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Abstract
BACKGROUND
A reliable test is essential for diagnosing Helicobacter pylori (H. pylori) infection, and crucial for managing H. pylori-related diseases. Serving as an excellent method for detecting H. pylori infection, histologic examination is a test that clinicians heavily rely on, especially when complemented with immunohistochemistry (IHC). Additionally, other diagnostic tests for H. pylori, such as the rapid urease test (CLO test) and stool antigen test (SA), are also highly sensitive and specific. Typically, the results of histology and other tests align with each other. However, on rare occasions, discrepancy between histopathology and other H. pylori diagnostic tests occurs.

AIM
To investigate the discordance between histology and other H. pylori tests, the underlying causes, and the impact on clinical management. 

METHODS
Pathology reports of gastric biopsies were retrieved spanning August 2013 and July 2018. Reports were included in the study only if there were other H. pylori tests within seven days of the biopsy. These additional tests include CLO test, SA, and H. pylori culture. Concordance between histopathology and other tests was determined based on the consistency of results. In instances where histology results were negative while other tests were positive, the slides were retrieved for re-assessment, and the clinical chart was reviewed.

RESULTS
Of 1396 pathology reports were identified, each accompanied by one additional H. pylori test. The concordance rates in detecting H. pylori infection between biopsy and other tests did not exhibit significant differences based on the number of biopsy fragments. 117 discrepant cases were identified. Only 20 cases (9 with CLO test and 11 with SA) had negative biopsy but positive results in other tests. Four cases initially stained with Warthin-Starry turned out to be positive for H. pylori with subsequent IHC staining. Among the remaining 16 true discrepant cases, 10 patients were on proton pump inhibitors before the biopsy and/or other tests. Most patients underwent treatment, except for two who were untreated, and two patients who were lost to follow-up. 

CONCLUSION
There are rare discrepant cases with negative biopsy but positive in SA or CLO test. Various factors may contribute to this inconsistency. Most patients in such cases had undergone treatment.
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Core Tip: The concordance between histopathology and rapid urease test (CLO test) or stool antigen test (SA) for detecting Helicobacter pylori (H. pylori) detection is excellent. The agreement between histology and H. pylori culture is good. Concordance between histopathology and other tests shows no significant differences based on the number of biopsy fragments. Occasionally, there are rare cases where histology is negative for H. pylori, while the CLO test or SA is positive. The causes of such discrepancies may be multifactorial, necessitating a separate analysis for each case with clinical correlation. Most of these cases were subsequently treated for H. pylori infection.

INTRODUCTION
Helicobacter pylori (H. pylori) infection is directly associated with chronic gastritis, gastric/duodenal ulcer, MALT lymphoma, and gastric adenocarcinoma[1-4]. It is crucial to diagnose H. pylori infection accurately and promptly for the clinical management of associated diseases[1]. Various methods for H. pylori detection, both invasive and noninvasive, have been developed[1,5]. Invasive tests include histological examination, rapid urease test (CLO test), and H. pylori culture. Noninvasive tests include urease breath test (UBT), stool antigen test (SA), and serology testing for H. pylori antibody[1,5]. 
Each diagnostic method has its advantages and disadvantages. No single test is universally acknowledged as a gold standard for detecting H. pylori infection[4]. A well accepted approach is combining two or more detection methods[4]. The selection of diagnostic tests depends on various factors, including test availability, sensitivity, specificity, cost, and turnaround time. Although non-invasive tests like UBT offer high sensitivity and specificity for detecting H. pylori, upper gastrointestinal (GI) endoscopy with biopsy remains the preferred method, particularly for individuals over 60 or those with alarming symptoms, as recommended by the American College of Gastroenterology[6]. In our hospital, the initial evaluation for symptomatic patients typically involves gastric biopsy and another method. Commonly employed other tests include SA, CLO test, and H. pylori culture. Clinicians place particular emphasis on the morphological assessment of gastric biopsy, especially when combined with immunohistochemistry (IHC), considering it one of the most accurate methods. While the results of other clinical tests generally align with biopsy findings, occasional rare discrepancies may pose challenges for clinicians, especially in cases where biopsy results are negative but other clinical tests are positive. 
This study aims to clarify and characterize the discrepancies between various diagnostic tests and histological interpretations. A retrospective study is conducted to compare the results of gastric biopsy diagnoses with other H. pylori diagnostic tests. Additionally, ancillary tests used for the histologic diagnosis of H. pylori-associated gastritis are evaluated.

MATERIALS AND METHODS
Data collection
The research received approval from the Institutional Review Board of the hospital (2016-6957). Pathology reports of gastric biopsies were extracted from the hospital's in-house database using Clinical Looking Glass (version 4.4.2) spanning from August 2013 to July 2018. Reports were chosen based on specimens originating from the stomach, with comments indicating the presence or absence of H. pylori organism. Inclusion criteria mandated the presence of other H. pylori diagnostic tests conducted within seven days of the biopsy. Other clinical tests included in the study were: (1) Rapid urease test (CLO test); (2) stool antigen test (SA); and (3) H. pylori culture. In instances of multiple tests within a two-week window, the result closest to the biopsy date was considered. Data extracted from the reports included the number of stomach biopsy fragments collected during endoscopy, procedure dates, H. pylori status, and the stains used for histologic diagnosis. Test results were considered concordant when both biopsy and clinical tests provided the same diagnosis for H. pylori infection; otherwise, they were labeled as discordant. In cases where a negative biopsy with a positive clinical test were identified, histologic slides were retrieved for re-assessment, and the patient's chart was reviewed.

Statistical analysis
The inter-test agreement between histology and another diagnostic test (CLO test, H. pylori culture, or stool test) for detecting H. pylori infection was assessed utilizing the kappa statistic. An excellent agreement was defined as a kappa value ≥ 0.75, fair to good agreement as a kappa value between 0.4 and 0.75, and poor agreement as a kappa value < 0.4. Concordance referred to the alignment between histology and another diagnostic test on H. pylori detection, with the concordance rate calculated as the number of concordant cases divided by the total number of cases. Differences in concordance rates among various diagnostic tests with histology in detecting H. pylori infection were assessed using chi-square tests. Statistical analyses were conducted using SAS version 9.4 (SAS Inc., Cary, NC, United States), and p-values of 0.05 or less were deemed statistically significant.

RESULTS
A total of 1396 pathology reports were identified. The majority of biopsies (n = 1199) were stained solely with Warthin-Starry (WS) stain. Only a small number of cases were reported with H. pylori IHC stain only (n = 81), both WS and IHC stains (n = 60), or no special stain used (n = 56) (Table 1). Among them, 392 cases tested positive for H. pylori through morphological examination, with WS stain, and/or with IHC. Each biopsy was accompanied by only one additional H. pylori test (CLO test, SA, or H. pylori culture). Both CLO test and H. pylori culture were invasive, conducted on the day of the biopsy. SA was performed within seven days of the biopsy. The summary of additional test results (CLO test, SA, or H. pylori culture) is presented in Table 2. 
The overall concordance rate between histology and other diagnostic tests was high (n = 1279; 91.6%). CLO test and stool antigen tests demonstrated significantly higher concordance rates with biopsy in detecting H. pylori infection compared to H. pylori culture (95.6% for CLO test vs 92.2% for SA vs 87.5% for culture; P < 0.001) (Table 2). The estimated kappa statistic for assessing agreement in identifying H. pylori infection between histology and other diagnostics were 0.86 for CLO test (Table 3, 95%CI: 0.81–0.92; Table 3), 0.77 for stool antigen test (Table 4, 95%CI: 0.68–0.86; Table 4), and 0.72 for culture (Table 5, 95%CI: 0.66–0.78; Table 5) respectively. 
The correlation between concordance rates and the number of biopsy fragments was also examined (Figure 1). The number of biopsy fragments exhibited considerable variation across cases, ranging from 1 to 6 or more: 83 cases (1 fragment), 321 cases (2 fragments), 229 cases (3 fragments), 262 cases (4 fragments), 132 cases (5 fragments), and 364 cases (6 fragments and above). Additionally, 5 cases lacked information on fragment numbers. Notably, the concordance rates in detecting H. pylori infection between biopsy and other clinical diagnostic tests did not differ significantly by the number of fragments (Figure 1, 88.0% vs 93.5% vs 92.1% vs 92.7% vs 93.2% vs 89.2%,; P = 0.268; Figure 1).
The majority of cases exhibiting discordance were those with a positive biopsy but negative results in other H. pylori tests (97 cases). Among these cases, a significant proportion involved bacterial culture (70 cases). Additionally, there were 14 instances of negative CLO tests and 13 cases with negative SA tests, despite a positive histological diagnosis. Conversely, there were only 20 cases with negative biopsy results but positive results in other tests (SA or CLO test; Tables 3-5). All 20 cases were reported to exhibit chronic inactive inflammation on histological examination, with one case also displaying focal active gastritis. No atrophy was observed in any case. Sixteen cases were available for reassessment, with IHC staining performed on those cases not previously tested. In this reevaluation, four cases were found to be positive for H. pylori by IHC, despite previous reports indicating negativity. A review of the original H&E slides and WS stains for these four cases revealed the presence of rare and/or morphologically atypical H. pylori organisms. Among them, all four cases showed inactive chronic gastritis, and one exhibited focal chronic active gastritis. Additionally, it was observed that three of these patients were under proton pump inhibitor (PPI) treatment at the time of biopsy. Consequently, these four cases were excluded from subsequent assessment. Among the remaining 16 'true' discrepant cases, only four cases had four or more fragments from gastric biopsy, while 12 had three fragments or fewer submitted for histologic examination. Ten cases were on PPI either when biopsied and/or tested for SA (Table 6); six were on PPI when biopsied but not tested for SA; three were on PPI when biopsied and tested; while one was on PPI only when tested for SA but not biopsied. Additionally, three cases (case 8, 9, and 15) were on antibiotics in addition to PPI when biopsied, as the treatment (triple or quadruple therapy) was initiated after a positive SA result a few days before the biopsy procedure. The majority of patients received treatment for H. pylori infection, with the exception of two patients who were untreated, and two patients who were lost to follow-up (Table 6). According to the clinical chart, the decision for treatment was determined by various factors, including clinical presentation, endoscopy findings, pathology results other than H. pylori infection status, and occasionally repeated biopsy or other H. pylori tests (as observed in cases 13 and 15).

DISCUSSION
While histology is commonly regarded as the preferred method for symptomatic patients[6,7], other H. pylori diagnostic tests are equally crucial, often being more convenient, less invasive, and cost-effective, yet maintaining high sensitivity and specificity[4]. Discrepancies between biopsies and the results of other H. pylori diagnostic tests can occasionally arise. No single test is considered the gold standard alone[4]. Nevertheless, clinicians prioritize the morphological assessment of gastric biopsies, especially when augmented with immunohistochemistry, considering it as one of the most accurate approaches. Negative clinical test results may be deemed false negatives when the corresponding biopsy is positive. However, the discrepancy between a negative biopsy and a positive clinical test result can pose a challenge for physicians. This study's objective is to elucidate and characterize the discordance between histopathology and other clinical diagnostic tests in determining H. pylori status.
The CLO test, SA test, and H. pylori bacterial culture were selected for comparison with histology, as they are the most employed tests in conjunction with upper GI endoscopy at our hospital. Both the CLO test and SA test exhibit high sensitivity and specificity, while H. pylori culture has nearly 100% specificity with slightly lower sensitivity[4]. Our findings indicate excellent agreement between histology and the CLO test and stool antigen test (with Kappa values exceeding 0.75). H. pylori culture demonstrates a slightly lower but still commendable concordance rate (Kappa value of 0.72) mainly due to its higher false negative rate. 
The sensitivity and diagnostic accuracy of H. pylori are impacted by the sampling during biopsy. It is recommended by the Sydney protocol[8] to submit four biopsy samples for H. pylori detection: two from the antrum and two from the body. An additional sample from incisure angularis is advised for gastritis characterization[3,8]. In our study, most cases have less than five biopsy fragments submitted (Figure 1), and there is no available data regarding the origin of these fragments. Interestingly, the number of gastric samples obtained during each endoscopy did not significantly influence the concordance rate between histological diagnosis and other H. pylori tests in our study. However, it is essential to note that concordance does not equate to test accuracy, as concordant results can be either false positives or false negatives. Treatment status at the time of testing is unknown, and both results could be affected by PPI or antibiotics, even if they are concordant. 
Most cases have WS stain for histologic diagnosis, as WS stains were automatically ordered from 2013 to 2015 at our hospital. WS stain was preferred over H. pylori IHC stain due to its lower cost and quicker turnaround time. Recent studies indicate that ancillary stains provide little additional benefits to H&E stains for H. pylori detection[2,9], particularly in cases without inflammation. Since 2016, there have been no further automated orders for special stains on GI biopsy in our laboratory, informed by both literature findings and our own experiences. In our investigation of discrepant cases, four biopsy cases initially reported as negative for H. pylori later revealed H. pylori organisms through IHC. All four cases exhibited inactive chronic gastritis with one displayed focal active chronic gastritis. Upon re-examination of the H&E slides and WS stains, rare and/or morphologically atypical H. pylori organisms were identified. Notably, three patients were noted to be on PPI, potentially altering bacterial appearance and making identification challenging with H&E and special stains[10,11]. In this case, immunohistochemistry would help identify rare and/or morphological atypical H. pylori organisms in cases with other evidence of H. pylori and inflammatory mucosa. 
There are 16 discrepant cases, excluding 4 instances where H. pylori was detected by IHC after initially being negative by H&E and WS. Several factors may contribute to the disparity between a negative biopsy and a positive CLO test or SA test. Firstly, the presence of organisms may be reduced or absent due to medications such as PPI and/or antibiotics[12]. Additionally, these medications can alter the appearance of bacteria, making recognition challenging[3,11]. Among the patients, 10 were on PPI before the biopsy procedure and/or other H. pylori tests, with the majority (6 cases) only taking PPI before biopsy, not before other H. pylori tests. For these 6 cases, results from other H. pylori tests are more likely reliable than histology. Secondly, sampling may contribute to the discrepancy, with 12 out of 16 cases having three fragments or fewer. Although the overall number of gastric samples does not significantly affect the concordance rate, as discussed previously, this may differ when patients are on PPI, particularly if they were on PPI for one test but not for another. Lastly, some results could be false positives from CLO test or SA tests, as both can yield false positive results[13-16]. 
It is important to note that despite conflicting results presented to clinicians, most patients received treatment without additional testing, except in two cases. This could be attributed to multiple factors, including limited test availability, insurance coverage constraints, challenges in discontinuing medications to minimize testing interference, or delays in treatment. The choice to pursue treatment is influenced by various factors, including clinical symptoms, endoscopic observations, pathology findings other than H. pylori infection status, and occasionally the repetition of biopsies or other H. pylori tests.

CONCLUSION
Our findings demonstrated that both CLO test and SA tests exhibit high concordance rates with histological diagnoses. The concordance rate between histology and H. pylori culture is slightly lower, primarily attributed to the lower sensitivity of the H. pylori culture assay. Importantly, the concordance rate shows no significant difference by the number of fragments obtained during the biopsy procedure. There are rare instances of discrepancies, where H. pylori diagnosis is negative by histology but positive by CLO test or stool antigen test. Multiple factors may contribute to these discrepancies. Even though histological examination showed negative results for H. pylori in these cases with discrepancies, most patients still received treatment. Correlating with clinical history, past laboratory results, and follow-up testing may assist in clinical management.

ARTICLE HIGHLIGHTS
Research background
Determining Helicobacter pylori (H. pylori) status is essential in the management of H. pylori-related diseases. No single test is universally recognized as the gold standard alone. Typically, symptomatic patients at our hospital undergo upper GI endoscopy with biopsy, often accompanied by an additional H. pylori test. The results generally align with each other, although discrepancies arise occasionally.

Research motivation
The clinician places particular emphasis on gastric biopsy results, especially when supplemented with immunohistochemistry (IHC), often considering it the most accurate. Rare cases where biopsy results are negative while other clinical tests show positivity can present challenges for clinicians.

Research objectives
The goal of this retrospective study is to examine the discordance between histopathology and alternative H. pylori tests, explore the underlying causes, and assess the implications for clinical management.

Research methods
Pathology reports of gastric biopsies were retrospectively retrieved from August 2013 to July 2018. Inclusion in the study required the presence of other H. pylori tests within seven days of the biopsy, including rapid urease test (CLO test), stool antigen test (SA), and H. pylori culture. The concordance between histopathology and other tests was evaluated based on result consistency. In cases where histology was negative while other tests showed positivity, the slides underwent reassessment, and the clinical chart was examined. 

Research results
1396 pathology reports were identified, each accompanied by one additional H. pylori test. The concordance rates between biopsy and other tests did not show significant differences based on the number of biopsy fragments. 117 discrepant cases were identified. Only 20 cases (9 with CLO test and 11 with SA) had negative biopsy but positive results in other tests. Four cases initially stained with Warthin-Starry stain turned out to be positive for H. pylori with subsequent IHC staining. Among the remaining 16 true discrepant cases, 10 patients were on proton pump inhibitors before the biopsy and/or other tests. Most patients underwent treatment, except for two who were untreated, and two patients who were lost to follow-up.

Research conclusions
Our findings reveal that both SA and CLO test demonstrate high concordance rates with histological diagnoses. The concordance rate between histology and H. pylori culture is slightly lower, mainly due to the lower sensitivity of the H. pylori culture assay. Importantly, the concordance rate remains consistent regardless of the number of gastric biopsy fragments. Rare instances of discrepancies exist, where H. pylori diagnosis is negative by histology but positive by SA or CLO test. Multiple factors may contribute to the discordance. Despite histological examination showing negative results for H. pylori in these cases with discrepancies, most patients still received treatment. Correlation with clinical history, past laboratory results, and follow-up testing may aid in clinical management.

Research perspectives
This retrospective study was conducted at a singular tertiary medical center. It would be intriguing to conduct similar retrospective research in other hospitals to compare discordance rates between histology and other H. pylori tests and variations in clinical management. 
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Figure Legends
[image: ]
Figure 1 Concordance rate between histology and other Helicobacter pylori tests based on numbers of biopsy fragments. Multiple: 6 fragments and up. Concordance rate is labeled on top of each column. 

Table 1 Gastric biopsy cases with ancillary stains
	Ancillary stains
	Total cases  
	H. pylori positive 
	H. pylori negative 

	WS only
	 1199
	333
	866

	IHC only 
	81
	20
	61

	WC/IHC
	60
	13
	47

	H&E only 
	56
	26
	30

	Total
	1396
	392
	1004


WS: Warthin-Starry stain; IHC: Immunohistochemistry stain; H. pylori: Helicobacter pylori; H&E: Hematoxylin and eosin stain.


Table 2 Concordance rate between histology and three other Helicobacter pylori tests
	Other H. pylori test 
	CLO test 
	 SA test
	H. pylori culture 

	Total cases
	528
	306
	562

	H. pylori positive cases
	104
	66
	145

	H. pylori negative cases
	424
	240
	417

	H. pylori positivity rate 
	19.8%
	21.5%
	25.8%

	Concordance cases 
	505
	282
	492

	Discordance cases 
	23
	24
	70

	Concordance rate with histology
	95.6%
	92.1%
	87.5%


H. pylori: Helicobacter pylori; CLO test: Campylobacter-like organism (Rapid Urease Test); H. pylori culture: Helicobacter pylori culture.

[bookmark: _Hlk154069906]
Table 3 Assessment of concordance between histology and rapid urease test
	
	CLO test positive 
	CLO test negative 
	Total

	Histology positive
	95
	14
	109

	Histology negative
	9
	410
	419

	Total
	104
	424
	528


CLO test: Campylobacter-like organism (Rapid Urease Test).


Table 4 Assessment of concordance between histology and stool antigen test
	
	SA positive 
	SA negative 
	Total

	Histology positive 
	55
	13
	68

	Histology negative 
	11
	227
	238

	Total
	66
	240
	306


SA: Stool antigen test.



Table 5 Assessment of concordance between histology and Helicobacter pylori culture
	
	H. pylori Culture positive 
	H. pylori Culture negative 
	Total

	Histology positive 
	145
	70
	215

	Histology negative 
	0
	347
	347

	Total
	145
	417
	562


H. pylori culture: Helicobacter pylori culture.


Table 6 Discrepant cases with negative histology but positive rapid urease test or stool antigen test
	
	
	Histology test results 
	Clinical tests 
	

	Cases #
	No. of biopsy specimens 
	WS/IHC 
	On PPI/Antibiotics when biopsied 
	Pos. Clinical Tested 
	On PPI/Antibiotics
 when tested 
	Treated for H. pylori

	[bookmark: _Hlk155873587]1
	3
	Neg/Neg 
	NA
	CLO 
	NA
	Yes 

	2
	2
	Neg/Neg 
	NA
	CLO 
	NA
	Yes 

	3
	3
	Neg/Neg 
	NA
	CLO 
	NA
	NA

	4
	2
	Neg/Neg 
	NA 
	CLO 
	NA
	NA

	[bookmark: _Hlk155873586]5
	2
	Neg/Pos
	No 
	CLO 
	No 
	No

	6
	2
	Neg/Neg 
	Yes1 
	SA
	Yes1
	Yes 

	7
	1
	Neg/Neg 
	No 
	SA
	Yes1 
	Yes 

	8
	M
	NP/Neg 
	Yes2 
	SA
	No
	Yes 

	9
	3
	Neg/Neg 
	Yes2
	SA
	No 
	Yes 

	10
	M
	Neg/Pos
	Yes1 
	SA
	Yes1 
	Yes 

	11
	4
	Neg/Pos 
	Yes1 
	SA
	Yes1 
	Yes 

	12
	3
	NP/Neg 
	No 
	SA
	No 
	No 

	13
	M
	Neg/Neg 
	Yes1
	SA
	No
	No 

	14
	2
	NP/Neg
	Yes1 
	SA
	No
	Yes 

	15
	1
	NP/Neg
	Yes2 
	SA
	No 
	Yes 

	16
	2
	Neg/Pos 
	Yes1
	SA
	No
	Yes 


1PPI only. 
2PPI and antibiotics. 
WS: Warthin-Starry stain; IHC: Immunohistochemistry; H. pylori: Helicobacter pylori; CLO: Campylobacter-like organism (rapid urease test); SA: Stool antigen test; PPI: Proton pump inhibitor; NA: Not available; Neg: Negative; Pos: Positive; M: Multiple (6 fragments and up).
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