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Abstract

Helicobacter pylori (Hp) causes chronic inflammation of the stomach lining, also known
as gastritis, in nearly all people with a persistent infection. Chronic inflammation of the stomach
lining can lead to atrophy of stomach glands, a condition known as atrophic gastritis, believed to
be the start of a sequence of pathological conditions associated with an increased risk of stomach
cancer. The Canadian North Helicobacter pylori (CANHelp) Working Group conducted
community projects to respond to concerns of Arctic Indigenous communities about health risks
from Helicobacter pylori (Hp) infection. CANHelp community projects used multiple methods
for classifying Hp infection, including the urea breath test (UBT), pathological evaluation of
stomach tissue, and tissue culture. My thesis assessed the validity of Hp infection detection
methods and estimated the effect of the Hp bacterial load on the severity of gastritis among
CANHelp project participants.

Estimating the accuracy of alternative staining methods provides information needed to
evaluate the cost-effectiveness of special stains for detecting Hp. In this thesis, I investigated
whether using special stains (Giemsa, Warthin-Starry and/or immunohistochemical (IHC) stains)
on tissue slides for pathological assessment of stomach tissue biopsies improves the accuracy of
Hp detection. To do this, I analyzed data from participants with stomach tissue biopsies collected
from 2008 through 2013 in 4 CANHelp community projects. I estimated accuracy measures
(agreement, sensitivity, specificity, and predictive values) for each stain’s classification of tissue
samples as Hp-positive or Hp-negative compared against different definitions of the ‘gold
standard’ classification. I also compared the Hp density gradings of 2 pathologists and assessed
the relationship between Hp density and UBT values. The special stains evaluated for this study

had similar accuracy based on estimated measures. Because IHC has a much higher cost than the
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other stains assessed here, either Warthin-Starry or Giemsa would be more cost-effective than
IHC for improving Hp detection during the pathological assessment of stomach tissue biopsies
relative to not using a special stain. The Hp density grades of the 2 pathologists showed good
consistency of agreement. The Hp density grades were positively associated with UBT values.
Considering the high global mortality from stomach cancer, a 2014 International Agency
for Research on Cancer Hp Working Group recommended that countries explore the possibility
of introducing Hp screening and treatment programs; this panel cautioned, however, that
decisions about whether and how to implement such programs must be based on local
considerations of disease burden and other factors of relevance to health policy. Identifying local
indicators of high risk for targeted interventions is key for effective cancer prevention programs.
Thus, understanding the relationship between Hp density and gastritis severity in specific
populations at elevated risk of stomach cancer has great public health significance. In this thesis,
I also investigated whether the frequency of severe Hp-associated gastritis increases as Hp
density increases. To do this, I estimated the effect of Hp density on gastritis severity among Hp-
positive participants in CANHelp community projects. This analysis used data from participants
with stomach tissue biopsies collected from 2008 through 2017 in 7 CANHelp community
projects. The results showed that gastritis severity increases sharply with increasing Hp density

among Hp-positive participants.
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Chapter 1: Introduction

1.1 Background

Helicobacter pylori (Hp), a fastidious Gram-negative bacterium, was first identified by
Barry Marshall and Robin Warren in 1982! as an organism colonizing the gastric mucosa, which
often persists indefinitely. Since its discovery, Hp infection has been identified as a cause of
gastritis, gastroduodenal ulcers, and gastric cancer, including gastric carcinoma and some types
of gastric lymphoma. Hp infection is classified as a Class I carcinogen by the International
Agency for Research on Cancer (IARC)? and has been recognized as a public health concern for
high-prevalence populations, including Northern Canadian communities. Individuals diagnosed
with Hp infection can undergo treatment to eliminate the infection and thereby reduce the risk of
diseases caused by chronic Hp infection’.

The Canadian North Helicobacter pylori (CANHelp) Working Group was formed to
respond to the concerns of Arctic Indigenous communities about health risks from Hp infection.
The CANHelp Working Group links communities with northern healthcare officials and the
University of Alberta scientists to conduct research focused on community priorities. This team
launched community projects in the Northwest Territories and Yukon to address community-
driven research questions. A planning committee made up of community representatives guided
each project. These projects aimed to describe the local burden of disease from Hp infection,
conduct policy analysis to develop clinical management strategies that are cost-effective and
culturally appropriate for northern communities and conduct knowledge exchange activities to
help participants understand available solutions and unsolved challenges for reducing health

risks from this infection.



Project staff offered CANHelp community projects participants screening for Hp
infection using the non-invasive urea breath test (UBT)*. Some participants also consented to
undergo endoscopy, during which endoscopists collected gastric biopsies. The endoscopy
sampling protocol used in CANHelp endoscopy activities outlined the collection from
prespecified locations in the stomach of 2 biopsies processed for microbiological culture and 4-6
biopsies processed for histopathological assessment by a single pathologist using the updated
Sydney system to grade Hp density, inflammation, atrophy, and neoplasia’. The initial standard
histopathology protocol called for duplicate slides (one stained with hematoxylin and eosin
(H&E) and one with Giemsa). Giemsa-stained gastric tissue slides were used to detect and
quantify Hp in gastric tissue samples.

The pathologist’s classification of Hp presence or absence in the Giemsa-stained gastric
tissue slides was not fully concordant with the results of microbiological culture and/or UBT. For
discordant results, the CANHelp Working Group uses an algorithm based on the probability that
Hp status is negative or positive®. While perfect concordance would not be expected, the pattern
of discrepancy is not random. A non-negligible number of participants who were Hp-negative by
histopathology had Hp confirmed by 16s rRNA PCR amplification cultured from gastric tissue.
This discrepancy raises the question of whether there is a need to use a more accurate staining

method for detecting Hp infection in community projects.

1.2 Significance of Research
The Gastrointestinal Pathology Society and other expert bodies recommend using
ancillary staining methods only when biopsies show chronic or active gastritis without detectable

Hp in H&E stains’ '°. Other experts, however, recommend that ancillary stains be ordered



routinely along with H&E or used alone in all gastric biopsies to be evaluated for Hp to identify
infected individuals more accurately so they can be treated to eliminate Hp infection'!"!*.
Assessing the accuracy of alternative staining methods may identify a cost-effective alternative
to Giemsa staining for detecting difficult-to-visualize bacteria in gastric tissue slides, especially
in cases with a patchy distribution of Hp. It will also reveal the extent to which the bacterial
density classification varies by staining method. Assessing the validity of CANHelp Hp density
classifications will facilitate an investigation of the hypothesis that the frequency of severe
gastritis increases as Hp density increases.

Considering the high global mortality from stomach cancer, a 2014 IARC Hp Working
Group recommended that countries explore the possibility of introducing population-based Hp
screening and treatment programs'#; this panel cautioned, however, that decisions about whether
and how to implement such programs must be based on local considerations of disease burden
and other factors of relevance to health policy'. Identifying local indicators of high risk for
targeted interventions is key for effective cancer prevention programs. Thus, understanding the
relationship between Hp density and gastritis severity in specific populations at elevated risk of
stomach cancer has great public health significance. For example, given that Hp infection can be
particularly resistant to treatment in high-prevalence populations, if Hp density substantially
impacts gastritis severity, cost-effective gastric cancer prevention could likely be achieved with

therapies aimed at reducing the bacterial load in cases that are difficult to cure.

1.3 Specific Aims

The specific aims of this thesis are to:



1. Critically review the current literature on (1) the accuracy of UBT, microbiological
culture and histopathological evaluation to detect Hp infection; (2) the correlation
between UBT delta-over-baseline values and Hp density; and (3) the relationship of Hp
density to gastritis severity.

2. Investigate whether incorporating ancillary stains (Giemsa, Warthin-Starry and/or
immunohistochemical (IHC) staining methods) into the histopathological assessment of
gastric biopsies improves the accuracy of Hp detection compared to H&E staining alone
using gastric tissue samples from CANHelp community project participants.

3. Investigate the hypothesis that the frequency of severe gastritis increases as Hp density
increases by estimating the association between Hp density and the severity of either

active or chronic gastritis in CANHelp community project participants.

1.4 Thesis Structure

The remainder of my thesis contains a literature review, two papers and a conclusion.
Chapter 2 contains a review that critically assesses the literature on current methods used to
detect Hp infection, reported estimates of the specificity and sensitivity of different staining
methods for detecting Hp in gastric biopsies, the accuracy of histopathological and UBT-based
assessments of Hp density, and the relationship of Hp density to gastritis severity. Chapter 3
contains a paper entitled “Comparing the accuracy of staining methods for the detection of
Helicobacter pylori in gastric biopsies,” which assesses the agreement and validity of Hp status
classifications used in CANHelp community projects, incorporating information from a
validation study that included multiple ancillary stains. Chapter 4 contains a paper entitled

“Investigating the effect of Helicobacter pylori density on the severity of gastritis in Arctic



Indigenous communities,” which reports the results of an analysis that estimates the association
between Hp density and the severity of each of two types of gastritis: active and chronic. Chapter
5 contains the conclusion, in which I summarize my thesis research and provide directions for

future work.



Chapter 2: Literature Review

2.1 Comparing the accuracy of tests used to diagnose Hp infection

Accurately diagnosing Hp infection is essential for identifying individuals who need
treatment. There is no optimal gold standard for detecting Hp infection'®. The choice of test
method depends on several factors, including the clinical question of interest, the accuracy of the
method, and its availability in the target population'>. Hp can be detected using different
diagnostic tests ranging in invasiveness. Less invasive detection methods include but are not
limited to, urea-breath tests (UBT), stool antigen tests (SAT), and serological testing for Hp-
specific immunoglobulin G (IgG) antibodies. UBT and SAT can identify active infection, while
serology does not differentiate active from past infection'®.

More invasive techniques require a gastric tissue biopsy using endoscopy procedures. Hp
infection can be diagnosed by microbiological culture of gastric biopsy tissue can use non-
selective (e.g., blood agar, etc.) or selective (e.g., brain heart infusion (BHI) agar, etc.) media
incubated under microaerophilic conditions'¢. Catalase, oxidase, and urease testing can confirm
Hp bacteria identification during microbiological culture. Hp bacteria in gastric biopsies can be
detected using polymerase chain reaction (PCR) methods or fluorescence in-situ hybridization
(FISH)'S. Hp bacteria in gastric biopsies can also be visualized on histological sections.

Histological sections must be stained to permit clear visualization of cells. Stains can be
nonspecific or specific, either staining most cells the same way or selectively staining certain
types of cells differently. H&E is a common non-specific stain that reveals the overall cellular
structure in gastric biopsy sections and facilitates pathological evaluation. Special stains can be
used along with H&E to selectively stain Hp in gastric biopsies to facilitate the identification of

the bacteria, especially in cases where there is a patchy Hp distribution, which is often the case



for this organism!?. Special stains used along with H&E are often called ancillary stains.
Pathologists commonly evaluate stained slides prepared from gastric biopsy tissue using the
updated Sydney system’ as a grading system to classify gastritis severity. Pathology reports
based on the updated Sydney system® characterize the tissue in terms of the stomach subsite and
cell types, as well as the presence and amount of Hp, chronic inflammation, active inflammation,
glandular atrophy, intestinal metaplasia, dysplasia, and carcinoma. Amounts are classified on an
ordinal scale (none, mild, moderate, marked). An ordinal evaluation of Hp density (mild,
moderate, marked) is reported in cases where Hp is present.

I conducted a literature review to summarize validation studies that have estimated
agreement and diagnostic accuracy of the UBT, microbiological culture, and/or histopathology
for classifying Hp infection status. I also extracted information on factors (such as characteristics
of hosts, bacterial colonization, or test protocols) that may modify the estimated agreement
and/or accuracy of these detection methods in published reports. I searched the PubMed/Medline
database to find articles indexed through 2021. The search terms used for the literature review

WCEre:

1. Helicobacter pylori:
"Helicobacter pylori"[Mesh] OR "Helicobacter Infections"[Mesh]
2. UBT:
UBT OR urea breath test
3. Histology:
"Histology"[Mesh] OR "Gastritis, Atrophic"[Mesh] OR "Staining and

Labeling/anatomy and histology"[Mesh] OR “Staining and



Labeling/classification"[Mesh] OR “Staining and Labeling/epidemiology"[Mesh]
OR “Staining and Labeling/statistics and numerical data"[Mesh] OR “Staining
and Labeling/therapeutic use"[Mesh] OR “Staining and Labeling/trends"[Mesh]

4. Culture:
"Culture Techniques/epidemiology"[Mesh] OR “Culture
Techniques/immunology"[Mesh] OR “Culture Techniques/microbiology"[Mesh]
OR “Culture Techniques/statistics and numerical data"[Mesh] OR “Culture
Techniques/trends"[Mesh]

5. #2 OR #3 OR #4

6. Validation study:
Validat* OR "Validation Studies as Topic"[Mesh] OR "Validation Study"
[Publication Type]

7. #1 AND #5 AND #6

I restricted my review to both original research and review articles that were available in
English. With the aid of a research assistant, I reviewed the title and abstract of all publications
included in the search results. I included validation studies that evaluated at least one of the
index tests (UBT using either '*C or '*C isotopes, microbiological culture, and histopathological
evaluation using diverse staining techniques) against a different one of these tests as a reference
test. I reviewed all available full-text articles and either extracted information or excluded the

article if it did not compare at least one of the index tests against a different one of these tests.

Following this initial search, I conducted a sensitivity analysis to search for any reports of

studies that estimated the specificity and sensitivity of histopathological evaluation for detecting



Hp in gastric biopsies missed by the original search strategy. I repeated the literature review
search strategy using “Sensitivity AND Specificity” for search term #6. I reviewed the title and
abstract of all search results. I included validation studies that evaluated histopathological
evaluation against either culture or UBT as a reference test. I reviewed all available full-text
articles and either extracted information or excluded the article if it did not compare histology

against either culture or UBT as a reference test.

The geographic regions of Asia and Europe are overrepresented in the 24 articles selected
for data extraction. Eight of 24 articles (33%) report studies conducted in Asia, of which the
largest representation was from Pakistan and Korea, with 2 studies each. Meanwhile, 9 of 24
articles (38%) report European studies from different countries, including England, Sweden,
Germany, Slovakia, Latvia, Italy, Greece, and the Netherlands. A study from Turkey could be
considered to represent either Europe or Asia. The geographic region of North America is
underrepresented, with 1 article from Canada, 1 from the USA, and 2 from Mexico. A
collaborative study was done in Canada and Korea, representing North America and Asia. The
geographic region of Africa is underrepresented, with 1 article from Egypt. Studies from South

America and Oceania were absent from the selected articles.

All articles report a validation study which enrolled patients through one or more
healthcare facilities in the study location. All validation studies used cross-sectional analysis;
some were part of a larger cohort or case-control study, intended to validate the testing method
against a selected gold standard. Sampling strategies for most studies selected patients from
referrals for gastroenterology consults and endoscopy follow-ups. Four of 24 studies (17%)

selected patients from pediatric populations (<18 years of age), while the remainder selected only



adult patients. The sex distribution of patients was not reported in 5 of 24 articles (21%); of the

studies that reported this, most had roughly equivalent numbers of male and female patients.

Exclusion criteria for most studies included the recent use of proton pump inhibitors
(PPI), nonsteroidal anti-inflammatory drugs (NSAID), and/or antibiotics within a specified
period before enrollment. Herold et al. (2002)!7 only included recent antibiotic use in their
exclusion criteria. Reilly et al. (1997)'8 imposed no exclusion criteria; therefore, there were
patients enrolled in the study who had previous Hp elimination therapy or were currently taking
PPIs or NSAIDs. It was the only study that did a sub-analysis, including and excluding subjects
with recent PPI, NSAID and antibiotic treatment. The results of this sub-analysis showed that
these exclusions led to a reduction in the number of indeterminate UBT results, maintaining the

same sensitivity but improving the specificity of test methods'®.

Among studies described in the selected articles, Roma-Giannikou et al. (2010)"?
conducted the only case-control study that aimed to validate a rapid urease test (RUT). This case-
control study selected 530 Hp positive cases and 1,060 Hp negative controls from a pediatric
population. A positive Hp infection was defined by either a positive culture or two other positive
tests (histology and RUT, or UBT when histology and RUT were discordant). Only 182 patients
were tested using culture, and 154 (84.6%) were culture positive. The sensitivity and specificity
of histology were estimated using culture results from these 182 patients and reported to be
90.3% and 100%, respectively. Information on recent antibiotic or PPI use was not collected for
either cases or controls. The use of antibiotics or PPIs could inhibit Hp growth and reduce the

sensitivity of the gold standard by increasing false negative culture results.

Hp testing protocols varied across studies. Each study used distinct protocols for UBT,

culture and histology. Four of 24 studies (17%) used '*C UBT, while the remainder used '*C
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UBT. Culture was performed in 16 of 24 studies (67%), and protocols differed on the type of
growth media used. Histological evaluation was performed in all studies included, of which 9
studies used a combination of H&E and Giemsa stains, 7 used Giemsa stain alone, 2 used a
combination of H&E and Warthin-Starry stains, 2 used Warthin-Starry stain alone, 1 used a
combination of Giemsa and IHC, and 1 did not specify the stain used. Three of 24 studies (13%)

compared different histological stains.

A few studies used a single test method as the gold standard. UBT alone was used as a
gold standard in 2 studies. Histology alone was used as a gold standard in 4 studies. Culture
alone was used as a gold standard in 2 studies. The remaining studies created gold standards
from multiple test methods. The resulting sensitivity and specificity of combining multiple tests
depends on how the results are combined. Some studies defined a gold standard positive result as
positive results on 2 or 3 test methods. Requiring multiple positive test results for a positive gold
standard classification generally reduces the frequency of false positives arising from the gold
standard classification. Meanwhile, other studies used either a positive culture or 2 other positive
tests with a negative culture to define a gold standard positive classification. Defining a gold
standard positive as a positive on either one test (or set of tests) or another test (or set of tests)
generally reduces the frequency of false negatives arising from the gold standard classification.

Validation and/or optimization of UBT protocols was the most common study objective,
characterizing 12 of 24 studies (50%). These studies aimed to identify the optimal UBT value cut
point, with optimal defined in varied manners as the point with the highest sensitivity,
specificity, and/or diagnostic accuracy, to identify patients with and without Hp infection. UBT
cut points were selected using cluster analysis, as in Mauro et al. (2006)?°, or receiver operating

characteristic (ROC) curves, as in Herold et al. (2002)!” and Ortiz-Olvera et al. (2007)*!, which
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both compared the sensitivity and specificity of different cut points against the study’s gold

standard.

All UBT validation studies concluded that UBT was as or more sensitive than the gold
standard, except for Kwon et al. (2015)*2. Kwon et al. (2015)*? conducted a retrospective
analysis to evaluate the diagnostic accuracy of their local UBT assay cut point on patients
following Hp infection treatment. A cohort of 14,972 patients underwent UBT screening in the
study period; the study selected 1,891 patients who had UBT testing and endoscopy after
treatment to eliminate Hp infection. The gold standard positive was defined as a positive result
on two of the following tests: RUT, culture, or histology. Compared to the study's gold standard,
the estimated sensitivity of UBT was 99.3% (95% CI 96.4-100%), while the estimated specificity
was only 47.1% (95% CI 38.6-55.8%) (95% confidence intervals calculated from information in
report). A higher frequency of apparently false positive UBT results occurred in patients with
multiple prior therapies to eliminate Hp infection and those with moderate to marked gastric
intestinal metaplasia®?. Kwon et al. (2015)*? also attributed the low specificity of *C-UBT
results to their UBT protocol, which did not administer the labelled urea with citric acid, which is
commonly included in UBT protocols. Using citric acid to administer '*C-urea is hypothesized to
increase the amount of labelled CO; in the breath after the administration of '3C-urea through
several mechanisms®?, including increasing Hp urease activity and reducing non-Hp urease by
reducing pH and delaying gastric emptying. Evidence from studies that have investigated this

hypothesis, however, is inconsistent*?3,

Mauro et al. (2006)?° conducted a cohort study, which analyzed the results of UBT
performed on 2,232 outpatients. Hp infection was diagnosed in 1,209 patients, and 1,023 patients

of these patients were tested to confirm treatment success following Hp treatment. Cluster

12



analysis was performed on the data from this cohort to select the optimal UBT cut point. These
cut points were then validated using a group of 176 patients who underwent endoscopic biopsy
to allow comparison of the UBT result against histology and culture. The optimized UBT
demonstrated 100% sensitivity and 98.5% specificity compared with histology and microbiology

as a gold standard.

Cohen’s kappa has known performance limitations, and its values lack a straightforward
interpretation®*. Only two studies calculated and reported kappa as a measure of agreement. Li et
al. (2017)* conducted a cohort study that analyzed the UBT results of 21,857 subjects, of whom
300 were randomly selected for endoscopy for a validation sub-study. The sensitivity and
specificity of two different UBT cut-off values were compared to histology results. A kappa
value of 0.866 was calculated by comparing UBT to histology results. Meanwhile, in a cohort
study conducted by Storskrubb et al. (2005)%, a serology validation sub-study was conducted to
compare serology results to histology and culture results; the sub-study enrolled 1,000 of 3,000
subjects who had been selected by inviting every 7™ adult by birth date in the enumerated census
data for two Swedish towns. These 3,000 people were invited to Questionnaire respondents were
contacted by telephone at random and invited to undergo endoscopy until 1,000 participants were
enrolled in the sub-study. The validation study analysis included a sub-analysis that compared
the concordance of culture and histology results and yielded a kappa value of 0.96 (95% CI 0.94-
0.98). Given the high kappa value, a gold standard positive was defined as a positive result on
either culture or histology. Both studies that used kappa report the proportion of subjects who
tested positive and negative by UBT or culture compared to histology, which aids in the

interpretation of their measure of agreement.
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Shin et al. (2009)?” selected 651 subjects who had undergone gastroscopy and were
enrolled in a hospital-based case-control study on gastric cancer. In addition to comparing
culture and histology to a gold standard, each method's sensitivity, specificity, and predictive
values were estimated within strata of histologically classified grades of atrophic gastritis and
intestinal metaplasia (none, mild, or moderate/marked). The overall accuracy of both culture and
histology decreased in increasing strata of atrophic gastritis and intestinal metaplasia®’. The
authors concluded that at least two tests are necessary to diagnose Hp infection, especially in

patients with atrophic gastritis and intestinal metaplasia.

The sensitivity analysis identified studies that reported estimates of the specificity and
sensitivity of different staining methods for detecting Hp in gastric biopsies. Laine et al. (1997)*
and Jonkers et al. (1997)?° both reported studies comparing staining methods to culture alone as a
gold standard and acknowledged the limitation of using it as a gold standard due to the
vulnerability of culture to false negative results. Meanwhile, van der Wouden et al. (1999)*
reported comparing histology stains against a combination of tests. Both van der Wouden et al.
(1999)*° and Laine et al. (1997)® reported that Giemsa was more specific than H&E staining
alone. Jonkers et al. (1997)* reported that IHC was more sensitive and specific than both
Warthin-Starry and Giemsa stains. It is important to note that these earlier studies did not report

the use of automated staining methods. This could have resulted in slides of poorer and less

consistent quality compared to modern staining platforms.

In summary, the geographic areas of Asia and Europe were overrepresented in the
articles identified by the search strategy. Reports of UBT validation studies generally concluded
that UBT was as sensitive as histology or culture. Reports of other validation studies concluded

that culture and histology were not as sensitive as UBT. There was heterogeneity in specificity
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estimates for UBT when the gold standard was composed of biopsy-based methods.
Observations of low specificity of UBT are consistent with low sensitivity of biopsy-based
methods due to the limitations of biopsy sampling, including its vulnerability to false negative
results arising from patchy colonization!®. Different studies used different histology staining
methods, but very few of the identified articles estimated the sensitivity or specificity of specific
stains or assessed the agreement of different stains. Other than changes in UBT cut points, the
identified study reports did not mention factors that might modify the estimated agreement
and/or accuracy of detection methods, such as characteristics of hosts or bacterial colonization,

or variations in test protocols.
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Figure 1: Total number of articles identified by the search strategy and articles excluded for
Chapter 2.1
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Table 1: Summary of studies that compared urea breath test, microbiological culture, and histopathology, used alone or in
combination, for classifying Hp infection status

Gold Standard

Test
A(;l{‘::;;s Country Population Used and Hp eSS
Prevalence UBT Culture Histology Other(s)
Seligova et al. lovaki 81 %)auents (36 UBT - 39.5% 13 . RUT, SAT’d
(2020)*! Slovakia male, 45 (32/31) C Giemsa PCR, neste
female) PCR

Results: Compared to UBT, histology demonstrated 53.1% SE, 100% SP, 100% PPV, and 74.6% NPV
Conclusion: Histology is less sensitive for classifying Hp infection status than UBT

300

Liet al. . patients (133 UBT - 67% 13 )

(2017)* China male, 167 (201/300) c Giemsa IgG ELISA
female)

Results: Compared to histology, optimized UBT demonstrated 94.53% SE and 89.90% SP
Conclusion: UBT is as sensitive for classifying Hp infection status as histology

289 .
g Histology &
femaie) (289/289)

Results: Compared to histology and culture, UBT demonstrated 99.3% SE, 47.1% SP, 67.3% PPV, and 98.5% NPV
Conclusion: UBT is as sensitive, but not as specific, for classifying Hp infection status post-eradication therapy than histology and
culture
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Gold Standard

Test
A(;l{t;l;(;l;s Country Population Used and Hp ests
Prevalence UBT Culture Histology Other(s)
Sudraba et al. Latvia rlnla9lepagtllents (28 Combo™** - 13C Not specified H&E and RUT, IgG
(2011)3? femaie) 87.1% (104/119) p Giemsa ELISA

Results: Compared to combo*, histology demonstrated 100% SE and 100% SP, UBT demonstrated 96% SE and 100% SP

Conclusion: UBT is as sensitive for classifying Hp infection status as histology

530 pediatric
cases (254 male
Roma- > Combo* - Hp .
Giannikou et  Greece 276 female) and prevalence 50%  °C Thlqglycollate H&E and RUT
al. (2010)'3 1060 controls (530/1060) medium Giemsa
' (526 male, 534
female)
Results: Compared to combo*, histology demonstrated 90.3% SE and 100% SP
Conclusion: Histology is as sensitive for classifying Hp infection status as culture in combination with other tests
651
Shin et al. patients (397 Combo* - 64.5% Giemsa and
(2009)27 Korea male, 254 (420/651) BHI agar THC 1gG ELISA
female)

Results: Compared to combo*, culture demonstrated 56.2% SE (95% CI 51.1-60.6%), 100% SP (95% CI 96.9-100%), 100% PPV
and 40.8% NPV while histology demonstrated 93.0% SE (95% CI 90.3-95.0%), 94.0% SP (95% CI 88.6-97.1%), 98.8% PPV and

59.8% NPV
Conclusion: Histology is more sensitive for classifying Hp infection status than culture alone
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Gold Standard

Test
A(;l{t;l;(;l;s Country Population Used and Hp ests
Prevalence UBT Culture Histology Other(s)
. 88 patients (39 . .
Ortiz-Olvera . Combo* - 13 Trypticasein-soy  H&E and
etal, (2007)21 Mexico Eﬁﬁii;g 57.95% (51/88) agar Giemsa 1gG ELISA

Results: Compared to combo*, UBT demonstrated 90.2% SE, 93.3% SP, 95.83% PPV and 84.8% NPV
Conclusion: UBT is as sensitive classifying Hp infection status than culture and other tests used in combination

94 patients (60 .

Rasool et al. . Histology — 70% 4 H&E and

(2007)% Pakistan male, 34 (66/94) C Giemsa RUT
female)

Results: Compared to histology, UBT demonstrated 92% SE (95% CI 87-95%), 93% SP (95% CI 79-99%), 97% PPV (95% CI 91-
99%) and 84% NPV (95% CI 72-89%)

Conclusion: UBT is as sensitive for classifying Hp infection status as histology

90 patients (79  Combo™** - H&E and
Pakistan male, 11 prevalence not Bc Columbia agar . RUT
Giemsa
female) reported

Bilal et al.
(2007)**

Results: Compared to combo**, UBT demonstrated 100% SE, 82% SP, 90% PPV and 93.3% accuracy, culture demonstrated 70%
SE, 100% SP, 100% PPV and 81.1% accuracy, and histology demonstrated 98% SE, 74% SP, 86% PPV and 88.9% accuracy
Conclusion: UBT is as sensitive for classifying Hp infection status as histology
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Gold Standard

Test
A(;l{t;l;(;l;s Country Population Used and Hp ests
Prevalence UBT Culture Histology Other(s)
Histology & Brucella agar,
Mauro et al. . culture — 13 Mueller-Hinton Warthin-
(2006)%° Canada 176 patients prevalence not C agar, and egg yolk  Starry RUT
reported emulsion

Results: Compared to histology and culture, UBT demonstrated 100% SE and, 98.5% SP, 94.5% PPV and 100% NPV
Conclusion: UBT is as sensitive for classifying Hp infection status as histology and culture

Frenck et al. 100 pediatric Combo* - 46% H&E and RUT, SAT,

13 :
(2006)* Egypt patients (46/100) € Columbiaagar 0 ca 1eG ELISA
Results: Compared to combo*, UBT demonstrated 98% SE, 89% SP, 88% PPV and 98% NPV
Conclusion: UBT is as sensitive for classifying Hp infection status as histology and culture

. 46 patients (18
Pellicano et Combo*** - 13 . . RUT, SAT,
al. (2005)% Italy ffreli}lz,l e2)8 65.2% (30/46) C Not specified Not specified IeG ELISA

Results: Compared to combo***, culture demonstrated 96.7% SE, 100% SP, 100% PPV, 94.1% NPV and 97.8% accuracy
Conclusion: Culture is as sensitive for classifying Hp infection status as other tests used in combination
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Gold Standard

Test
A(;l{tel:;;s Country Population Used and Hp ests
Prevalence UBT Culture Histology Other(s)
1,000 patients Histology or H&E and
Slt O(rsl(;l(;l;t))?6 ct Sweden (49% male, culture - 33.9% Columbia agar Warthin- IgG ELISA
' 51% female) (339/1000) Starry
Results: Compared to culture, histology demonstrated 95.8% SE and 99.6% SP
Conclusion: Histology is as sensitive for classifying Hp infection status as culture
. 75 patients (19 : o
Ozturk; tal Turkey male, 56 Histology - 65% MCy Giemsa RUT
(2003) (48/75)
female)

Results: Compared to histology, UBT{ demonstrated 100% SE, 80% SP, 90% PPV, 100% NPV and 93% accuracy
Conclusion: UBTT is as accurate for classifying Hp infection status as histology

251 pediatric

Herold et al. German patients (135
(2002)!7 ermany male, 116
female)

Histology - 53%
(133/251)

13c Giemsa

Results: Compared to histology, validated UBT demonstrated 95% SE, 97% SP, 97% PPV, and 95% NPV
Conclusion: UBT is as sensitive for classifying Hp infection status as histology

21




Gold Standard

Test
A(;l{tel;?;s Country Population Used and Hp ests
Prevalence UBT Culture Histology Other(s)
. 97 patients (41 .
Shirin et al. Histology & RUT 3 .
(2000)%8 Israel male, 56 - 47.4% (46/97) C Giemsa RUT
female)

Results: Compared to histology & RUT, UBT demonstrated 97.8% SE, 96.1% SP, 95.7% PPV, and 98.0% NPV
Conclusion: UBT is as sensitive for classifying Hp infection status as histology

59 pediatric

Yanez et al. . patients (20 Combo*** - 13 . H&E and

(2000)*° Mexico male, 39 37.3% (22/59) € Skirrow agar Giemsa RUT
female)

Results: Compared to combo***, UBT demonstrated 90.9% SE and 91.9% SP, culture demonstrated 77.3% SE and 100% SP, and
histology demonstrated 81.8% SE and 94.6% SP
Conclusion: UBT is as sensitive for classifying Hp infection status as histology and culture

205 total

Mock et al. Korea & patients (97 Histology & RUT 3 .

(1999)% Canada male, 108 _44.9% (92205)  © Giemsa RUT
female)

Results: Compared to histology and RUT, UBT demonstrated 93.5% SE (95% CI 88.5-98.5%), 97.3% SP (95% CI 94.3-100%),
and 95.6% accuracy (95% CI 92.8-98.4%)
Conclusion: UBT is as sensitive for classifying Hp infection status as histology
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Gold Standard

Test
A(;l{t;l;(;l;s Country Population Used and Hp ests
Prevalence UBT Culture Histology Other(s)
) H&E and
Yu et al. . . Histology - 14 )
(1999)*! Singapore 79 patients 53.29% (42/79) C g&i;g;nn- RUT

Results: Compared to histology, UBT demonstrated 100% SE (95% CI 92-100%), 97.2% SP (95% CI 86-100%), 100% PPV (95%
CI90-100%) and 97.7% NPV (95% CI 88-100%)
Conclusion: UBT is as sensitive for classifying Hp infection status as histology

van der Combo** - Belo-horizonte H&E alone
Wouden et al. Netherlands 197 patients o y 3c di and Giemsa  RUT, PCR
(1999)%0 79.2% (156/197) medium alone

Results: Compared to combo**, H&E alone demonstrated 94% SE and 95% SP, Giemsa alone demonstrated 81% SE and 99% SP,
and culture had 100% SE and 100% SP

Conclusion: Culture is more sensitive for classifying Hp infection status than histology, and Giemsa alone is more specific than
H&E staining alone

Maconi et al. Ital Ilnla'SlepaStgents (39 Combo** - 13C Not specified H&E and RUT, IgG
(1999)* Y femaie) 70.4% (81/115) p Giemsa ELISA

Results: Compared to combo**, UBT demonstrated 100% SE and 100% SP, culture demonstrated 97.5% SE and 100% SP, routine
histology demonstrated 92.6% SE and 93.3% SP, and expert histology demonstrated 98.8% SE and 100% SP

Conclusion: UBT is as sensitive for classifying Hp infection status as histology and culture; pathologist experience impacts
accuracy of histology
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Gold Standard

Test
A(;l{tel;?;s Country Population Used and Hp ests
Prevalence UBT Culture Histology Other(s)
Reilly et al. . Combo*** - 13 H&E and RUT, IgG
(1997)!8 England 300patients 45 500 (137300)  © Giemsa ELISA

Results: Compared to combo***, UBT demonstrated 100% SE (95% CI 91-100%) and 100% SP (95% CI 91-100%)
Conclusion: UBT is as sensitive for classifying Hp infection status as histology

Laine et al. 101 patients (42  Culture - Skirrow and BHI H&E glone
28 USA male, 59 prevalence not and Giemsa  RUT
(1997) agar
female) reported alone

Results: Compared to culture, H&E demonstrated 92% SE and 89% SP, Giemsa demonstrated 88% SE and 98% SP
Conclusion: Giemsa staining is more specific for classifying Hp infection status than H&E alone

Giemsa
alone,
Jonkers et al. . Culture - 50% Blood and Warthin-
(1997)% Netherlands 40 patients (20/40) Skirrow agar Starry alone
and IHC
alone
Results: Compared to culture, Giemsa demonstrated 90% SE and 53.8% SP, Warthin-Starry demonstrated 70% SE and 82.5% SP,
and IHC demonstrated 83.8% SE and 90% SP

Conclusion: THC is more specific for classifying Hp infection status than Giemsa and Warthin-Starry stains

UBT, urea breath test; H&E, hematoxylin and eosin; IHC, immunohistochemical; RUT, rapid urease test; SAT, Stool antigen test; [gG
ELISA, immunoglobulin enzyme-linked immunoassay; PCR, polymerase chain reaction; SE, sensitivity; SP, specificity; PPV, positive

predictive value; NPV, negative predictive value.
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*positive Hp infection was defined by positive culture or, if culture negative, positive histology and serology

**positive Hp infection was defined by any three tests positive

***positive Hp infection was defined by any two tests positive

tbreath samples were collected using two different methods (Heliprobe vs standard method); standard UBT results reported
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2.2 Using UBT as an estimate for Hp density

The '3C-UBT uses urea labelled non-radioactively with '*C to detect Hp’s enzymatic
activity®*. If Hp bacteria are present, the urease they secrete will catabolize the '*C-urea to form
ammonia and *CO,. Two breath samples, one taken before '*C-urea consumption and one after,
can be compared to measure the change from baseline, or delta-over-baseline (DOB), in the level
of *CO,. *C-UBT DOB values are a function of the '*C/'?C ratio and range from values around
0 to around 100**, The “C-UBT follows the same concept, except it uses *C instead of 1*C to
detect Hp’s enzymatic activity. The measurement of *C differs from *C and can be expressed as
a rate of counts per unit of time, like counts per minute (CPM), as registered by a radiation
monitoring instrument.

As occurs with bacterial infections in general, the number of bacteria that colonize the
stomach of an infected person, referred to as the bacterial load or density, varies greatly, with
implications for disease and treatment outcomes, as well as the immune response. Methods for
bacterial density assessment in the literature include histology, UBT, PCR and semi-quantitative
culture. The UBT has been theorized to provide a quantitative measure of Hp density, assuming
its numeric DOB is a function of the amount of gastric urease, that this amount increases with the
bacterial load, and that Hp bacteria are the only source of urease in the stomach.

In the ideal UBT reaction, all Hp urease present would be saturated by labelled urea, and
steady hydrolysis would be reached. The DOB value would therefore reflect total gastric urease
activity®. If total gastric urease activity accurately reflects Hp density, it could be a valuable and
non-invasive screening technique compared to methods requiring endoscopy. However, accurate
assessment of Hp density by the UBT alone may not be possible for multiple reasons: CO2

production varies widely across individuals in a manner related to age- and sex-dependent
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metabolic variation; the type of test meal may further vary CO, production*®; there may be other
urease-secreting bacteria in the stomach, as occurs more frequently during disease processes
involving hypochlorhydria; and there may be non-pylori helicobacters, as occurs in a small
fraction of cases, with the precise frequency varying across populations. Also, a wide variation in
urease activity has been observed across Hp strains in vitro*’. When UBT is repeated for an
individual, a large difference in the delta-over-baseline values likely reflects changes in bacterial
load®.

I conducted a literature review to summarize studies that estimated the association of Hp
density classified by histopathological evaluation with UBT DOB values. I also assessed the
quality of studies examining the relationship between Hp density and UBT DOB values. I
searched the PubMed/Medline database to find articles indexed through 2021. The search terms I

used for the literature review were:

1. Helicobacter pylori:

"Helicobacter pylori"[Mesh] OR "Helicobacter Infections"[Mesh]
2. UBT:

UBT OR urea breath test
3. Hp density:

Density OR Infiltration OR Load

4. #1 AND #2 AND #3

I restricted my review to both original research and review articles that were available in

English. I reviewed the title and abstract of all search results. I included studies that evaluated Hp
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infection using either '*C or '*C UBT and compared DOB values to density scores classified by
histopathological evaluation. I reviewed all available full-text articles and either extracted
information or excluded the article if it did not compare DOB values to Hp density scores. I did
not include full-text articles that were not accessible either online or through the University of
Alberta library service. In tables and text, I translated diverse labels for Hp density grades
reported in articles to terms used in the updated Sydney system® (i.e., none, mild, moderate,

marked) for consistent nomenclature.

The geographic regions of Asia and Europe are overrepresented in the 17 articles selected
for data extraction. Eight of 17 articles (47%) report on studies conducted in Asia, of which 3 are
from Taiwan and 2 are from Japan. Meanwhile, 6 of 17 articles (35%) report on studies
conducted in Europe, of which 3 are from Germany and 2 are from Italy. The geographic regions
of North and South America are underrepresented, with only 1 article from Canada and 1 from

Brazil. Studies from Africa and Oceania were absent from the selected articles.

All articles report cross-sectional studies that enrolled patients through one or more
healthcare facilities in the study location. Patients in these studies were referred for
gastroenterology consults and endoscopy follow-ups, often presenting with GI symptoms (e.g.,
dyspepsia). Eligibility criteria for 5 of 17 studies (29%) included positive Hp infection, while
other studies included Hp-negative patients. Only 2 of 17 studies (12%) included pediatric
populations (<18 years of age), while the remainder enrolled only adult patients. The distribution
of sex in the study population was not reported in 5 of 17 articles (29%); of the studies that

reported them, 29% had nearly twice the number of male patients compared to female patients.

Hp testing protocols varied across studies. Each study used distinct protocols for UBT

and histology except for the two studies by Perri et al. (1998)**%°. Only 2 of 17 studies (12%)
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used '“C UBT, while the remainder used '*C UBT. Of the 16 studies that reported the wait time
between labelled urea consumption and the second breath sample collection, 12 of 16 studies
(75%) waited 30 minutes (T30), while the remainder (25%) waited 15 minutes (Tis). Regarding
staining methods used to assess Hp presence and density, 6 studies used a combination of H&E
and Giemsa stains, 5 used a combination of H&E and Warthin-Starry stains, 2 used Giemsa stain
alone, 2 used a combination of H&E and cresyl-violet, 1 used H&E alone, and 1 used a

combination of hematoxylin-phloxin-safran and argentaffin stains.

The Sydney System® was used to grade Hp density in 10 of 17 studies, while 5 used an
arbitrary grading system resembling the Sydney System. The remaining 2 studies (Vincent et al.
(1999)°° and Desroches et al. (1997)°!) classified the presence or absence of Hp by histology and
used semi-quantitative microbiological culture methods to estimate Hp density. Vincent et al.
(1999)°° report collecting biopsies from the antrum for histology and culture, including
quantitative culture by a validated method (Intertechniques, Saint-Nom, France) which provided
log bacterial enumeration. Desroches et al. (1997)°! also report collecting biopsies from the
antrum for histology and culture but used the number of colonies on the culture plate to measure
density. Using samples collected at the same time and anatomical location for microbiology and
histology enhances the relevance of culture for estimating Hp density; additionally, increasing
the number of anatomical sites from which samples are collected reduces the probability of

misclassification in cases with a patchy distribution of Hp colonization'?.

Fifteen of 17 studies (88%) estimated a positive correlation between UBT values and Hp
density; 12 of these 15 studies used Spearman correlation coefficients as the measure of
correlation. Vincent et al. (1999)°° used the Pearson correlation coefficient. It should be noted

that the Pearson correlation coefficient assumes a linear relationship, while the Spearman
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correlation coefficient is appropriate for monotonic trends where the rate of increase/decrease is
not constant, as occurs with ordinal categories. The Pearson correlation coefficient may be
justified for the study by Vincent et al. (1999)>°, which correlated the natural log of the UBT
DOB values with the log of the bacterial colonization count. Other studies that used the
Spearman correlation coefficient used non-logarithmic UBT DOB values and ordinal Hp density
scores assigned by the Sydney System® or an arbitrary ordinal scoring system assigned by the

evaluating pathologist.

Zagari et al. (2005)°? interpreted a comparison of means with a Student’s t-test for
statistical significance as indicating a positive correlation between UBT values and Hp density.
Mean =+ standard deviation (SD) UBT DOB values were 17.4 £7.9,29.9 + 14.4, and 48.7 + 20.4
for mild, moderate, and marked density, respectively, showing a gradient of increasing mean
UBT values with increasing density; p-values for mean comparisons were <0.005 for mild versus
moderate, <0.05 for mild versus marked, and <0.05 for moderate versus marked. It should be
noted, however, that neither the comparison of means nor the p-values estimate the strength of
association; furthermore, these authors did not comment on the large SD for each estimated

mean UBT DOB value.

Sheu et al. (1999)° used linear regression and estimated a positive correlation between
UBT values and Hp density. R? was 0.7574 for Tis and 0.7432 for T3 (p<0.0001). Unique to this
study was the collection of gastric biopsies from the antrum, body, and cardia, which were
individually assessed for Hp density (range 0-5) and then those scores were added together to
quantify the total bacterial density (range 0-15). Assessing and calculating Hp presence this way

may increase sensitivity compared to a single biopsy from one anatomical location. However, no
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analysis was done to examine variations in density across antrum, body, or cardia biopsies or if

giving equal weight to each of the 3 biopsied sites makes sense.

Kobayashi et al. (2002)>* and Epple et al. (1997)% reported a correlation between '3C
UBT DOB values and Hp density, including and not including Hp negative patients. The other
15 studies included only Hp-positive patients. The interpretation of the UBT DOB values is not
the same for Hp-negative and Hp-positive patients. Theoretically, DOB values are random
variations around 0 for Hp negative results, while Hp positive results measure the amount of
bacterial urease activity. Including negative patients, therefore, has the effect of mixing the
assessment of whether urease activity increases with bacterial density with whether UBT and
histology agree on whether Hp bacteria are present. This effect may be less significant if the
comparison is based on categories rather than a correlation of continuous values. Not including

Hp negative results before computation of trend estimates in this instance is justified®.

Kumar et al. (2001)°” reported no correlation between UBT values and Hp density. Their
Kruskal-Wallis test had a p-value >0.05, which they interpreted as not statistically significant.
However, the reported median '*C UBT counts for patients with none, mild, moderate, and
marked Hp density assessed on samples from the corpus were 1351.6 counts per minute (CPM),
2117.5 CPM, 2460.4 CPM, and 2314.2 CPM, respectively”’, a trend that is not consistent with an
interpretation of “no correlation”. The authors provided no additional analysis or discussion of
the UBT counts and their distribution within density categories. Thus, it is not possible to draw

informative conclusions from their report.

Machado et al. (2006)°® also reported no correlation between UBT values and
histological grades for Hp density. Like Kumar et al. (2001)*’ they did not estimate a correlation

coefficient; instead, they drew their conclusion from an analysis that used ANOVA to test the
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statistical significance of a comparison of means. Of interest, they compared mean log DOB
UBT values for mild, moderate, and marked histological grades assigned to Hp-positive patients
in their analysis. The authors’ rationale for treating UBT DOB values logarithmically in the
analysis was that DOB values do not present in a normal distribution. Theoretically, log
transformation would reduce or remove the skewness and can be justified on this basis. In this
study, the ANOVA p-value for the comparison of mean log DOB UBT values across density
categories was 0.42. The correlation between Hp density and UBT DOB values was not assessed
or discussed in any other way. Therefore, the claims that there was no correlation are not

substantiated.

In summary, the geographic areas of Asia and Europe were overrepresented in the articles
identified by the search strategy. Eligible studies generally revealed a positive correlation
between *C UBT values and Hp density. Investigators that reported no correlation between '*C
UBT values and Hp density did not substantiate their conclusions with informative analysis.
Almost all studies included only Hp-positive patients; excluding Hp-negative results before

estimating associations between '*C UBT values and measures of Hp density is justified™.
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Figure 2: Total number of articles identified by the search strategy and articles excluded for

Chapter 2.2

PubMed/Medline
(Indexed up to 2021)

147 articles
excluded
following title
and abstract
review

183 articles identified through
search strategy

19 articles
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following content
review

36 articles identified for full text
review

Information extracted from 17
research articles
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Table 2: Summary of studies comparing Hp density and urea breath test values

0.277, p=0.037)

Results: Mean + SD DOB values were 10.52 + 8.14 and 18.40 + 15.31 for mild and moderate-marked density, respectively (rs =

Conclusion: Positive correlation between *C UBT values and Hp density

Authors UBT Histopathology
Country Population . . Density Statistical Analysis
(Year) Isotope Time* Stain
Grades
Updated Sydney:
Rasheed et 93 patients (71 None ,
al. Pakistan male, 22 B¢ 307 gféi’sa Mild ngraeﬁ?;lns rank
(2014)%° female) Moderate-Marked
(combined)**

respectively (p=0.42)

44 Hp-positive

Machado pediatric H&E &I: ldda ted Sydney:
et al. Brazil patients (19 Bc 30 . ANOVA
58 Giemsa Moderate
(2006) male, 25
Marked
female)

Results: Means = SD of log DOB were 1.545 £0.259, 1.407 + 0.269, and 1.46 &+ 0.175 for mild, moderate, and intense density,

Conclusion: No apparent correlation between '*C UBT values and Hp density

. 192. Hp Updated Sydney:
Zagari et positive H&E Mild
al. Italy patients (98 B¢ 30¢ o Student’s t-test
50 Giemsa Moderate
(2005) male, 94
Marked
female)

Results: Means + SD DOB were 17.4 + 7.9, 29.9 £+ 14.4, and 48.7 + 20.4 for mild, moderate, and marked density; mild versus

moderate p<0.005; mild versus marked p<0.05; moderate versus marked p<0.05
Conclusion: Positive correlation between '*C UBT values and Hp density
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UBT Histopathology
Authors . - . .
Country Population . : Density Statistical Analysis
(Year) Isotope Time* Stain
Grades

lésigl\{: Updated Sydney:
Lai et al. Taiwan gu tpatients (73 13C 15 H&E, Mild Spearman’s rank
(2004)%° p Giemsa Moderate correlation

male, 40

Marked
female)

Results: Median DOB (P75-P25) values were 9.6 (13.2), 17.9 (26.9) and 33.2 (25.4), for mild, moderate, and marked, respectively; s

for the DOB and Hp density was 0.47

Conclusion: Positive correlation between *C UBT values and Hp density

100 Hp-
Chang et South pogitive
al. o Korea patients (50
(2003) male, 50
female)

Results: Spearman’s correlation coefficients were 0. 45 (p<0.0001) for Hp density in the antrum, 0.42 (p<0.0001) for Hp density in
the body, and 0.16 (p=0.11) for Hp density in the cardia, and 0.53 (p<0.0001) for the stomach overall

H&E,

13
C 30 Giemsa

Conclusion: Positive correlation between '*C UBT values and Hp density

Updated Sydney:
Mild

Moderate
Marked

Spearman’s rank
correlation

Chang et 62 patients (36
al. Taiwan  male, 26
(2002)%2 female)

Results: Spearman’s correlation coefficients were 0.799 for Hp density in the antrum and 0.816 for Hp density in the corpus

H&E,
Warthin-

Starry

Bc 30

Conclusion: Positive correlation between '*C UBT values and Hp density

Updated Sydney:
None

Mild

Moderate
Marked

Spearman’s rank
correlation
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Authors UBT Histopathology
Country  Population . : Density Statistical Analysis
(Year) Isotope Time* Stain
Grades
Updated Sydney:
Kobayashi 88 patients (60 . None ,
et al. Japan male, 28 B3¢ 15 GIZH:SZ Mild Spealin:gn s rank
(2002)>* female) update Moderate correlation
Marked

Results: The Spearman correlation coefficient were 0.81 (p=0.001) for all patients and 0.67 (p=0.001) and when the 16 patients

without Hp infection were excluded
Conclusion: Positive correlation between *C UBT values and Hp density

Kumar et 60 patients (57 H&E,
al. India male, 3 4c 15 Warthin-
(2001)*7 female) Starry

Updated Sydney:
None

Mild

Moderate
Marked

Kruskal-Wallis test

Results: Results: Median + SD DOB values ranged from 331.3 to 8770.5 cpm and did not correlate with Hp density in either the

corpus or antrum (p > 0.1729)
Conclusion: No correlation between '*C UBT values and Hp density

Suto et al.

(19993 Giemsa

Japan 137 patients Bc 15

Updated Sydney:
Normal

Mild

Moderate
Marked

Spearman’s rank
correlation

Results: Spearman’s correlation coefficients were 0.67 (p<0.05) for Hp density in the antrum and 0.62 (p<0.05) for Hp density in

the corpus
Conclusion: Positive correlation between '*C UBT values and Hp density
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UBT Histopathology

Authors . . . .
(Year) Country  Population Isotope  Time* Stain Density Statistical Analysis
Grades
o Pearson's correlation

. 39 pediatric . :
Vincent et atients (19 H&E Presence coefficient using In
al. France © Bc 30 o DOB and log Hp density

50 male, 20 Giemsa Absence .
(1999) determined by
female)

Results: Pearson’s correlation coefficient was 0.63 (p=0.001) for log Hp density in the antrum
Conclusion: Positive correlation between '*C UBT values and Hp density

quantitative culture

Biopsies from 3

topographical locations

Sheu et al.
(1999)53

Taiwan 196 patients Bc 15,30 H&E scored using a semi-

sum of scores (0-4)
Results: R* was 0.7574 for Tis and 0.7432 for T30 (p<0.0001)
Conclusion: Positive correlation between '*C UBT values and Hp density

quantitative scale (0-5);
categories used based on

Linear regression

Arbitrarily scored:

Perri et al. Ital lngi—]‘i 13C 30 H&E, 1+ (very few bacteria)
(1998)64 y gaﬁen s cresyl-violet 2+ (between 1+ and 3+)

3+ (a lot of bacteria)
Results: Spearman’s correlation coefficient was 0.76 for Hp density in antral biopsies
Conclusion: Positive correlation between '*C UBT values and Hp density

Spearman’s rank
correlation
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UBT Histopathology

Authors . - g .
(Year) Country Population Isotope  Time* Stain Density Statistical Analysis
Grades
Arbitrarily scored:
Perri et al H&E 0 (no bacteria) Spearman’s rank
(1998)% " Italy 172 outpatients '*C 30 cresvlviolet LT (very few bacteria) cgrrelation
y 2+ (between 1+ and 3+)
3+ (a lot of bacteria)
Results: Spearman’s correlation coefficient was 0.32 for Hp density in antral biopsies
Conclusion: Positive correlation between '*C UBT values and Hp density
Ellenrieder 14§ adult H&E and Arbitrarily s.cored: ,
patients (71 13 . 0 (no bacteria) Spearman’s rank
et al. Germany C 30 Warthin- . .
(1997)°5 male, 74 Starry 1 (a few bacteria) correlation
female) ’ 2 (more than a few)

Results: Pearson’s correlation coefficients were 0.56 for Hp density in the antrum and 0. 58 for Hp density in the corpus
Conclusion: Positive correlation between '*C UBT values and Hp density

Hematoxyli Spearman’s regression
Desroches 56 dvspenti n-Phloxin- Presen analysis using DOB and
etal. Canada cyspeptic ¢ Safran and esence Hp density determined
(1997)°! patients argentaffin Absence by semi-quantitative
(Dieterle) culture

Results: Spearman’s correlation coefficient for Hp density in the antrum was 0.84 (95% CI, 0.72-0.91)
Conclusion: Positive correlation between '“C UBT values and Hp density
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negative patients
Conclusion: Positive correlation between *C UBT values and Hp density

UBT Histopathology
Authors . - . .
Country Population . : Density Statistical Analysis
(Year) Isotope Time* Stain
Grades

Sydney system:
Epple et 126 patients H&E, None Spearman’s rank
al. Germany (56 male,70  3C 30 Warthin-  Mild Cgrrela o
(1997)% female) Starry Moderate

Marked

Results: Spearman’s correlation coefficient was 0.78 (p < 0.001) including Hp-negative patients and 0.33 (p < 0.01) excluding Hp-

Labenz et 70 patients (37 H&E,
al. Germany male, 33 B¢C 30 Warthin-
(1996)%¢ female) Starry

Conclusion: Positive correlation between '*C UBT values and Hp density

Arbitrarily scored:

None Spearman’s rank
Mild pearms
Moderate correlation
Marked

Results: Spearman’s correlation coefficient was 0.52 for Hp density in antral and body biopsies

UBT, urea breath test; H&E, hematoxylin and eosin; Sydney, Sydney grading method; SD, standard deviation; CI, confidence interval

*Sample collection time in minutes following labelled urea intake
**Combined in a single category due to a smaller number of marked cases

TDOB values reported for 10-60-minute collection times, 30-minute collection time used for analysis
$DOB values reported for 10-60-minute collection times for 52 patients, 30-minute collection time used for analysis
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2.3 The relationship between Hp density and gastritis severity

Gastritis is generally described as an inflammation of the stomach lining. Gastritis can be
classified based on severity, anatomical location, and histological evaluation as active or chronic.
Active gastritis is characterized by polymorphonuclear cell (PNC) infiltration of the gastric
mucosa’. Chronic gastritis includes increased mononuclear cells (MNC) (e.g., lymphocytes,
plasma cells, monocytes, mast cells, and/or eosinophils) in the lamina propria and possible PNC
infiltration in cases of chronic active gastritis®. Pathologists commonly evaluate stained slides
prepared from gastric biopsy tissue and can use the updated Sydney system® as a grading system
to classify gastritis. There are many causes of gastritis, including Hp infection.

I conducted a literature review to summarize studies investigating the hypothesis that
gastritis severity increases as Hp density increases. I also assessed the quality of studies
examining the relationship between Hp density and gastritis severity. [ searched the
PubMed/Medline database to find articles indexed through 2021. The search terms I used for the

literature review were:

1. Helicobacter pylori:

"Helicobacter pylori"[Mesh] OR "Helicobacter Infections"[Mesh]
2. Hp density:

Density OR Infiltration OR Load
3. Gastritis Severity:

Gastritis severity OR gastric mucosal inflammation severity

4. #1 AND #2 AND #3
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I restricted my review to both original research and review articles that were available in
English. I reviewed the title and abstract of all search results. I included studies that evaluated
and compared Hp density and gastritis severity by histopathological evaluation. I reviewed all
available full-text articles and either extracted information or excluded the article if it did not
compare Hp density and gastritis severity. In tables and text, I translated diverse labels for active
and chronic gastritis reported in articles to terms used in the updated Sydney system® (i.e.,

neutrophil infiltrate, mononuclear cell infiltrate) for consistent nomenclature.

The geographic regions of Asia and Europe are overrepresented in the 24 articles selected
for data extraction. Nine of 24 articles (38%) are from a study location in Asia, of which 3 are
from India and 2 are from Japan. Two studies from Turkey could be considered to represent
either Europe or Asia. Six of the 24 articles (25%) are from a study location in Europe, of which
3 are from Italy and 2 are from England. Four of 24 studies (17%) are from a study location in
North America, 3 of which are from the United States of America (USA). A collaborative study
was done in the USA and Colombia, representing North and South American geographic areas.
The geographic region of South America is underrepresented, with only 2 articles from Brazil.

Studies from Africa and Oceania were absent from the selected articles.

All articles report cross-sectional studies which enrolled patients through one or more
healthcare facilities in the study location. Patients in these studies were referrals for
gastroenterology consults and endoscopy follow-ups, often presenting with GI symptoms (e.g.,
dyspepsia). Exclusion criteria for 17 of 24 studies (71%) included, but were not limited to, age,
history of gastric surgery, and a recent history of PPI or antibiotic use. Tiwari et al. (2020)%’
reported excluding neoplastic cases or patients who received Hp treatment within a month of

endoscopy, while the remaining 6 studies®!***7? did not report any exclusion criteria. Five of 24
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studies included children (<18 years of age), while the remaining 19 studies were restricted to

adults (>18 years of age).

All investigators reported using the H&E stain for evaluating gastritis severity except for
Tasc1 et al. (2020)73, who did not explicitly report their gastritis evaluation methods. Methods for
evaluating Hp density varied across studies. Four studies used UBT DOB values to estimate Hp
density. Four studies used semi-quantitative culture methods to estimate Hp density; all 4
compared Hp density estimated using culture methods to Hp density evaluated using histology
and confirmed that results from the 2 methods were correlated. For studies that used histological
staining methods to assess Hp presence and density, 10 used the Giemsa stain, 3 used the
Warthin-Starry stain, 1 used either Giemsa and/or Warthin Starry stain(s), and 1 used Loeffler’s

methylene blue stain alone.

Most studies provided evidence of a positive correlation or association of Hp density with
gastritis severity, except for 4 studies’®®%%7! Nai et al. (2007)° analyzed gastric biopsies from
200 patients with chronic gastritis and aimed to estimate the association between Hp density and
the combined frequency of histopathological findings, including chronic gastritis, lymphoid
follicles, intestinal metaplasia, and regenerative cell atypia. Marked chronic gastritis was
detected in 9.8% of mild Hp density cases, 3.7% of moderate Hp density cases, 42% of marked
Hp density cases, and 14.4% of cases without Hp bacteria (p=0.03). Overall, chronic gastritis
was more prevalent in Hp-negative cases (72.3%) than in Hp-positive cases (53%). No exclusion
criteria were reported, nor was information collected on antibiotic use or previous Hp treatment;
these variables could result in misclassification of Hp density during the relevant etiologic
window of exposure; failure to account for these variables could result in underestimating the

strength of the association.
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Machado et al. (2006)*® also reported no correlation between UBT values and
histological grades for neutrophilic or mononuclear infiltrate. They drew their conclusion from
an analysis that used ANOVA to test the statistical significance of a comparison of means. Their
analysis compared mean log DOB UBT values for mild, moderate, and marked histological
grades of gastritis severity. In this study, the ANOVA p-values for the comparison of mean log
DOB UBT values across neutrophilic and mononuclear infiltrate categories were 0.41 and 0.29,
respectively. The correlation between UBT DOB values and gastritis severity was not assessed
or discussed in any other way. Therefore, the claims that there was no correlation are not
substantiated. Molaei et al. (2010)’* conducted a study to investigate correlations between
different Hp genotypes and histological findings; they reported a correlation between Hp density
and gastritis severity but did not actually investigate the effect of different Hp genotypes on this

relationship.

In the selected articles, analysis of confounding or effect-modifying variables is absent.
Multiple investigators reported an association or correlation of Hp density with gastritis severity
but do not provide any additional analysis or discussion of potential confounding variables.
Conclusions from these studies only suggest that pathologists evaluating gastric biopsies by
histology remain vigilant for Hp bacteria once gastritis is detected. From an epidemiological

perspective, the overall quality of these studies is poor.
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Figure 3: Total number of articles identified by the search strategy and articles excluded for
Chapter 2.3

PubMed/Medline
(Indexed up to 2021)

390 articles identified through
search strategy

349 articles
excluded
following title
and abstract
review

41 articles identified for full text
review

20 articles
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following content

review 7 articles

included from
review articles

A

4 articles
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full text not
available

Information extracted from 24
research articles




Table 3: Summary of studies investigating the association of Hp density with gastritis severity

Sample Test Method Association of Hp density and Inflammation
Authors (Year) Country Size & ) Gastritis Antrum Body/Corpus
Prevalence (7P Density S '
everity PNC MNC PNC MNC
Tiwari et al 250 patients
(2020)°7 ) Nepal - 60% Giemsa H&E n/a n/a - -
(150/250)

Statistical testing: No statistical testing performed
Conclusion: Positive correlation between Hp density and both neutrophil infiltration and mononuclear cell infiltrate

181 patients
Turkey - 100% Giemsa Not specified  p=0.001 p=0.002 " "
(181/181)

Tasci et al.
(2020)"

Statistical testing: Pearson’s y2
Conclusion: Positive correlation between Hp density and both neutrophil infiltration and mononuclear cell infiltrate; negative
correlation between Hp density and IM

Garge et al 300 patients
(20 ig 2y India -43.7% Giemsa H&E p=0.00 p=0.00 ) ]
(131/300)

Statistical testing: 2
Conclusion: Positive association of Hp density with both neutrophil infiltration and mononuclear cell infiltrate but not IM
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Sample Test Method Association of Hp density and Inflammation

Authors (Year) Country Size & Hp Densit Gastritis Antrum Body/Corpus
Prevalence P P geverity PNC MNC PNC MNC
. 166 patients
Molaei et al. Iran -51.8% Giemsa H&E p<0.001  p=0.003 - -
(2010) (86/166)

Statistical testing: 2
Conclusion: Positive correlation between Hp density and both neutrophil infiltration and mononuclear cell infiltrate but not IM

Jaramillo- 107 patients _ _
Rodriguez et al. Mexico -26.3% Giemsa H&E rs<—(()) 090707 1’ rs<—(()) 3(?07 1’ " "
(2008)7° (40/152) p= p=

Statistical testing: Spearman’s correlation coefficient
Conclusion: Positive correlation between Hp density and both neutrophil infiltration and mononuclear cell infiltrate

Tutar et al 152 patients
“ Turkey - 20-% Giemsa H&E p>0.05 p>0.05 " "
(2008)
(40/152)

Statistical testing: 2
Conclusion: No association of Hp density with either neutrophil infiltration and mononuclear cell infiltrate
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Sample Test Method Association of Hp density and Inflammation
Authors (Year) Country Size & ) Gastritis Antrum Body/Corpus
Prevalence Hp Density S i
everity PNC MNC PNC MNC
. 200 patients .
P Brazil - 58.5% Warthin- H&E . p>0.05 . -
(2007) (117/200) Starry

Statistical testing: ANOVA
Conclusion: No association of Hp density with mononuclear cell infiltrate

323 patients H&E, Semi-
USA -26.6% quantitative H&E
(86/323) Culture

Tummala et al. R?=0.22, Not Not Not

(2007)77

Statistical testing: Linear regression
Conclusion: Positive correlation between Hp density and neutrophil infiltration in antrum only, not in the corpus or mononuclear
cell infiltrate in either antrum or corpus

p=0.045 reported reported  reported

Machado et al.
(2006)5 8

Statistical testing: ANOVA
Conclusion: No correlation between Hp density and neutrophil infiltration or mononuclear cell infiltrate

Brazil 44 patients UBT H&E p=0.41 p=0.288 - -
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Sample Test Method Association of Hp density and Inflammation

Authors (Year) Country Size & Hp Densit Gastritis Antrum Body/Corpus
Prevalence P P geverity PNC MNC PNC MNC
. 126 patients .
Zsikla 762t N Switzerland - 48.9% Giemsa & H&E n/a n/a - -
(2006) (54/126) PCR

Statistical testing: No statistical testing performed
Conclusion: Positive but weak correlation between Hp density and mononuclear cell infiltrate by histology but not PCR

Zagari et al 192 patients
z ta - 0 iemsa ) i ] .
(20052 ltaly - 100% Gi H&E G—0.59
(192/192)

Statistical testing: Goodman and Kruskal Gamma
Conclusion: Positive correlation between Hp density and mononuclear cell infiltrate

112 patients
Korea -89.2% UBT H&E
(100/112)

Chang et al.
(2003)°!

rs:O.34, rS:O69, "
p=0.0005  p<0.0001

Statistical testing: Spearman's correlation coefficient
Conclusion: Positive correlation between Hp density and neutrophil infiltration
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Sample Test Method Association of Hp density and Inflammation

Authors (Year) Country Size & ) Gastritis Antrum Body/Corpus
Hp Density .
Prevalence Severity PNC MNC PNC MNC
. Giemsa
911 patients
Gallo et al. Ttaly - 38.2% and/or H&E p<0.001 i " "
(2003) Warthin
(348/911)
Starry
Statistical testing: 2
Conclusion: Positive correlation between Hp density and neutrophil infiltration
) . Giemsa,
Dzierzanowska- 41 patients - Semi- =027 =0.22
Fangrat et al. Italy 100% o H&E oG P - -
(2002)"" (41/41) quantitative p=0.09 p=0.17
Culture
Statistical testing: Pearson's correlation coefficient
Conclusion: No correlation between Hp density and neutrophil infiltration or mononuclear cell infiltrate
60 patients - :
g‘gg‘f‘)ﬂ? al. India  100% “gi:hm' H&E i p=0.02 i p=0.002
(192/192) my

Statistical testing: Kruskal-Wallis ANOVA
Conclusion: Positive correlation between Hp density and mononuclear cell infiltrate

50 patients - Loeffler’s
India 98.0% methylene H&E
(49/50) blue stain

Misra et al.
(2000)78

r=0.7096, ;
p<0.0001

Statistical testing: Spearman’s correlation coefficient

Conclusion: Positive correlation between Hp density and both neutrophil infiltration and mononuclear cell infiltrate
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Sample Test Method Association of Hp density and Inflammation

Authors (Year) Country Size & Hp Densit Gastritis Antrum Body/Corpus
Prevalence P P geverity PNC MNC PNC MNC
150 patients

Fareed et al. . A . r=0.542,  r=0.173, 1=0.644, r=0.245,

(2000)™ Pakistan E18224/71/500) Giemsa H&E p=0.00  p=0.035  p=0.00  p=0.003

Statistical testing: Spearman’s correlation coefficient
Conclusion: Positive correlation between Hp density and active gastritis severity

Chen et al 162 patients
(2000 | tapan e UBT H&E p<0.05 p=0.176  p=0.262  p=0.537
(135/162)

Statistical testing: Multivariate logistic regression

Conclusion: Positive correlation between Hp density and neutrophil infiltration in antrum but not in the corpus or mononuclear cell
infiltrate in either antrum or corpus

41 patients - Giemsa &
Yamaoka et al. USA & 100% Semi- H&E r=0.83 r=0.80 Rs<0.2 Rs<0.2
(1999)81 Columbia (41/41) quantitative i T . '
Culture

Statistical testing: Spearman's correlation coefficient

Conclusion: Positive correlation between Hp density and neutrophil infiltration and mononuclear cell infiltrate in antrum but not in
the corpus
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Sample Test Method Association of Hp density and Inflammation

Authors (Year) Country Size & Gastritis Antrum Body/Corpus

Prevalence [P DeMSIY g oty PNC MNC PNC MNC

81 patients -

Japan 65.4% Giemsa H&E
(53/81)

Statistical testing: Spearman’s correlation coefficient

Conclusion: Positive correlation between Hp density and both neutrophil infiltration and mononuclear cell infiltrate

Yamamura et al.
(1999)3

r=0.6050,  r=0.5754, ) ;
p<0.00001)  p<0.00001

29 patients - Giemsa & p=0.006 p=0.02
Atherton et al. USA 10 (5) 0, Semi- H&E (Giemsa), (Giemsa), p=0.11 p=0.23
(1996)%3 (29/29) quantitative p=0.009 p=0.007)  (Giemsa) (Giemsa)
Culture (Culture) (Culture)

Statistical testing: Student's t test

Conclusion: Positive correlation between Hp density and both neutrophil infiltration and mononuclear cell infiltrate in antrum but
not in the corpus

) Semi-
Khulusi et al. . .. 1s=0.53, 1s=0.51, 1:=0.50, rs=0.53,
(1995) England 81 patients q“g?ltlltfgve H&E p<0.001  p<0.001  p<0.001  p<0.001

Statistical testing: Spearman’s correlation coefficient
Conclusion: Positive correlation between Hp density and both neutrophil infiltration and mononuclear cell infiltrate

Alam et al. . Warthin-
(1992)75 USA 903 patients Starry H&E p<0.0001 p<0.0001 - -
Statistical testing: Cochran-Mantel-Haenszel correlation

Conclusion: Positive correlation between Hp density and both neutrophil infiltration and mononuclear cell infiltrate
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Sample Test Method Association of Hp density and Inflammation

Authors (Year) Country  Size & . Gastritis Antrum Body/Corpus
Hp Density .
Prevalence Severity PNC MNC PNC MNC
Logan et al. 50 patients -

England UBT H&E p<0.0001 p<0.07 - -

(1991)8¢ 68% (34/50)

Statistical testing: Not specified
Conclusion: Positive correlation between Hp density and both neutrophil infiltration and mononuclear cell infiltrate

PNC, polymorphonuclear cell; MNC, mononuclear cell; IM, intestinal metaplasia; H&E, hematoxylin and eosin; rs, Spearman’s
correlation coefficient; r, Pearson’s correlation coefficient
"gastric biopsy samples from antrum and body/corpus pooled
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Chapter 3: Comparing the accuracy of staining methods for the detection of Helicobacter

pylori in histopathologically evaluated gastric biopsies

3.1 Introduction

The accurate diagnosis of Hp infection is essential to ensure that people with this
infection receive appropriate treatment and follow-up care and that people without this infection
do not receive unnecessary treatment. There are multiple methods for detecting Hp infection, but
there is no optimal gold standard Hp detection method. All CANHelp community project
participants were invited to undergo screening for Hp infection using the '*C UBT and upper
gastrointestinal endoscopy. A smaller number of participants consented to endoscopy, during
which endoscopists collected gastric biopsies for histopathological evaluation and tissue culture.
CANHelp community project participants were tested for Hp infection by up to 3 detection
methods: UBT; histopathological evaluation of gastric tissue slides prepared with H&E and
Giemsa stains; and tissue culture.

Various sources of error may impact the results of methods used to classify Hp infection
status. Fundamental among them is that all Hp detection methods may fail to detect low bacterial
loads; because of this, gold standard classifications of mild infections are especially prone to
false-negative classifications. This is particularly the case for biopsy-based Hp detection
methods, including histology and tissue culture, because gastric tissue samples collected by
endoscopy can miss Hp in the stomach due to its patchy distribution. Inadequate fixation or
physical agitation during tissue biopsy transport can cause the mucosa's delicate components,
including gastric mucus, to separate; if the bacteria are in the mucus rather than the submucosal

tissue, they could be missed on histological examination. Poor staining of slides can cause either
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false-negative or false-positive results because too little stain may fail to highlight bacteria
adequately, and inconsistent staining may create visual artifacts. False-negative culture results
can arise from the fastidious culture requirements for Hp that make the recovery of viable
bacteria difficult. False-positive culture results can occur from contamination across samples in
the laboratory.

While the non-invasive UBT is not vulnerable to missing Hp due to its patchy
colonization, false-positive UBT results can occur because of gastric colonization by non-pylori
urease-positive bacteria, which can arise under hypochlorhydric conditions in the stomach®’.
False-positive UBT results can also occur from inter-individual variation in CO; production,
particularly in young children®®. False-negative UBT results can occur in individuals taking
medications that suppress Hp activity, such as antisecretory drugs, bismuth, or antibiotics; they
can also occur in individuals with upper gastrointestinal bleeding and those with reduced lung
capacity who cannot produce a breath sample with adequate CO> concentration®.

The multiple Hp detection methods used in CANHelp projects created the need for a
protocol for classifying discrepant results. This analysis aims to investigate whether the use of
Giemsa, Warthin-Starry and/or IHC ancillary staining improves the accuracy of
histopathological classification of Hp presence relative to H&E staining alone. Given the
significant cost of ancillary stains, an assessment of the accuracy of these stains relative to
alternatives will contribute information needed to evaluate their cost-effectiveness for
histological assessment of Hp infection. The results of this validation study will provide
information on Hp infection status classification accuracy in CANHelp community projects. To
further assess the accuracy of ancillary stains, this study will also investigate the correlation of

Hp density graded using diverse histopathological stains with '*C-UBT values.
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3.2 Methods

Study Design

I used a validation study design to estimate agreement and diagnostic accuracy of
histopathology, tissue culture, and the '*C-UBT for classifying Hp infection status, focusing on
the relative accuracy of distinct histological stains. This validation study used cross-sectional
data pertaining to samples collected from 2008 through 2013 in four CANHelp community
projects focused on the disease burden from Hp infection in Arctic Indigenous Canadian
communities: the Aklavik, Old Crow, Tuktoyaktuk and Fort McPherson Hp Projects. This
sample collection served as the sampling frame for a histopathology validation sub-study to
assess the accuracy of diverse histopathology stains for detecting Hp in gastric tissue slides. This

analysis does not include data from CANHelp projects launched after 2013.

Research Setting

Recruitment for the Aklavik Hp Project started in November 2007%°. The community of
Aklavik, NT, had a population of 594 people in 2006, according to local census data®. Initial
endoscopy activities took place in Aklavik in February 2008; endoscopy follow-up took place in
Inuvik in March 2017. Recruitment for the Old Crow Hp Project started in December 2010. The
community of Old Crow, YT, had a population of 245 people in 2011, according to local census
data®'. Initial endoscopy activities took place in Old Crow in January 2012; endoscopy follow-up
took place in Inuvik in June 2017. Recruitment for the Tuktoyaktuk Hp Project started in
February 2011°2. The community of Tuktoyaktuk, NT, had a population of 854 people in 2011,
according to local census data®®. Initial endoscopy activities for Tuktoyaktuk participants took

place in Inuvik in March 2013; a few Tuktoyaktuk residents participated in endoscopy in 2013,
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and none had endoscopy follow-up. Recruitment for the Fort McPherson Hp Project started in
June 2012°*. The community of Fort McPherson, NT, had 792 people in 2011, according to local
census data®. Initial endoscopy activities took place in Fort McPherson in March 2013;

endoscopy follow-up took place in Inuvik in June 2017.

Endoscopy Methods

Upper gastrointestinal endoscopy for consenting participants was performed by study
endoscopists in temporary endoscopy clinics organized in community health centers, except for
Tuktoyaktuk residents, whose endoscopies took place at the Inuvik Regional Hospital.
Information on endoscopic abnormalities, such as gastric and duodenal inflammation, erosions,
and ulcers was collected. Gastric biopsies were also collected during endoscopy: 4-6 biopsies (2
from the antrum, 2 from the corpus, and 1-2 from the incisura) were collected for
histopathological evaluation and 2-4 biopsies (1-2 from the antrum, 1-2 from the corpus) were
collected for tissue culture. The initial endoscopy activities in Aklavik in February 2008 used
Olympus 4.9 mm ultrathin trans-nasal gastroscopes. The remaining endoscopy activities in
community projects used Olympus 5.4 mm ultra-slim gastroscopes. All gastric biopsies collected
during endoscopy activities were transported to the University of Alberta for histopathological

evaluation and tissue culture.

Histopathological Evaluation
Initially, a single pathologist (Pathologist 1, SG) assessed pairs of tissue slides, including
one stained with H&E and one stained with Giemsa, examined side-by-side, to grade Hp density,

inflammation severity, and gastric neoplasia using the updated Sydney system?.
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Histopathological variables relevant to this analysis include Hp density grade, active gastritis
grade and chronic gastritis grade. For the validation sub-study, new tissue cuts were taken from
the original formalin-fixed paraffin-embedded gastric tissue blocks (including the 4-6 biopsies
collected from each participant at endoscopy) and slides were prepared with Warthin-Starry and
IHC ancillary stains at the Red Deer Regional Hospital Centre. Warthin-Starry staining was
performed on a Dako Artisan platform using a Dako Artisan Warthin Starry staining kit. IHC
was performed on a Dako Omnis platform using a Dako Hp antibody clone and a Dako detection
kit (EnVision FLEX, High pH - DAB Chromogen). Due to Pathologist 1’s reduced availability
when this validation study was conducted, a second pathologist (Pathologist 2, GC) used the
updated Sydney system to grade Hp density in 4 sets of slides, each with a distinct stain (H&E,
Giemsa, Warthin-Starry, or IHC) applied and examined individually. In this analysis, I used
Pathologist 2’s density grading of each of the 4 sets of slides, and Pathologist 1’s Hp density,
chronic gastritis, and active gastritis gradings from the original CANHelp assessment of side-by-
side H&E-stained and Giemsa-stained paired slides. Given the assessment of multiple biopsies
per participant, each participant's classification of Hp density grade, chronic gastritis grade and
active gastritis grade was based on the highest grade assigned across the biopsies evaluated from
that participant.

For the validation sub-study, I took steps to conceal the identity of participants from the
study pathologist to reduce observer bias in the assessment of slides from the same participant.
To do this, I masked the participant identity on slides by covering the participant ID label,
replacing it with a label containing a unique, randomized study ID number, and assigning a
different series of ID numbers to each set of stained slides (H&E, Giemsa, Warthin-Starry and

IHC), so slides from the same participant could not be identified. I kept the code list that linked
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the series of validation study ID numbers to the participant ID number and delivered slides in
consecutive batches to the pathologist for histopathological grading. Pathologists 1 and 2 both
assessed the slides using the updated Sydney System. Pathologist 2 was blinded to all previous
histopathology results for the assessed samples. With each batch, Pathologist 2 received a
worksheet to record the grading values; this worksheet included only the validation sub-study ID

numbers unique to that batch.

Tissue Culture

Collected biopsies for tissue culture were pooled and mechanically homogenized. The
homogenized suspensions were plated on both selective (with antibiotic) and non-selective (with
no antibiotic) brain heart infusion/yeast extract/5% horse serum (BHI/YE/HS) agar plates. Two
selective BHI/YE/HS plates were used for each homogenized suspension; one plate with 2
antibiotics (vancomycin and amphotericin B) and one plate with 6 antibiotics (vancomycin,
amphotericin B, cefsulodin, polymyxin B, trimethoprim, and B-cyclodextrin). Inoculated plates
were incubated at 37°C in microaerophilic conditions. Cultures were assessed for growth every
48 hours for up to a month. Hp identification was confirmed by urease, catalase, oxidase and 16S

ribosomal RNA PCR testing. Hp was sub-cultured to generate glycerol stocks.

UBT Screening

The CANHelp Working Group '*C-UBT protocol adapted manufacturer instructions for
collecting breath samples with modifications based on a review article by Gisbert et al. (2004)*,
CANHelp project staff collected a baseline breath sample from participants. Participants were

then given a 50mg or 75mg *C-labelled urea solution (over time available test kits used a
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reduced dose) dissolved in 100 mL of water. Another breath sample (T30) was collected 30
minutes after drinking the '3C-labelled urea solution. The collected breath samples were
measured using an IRIS® breath test analyzer (Kibion/Wagner Analysen Technik, Bremen,
Germany). The test result is based on the delta-over-baseline (DOB) value, calculated by
subtracting the baseline '*C/!?C ratio from the T3 *C/'?C ratio, with the 1*C/!2C ratio expressed
as parts per thousand (%o) relative to the international Pee Dee Belemnite (PDB) standard***. For
the purpose of Hp infection classification, DOB values from -1.99 to 2.49 were classified as Hp
negative; 2.50 to 3.99 were classified as borderline; and >4.00 were classified as Hp positive.
Participants were asked to repeat the UBT if the result was borderline, the DOB was <-2.00, or

the CO> concentration was too low in baseline or T3¢ breath samples for accurate measurement.

Participant Selection

Participants eligible to be selected for the validation sub-study included all participants in
CANHelp community projects with gastric tissue available from biopsies previously collected by
endoscopy, who also had tissue culture and urea breath test (UBT) results as of 2013.
Participants with Hp treatment between UBT screening and endoscopy were not eligible for
inclusion. Project staff offered participation in endoscopy activities to all residents of
participating communities aged 15 years or older at the time of endoscopy, regardless of Hp
infection status; children younger than 15 years were included at a parents’ request. Of 919
participants in the 4 community projects launched before 2013, 324 had gastric biopsies taken
during endoscopy. Of the 324 participants with gastric biopsies, there were 309 eligible
participants, who did not have Hp treatment between UBT screening and endoscopy, who also

had culture and UBT results. Due to funding limitations, the validation sub-study used stratified
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sampling to select 180 of the 309 eligible participants while ensuring an optimal distribution of
Hp density in the validation sub-study population. Because Hp is more easily detected when
density is higher, the validity and usefulness of ancillary stains are better assessed in cases that
test discrimination between Hp-negative tissue samples and tissue samples with low bacterial
density or otherwise patchy bacterial distribution®!°. The stratified sampling aimed at achieving
an adequate number of Hp-negative tissue samples and samples with low Hp density, based on
Pathologist 1’s original assessment of paired Giemsa and H&E slides. Selection for this
validation sub-study included:
e All 53 participants (29%) who tested negative by histopathology, culture and
UBT
e All 41 participants (23%) with discrepant results on the 3 tests
e 86 participants (48%) who tested positive on all 3 tests, distributed by Hp density
(as graded by Pathologist 1) as follows:
o All 8 participants (4%) with 1 or more biopsies classified as “rare” Hp
density, Pathologist 1’s label for very few bacteria observed
o All 31 participants (17%) with “mild” as the highest Hp density grade in
assessed biopsies
o 47 participants (26%) selected at random from those with mild as the

lowest Hp density in assessed biopsies

Demographic Information
Demographic information was collected through structured interviews by trained

CANHelp Working Group interviewers using multiple questionnaires around the time of *C-
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UBT screening in community projects. Additionally, standardized chart reviews extracted data
from participant health records. To characterize the study population so that generalizability can
be assessed, I used basic demographic variables (age, sex, ethnicity) collected through the
CANHelp Participant Questionnaire and Health Survey. I used the community of residence at the
time of project enrolment, as indicated by the participant ID, to account for differences in biopsy
collection methods used by different clinical teams at different times.

To exclude participants who had Hp treatment provided through a CANHelp community
project between UBT testing and endoscopy, which occurred with a small fraction of
participants, I consulted CANHelp study information. To account for antibiotic use, I used self-
reported information on previous Hp treatment collected in CANHelp community project
participants by interviewer-administered questionnaire. I used information on proton pump
inhibitor (PPI) and non-steroidal anti-inflammatory drug (NSAID) use collected by interviewer-

administered questionnaire to assess whether they influence detection method accuracy.

Validation Measures and Statistical Methods

To assess inter-rater reliability, I compared the 2 pathologist’s Giemsa classifications of
Hp presence/absence and density. I also qualitatively assessed the trend in the relationship
between the two pathologists' Giemsa-based classifications of Hp density, an ordinal measure,
and I calculated percent agreement of the ordinal classifications. I did not use Cohen’s kappa for
observer comparisons because it has known performance limitations for assessing ordinal data,
and its values lack a straightforward interpretation®®. Instead, I used the two-way random effects
intraclass correlation coefficient (ICC) to measure absolute agreement and consistency of

agreement. Absolute agreement assesses whether different raters assigned the same score to the
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same subject, while consistency assesses if raters’ scores are correlated in an additive manner®. I
used a two-way random effects model rather than a one-way random effects model or a two-way
mixed effects model because it is preferred for generalizing reliability results to any raters with

the same characteristics as the raters compared in a reliability assessment®>

. A two-way random
effects model ICC is considered appropriate for evaluating rater-based clinical assessment
methods (e.g., histopathological evaluation) designed for routine clinical use by clinicians with
specific characteristics (e.g., specialization in pathology)®”. ICC values <0.5, from 0.5 to <0.75,
from 0.75 to <0.9 and >0.90 are generally interpreted as poor, moderate, good, and excellent
reliability between raters, respectively®.

Since there is no optimal gold standard method for detecting Hp infection, I used diverse
available reference classifications in lieu of a single gold standard to estimate multiple measures
of accuracy for the classification of tissue samples as Hp-negative or Hp-positive by each of the
staining methods evaluated for the validation sub-study (H&E, Giemsa, Warthin-Starry, and
IHC). I treated the following reference classifications successively as ‘gold standards’ to
estimate accuracy measures: the original CANHelp histopathology evaluation using paired H&E
and Giemsa-stained slides examined side-by-side by Pathologist 1; tissue culture; UBT; and the
algorithm developed by the CANHelp Working Group for classifying Hp positivity or negativity
(based on the probability that the participant was negative or positive given the combined
results).

As one measure of accuracy, I estimated percent agreement with each ‘gold standard’ for
each histopathology stain evaluated for the validation sub-study (H&E, Giemsa, Warthin-Starry,
and THC) as the percent of participants whose classification is the same on the pair of methods

compared. I also estimated sensitivity, specificity, predictive values, and likelihood ratios for the
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classification resulting from each staining method compared against each ‘gold standard’. I used
the 95% confidence interval (CI) for all estimated proportions as a measure of statistical
precision. The use of likelihood ratios in validation studies is limited®®, but I used them as a
marker of the potential utility of each diagnostic test. Likelihood ratios for diagnostic tests
compare the probability that a test result is correct to the probability that it is incorrect; they are
calculated for both positive (‘LR+’ = sensitivity / 1- specificity) and negative test results (‘LR-’
= 1 — sensitivity/specificity)’’.

I examined whether the following histopathological factors impact accuracy: Hp density;
chronic gastritis severity; and active gastritis severity. I dichotomized Hp density, active gastritis,
and chronic gastritis as none-mild or moderate-marked. Using stratified analysis to examine the
influence of these factors on accuracy, | estimated accuracy measures within categories of
histopathological factors, previous Hp treatment, NSAID use, and PPI use to the extent possible
for each stain evaluated for the validation sub-study, given that the precision of accuracy
estimates was reduced in these categories.

[ used linear regression to model the relationship between Hp density, as classified by
Pathologist 1’s original histopathological evaluation, and *C-UBT DOB values, as a measure of
bacterial load. I also calculated Spearman’s correlation coefficient for Hp density and '*C-UBT
delta-over-baseline values, separately for Pathologist 1’s density classifications and each of the
ancillary stains assessed by Pathologist 2. For the linear regression and Spearman’s correlation
coefficient analysis, I excluded Hp-negative participants to avoid mixing the assessment of
whether urease activity increases with bacterial density with the assessment of whether UBT and

histology agree on the presence of Hp>°.
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Lastly, I conducted a bias analysis using the estimated accuracy parameters to estimate
the amount of bias that would result from each staining method when estimating the prevalence
of Hp infection in participants. I calculated the adjusted prevalence (Paqj) using specificity and
sensitivity estimates and compared them to the observed prevalence (Pobs). Per Rogan et al.
(1978)°, if sensitivity and specificity are known, an unbiased estimate of P,g; is calculated using
the following equation: Paq4j = (Pobs + specificity — 1) / (specificity + sensitivity — 1)°%%. 1
estimated 95% confidence intervals as recommended by Rogan et al. (1978)%%. For this bias
analysis, [ used sensitivity and specificity estimated using the ‘gold standard’ based on the
CANHelp Working Group algorithm due to its applicability to published research by the
CANHelp Working Group.

I conducted all statistical analyses using STATA Data Analysis and Statistical Software

(Version 14, StataCorp LLC, Texas, USA).

Ethics Approval

The research conducted by the CANHelp Working Group, of which this study is a part,
received ethics approval from the University of Alberta Research Ethics Board under the project
name “Addressing Community Concerns about Risks from H. pylori Infection in the
Circumpolar North” (No. Pro00007868). This research was also approved by the Northwest
Territories (Licence No. 15785) and Yukon (Licence No. 16-13S&E) research licensing
authorities. CANHelp Working Group staff members provided verbal and written study
information, approved by the University of Alberta Research Ethics Board, to all participants.
All participants, or their guardians if they were under 17 years old at the time of enrollment,

signed consent forms to indicate they understood the project information before enrolling as
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project participants. Younger children whose parents deemed them old enough to understand
gave informed assent. Through the Northern Alberta Clinical Trials and Research Centre
(NACTRC), Alberta Health Services provided administrative and operational approvals for
processing and pathological assessment of gastric tissue samples collected in community health

centres and the Inuvik Regional Hospital.

3.3 Results

Of the 919 participants enrolled in the four community projects, 309 participated in
endoscopy and had eligible histopathology results. From these 309 participants, 180 were
selected for the histopathology validation sub-study. Table 4 describes the demographic
characteristics of these 3 study populations. The Aklavik Hp Project had both the largest number
of total participants (n=383) and participants with histopathology results (n=194). The Old Crow
and Fort McPherson Hp Projects had comparable numbers of total participants and participants
with histopathology results. Only 5 Tuktoyaktuk residents had eligible histopathology results
because of logistic barriers to participation in endoscopy.

The distribution of demographic characteristics in these three study populations was
similar except for age. A large proportion of total CANHelp project participants (20%) were <20
years of age at enrollment. The proportion of participants who were <20 years of age at
enrollment was lower for those with histopathology results (10%) and those selected for the
validation sub-study (12%). A larger proportion of participants were female than male among
total participants (54%), participants with histopathology results (55%) and those selected for the

validation sub-study (60%). Similarly, most participants were Indigenous among total
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participants (84%), participants with histopathology results (88%) and those selected for the
validation sub-study (87%).

Table 5 shows the distribution of grades of Hp density, chronic gastritis, and active
gastritis in the study population of participants with histopathology results and the validation
sub-study population. Among participants with histopathology results, 27% were Hp-negative,
17% had Hp density classified as mild, 32% as moderate, and 24% as marked. Among validation
sub-study participants, 41% were Hp-negative, 21% had Hp density classified as mild, 26% as
moderate, and 13% as marked. The higher frequency of Hp negativity and the lower frequency
of moderate or marked Hp density in the validation sub-study population reflects the stratified
sampling aimed at including as many samples as possible with no Hp or low Hp density. A
similar difference was apparent for chronic gastritis, and active gastritis; the proportion of
participants with lower grades of gastritis was larger among validation sub-study participants
compared to all participants with histopathology results. Table 5 also compares frequencies of
receiving Hp treatment before project enrollment and use of PPIs or NSAIDs. In the validation
sub-study population, 23% had previous Hp treatment, 19% reported PPI use, and 57% reported
NSAID use; frequencies of these variables were similar among the 309 participants with
histopathology results.

A comparison of the 2 pathologists’ classifications of participants’ Hp status as positive
or negative showed absolute agreement for 95% (171/180) of participants. The remaining 9 (5%)
participants were classified as Hp positive by Pathologist 1 and Hp negative by Pathologist 2. A
comparison of the 2 pathologists’ classifications of the Hp density grade showed absolute
agreement on 63% (114/180) of participants. Of the 66 (37%) participants with discordant Hp

density grades, 74% (49/66) are explained by Pathologist 2 grading one grade lower than
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Pathologist 1 (e.g., none instead of mild, mild instead of moderate, or moderate instead of
marked). A two-way random effects model, measuring the absolute agreement, estimated an ICC
0f 0.66 (95% CI1 0.35, 0.80). Meanwhile, a two-way random effects model, measuring the
consistency of agreement, estimated an ICC of 0.73 (95% CI 0.66, 0.80).

Table 6 shows the distribution of Hp density classified using each ancillary stain
(Warthin-Starry, IHC, Giemsa, H&E) examined one-by-one by Pathologist 2 and the original
CANHelp histopathology grade (based on side-by-side examination of H&E and Giemsa-stained
slides by Pathologist 1), among 180 (100%) validation sub-study participants. The distribution of
Hp density in Pathologist 2’s validation sub-study assessments had proportionally more
participants classified at lower grades across all stains relative to the original classifications by
Pathologist 1. For example, the proportion of participants with Hp density classified as marked
was 13% according to the original classification, 9% when assessed by IHC, 3% by Warthin-
Starry, 1% by Giemsa, and 0 by H&E. Pathologist 2 noted some quality issues during
histopathological evaluation: poor quality of staining or faded staining for 18 participants in at
least one of two H&E slides evaluated per participant; precipitate on one H&E slide for 1
participant; focal non-specific staining for 14 (8%) participants in at least one of two IHC slides
evaluated per participant; all Giemsa-stained slides for all participants were faded; no quality
issues were noted for Warthin-Starry stained slides. Pathologist 2 indicated the need for special
staining when evaluating H&E slides for 35 (19%) participants.

Table 7 shows concordance of detection methods on classification of Hp positivity or
negativity; 65% (117/180) of participants’ classifications were concordant across all staining
methods evaluated for the validation study, as well as the original histopathology classification,

culture and '3C UBT. The most frequent discordant results pertained to participants whose
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classifications were positive only on culture, representing 9% (16/180) of the validation sub-
study population, while 5% (9/180) of participants were Hp-negative on culture but Hp-positive
on all other tests. Eleven participants (6%) were negative on H&E staining but positive on all
other tests. Two participants (1%) were negative on Giemsa staining but positive on all other
tests. Conversely, a few participants were positive only on one ancillary stain (3 (2%) on IHC, 3
(2%) on H&E, and 2 (1%) on Warthin-Starry). Two participants (1%) were positive on both IHC
staining and culture only. Only 2 participants (1%) were positive by all endoscopy-based
methods and negative on UBT. The remaining variation of discordance did not follow any
discernable pattern.

Table 8 shows the estimated sensitivity, specificity, and predictive values of ancillary
stains evaluated for the validation sub-study against different ‘gold standards.” All evaluated
stains performed similarly, regardless of the ‘gold standard’, except for H&E staining. H&E
staining had the lowest sensitivity and agreement of the four stains evaluated. Warthin-Starry and
IHC staining showed very similar sensitivity and agreement. Warthin-Starry staining had higher
specificity relative to IHC against all ‘gold standards’ except for tissue culture, for which the
estimated specificity (77%, 95% CI 66, 86) of these 2 stains was identical. Relative to IHC and
Warthin-Starry staining, Giemsa staining had lower sensitivity but higher specificity across all
‘gold standards’. All stains had lower sensitivity, specificity, and agreement against tissue
culture as the ‘gold standard’. Against the CANHelp classification algorithm as the ‘gold
standard’, a positive Warthin-Starry result was nearly 24 times more likely among participants
with Hp infection than among patients without Hp infection, but only 3.5 times more likely when

tissue culture was the ‘gold standard’.
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Table 9 shows the agreement of Hp positivity classifications based on each of the 4 stains
with diverse ‘gold standards’ across categories of chronic gastritis severity, acute gastritis
severity, Hp density, previous Hp treatment, PPI use and NSAID use. For all stains, agreement
was more frequent when Hp density was moderate-marked than when it was none-mild. The
difference in agreement was largest when tissue culture was the ‘gold standard’, which also
showed higher agreement within higher grades of chronic gastritis and active gastritis than
within lower grades. When tissue culture was the ‘gold standard’, estimated agreement was
higher for all four staining methods among participants with no previous Hp treatment. Overall,
the precision of accuracy estimates within categories of stratification variables was high.

Among all CANHelp participants, *C-UBT DOB values ranged from -10.74 to 103.85
(median 9.08); this range was -10.39 to 72.33 (median 12.61) among participants with
histopathology results and -10.39 to 60.01 (median 6.80) among validation sub-study participants
(Figure 1). (Theoretically, UBT DOB values should not be negative except for random variation
and for this reason, participants with values below -2.00 were asked to repeat the UBT, but not
all instances of lower negative values were resolved.) A general trend of increasing UBT DOB
values with increasing Hp density grades was apparent across stains evaluated for the validation
sub-study (Figure 2), except for Giemsa staining, for which participants with marked Hp density
had lower UBT DOB values (median 14.02) on average than those with moderate Hp density
(median 23.70).

After excluding participants with Hp density classifications of none (n=102, 33%), a
weak positive correlation between Hp density and UBT DOB values was apparent. Among the
207 (66%) participants with histopathology results and Hp density classifications of mild or

higher, the Spearman correlation coefficient was 0.34 (p=0.00) for the correlation of Hp density
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(based on the original classification by Pathologist 1) with UBT DOB values. When limited to
the validation sub-study population, excluding those with Hp density classifications of none,
Spearman correlation coefficients were 0.23 (p=0.02) for the original CANHelp histopathology
classification (n=106), 0.15 (p=0.16) for H&E staining (n=89), 0.17 (p=0.09) for Giemsa
staining (n=97), 0.21 (p=0.03) for IHC staining (n=107), and 0.17 (p=0.09) for Warthin-Starry
staining (n=104).

A linear regression model with the UBT DOB value as the outcome variable and Hp
density as classified by Pathologist 1 and modelled as a continuous variable, with data from all
participants with histopathology results excluding those with Hp density classifications of none,
suggested that UBT DOB values increase in a linear manner with density grade (F-statistic p-
value = 0.00); Hp density accounted for 10.2% of the explained variability in the UBT DOB, and
the regression coefficient was 6.7 (95% CI 4.0, 9.3), indicating an average increase of 6.7 UBT
DOB units as the density grade increases from mild to moderate and from moderate to marked.
A linear regression model including Hp density as a nominal ordinal variable (F-statistic p-value
= 0.00) showed similar results: Hp density accounted for 9.8% of the explained variability in the
UBT DOB; regression coefficients were 6.4 (95% CI 1.3, 11.51) for moderate Hp density
compared to mild, indicating an average increase of roughly 6 UBT DOB units with an increase
from mild to moderate density, and 13.3 (95% CI 7.9, 18.67) for marked Hp density compared to
mild, indicating an average increase of roughly 13 UBT DOB units for an increase from mild to
marked density.

I estimated corrected prevalence based on the classifications arising from each stain
evaluated for the validation sub-study, with sensitivity and specificity estimated using the

CANHelp classification algorithm as the ‘gold standard’. Starting with the prevalence observed
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in the 180 (100%) validation sub-study participants for Hp positivity classifications yielded by
each histopathology stain, I adjusted these prevalence estimates for the proportion of false
negatives and false positives corresponding to the estimated sensitivity and specificity.
According to the ‘gold standard” CANHelp classification, Hp prevalence in the validation sub-
study population was 58.9%. For H&E staining, the observed prevalence was 50.0%, and the
corrected prevalence was 58.9% (95% CI1 47.3, 70.5), indicating that the prevalence estimated
from H&E-stained tissue slides was 85% of the ‘gold standard’ prevalence (or 8.9 percentage
points lower). For Giemsa staining, the observed prevalence was 54.4%, and the corrected
prevalence was 58.9% (95% CI 50.4, 67.4), indicating that the prevalence estimated from
Giemsa-stained tissue slides was 92% of the ‘gold standard’ prevalence (or 4.5 percentage points
lower). For IHC staining, the observed prevalence was 60.0%, and the corrected prevalence was
58.9% (95% C149.9, 67.9), indicating that prevalence estimated from IHC-stained tissue slides
was roughly 1 percentage point higher than the ‘gold standard’ prevalence. For Warthin-Starry
staining alone, observed prevalence was 58.3%, and corrected prevalence was 58.9% (95% CI
49.9, 67.9), indicating that prevalence estimated from Warthin-Starry-stained tissue slides was
within 1 percentage point of the ‘gold standard’ prevalence. This exercise demonstrates how
sensitivity and specificity can be used to correct prevalence estimated using a particular

classification method so that the prevalence estimate matches that of the gold standard.

3.4 Discussion
This study showed a high degree of concordance on Giemsa, Warthin-Starry and [HC
staining for the detection of Hp infection in gastric tissue slides, with similar estimates of

sensitivity, specificity, and agreement against diverse ‘gold standards.” Given that the evaluation
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of histopathology stains was based on slides cut from the same tissue block, the bacterial
distribution should be similar, providing a fair comparison of the value of each stain for
enhancing bacterial detection. In contrast, the Warthin-Starry and IHC stains were applied more
recently than the H&E and Giemsa stains; thus, fading of stains over time may have contributed
to an increased number of false negative classifications of slides stained by H&E and Giemsa.
The observed low specificity of staining results when tissue culture is used as a ‘gold standard’ is
consistent with the relatively low sensitivity of tissue culture. The use of multiple gold standards
helped guard against the misleading interpretation that random error alone impacts estimated
accuracy.

Higher accuracy of histopathological classification in cases with higher grades of Hp
density makes sense because the bacteria are more numerous and easier for a pathologist to find.
This is especially the case when comparing staining results to tissue culture because more
bacteria in a gastric biopsy makes a positive culture result more likely. Evidence suggests that
the severity of chronic and active gastritis increases with increased Hp density®’¢"737>100_Gince
the bacteria and the inflammation co-occur in the tissue, the pathologist evaluating Hp density
may be influenced by background pathology, including any gastritis present, and may explain
why accuracy is greater in cases with more severe gastritis.

This analysis showed a weak positive correlation between Hp density and UBT DOB
values. The Spearman correlation coefficients observed in this study are lower than other reports
of the correlation between Hp density and UBT DOB values*®30-1:343561-66 Restricting this
analysis to the validation sub-study participants weakened the correlation, which would be
expected because the stratified sampling of participants for the validation sub-study aimed to

maximize statistical efficiency for evaluating tissue samples with sparse Hp colonization, given
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their higher probability of misclassification. Including all participants with histopathology results
increased the proportion with higher Hp density and strengthened the observed correlation
somewhat. Linear regression showed that average UBT DOB values increased with increasing
Hp density grades of mild, moderate, and marked.

While this validation sub-study was not a study of the reliability of pathologist
evaluations, it assessed the reliability of two pathologists’ Hp density classifications. A
qualitative assessment of inter-rater reliability in this sub-study showed higher consistency of
agreement than absolute agreement. This observation was supported by ICC models, indicating
moderate reliability when measuring absolute agreement, 0.66 (95% CI 0.35, 0.80) and good
reliability when measuring the consistency of agreement, 0.73 (95% CI 0.66, 0.80). The
correlation of measurements made on the same participant when measuring absolute agreement
was lower and less precise with wider confidence intervals than when measuring the consistency
of agreement. In addition to reflecting the degree of rater agreement, a low ICC can also reflect a
small number of subjects or raters®”.

It should be noted that the Giemsa slides were not evaluated at the same time by both
pathologists. Any Giemsa stain fading over the years since Pathologist 1’s evaluation could have
impacted Pathologist 2’s evaluation. Unlike Pathologist 1, Pathologist 2 was blinded to all
participant information, including endoscopy reports, and did not evaluate Giemsa slides
concurrently with H&E slides. To accurately assess the reliability of different pathologists’
evaluations, they should be done simultaneously with the same information. Given that both
pathologists’ assessments were used for this validation study, however, an assessment of

interobserver agreement was warranted.
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Correcting Hp prevalence estimates for the estimated classification errors of each stain,
revealed that H&E staining had the largest difference between observed and corrected
prevalence, reflecting relatively low sensitivity resulting in underestimated prevalence. These
results confirm that adding an ancillary stain to the histopathological evaluation of gastric
biopsies for the presence or absence of Hp improves sensitivity and specificity. No one ancillary
stain appeared better than others overall in this validation sub-study. From a cost perspective,
IHC staining cost nearly twice the cost of Warthin-Starry or Giemsa staining. While a cost-
effectiveness analysis is beyond the scope of this validation study, given comparable accuracy
and lower cost, either the Warthin-Starry or Giemsa stain would be more cost-effective than IHC

relative to H&E alone for improved detection of Hp in gastric biopsy tissue.
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Table 4. CANHelp study population characteristics by data availability

Participants
All CANHelp with Participants in
participants* histopathology | validation sub-study
n=919 data n=180
n=309
Variables n %* n %o* n %o*
Sex
Male 422 46 138 45 72 40
Female 497 54 171 55 108 60
Age at enrollment
0-14 117 13 7 2 5 3
15-24 133 14 46 15 28 16
25-34 137 15 46 15 23 13
35-44 113 12 42 14 27 15
45-54 168 18 75 24 41 23
55-64 129 14 54 17 30 17
65-96 122 13 39 13 26 14
Ethnicity
Indigenous 768 84 272 88 156 87
Inuvialuit (Inuit) 305 33 121 39 79 44
Gwich'in First Nation 393 43 132 43 67 37
Other/mixed** 70 8 19 6 10 6
Non-Indigenous 82 9 22 7 19 11
Missing 69 8 15 5 5 3
Community of Residence
Aklavik 383 42 194 63 131 73
Old Crow 200 22 60 19 19 11
Fort McPherson 229 25 50 16 26 14
Tuktoyaktuk 107 12 5 2 4 2

*Of projects in Aklavik NT, Old Crow YT, Tuktoyaktuk NT, Fort McPherson NT

**%5 of column total; totals may not sum to 100% due to rounding

**Includes: Métis; mixed Indigenous ethnicities; unspecified Indigenous ethnicity; Indigenous
mixed with non-Indigenous ethnicities
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Table 5. Distribution of the highest grade of chronic gastritis, active gastritis, and Hp density
among gastric biopsies graded by CANHelp study pathologist, by data availability

Participants with

Participants in

histopathology data validation sub-study
n=309 n=180
Variables n %* n %*
Chronic Gastritis
None 75 24 67 37
Mild 27 9 17 9
Moderate 100 32 60 33
Marked 107 35 36 20
Missing 0 0 0 0
Active Gastritis
None 89 29 75 42
Rare 1 0 1 1
Mild 103 33 66 37
Moderate 81 26 34 19
Marked 33 11 4 2
missing** 2 1 0 0
Hp Density
None 84 27 73 41
Mild 51 17 38 21
Moderate 99 32 46 26
Marked 75 24 23 13
missing ** 2 1 0 0
Previous Hp treatment
Yes 61 20 41 23
No 243 79 139 77
Missing 5 2 0 0
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Participants with

Participants in

histopathology data validation sub-study
n=309 n=180

Variables n %* n %*
PPI Use

Yes 58 19 34 19

No 221 72 146 81

Missing 30 10 0 0
NSAID Use

Yes 165 53 102 57

No 144 47 78 43

Missing 0 0 0 0

Hp, Helicobacter pylori; PPI, proton pump inhibitor; NSAID, non-steroidal anti-inflammatory

drug

*% of column total; totals may not sum to 100% due to rounding

**2 participants lack classification for active gastritis and Hp density
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Table 6. Distribution of Hp density classified histopathologically, by ancillary stain (Warthin-Starry, IHC, Giemsa, H&E examined
one-by-one by Pathologist 2) and the original CANHelp histopathology grade (based on side-by-side examination of H&E and
Giemsa-stained slides by Pathologist 1), among 180 validation sub-study participants

Original
CANHelp
H&E Giemsa TIHC Warthin-Starry Histopathology
n % n % n % n % n %
Hp Density

None 90 50 82 46 72 40 75 42 73 41
Mild 80 44 79 44 64 36 68 38 38 21
Moderate 10 6 17 9 28 16 31 17 46 26
Marked 0 0 2 1 16 9 6 3 23 13

Hp, Helicobacter pylori; IHC, immunohistochemical; H&E, hematoxylin and eosin

*% of column total; totals may not sum to 100% due to rounding




Table 7. Concordance of Hp infection status (present/absent across classification methods validation sub-study histopathology stain
(Warthin-Starry, IHC, Giemsa, H&E), original CANHelp histopathology grade, urea breath test (UBT) result, and culture result,
among 180 validation sub-study participants (*dark grey box=positive test, white box=negative test)

Number of Original
Participants Warthin- CANHelp

(n) Starr IHC Giemsa H&E Histopatholo UBT Culture
72 *

45

16

11




Number of
Participants

(n)

Warthin-
Starr

1

1

1

1

IHC

Giemsa

H&E

Original
CANHelp
Histopatholog

UBT

Culture

IHC, immunohistochemical; H&E, hematoxylin and eosin; UBT, urea breath test
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Table 8. Sensitivity, specificity, and predictive values of ancillary histopathology stains by ‘gold standard’ and stain (Warthin-Starry,

IHC, Giemsa, H&E) among 180 validation sub-study participants

Sensitivity Specificity PPV NPV Accuracy LR+ LR-
%* 95%CI7 | %* 95%CIT | %* 95%CIT | %* 95%CIT | %* 95%CI7
Gold
Standard:
Original
Histopathology
H&E 81 73,88 | 96 88,99 | 97 91,99 | 78 68,86 | 87 81,92 | 19.78 0.19
Giemsa 92 85,96 | 100 95, 100 | 100 96, 100 | 89 80,95 | 95 91, 98 - 0.08
[HC 96 91,99 | 93 85,98 | 95 90,98 | 94 86,98 | 95 91,98 | 14.05 0.04
Warthin-Starry 96 91,99 | 97 90, 100 | 98 93,100 | 95 87,99 | 97 93,99 | 35.12 0.04
Gold
Standard:
UBT
H&E 82 73,86 | 92 84,97 | 93 86,98 | 79 69,87 | 86 80,91 | 10.47 0.20
Giemsa 92 85,96 | 96 89,99 | 97 91,99 | 90 82,96 | 94 89,97 | 23.65 0.08
IHC 96 90,99 | 88 79,95 | 92 85,96 | 94 86,98 | 93 88,96 | 8.22 0.04
Warthin-Starry 96 90,99 | 92 84,97 | 94 87,98 | 95 87,99 | 94 90,97 | 12.33 0.04
Gold
Standard:
Culture
H&E 69 60,78 | 80 69,89 | 84 75,91 | 62 51,72 73 66,80 | 3.45 0.39
Giemsa 79 70,86 | 84 74,92 | 89 81,94 | 72 61,81 | 81 75,87 | 5.03 0.25
IHC 84 75,90 | 77 66,86 | 85 77,91 | 75 63,84 | 81 75,87 | 3.66 0.21
Warthin-Starry 81 72,88 | 77 66,86 | 85 76,91 | 72 60,82 | 79 73,85 | 3.53 0.25
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Gold
Standard:
CANHelp
Algorithm

H&E
Giemsa
IHC

Warthin-Starry

Sensitivity

Specificity

PPV

NPV

Accuracy

LR+ | LR-
%+ 95%CIt | %*  95%CIf | %*  95%CIt | %*  95%CIt | %*  95%CIt
80 72,87 | 95 87,99 | 96 89,99 | 77 67,85 | 86 80,91 | 14.67 | 0.21
92 85,96 100 95,100 | 100 96,100 | 89 80,95 | 95 91,98 | - 0.08
95 89,98 | 92 83,97 | 94 88,98 | 93 85,98 | 94 89,97 | 11.60 | 0.05
95 89,98 | 96 88,99 | 97 92,99 | 93 85,98 | 96 91,98 | 23.19 | 0.05

IHC, immunohistochemical; H&E, hematoxylin and eosin; UBT, urea breath test; CI, confidence interval; PPV, positive predictive
value; NPV, negative predictive value; LR+, positive likelihood ratio; LR-, negative likelihood ratio

*% of column total; totals may not sum to 100% due to rounding

tbinomial Wald CI for numerators >10 and <100, binomial exact CI for numerators <10, one-sided binomial exact 97.5% CI for

numerators=100)
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Table 9. Agreement of ancillary histopathology stains (Warthin-Starry, IHC, Giemsa, H&E) with diverse ‘gold standards’, by gastritis
severity, previous Hp treatment, PPI use, and NSAID use, among 180 validation sub-study participants.

H&E Giemsa IHC Warthin-Starry
%* 95%CIf | %* 95%CIf | %* 95%CIf | %* 95%CIt
Gold Standard: Original
Histopathology
All 87 81,92 95 91,98 95 91,98 97 93,99
Chronic None-Mild 90 82,96 87 78,93 94 87,98 96 90, 99
gastritis  Moderate-Marked 84 76,91 92 84, 96 97 91,99 97 91,99
Active None-Mild 86 79, 91 94 89, 98 94 88,97 96 92,99
Gastritis  Moderate-Marked 92 78, 98 97 86, 100 | 100 91, 100 97 92,99
. None-Mild 84 76, 90 95 89, 98 93 86, 97 95 90, 99
Hp Density
Moderate-Marked 93 84, 98 96 88,99 99 92, 100 99 92, 100
Previous Hp No 88 81,93 94 88,97 95 90, 98 96 91, 98
treatment Yes 85 71,94 | 100 91, 100 95 83,99 | 100 91, 100
No 88 81,93 95 90, 98 97 92,99 96 91,98
PPI Use
Yes 85 69, 95 94 80, 99 88 72,97 | 100 91, 100
No 88 79, 95 97 91, 100 95 87,99 97 91,99
NSAID Use
Yes 86 78,92 93 86,97 95 89, 98 96 90, 99
Gold Standard: UBT
All 86 80,91 94 89,97 93 88, 96 94 90, 97
Chronic None-Mild 89 80, 95 98 92,99 92 84,97 95 88,99
gastritis  Moderate-Marked 83 74, 90 91 83,96 94 87,98 94 87,98
Active None-Mild 85 78,91 94 88,97 91 86, 96 94 89, 98
Gastritis  Moderate-Marked | 89 75,97 95 82, 99 97 86, 100 95 82, 99
) None-Mild 84 76, 90 95 89, 98 91 84, 96 94 87,97
Hp Density
Moderate-Marked 90 80, 96 93 84, 98 96 88,99 96 88, 99
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H&E Giemsa IHC Warthin-Starry
%* 95%CI7 %* 95%CI+ %* 95%CI7 %* 95%CI+
Previous Hp No 86 79, 92 92 86, 96 92 86, 96 93 87,96
treatment Yes 85 70, 94 100 91, 100 95 83,99 100 91, 100
No 86 79,91 95 89, 98 94 89, 98 94 89, 97
PPI Use
Yes 88 73,97 91 76, 98 85 69, 95 97 85, 100
No 87 77, 94 96 89, 99 94 86, 98 96 89, 99
NSAID Use
Yes 85 77,92 92 85,97 92 85,97 93 86, 97
Gold Standard: Culture
All 73 66, 80 81 75, 87 81 75, 87 79 73, 85
Chronic None-Mild 68 57,78 73 63, 83 73 62, 82 71 61, 81
gastritis  Moderate-Marked 78 68, 86 88 79,93 89 80, 94 86 78,93
Active None-Mild 69 60, 76 77 69, 84 77 69, 83 75 67, 82
Gastritis  Moderate-Marked 89 75,97 95 82,99 97 86, 100 95 82,99
. None-Mild 66 56,75 78 70, 86 77 68, 84 76 67, 83
Hp Density
Moderate-Marked 86 75,93 86 77,93 88 78, 95 86 75,93
Previous Hp No 77 69, 84 83 75, 89 81 74, 87 81 73, 87
treatment Yes 61 45,76 76 60, 88 80 65,91 76 60, 88
No 73 66, 81 80 73, 86 82 74, 87 79 72, 86
PPI Use
Yes 71 53, 85 85 69, 95 79 62,91 79 62,91
No 73 62, 82 79 69, 88 82 72,90 79 69, 88
NSAID Use
Yes 74 64, 82 82 74, 89 80 71, 88 79 70, 87
Gold Standard: CANHelp
Algorithm
All 86 80, 91 95 91, 98 94 89, 97 96 91, 98
Chronic None-Mild 89 81,95 98 92,100 92 84,97 95 88,99
gastritis  Moderate-Marked 83 74,90 93 86, 97 96 90, 99 96 90, 99
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Active
Gastritis

Hp Density

Previous Hp
treatment

PPI Use

NSAID Use

None-Mild
Moderate-Marked
None-Mild
Moderate-Marked
No

Yes

No

Yes

No

Yes

H&E Giemsa IHC Warthin-Starry
%o* 95%CIt | %* 95%CIT | %* 95%CIT | %* 95%CIt
84 77,90 94 89, 98 92 86, 96 95 90, 98
92 79, 98 97 86,100 | 100 91, 100 97 86, 99
82 74, 89 95 89, 98 91 84, 96 94 87,97
93 84, 98 96 88,99 99 92, 100 99 92, 100
86 79, 92 94 88, 97 94 89, 97 94 89, 97
85 71,94 | 100 91, 100 95 83,99 | 100 91, 100
86 80, 91 95 90, 98 95 90, 98 95 89, 98
85 69, 95 94 80, 99 88 73,97 | 100 90, 100
90 81,95 99 93, 100 96 89, 99 99 93, 100
83 75,90 92 85,97 92 85, 96 93 86, 97

IHC, immunohistochemical; H&E, hematoxylin and eosin; UBT, urea breath test; CI, confidence interval; Hp, Helicobacter pylori;
PPI, proton pump inhibitor; NSAID, non-steroidal anti-inflammatory drug
*% of column total; totals may not sum to 100% due to rounding
tbinomial Wald CI for numerators >10 and <100, binomial exact CI for numerators <10, one-sided binomial exact 97.5% CI for

numerators=100
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Figure 4. Box plot comparing '*C-urea breath test (UBT) delta over baseline (DOB) (8 %o in *C/'?C relative to standard reference
value) across all CANHelp community project participants screened by urea breath test (n=833) (All), participants with histopathology
and UBT results (n=276) (Histopathology) and participants selected for the validation sub-study with UBT results (n=178)
(Validation)
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Figure 5. Box plots comparing *C-UBT delta over baseline (DOB) (8 %o in *C/!2C relative to standard reference value) by Hp density
assessed by H&E (A), Giemsa (B), IHC (C), and Warthin-Starry (D) stains among participants selected for the validation sub-study
with UBT results (n=178)
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Chapter 4: Investigating the effect of Helicobacter pylori density on the severity of gastritis

in Arctic Indigenous communities

4.1 Introduction

Hp infection causes chronic inflammation of the gastric mucosa in nearly all people with
a persistent infection. Chronic gastritis can progress to atrophic gastritis involving the loss of
gastric cells and glands, believed to be the start of a sequence of progressively advancing
precursors for gastric carcinoma, including intestinal metaplasia and dysplasia'®!. While there are
many causes of inflammation, atrophy, and metaplasia of the gastric mucosa, these pathological
changes are all strongly associated with Hp infection!%?; in particular, there is an increased risk of
gastric cancer when one or more of these pathologies are present!%%1%3,

Pathology reports based on the updated Sydney system characterize the tissue in terms of
the stomach subsite and cell types as well as the presence of Hp, chronic inflammation, active
inflammation, glandular atrophy, intestinal metaplasia, dysplasia, and carcinoma’. In cases where
Hp or gastritis is present, an ordinal evaluation of Hp density and gastritis severity (none, mild,
moderate, marked) is reported”. Multiple investigators have reported an association between Hp
density and gastritis severity in gastric biopsies’’:67-73-73:83.84.100.104.105 "gome investigators,
however, have reported a null association between Hp density and gastritis severity®®!%, In other
studies, both severe gastritis and Hp density have been identified as factors influencing treatment
success'?7 1%,

This analysis aims to estimate the effect of Hp density on the severity of gastritis among

Hp-positive residents of Arctic Canadian communities who participated in projects conducted by

the CANHelp Working Group. This analysis will further the CANHelp Working Group's aim of
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identifying factors that influence the local burden of disease from Hp infection. Characterizing
the relationship between the Hp bacterial load and gastritis severity in Arctic Indigenous
communities will have relevance to other populations with a similar prevalence of Hp infection

and associated disease.

4.2 Methods

Study Design

I used a cross-sectional design to estimate the effect of Hp density on active gastritis and
chronic gastritis among participants in community projects focused on the disease burden from
Hp infection in 7 Arctic Indigenous communities: the Aklavik, Old Crow, Tuktoyaktuk, Fort
McPherson, Ross River, Teslin, and Inuvik Hp Projects. My analysis is limited to the subset of

participants with gastric biopsies assessed by histopathology.

Research Setting

Among Northwest Territories (NT) communities, recruitment for the Aklavik Hp Project
started in November 2007%. The community of Aklavik, NT, had a population of 594 people in
2006, according to local census data”. Initial endoscopy activities occurred in Aklavik in
February 2008; endoscopy follow-up occurred in Inuvik in March 2017. Recruitment for the
Tuktoyaktuk Hp Project started in February 2011°2. The community of Tuktoyaktuk, NT, had a
population of 854 people in 2011, according to local census data®®. Initial endoscopy activities
for Tuktoyaktuk participants took place in Inuvik in March 2013; a few Tuktoyaktuk residents
participated in endoscopy in 2013, and none had endoscopy follow-up. Recruitment for the Fort

McPherson Hp Project started in June 2012°*. The community of Fort McPherson, NT, had 792
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people in 2011, according to local census data®. Initial endoscopy activities occurred in Fort
McPherson in March 2013; endoscopy follow-up occurred in Inuvik in June 2017. Recruitment
for the Inuvik Hp Project started in 2016. The community of Inuvik, NT, had a population of
3,243 people in 2016, according to local census data26. Initial endoscopy activities took place in
Inuvik in June 2017.

Among Yukon (YT) communities, recruitment for the Old Crow Hp Project started in
December 2010. The community of Old Crow, YT, had a population of 245 people in 2011,
according to local census data’!. Initial endoscopy activities occurred in Old Crow in January
2012; endoscopy follow-up occurred in Inuvik in June 2017. Recruitment for the Ross River Hp
Project started in 2016. The community of Ross River, YT, had a population of 293 people in
2016, according to local census data'!!. Initial endoscopy activities took place in Ross River in
June 2017. Recruitment for the Teslin Hp Project started in November 2016. The community of
Teslin, YT, had a population of 263 people in 2016, according to local census data'!!. Initial

endoscopy activities took place in Teslin in June 2017.

Endoscopy Methods

Upper gastrointestinal endoscopy for consenting participants took place in temporary
endoscopy clinics organized in community health centers. Information on endoscopic
abnormalities (in particular, gastric and duodenal inflammation, erosions, and ulcers) was
collected. Gastric biopsies were also collected during endoscopy. In total, 4-6 biopsies (2 from
the antrum, 2 from the corpus, and 1-2 from the incisura) were collected for histopathological
evaluation, while 2-4 biopsies (1-2 from the antrum, 1-2 from the corpus) were collected for

tissue culture. The initial endoscopy activities in Aklavik in February 2008 used Olympus 4.9
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mm ultrathin trans-nasal gastroscopes. The remaining endoscopy activities in community
projects used Olympus 5.4 mm ultra-slim gastroscopes. All gastric biopsies collected during
endoscopy activities were transported to the University of Alberta for histopathology evaluation

and tissue culture.

Histopathology Evaluation

The Sydney System defines active gastritis as polymorphonuclear cell (e.g., neutrophils)
infiltration of the gastric mucosa and chronic gastritis as increased mononuclear cells (e.g.,
lymphocytes, plasma cells, monocytes, mast cells, and/or eosinophils) in the lamina propria®. A
single pathologist assessed H&E and Giemsa-stained slides to grade Hp density and
inflammation severity (active and chronic gastritis) using the updated Sydney system® for all
community projects included in this analysis. I classified the main study outcomes, active
gastritis and chronic gastritis, and the main study exposure, Hp density, using this
histopathological evaluation of gastric biopsies collected for community projects. Given the
assessment of multiple biopsies per participant, each participant's classification of Hp density
grade, chronic gastritis grade and active gastritis grade was based on the highest grade assigned
across the biopsies from that participant. I re-classified Hp density as mild for 6 participants the

study pathologist classified as having rare Hp density.

Participant Selection
Participants eligible to be selected for this analysis are all participants in CANHelp
community projects with gastric biopsies assessed by histopathology. Only results from the first

endoscopy event were used in this analysis for participants who participated in more than one.
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Participation in endoscopy activities was offered to all residents of participating communities
aged 15 years or older at the time of endoscopy, regardless of Hp infection status. Children under
15 years of age were included at parents’ request. Of 1,422 participants in the community
projects, 407 had gastric biopsies taken during a first endoscopy event and assessed for Hp
density and inflammation severity. Two Hp-positive participants lacked classification for active
gastritis and Hp density. Excluding these 2 participants left 405 participants with complete

histopathology results.

Demographic Information

I used information collected through structured interviews conducted by trained
CANHelp Working Group staff members. CANHelp Working Group staff used interview tools
to collect information from participants at the time of '*C-UBT screening and endoscopy. They
also conducted standardized chart reviews to extract data from participant health records. To
characterize the study population to assess generalizability, I used basic demographic variables:
age at project enrollment, sex, ethnicity, and education level. Common exposures other than Hp
known to influence gastritis include non-steroidal anti-inflammatory drug (NSAID) use, alcohol
intake, and smoking!'>!!3. To ascertain other relevant study variables, I used self-reported
information on alcohol consumption, NSAID use, and previous Hp treatment collected by
interviewer-administered questionnaire. Information on smoking was collected inconsistently
across community projects and therefore was not available. In my analysis, I assessed whether
age, sex, ethnicity, alcohol consumption, NSAID use, previous Hp treatment or community of
residence confound the effect of Hp density on gastritis severity. Because it is not likely that any

of these variables are affected by Hp density, they would not be intermediate variables in the
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causal pathway, and their inclusion in regression models would not introduce bias from
controlling for mediating effects. Because previous Hp treatment may substantially impact both
Hp density and gastritis, | examined whether it modified the relationship.

Data collected by questionnaire may be subject to misclassification due to imperfect
recall or underreporting behaviour perceived as socially undesirable. For example, participants
may not accurately report alcohol consumption, smoking, NSAID use or previous Hp treatment.
Using interviewers for questionnaire administration trained to use a neutral tone and develop a
rapport with participants answering questions helped avoid underreporting or overreporting
exposures based on social desirability. Using trained interviewers who could explain the
questionnaire to participants and ensure they understood the questions helped ensure accuracy of
responses. Having staff members check completed questionnaires for missing data at the time of
questionnaire administration and carrying out double entry of responses into a database and

comparing databases for discrepancies helped to avoid missing data and data entry errors.

Statistical Methods

I dichotomized gastritis severity based on the previously published severity distribution
in CANHelp community projects®. Among CANHelp participants with Hp detected by histology,
3% had no active gastritis, 46% had mild active gastritis, 36% had moderate active gastritis, 14%
had marked active gastritis, 1% had no chronic gastritis, 8% had mild chronic gastritis, 44% had
moderate chronic gastritis, and 47% had marked chronic gastritis®. Because of this,
dichotomized active gastritis as none-mild or moderate-marked and chronic gastritis as none-

mild-moderate or marked.
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I examined the association of Hp density with gastritis severity, excluding Hp-negative
participants to avoid mixing the assessment of whether gastritis severity increases with
increasing bacterial density with whether the presence of Hp is associated with gastritis; this
exclusion also avoided collinearity in regression models because few Hp-negative participants
had any degree of gastritis and very few Hp-positive participants had no gastritis. Though
correlation coefficients are not epidemiologic measures of effect, they are commonly reported in
the literature on the relationship between Hp density and gastritis severity. For comparisons with
published reports, I used Spearman’s correlation coefficient for ordinal measures to estimate the
correlation between Hp density and active gastritis severity and between Hp density and chronic
gastritis severity.

Using logistic regression models for dichotomized gastritis severity outcomes, I
estimated prevalence odds ratios (ORs) and 95% Cls as the measure of the effect of Hp density
on the prevalence of the more severe gastritis category, adjusting for potential confounders. I
used ORs instead of prevalence ratios for reasons argued by Pearce (2004)!'*: ORs estimate the
incidence rate ratio when the average duration of the disease is the same in the exposed and
nonexposed groups (i.e., exposure has no effect on duration) without the rare disease assumption,
which is not true for the prevalence ratio;!'* ORs also provide practical, analytical, and
theoretical consistency between analyses of a prevalence study and any future case—control
analyses based on the same study population'!*.

I took multiple steps to build multivariable logistic regression models to estimate the
effect of Hp density on active gastritis severity and, in separate models, on chronic gastritis
severity. First, I estimated crude ORs for the associations of Hp density with the gastritis

outcome variables. Then, I used purposeful selection of covariates to adjust for confounding!'®,
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starting with a multivariable model including the set of variables with crude OR p-values <0.25.
I dropped each variable from the model one at a time. If the coefficients of the exposure of
interest (Hp density), or their respective Cls, changed by >10% upon removal of a variable, then
the removed variable was retained as a confounder in the multivariable model. Finally, I used the
likelihood ratio (LR) test in applicable instances to determine whether alternate forms of
variables improved the model fit.

I also used purposeful selection for alternate categorizations of categorical covariates. In
particular, I collapsed smaller categories and used the LR test to assess whether one
categorization improved the model fit relative to another categorization. Once I selected the
optimal variable form, I subjected it to the change-in-estimates assessment. Because the study
population included multiple members of households, I assessed the need to include a random-
effects parameter for household membership in case the gastritis outcomes cluster by household.
In addition to assessing different categorizations of continuous variables in regression models, I
used Lowess plots to visualize the relationship of the variable with gastritis outcomes and then
assessed whether using cubic splines improved the fit of the variable in the model. To assess the
potential impact of missing data, I compared the unadjusted odds ratio for the association of each
study variable with each gastritis outcome in the subset of all participants with data on that
variable and the subset of participants with complete data on all variables retained in regression
models.

I conducted all statistical analyses using STATA Data Analysis and Statistical Software

(Version 14, StataCorp LLC, Texas, USA).
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Ethics Approval

The research conducted by the CANHelp Working Group, of which this study is a part,
received ethics approval from the University of Alberta Research Ethics Board under the project
name “Addressing Community Concerns about Risks from H. pylori Infection in the
Circumpolar North” (No. Pro00007868). The Northwest Territories (Licence No. 15785) and
Yukon (Licence No. 16-13S&E) research licensing authorities also approved this research.
CANHelp Working Group staff members provided verbal and written study information,
approved by the University of Alberta Research Ethics Board, to all participants. All participants,
or their guardians if they were under 17 years old at enrollment, signed consent forms to indicate
they understood the project information before enrolling as project participants. Younger
children whose parents deemed them old enough to understand gave informed assent. Through
the Northern Alberta Clinical Trials and Research Centre (NACTRC), Alberta Health Services
provided administrative and operational approvals for processing and pathological assessment of

gastric tissue samples collected in community health centres and the Inuvik Regional Hospital.

4.3 Results

Of the 1,302 participants enrolled in the 7 community projects, 407 participated in
endoscopy, and 405 had complete histopathology results. Table 10 describes the demographic
characteristics of the study populations by data availability. The Aklavik Hp Project had the
largest number of total participants (n=392, 30%) as well as participants with histopathology
results (n=208, 51%). The Old Crow and Fort McPherson Hp Projects had comparable numbers
of total participants and participants with histopathology results. The remaining community

projects had comparable numbers of total participants and participants with histopathology
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results, except for the Tuktoyaktuk Hp Project. Only 13 (3%) Tuktoyaktuk residents had
histopathology results because of logistic barriers to participation in endoscopy.

The distribution of demographic characteristics in the study population with complete
histopathology results was similar to that of the total CANHelp study population except for age.
Among all 1,302 CANHelp project participants, 156 (13%) were 0-14 years of age at project
enrollment. Among participants with histopathology results, only 8 participants (2%) were 0-14
years of age at project enrollment. A larger proportion of participants were female than male
among total participants (56%) and participants with histopathology results (58%). Similarly,
most participants were Indigenous among total participants (79%) and participants with
histopathology results (86%). A relatively large proportion of participants had not completed
high school among total participants (39%) and participants with histopathology results (43%).
Table 10 also compares the frequencies of receiving Hp treatment before project enrollment and
the use of NSAIDs. Of all CANHelp participants, 23% had previous Hp treatment, and 57%
reported NSAID use; frequencies of these variables were similar among the participants with
histopathology results.

Table 11 shows the prevalence of active and chronic gastritis grades within Hp density
grades among the 405 participants with complete histopathology results: 133 (33%) had no
active gastritis; 130 (32%) had active gastritis severity classified as mild, 106 (26%) as moderate,
and 36 (9%) as marked. Among the 285 Hp-positive participants, 14 (5%) had no active gastritis,
129 (45%) had active gastritis severity classified as mild, 106 (37%) as moderate, and 36 (13%)
as marked. Among the 405 participants with histopathology results, 104 (26%) had no chronic
gastritis, 47 (12%) had chronic gastritis severity classified as mild, 134 (33%) as moderate, and

120 (30%) as marked. Among the 285 Hp-positive participants, none (0%) had no chronic
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gastritis, 32 (11%) had active gastritis severity classified as mild, 133 (47%) as moderate, and
120 (42%) as marked. Across increasing density grades, the frequency of moderate and marked
severity increases for both active and chronic gastritis.

After excluding participants with Hp density classifications of none, positive correlations
between Hp density and severity of each gastritis outcome were apparent. Among the 285
participants with histopathology results and Hp density classifications of mild or higher, the
Spearman correlation coefficient was 0.55 (p=0.00) for the correlation of Hp density with active
gastritis severity and 0.66 (p=0.00) for the correlation of Hp density with chronic gastritis
severity. In this same subset of Hp-positive participants, Hp density coefficient p-values,
interpretable as p-values for tests of trend, from logistic regression models with dichotomized
gastritis outcome variables and Hp density modelled as a continuous variable, were 0.00 for both
active gastritis severity and chronic gastritis severity.

LR test results indicated that the inclusion of a random effects term for household did not
improve the fit of logistic regression models for either active gastritis severity or chronic gastritis
severity, suggesting that these outcomes did not cluster in households; therefore, clustering in
households as a random effect was not included in the final multivariate model.

The unadjusted ORs for the association of each study variable with each gastritis
outcome in Tables 12 and 13 were relatively comparable for the subset of the study population
with data on the variable and the subset with complete data on variables included in
multivariable models. This indicated that missing data would not greatly impact the estimated
effects for either gastritis outcome.

After carefully assessing category boundaries, I recategorized ethnicity, education, and

community to avoid categories that were too small for regression models. I recategorized
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ethnicity as Inuvialuit (Inuit), Gwich'in First Nations, and other (Métis, mixed Indigenous
ethnicities, unspecified Indigenous ethnicity, Indigenous mixed with non-Indigenous ethnicities,
non-Indigenous ethnicities). I recoded education into categories of less than high school, high
school or equivalent (including less than high school with trades or other certification), and
college or university. I recategorized the community of residence variable into Aklavik, Old
Crow, other NT communities and other YT communities. After recategorizing, I assessed each
newly categorized variable for inclusion in the multivariable model. The recategorized education
and ethnicity variables did not produce a change in the coefficients of the exposure of interest
(Hp density) in either multivariate model and, therefore, were not subsequently included. The
recategorized community variable produced a >10% change in the coefficients in the
multivariable model for active gastritis only and was included in that model.

I assessed multiple categorical and continuous options for including age. I assessed age as
a continuous variable using Lowess plots to visualize its relationship with each gastritis outcome.
Results of the LR test indicated that age modelled as a cubic spline was the best choice of the
options assessed. [ included age in the multivariable models as a cubic spline, with knots set at
21, 45 and 67, but it did not produce a >10% change in coefficients for either gastritis outcome.

The purposeful selection algorithm did not select variables to adjust for confounding
except for community of residence in the multivariable model for active gastritis. Because of
this, I decided to present results from multivariable models that included each variable that
appeared to be clearly associated with the respective gastritis outcome based on an unadjusted
OR p-value <0.20. For the model with chronic gastritis as the outcome, I adjusted for age as a
cubic spline, sex, ethnicity, and community. For the model with active gastritis as the outcome, |

adjusted for age as a cubic spline, sex, ethnicity, education, NSAID use and community.
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However, I subsequently had to drop NSAID use and community from the active gastritis
severity model due to statistical instability caused by small categories.

Table 14 presents the results of the multivariable logistic regression models. Among Hp-
positive participants with histopathology data, Hp density had the strongest association with
either gastritis outcome among the variables examined. Relative to participants with mild Hp
density, the odds of moderate-marked relative to none-mild active gastritis were around 5-fold
greater in participants with moderate density and 29-fold greater in participants with marked
density; the odds of marked relative to none-mild-moderate chronic gastritis were around 6-fold
greater in participants with moderate density and 81-fold greater in participants with marked
density. Adjusted ORs from the multivariable model also estimated lower prevalence odds of
chronic gastritis severity among Aklavik residents relative to residents of other communities; this
was also the case for active gastritis severity, but the variable distributions did not permit stable
effect estimates. Aside from this, no other variable retained clear associations with chronic
gastritis prevalence odds, while ethnicity and education retained moderate associations with
active gastritis prevalence odds.

The purposeful selection criteria for variable selection for confounding adjustment
resulted in the selection of just 1 adjustment variable (community) for the active gastritis severity
model and none for the chronic gastritis severity model. While the analysis assessed several risk
factors for gastritis, the only of these variables that would plausibly also be associated with the
study exposure, Hp density, is previous Hp treatment. While previous Hp treatment did not meet
the purposeful selection criteria for confounder control, I assessed it as a potential modifier,
estimating ORs for the effect of Hp density on gastritis severity in those with and without

previous treatment. For active gastritis, ORs were similar for the moderate-mild Hp density
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contrast among those with (OR 5.5, 95% CI1 0.96, 31) and without (OR 3.9, 95% CI 1.8, 8.1)
previous Hp treatment and for the marked-mild Hp density contrast among those with (OR 22,
95% C10.96, 31) and without (OR 19, 95% CI 8.0, 47) previous Hp treatment. For chronic
gastritis, ORs were lower for both moderate and marked density levels compared to mild in those
with previous Hp treatment: for the moderate-mild Hp density contrast the OR was 4.4 (95% CI
0.46, 42) in those with previous Hp treatment and 8.6 (95% CI 2.9, 26) in those without previous
Hp treatment; marked-mild Hp density contrast, the OR was 44 (95% CI 3.4, 573) in those with
previous Hp treatment and 95 (95% CI 28, 325) in those without previous Hp treatment .
Estimates for those with previous Hp treatment were less precise because of the relatively small

number of participants in this category.

4.4 Discussion

This analysis showed a strong increasing trend in gastritis severity with increasing Hp
density among Hp-positive participants in CANHelp community projects. Multivariable logistic
regression models estimated large increases in the prevalence odds of marked active gastritis and
marked chronic gastritis with increasing Hp density grades. The Spearman correlation
coefficients observed in this study are comparable to other reports of the correlation between Hp
density and gastritis severity®!:76.78.79.81.8284

The low prevalence of mild chronic gastritis in the study population made it impossible to
examine increasing levels of chronic gastritis severity using the mild category as the referent.
Because the only feasible dichotomization of this outcome was marked vs not marked and the

“not marked” category was dominated by moderate cases, the chronic gastritis severity contrast

is essentially between marked and moderate chronic gastritis. Conversely, the analysis did not
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have sufficient data for a statistically precise distinction between moderate and marked active
gastritis.

Despite the gold standard for diagnosing gastritis being the histopathological evaluation
of gastric biopsies, the evaluation of both gastritis and Hp density are semi-quantitative
measurements subject to the discretion of the pathologist grading each. The patchy distribution
of Hp bacteria in the stomach can adversely impact Hp detection by histology. False-negative
results may occur in biopsy-based Hp detection methods from the localized sampling of biopsies
collected through endoscopy. Also, inadequate fixation or physical agitation during specimen
transport could cause the mucosa's delicate components, like gastric mucus, to separate; if the
bacteria are in the mucus rather than the submucosal tissue, they would be missed on histological
examination. Other potential sources of false-negative results in histology samples include poor
staining of slides. Insufficient or inconsistently applied staining could lead to either false-
negative or false-positive histology results. Results from the validation study reported in Chapter
3 of this thesis temper the concern about a large degree of exposure misclassification in this
analysis; in particular, the density grades of 2 pathologists showed good consistency of
agreement and the Hp density grades were positively associated with UBT DOB values, a
distinct measure of bacterial load.

Both the main study outcome, gastritis, and the main study exposure, Hp density, were
ascertained by the same pathologist at the same time using paired Giemsa and H&E slides. The
application of the Sydney System to grade gastritis severity and Hp density is subject to
variability among pathologists. Using a single experienced pathologist to evaluate all participant
results likely enhanced the accuracy of the histopathology results. However, because the bacteria

and the inflammation co-occur in the tissue, the pathologist could not be blinded to their grading
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of one while grading the other. The pathologist could have been influenced by their assessment
of one while grading the other. This means that the misclassification of the exposure cannot be
presumed to be independent of the misclassification of the outcome in this analysis. Because Hp
density is not a dichotomized variable, the direction of bias resulting from the misclassification
of the density grade is difficult to predict whether it was non-differential (that is, occurring with
equal probability across four levels). Also, misclassification bias may have overestimated the
association between Hp density and gastritis severity outcomes because it is likely that errors in
classifying Hp density grades and gastritis grades are not independent.

While previous Hp treatment is a suspected confounder based on prior knowledge, this
variable may contain substantial misclassification due to imperfect recall resulting in incomplete
ascertainment of lifetime history of previous Hp treatment. The etiologically relevant time
window for an effect of previous treatment is also unclear. Lacking an accurate life history of the
timing of previous Hp treatment, it was not possible to conduct a sensitivity analysis to
determine the relevant time-since-treatment window for classifying this exposure. Given these
limitations, adjustment for previous Hp treatment may have resulted in residual confounding in
this analysis. It should be noted, however, that while this analysis is vulnerable to dependent
errors in the classification of exposure and outcome variables, the estimated ORs for the effect of
density on gastritis severity are so large that unmeasured confounding is unlikely to be

responsible for the observation of strong effects.
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Table 10. CANHelp study population characteristics by data availability

All CANHelp Participants with complete
participants® histopathology data
n=1,302 n=405
Variables n Yot* n Yot*
Sex
Male 568 44 172 42
Female 734 56 233 58
Age
0-14 156 12 8 2
15-24 168 13 52 13
25-34 200 15 57 14
35-44 189 15 62 15
45-54 237 18 99 24
55-64 197 15 77 19
65-96 153 12 50 12
missing 2 0 0 0
Ethnicity
Indigenous 1,023 79 346 85
Inuvialuit (Inuit) 348 27 143 35
Gwich'in First Nations 425 33 146 36
Tlingit First Nations 51 4 9 2
Kaska Dene First Nations 59 5 17 4
Other/mixed™*** 140 11 31 8
Non-Indigenous 194 15 41 10
missing 85 7 18 4
Education
< High School 509 39 174 43
High School 160 12 61 15
< HS, plus trade or cert 235 18 70 17
College or uni <Bachelors 108 8 32 8
Bachelors or higher 146 11 44 11
missing 144 11 24 6
Previous Hp Treatment
Yes 233 18 83 20
No 1021 78 309 76
missing 48 4 13 3
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All CANHelp

Participants with complete

participants* histopathology data
n=1,302 n=405
Variables n Yot* n Yot*
NSAID Use
Yes 721 55 231 57
No 519 40 160 40
missing 62 5 14 3
Alcohol Consumption
Yes 437 34 149 37
No 374 29 135 33
missing 491 38 121 30
Community of Residence,
Project Launch Year
Aklavik NT, 2007 392 30 206 51
Old Crow YT, 2010 208 16 63 16
Fort McPherson NT, 2012 237 18 53 13
Tuktoyaktuk NT, 2011 107 8 13 3
Ross River YT, 2016 107 8 24 6
Teslin YT, 2016 124 10 24 6
Inuvik NT, 2016 127 10 22 5

NT, Northwest Territories, YT, Yukon

*Of projects in Aklavik NT, Old Crow YT, Tuktoyaktuk NT, Fort McPherson NT, Ross River

YT, Teslin YT and Inuvik NT

**% of column total; totals may not sum to 100% due to rounding

**Includes: Métis; mixed Indigenous ethnicities; unspecified Indigenous ethnicity; Indigenous

mixed with non-Indigenous
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Table 11. Prevalence of active gastritis grades and chronic gastritis grades within Hp density grades among CANHelp participants
with histopathology results (n=405)

Hp Density
None Mild Moderate Marked Total
n %* n %* n %* n %* n Op**
Active
Gastritis
Severity
None 119 99 13 17 1 1 0 0 133 33
Mild 1 1 48 64 67 52 14 18 130 32
Moderate 0 0 14 19 55 42 37 46 106 26
Marked 0 0 0 0 7 5 29 36 36 9
Total 120 100 75 100 130 100 80 100 405 100
Chronic
Gastritis
Severity
None 104 87 0 0 0 0 0 0 104 26
Mild 15 13 30 40 2 2 0 0 47 12
Moderate 1 1 40 53 82 63 11 14 134 33
Marked 0 0 5 7 46 35 69 86 120 30
Total 120 100 75 100 130 100 80 100 405 100

*% of column total; totals may not sum to 100% due to rounding
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Table 12. Unadjusted prevalence odds ratios for the association of selected variables with active gastritis severity among Hp-positive
CANHelp project participants by data availability

Active Gastritis

Participants with histopathology data and Hp density >0

Total No missing data™**
n=285 n=259
Variables n OR 95% CI p* n OR 95% CI p*
Sex
Male 126 1.0 - 0.05 115 1.0 - 0.06
Female 159 0.63 0.39, 1.0 - 144 0.62 0.38, 1.0 -
Age
0-24 46 1.0 - 0.52 43 1.0 - 0.47
25-34 47 0.88 0.39,2.0 - 42 0.79 0.34,1.8 -
35-44 45 1.0 046,24 - 43 1.0 0.43,2.3 -
45-54 63 1.0 048,22 - 56 0.83 0.37,1.8 -
55-64 49 1.5 0.64,3.3 - 45 1.4 0.62,3.3 -
65-96 35 059 024,14 - 30 0.55 0.21,1.4 -
Ethnicity
Inuvialuit (Inuit) 101 1.0 - 0.03 92 1.0 - 0.06
Gwich'in First Nation 111 2.1 1.2,3.6 - 108 1.9 1.1,34 -
Other*** 59 1.3 0.70, 2.6 - 59 1.2 0.62,2.3 -
missing 1+ [
Education
< High School 122 1.0 - 0.24 118 1.0 - 0.32
High School or equivalent 102 1 3 0.74,2.1 - 98 1 2 0.72,2.1 -
College or University 43 0.89, 3.7 0.84, 3.5

missing

18_
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Active Gastritis

Participants with histopathology data and Hp density >0

Total No missing data***
n=285 n=259

Variables n OR 95% CI p* n OR 95% CI p*
Hp Density

Mild 75 1.0 - 0.00 71 1.0 - 0.00

Moderate 130 4.0 2.0,7.8 - 112 3.9 1.9,7.8 -

Marked 80 21 9.1,47 - 76 20.0 8.6, 46 -
Previous Hp Treatment

No 232 1.0 - 0.85 218 1.0 - 0.71

Yes 43 0.94 0.79, 1.3 - 41 0.88 0.45,1.7 -

missing 7o |
NSAID Use

No 111 1.0 - 0.00 105 1.0 - 0.00

Yes 162 2.2 1.4,3.7 - 154 23 1.4,3.8 -

missing 2 [
Alcohol Consumption

No 85 1.0 - 0.46 84 1.0 - 0.44

Yes 112 0.81 0.46, 1.4 - 111 0.80 0.45,1.4 -

missing so |
Community of Residence

Aklavik 135 1.0 - 0.00 126 1.0 - 0.00

Old Crow 57 21 7.8, 56 - 43 14 5.0, 37 -

Other NT Communities 63 1.6 0.87,3.0 - 60 1.5 0.79, 2.8 -

Other YT Communities 30 2.6 1.2,59 - 30 24 1.0,5.3 -

*Likelihood ratio chi-square test p-value used for purposeful logistic regression model building
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**Includes: Métis; mixed Indigenous ethnicities; unspecified Indigenous ethnicity; Indigenous mixed with non-Indigenous ethnicities;
non-Indigenous
*#*No missing data for sex, ethnicity, education, NSAID use, and community of residence
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Table 13. Unadjusted prevalence odds ratios for the association of selected variables with chronic gastritis severity among Hp-positive
CANHelp project participants by data availability

Chronic Gastritis

Participants with histopathology data and Hp density >0

Total No missing data™**
n=285 n=271
Variables n OR 95% CI p* n OR 95% CI p*
Sex
Male 126 1.0 - 0.09 120 1.0 - 0.18
Female 159 0.63 0.39, 1.0 - 151 0.72 0.44,1.2 -
Age
0-24 46 1.0 - 0.28 45 1.0 - 0.30
25-34 47 0.62 0.27,1.4 - 44 0.61 0.26, 1.4 -
35-44 45 0.61 0.27,1.4 - 43 0.63 0.27,1.5 -
45-54 63 0.45 0.21,0.98 - 57 0.47 0.21, 1.1 -
55-64 49 0.74 0.33,1.7 - 48 0.74 0.32,1.7 -
65-96 35 0.39 0.15,0.97 - 34 0.36 0.14, 0.94 -
Ethnicity
Inuvialuit (Inuit) 101 1.0 - 0.00 101 1.0 - 0.00
Gwich'in First Nation 111 1.7 0.96,2.9 - 111 1.7 0.96,2.9 -
Other*** 59 0.37 0.18,0.79 - 59 0.37 0.18,0.79 -

missing
Education
< High School
High School or equivalent
College or University

missing

1+ |

122 1.0 -
102 0.94 0.55, 1.6
43 0.88 0.43,1.8

0.93

122
102

1.0
0.94
0.88

0.55, 1.6
0.43,1.8

0.93

18_
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Chronic Gastritis

Participants with histopathology data and Hp density >0

Total No missing data***
n=285 n=271

Variables n OR 95% CI p* n OR 95% CI p*
Hp Density

Mild 75 1.0 - 0.00 74 1.0 - 0.00

Moderate 130 7.7 2.9,20 - 120 6.9 2.6, 18 -

Marked 80 88 29, 266 - 77 92 30, 284 -
Previous Hp Treatment

No 232 1.0 - 0.29 224 1.0 - 0.32

Yes 43 0.69 0.35,1.4 - 41 0.77 0.39, 1.5 -

missing 70 |
NSAID Use

No 111 1.0 - 0.65 107 1.0 - 0.83

Yes 162 0.89 0.55,1.5 - 156 0.95 0.58, 1.6 -

missing 2 |
Alcohol Consumption

No 85 1.0 - 0.67 85 1.0 - 0.67

Yes 112 0.88 0.50, 1.6 - 112 0.88 0.50, 1.6 -

missing so |
Community of Residence

Aklavik 135 1.0 - 0.00 134 1.0 - 0.00

Old Crow 57 2.6 1.4,5.0 - 44 2.7 1.3,5.5 -

Other NT Communities 63 0.81 043,1.5 - 63 0.80 043,1.5 -

Other YT Communities 30 0.22 0.072,0.66 - 30 0.21 0.071, 0.65 -

*Likelihood ratio chi-square test p-value used for purposeful logistic regression model building
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**Includes: Métis; mixed Indigenous ethnicities; unspecified Indigenous ethnicity; Indigenous mixed with non-Indigenous ethnicities;
non-Indigenous
**#*No missing data for age, sex, ethnicity, and community of residence
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Table 14. Adjusted prevalence odds ratios for the estimated effect of Hp density on active
gastritis and chronic gastritis among Hp-positive CANHelp project participants with

histopathology data
Active Gastritis Chronic Gastritis
Adj‘g‘ﬁﬂ 95% CI Adgg:‘j 95% CI
Hp Density
Mild 1.0 - 1.0 -
Moderate 4.7 1.9, 8.7 5.7 2.1, 16
Marked 29 11,74 81 25,261
Adjustment Variables
Sex
Male 1.0 - 1.0 -
Female 0.75 042,13 0.96 0.50, 1.8
Ethnicity

Inuvialuit (Inuit)
Gwich'in First Nation
Other***
Community of Residence
Aklavik
Old Crow
Other NT Communities
Other YT Communities
Education
< High School

College or University

High School or equivalent

1.8 0.88,3.5
2.2 0.95,5.3

* Adjusted for age as a cubic spline, sex, ethnicity, and education

0.98 0.43,2.2
0.53 0.15,1.9

**Adjusted for age as a cubic spline, sex, ethnicity, and community of residence
***Includes: Métis; mixed Indigenous ethnicities; unspecified Indigenous ethnicity; Indigenous
mixed with non-Indigenous ethnicities; non-Indigenous
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Chapter 5: Conclusion

A literature review summarizing studies that have estimated agreement and diagnostic
accuracy of the UBT, microbiological culture, and histopathology, used alone or in combination,
for classifying Hp infection status showed that UBT validation studies generally concluded that
UBT is as sensitive as histology or culture while other validation studies concluded that culture
and histology were not as sensitive as UBT. Summarizing studies that estimated the association
of Hp density classified by histopathological evaluation with UBT DOB values generally
revealed a positive correlation between '*C UBT values and Hp density. Lastly, summarizing
studies investigating the hypothesis that gastritis severity increases as Hp density increases
revealed an association or correlation of Hp density with gastritis but did not provide any
additional analysis or discussion of potential confounding variables.

The validation study presented in Chapter 3 aimed to investigate whether incorporating
ancillary stains into the histopathological assessment of gastric biopsies improves the accuracy of
Hp detection compared to H&E staining alone using gastric tissue samples from CANHelp
community project participants. This study showed a high degree of concordance on Giemsa,
Warthin-Starry and IHC staining for the detection of Hp infection in gastric tissue slides, with
similar estimates of sensitivity, specificity, and agreement against diverse ‘gold standards.’
Given comparable accuracy and lower cost, either the Warthin-Starry or Giemsa stain would be
more cost-effective than THC relative to H&E alone for improved detection of Hp in gastric
biopsy tissue.

This study’s results should generalize to other settings with a wide range in Hp
prevalence because the stratified sampling protocol selected for lower Hp densities, thus testing
the usefulness of ancillary stains to discriminate between Hp-negative tissue samples and tissue

samples with low bacterial density. In clinical practice, using ancillary stains may be crucial for
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cases with moderate to marked chronic gastritis in which Hp is not identified™'°. In particular,
the results of this study are expected to apply to communities across Canada, including those
where the prevalence of Hp infection and the associated disease burden is relatively low!!®!7,

The future direction for this research includes characterizing the distribution of Hp
density in distinct anatomical locations in the stomach and comparing tissue samples collected
from the antrum, corpus, and incisura. This additional work will help assess the impact of the
non-uniform distribution of Hp gastric colonization on the accuracy of histopathological
classification of Hp density. There is also a need to assess the influence of bacterial genotypes
and virulence factors on Hp density and its impact on histopathology accuracy.

The cross-sectional study presented in Chapter 4 aimed to investigate the hypothesis that
the frequency of marked gastritis increases as Hp density increases by estimating the association
between Hp density and the severity of either active or chronic gastritis in CANHelp community
project participants. This analysis showed a very strong increasing trend in gastritis severity with
increasing Hp density among Hp-positive participants in CANHelp community projects.

This analysis characterized the relationship between Hp density and gastritis severity in
Arctic Indigenous communities. These results are relevant to other populations with high Hp
prevalence, particularly those with acute and chronic gastritis severity distributions like the study
population. The future direction for this research includes assessing whether the anatomical
location in the stomach, differentiating tissue samples collected from the antrum, corpus, and
incisura, modifies the association between Hp density and gastritis severity. This additional work
will help assess the impact of the non-uniform distribution of Hp bacteria on histopathological
outcomes like gastritis severity. To avoid limitations of biopsy sampling and dependence on

histopathological classifications of Hp density and gastritis severity, UBT DOB values could be

115



used as an alternate measure of Hp density for estimating its effect on gastritis severity. There is

also a need to assess the influence of bacterial genotypes on gastritis severity.
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