HP infection to the greatest extent possible.

This study, however, does have certain limitations. For instance, it only entails a comparative analysis of various detection methods conducted within a single laboratory of the author’s department. Thus, a multi-center comparative analysis with a larger sample size would yield more compelling results. Additionally, clinicians and pathologists must acknowledge that even with the highest positive rate for IHC testing, a negative result does not necessarily mean the absence of HP infection. This is related to factors such as whether the sample is fully adequate and whether the section is sufficient. In addition, a larger sample size, stricter selection criteria for cases, and diverse independent observers’ interpretations would enhance the persuasiveness of the results. We will consider conducting multi-center comparative analysis in future studies, involving stricter selection criteria for cases and further increasing the sample size. Additionally, we will select diverse observers, including those with different professional levels, to interpret the results.

In summary, each detection method has its own set of advantages and disadvantages. Pathologists can assess the staining time, staining contrast, and cost of different staining methods and select a detection method that is best suited to their requirements. Histochemical staining may present challenges in detecting rare spherical HP, particularly if they are located deep within the gland or inside the cell. When diagnostic features are unclear in H&E staining, such as in cases where the number of bacteria is small, or when tissue is rare or exhibits morphological changes, confirmatory IHC staining analysis can be performed to improve diagnostic accuracy. Additionally, if possible, QDs-IHC staining analysis can also be considered.





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 the ethics committee of the People’s Hospital of Yichang city. The patients/participants provided their written informed consent to participate in this study.





Author contributions 

WW performed experiments, analyzed of the results and wrote the manuscript. YL performed the data analysis and provided writing assistance. YH contributed to the design of the study and provided writing assistance. LW helped performed the experiments and the data analysis. All authors read and approved the final manuscript. All authors contributed to the article and approved the submitted version.




Acknowledgments

The authors thank all colleagues in the Department of Pathology, Yichang Central People’s Hospital and Institute of Pathology, China Three Gorges University for their support of this work.





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.





References

1. Hooi, JKY, Lai, WY, Ng, WK, Suen, MMY, Underwood, FE, Tanyingoh, D, et al. Global prevalence of helicobacter pylori infection: systematic review and meta-analysis. Gastroenterology (2017) 153:420–9. doi: 10.1053/j.gastro.2017.04.022

2. Yuan, G, Chen, Y, and He, S. Family history of gastric cancer and helicobacter pylori treatment. N Engl J Med (2020) 382:2171. doi: 10.3322/caac.21660

3. Marshall, B, and Warren, JR. Unidentified curved bacilli in the stomach of patients with gastritis and peptic ulceration. Lancet (1984) 323:1311–5. doi: 10.1016/S0140-6736(84)91816-6

4. Li, WQ, Zhang, JY, Ma, JL, Li, ZX, Zhang, L, Zhang, Y, et al. Effects of helicobacter pylori treatment and vitamin and garlic supplementation on gastric cancer incidence and mortality: follow-up of a randomized intervention trial. Bmj (2019) 366:l5016. doi: 10.1136/bmj.l5016

5. Sugano, K, Tack, J, Kuipers, EJ, Graham, DY, El-Omar, EM, Miura, S, et al. Kyoto Global consensus report on helicobacter pylori gastritis. Gut (2015) 64:1353–67. doi: 10.1136/gutjnl-2015-309252

6. Malfertheiner, P, Megraud, F, O’Morain, CA, Gisbert, JP, Kuipers, EJ, Axon, AT, et al. Management of helicobacter pylori infection-the maastricht V/Florence consensus report. Gut (2017) 66:6–30. doi: 10.1136/gutjnl-2016-312288

7. Liou, JM, Malfertheiner, P, Lee, YC, Sheu, BS, Sugano, K, Cheng, HC, et al. Screening and eradication of helicobacter pylori for gastric cancer prevention: the Taipei global consensus. Gut (2020) 69:2093–112. doi: 10.1136/gutjnl-2020-322368

8. Rugge, M, and Genta, RM. Staging and grading of chronic gastritis. Hum Pathol (2005) 36:228–33. doi: 10.1016/j.humpath.2004.12.008

9. Dixon, MF, Genta, RM, Yardley, JH, and Correa, P. Classification and grading of gastritis. the updated Sydney system. international workshop on the histopathology of gastritis, Houston 1994. Am J Surg Pathol (1996) 20:1161–81. doi: 10.1097/00000478-199610000-00001

10. CMAPB PGoDP. Consensus on pathological diagnosis of chronic gastritis and epithelial tumor by gastric mucosa biopsy. Chin J Pathol (2017) 46:289–93. doi: 10.3760/cma.j.issn.0529-5807.2017.05.001

11. Fang, J, Du, Y, Liu, W, Ren, J, Li, Y, Chen, X, et al. Consensus on chronic gastritis in China (2017, Shanghai). Chin J Digestion (2017) 37:35–52. doi: 10.3969/j.issn.1008-7125.2017.11.007

12. McHugh, ML. Interrater reliability: the kappa statistic. Biochemia Med (2012) 22:276–82.

13. Mohammed Abdalla, MA, Osman, A, and Elnazir Mohammed, E. Detection of helicobacter pylori (H. pylori) by histochemical stains in gastric biopsy comparing to immunohistochemistry. World J Advanced Res Rev (2022) 15:155–9. doi: 10.30574/wjarr.2022.15.2.0793

14. zhang, W, Hu, F, xiao, S, and Min, X. Prevalence of helicobacter pylori infection in China. Modern Digestion Intervention (2010) 15:265–70. doi: 10.3969/j.issn.1672-2159.2010.05.001

15. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 0:1–41. doi: 10.3322/caac.21660

16. Uemura, N, Okamoto, S, Yamamoto, S, Matsumura, N, Yamaguchi, S, Yamakido, M, et al. Helicobacter pylori infection and the development of gastric cancer. N Engl J Med (2001) 345:784–9. doi: 10.1056/NEJMoa001999

17. Choi, IJ, Kook, MC, Kim, YI, Cho, SJ, Lee, JY, Kim, CG, et al. Helicobacter pylori therapy for the prevention of metachronous gastric cancer. N Engl J Med (2018) 378:1085–95. doi: 10.1056/NEJMoa1708423

18. Chitkara, Y. Upfront special staining for helicobacter pylori in gastric biopsy specimens is not indicated. Am J Clin Pathol (2015) 143:84–8. doi: 10.1309/AJCP0G6INEDBSXCN

19. El-Zimaity, H, Segura, AM, Genta, RM, and Graham, DY. Histologic assessment of helicobacter pylori status after therapy: comparison of giemsa, diff-quik, and genta stains. Mod Pathol (1998) 11:288–91. doi: 10.1121/1.421263

20. Rotimi, O, Cairns, A, Gray, S, Moayyedi, P, and Dixon, MF. Histological identification of helicobacter pylori: comparison of staining methods. J Clin Pathol (2000) 53:756–9. doi: 10.1136/jcp.53.10.756

21. Goldstein, NS. Chronic inactive gastritis and coccoid helicobacter pylori in patients treated for gastroesophageal reflux disease or with h pylori eradication therapy. Am J Clin Pathol (2002) 118:719–26. doi: 10.1309/LJ4D-E2LX-7UMR-YMTH

22. Chan, WY, Hui, PK, Leung, KM, Chow, J, Kwok, F, and Ng, CS. Coccoid forms of helicobacter pylori in the human stomach. Am J Clin Pathol (1994) 102:503–7. doi: 10.1093/ajcp/102.4.503

23. Goldman, ER, Anderson, GP, Tran, PT, Mattoussi, H, Charles, PT, and Mauro, JM. Conjugation of luminescent quantum dots with antibodies using an engineered adaptor protein to provide new reagents for fluoroimmunoassays. Analytical Chem (2002) 74:841–7. doi: 10.1021/ac010662m

24. Wu, X, Liu, H, Liu, J, Haley, KN, Treadway, JA, Larson, JP, et al. Immunofluorescent labeling of cancer marker Her2 and other cellular targets with semiconductor quantum dots. Nat Biotechnol (2003) 21:41–6. doi: 10.1038/nbt764

25. Heintzmann, R, Arndt-Jovin, DJ, Post, JN, Grecco, HE, Jares-Erijman, EA, Jovin, TM, et al. Quantum dot ligands provide new insights into erbB/HER receptor–mediated signal transduction. Nat Biotechnol (2002) 22:198–203. doi: 10.1038/nbt929

26. Dubertret, B, Skourides, P, Norris, DJ, Noireaux, V, Brivanlou, AH, and Libchaber, A. In vivo imaging of quantum dots encapsulated in phospholipid micelles. Science (2002) 298:1759–62. doi: 10.1126/science.1077194




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.

Copyright © 2023 Wan, Wang, Liu and Hu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-13-1229871-g002.jpg
100.00% -

80.00% -

60.00% —
40.00% —
20.00% —
0.00%

Methylene Blue QDs-IHC

m Mild chronic gastritis ~ ® Moderate chronic gastritis ™ Severe chronic gastritis






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Improving the detection of Helicobacter pylori in biopsies of chronic gastritis: a comparative analysis of H&E, methylene blue, Warthin-Starry, immunohistochemistry, and quantum dots immunohistochemistry

      

        		

          Objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Subjects and methods

        

          		

            Study material

          



          		

            H&E staining

          



          		

            Methylene blue staining

          



          		

            W-S staining

          



          		

            IHC staining

          



          		

            QDs-IHC staining

          



          		

            Interpretation of results

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Clinical features

          



          		

            Morphology and localization of HP with different detection methods

          



          		

            Statistics of HP detection results among different detection methods in different degrees of inflammation

          



          		

            Consistency analysis of detection results among different detection methods

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions 

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
IHC

Degree of inflammation Detection methods
Positive Negative
Positive 4 3
H&E 0.196 0.033
Negative 16 60
Positive 13 1
Methylene Blue 0.706 <0.001
Negative 7 62
Mild chronic gastritis 1
Positive 14 2
W-S§ 0.717 <0.001
Negative 6 61
Positive 20 1
QDs-THC 0.968 <0.001
Negative 0 62
Positive 46 5
H&E 0.356 <0.001
Negative 24 19
Positive 58 2
Methylene Blue ' 0.655 <0.001
Negative 12 22
Moderate chronic gastritis
Positive 62 2
W-S 0.741 <0.001
Negative 8 22
Positive 68 0
QDs-IHC I 0.946 <0.001
Negative 2 24
Positive 35 2
H&E 0.271 0.037
Negative 8 3
Positive 39 2
Methylene Blue 0.431 0.002
Negative 4 3
Severe chronic gastritis T
Positive 40 1
W-§ T 0.621 <0.001
Negative 3 4
Positive 43 0
QDs-THC 1 <0.001
Negative 0 5






OEBPS/Images/fonc.2023.1229871_cover.jpg
& frontiers | Frontiers in Oncology

Improving the detection of Helicobacter
pylori in biopsies of chronic gastritis: a
comparative analysis of H&E, methylene
blue, Warthin-Starry, immunohistochemistry,
and quantum dots immunohistochemistry





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-13-1229871-g001.jpg
80 100pm

2
e
L
]
°






OEBPS/Images/table1.jpg
Detection methods

Positive Negative

Positive 85 10

H&E 0.499 <0.001
Negative 48 82
Positive 110 5

Methylene Blue 0.750 <0.001
Negative 23 87
Positive 116 5

W-§ 0.802 <0.001
Negative 17 87
Positive 131 1

QDs-IHC 0.972 <0.001
Negative 2 91






