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Efficacy of immunohistochemical staining in detecting Helicobacter pylori in Saudi
patients with minimal and atypical infection
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Gastric Helicobacter pylori infection is diagnosed based on histopathological evaluation of gastric mucosal
biopsies, urease test, urea breath test, H. pylori culturing, or direct detection using polymerase chain reaction
(PCR). This study aimed to evaluate the efficacy of immunohistochemical (IHC) staining in detecting H. pylori
in gastric biopsies from patients with chronic gastritis and minimal or atypical infection. Gastric biopsies from
50 patients with chronic gastritis were subjected to routine haematoxylin and eosin (H&E), modified Giemsa,
and IHC staining. The results of staining were compared with those of quantitative real-time PCR (qRT-PCR).
The qRT-PCR analysis identified 32 (64%) H. pylori-positive cases, whereas IHC, H&E, and modified Giemsa
staining identified 29 (58%), 27 (54%), and 21 (42%) positive cases. The sensitivity of IHC staining (87.50%)
was higher than that of H&E (59.38%) and modified Giemsa (43.75%) staining. The specificity of H&E, mod-
ified Giemsa, and IHC staining was 55.56%, 61.11%, and 94.44%, respectively. IHC staining exhibited the
highest diagnostic accuracy (90%), followed by H&E (58%) and modified Giemsa (50%) staining. Active gas-
tritis, intestinal metaplasia, and lymphoid follicles were detected in 32 (64%), 4 (8%), and 22 (44%) cases,
respectively, and all of these cases were H. pylori positive. In contrast to routine H&E and modified Giemsa
staining, IHC allows for the accurate H. pylori detection in cases with minimal or atypical infection. Moreover,
IHC can be an alternative diagnostic method to qRT-PCR for detection of H. pylori in such cases.
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Introduction

Helicobacter pylori is a gram-negative spiral-shaped flagel-
lated bacterium. H. pylori infects the gastric mucosal surface and
it can be easily detected in the gastric pits of the mucosal
surface.! The accurate diagnosis of H. pylori infection is impor-
tant to devise specific antibiotic treatment and to treat subsequent
complications, such as chronic gastritis, peptic ulcers, and gastric
cancer. Various diagnostic techniques have been developed for H.
pylori infection, including gastric biopsy-based invasive tech-
niques, such as histological examination using different stains,
bacterial culturing, rapid urease test, and polymerase chain reac-
tion (PCR). The non-invasive diagnostic techniques for H. pylori
infection include serological detection of antibodies, urea breath
test, and bacterial antigen detection in the stool.?

The accuracy of H. pylori detection in the gastric biopsy
specimens is dependent on several factors, including the degree
of infection, previous administration of antibiotics that may clear
the infection or decrease bacterial load in the test specimens,
administration of proton pump inhibitors, type of diagnostic
method, biopsy site, clinical sample processing method, and
degree and type of tissue inflammatory changes.> H. pylori typ-
ically exhibits spiral morphology. However, H. pylori can exhibit
atypical morphologies, such as coccoid forms under certain con-
ditions, including exposure to antibiotics.® These atypical bacte-
rial forms, which cannot be identified using routine staining
methods, such as haematoxylin and eosin (H&E) and modified
Giemsa staining, can be identified using immunohistochemical
(IHC) staining as this method uses specific antibodies against H.
pylori antigens.”® In H&E and modified Giemsa staining, struc-
tures resembling H. pylori, such as other bacteria or tissue debris
may provide false-positive results. In contrast, IHC staining is
associated with low false-positive results as this method does not
analyse the bacterial morphology.® IHC staining is reported to be
more sensitive than H&E, Giemsa, and Warthin-Starry silver
staining to detect H. pylori in gastric biopsies.”!' The drawbacks
of THC staining include the need for specialised equipment and
high analytical cost.

This study, which is a part of our research project on H.
pylori infection in Jazan, Saudi Arabia,'? aimed to evaluate the
diagnostic efficacy of IHC staining in direct detection of H.
pylori in gastric biopsy specimens obtained from Saudi patients
with dyspepsia and minimal and/or atypical H. pylori infection.
The diagnostic accuracy of IHC staining was compared with that
of routine H&E staining, modified Giemsa staining, and quanti-
tative real-time PCR (qRT-PCR), which was considered a diag-
nostic gold standard in this study. Additionally, the histopatho-
logical changes associated with H. pylori-positive biopsies were
evaluated.

Materials and Methods

Clinical specimens

The presence of H. pylori was analysed in 50 gastric biopsies
using qRT-PCR, H&E staining, modified Giemsa staining, and
IHC staining. These 50 specimens were selected from 402 speci-
mens obtained from 402 Saudi patients with dyspepsia at the gen-
eral hospitals in Jazan, Saudi Arabia (study population of our
research project on H. pylori). The biopsy specimens were col-
lected using upper gastrointestinal endoscopy. First, all 402 gas-
tric biopsies were submitted for urease test by inoculating the
biopsies into urease broth, which was prepared from 40% urea
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solution (Oxoid, UK) added to urea broth (Himedia, India), and
incubated at 37 °C for 24 h. Second, all 402 biopsies were exam-
ined microscopically using H&E staining, then, the specimens of
the current study were selected to include cases that presented
atypical and/or minimal infection, in addition to negative cases.
The atypical infection cases represented coccoid or irregular bac-
terial forms including coccoid, spore-like, cell debris like forms,
while the minimal infection cases had few scattered bacteria (1-
3 in number). The negative cases were included to test the ability
of IHC staining to detect H. pylori in H&E staining false negative
cases. The negative H&E cases did not show any morphology
neither typical nor atypical for H. pylori. All of these negative
cases were verified by their urease test results and the cases that
were urease-positive were considered as false negative.

qRT-PCR

The qRT-PCR analysis was considered as the gold standard
diagnostic method in this study. The results of qRT-PCR analysis
were compared with those of other diagnostic methods. DNA was
extracted from the gastric biopsy specimens using the DNeasy
blood & tissue kit (Qiagen, Hilden, Germany), following the
manufacturer’s instructions.

All DNA samples extracted from the gastric biopsies were
subjected to qRT-PCR analysis using primer-probe-based
approach using H. pylori RNA polymerase beta-subunit (rpoB)
gene genesig advanced kit (PrimerDesign Ltd. Southampton,
UK), according to manufacturer’s instructions fors RT-PCR
detection and amplification protocols. PCR was performed in a
20-pL reaction volume containing 10 pL of “oasig™ 2X qPCR
Mastermix” (PrimerDesign Ltd.), 1 pL H. pylori-specific
primer/probe mix, 1 pL internal control primer/probe mix, 2 pL
of internal control DNA, 3 pL of sample DNA, and 3 pL
RNase/DNase-free water. The PCR analysis was performed using
the Smart Cycler (Cephied, Italy). Positive control (H. pylori
DNA supplied with the kit) and negative control (contains
RNase/DNase-free water) reactions were included in each PCR
run. The PCR conditions were as follows: 50 cycles of denatura-
tion at 95°C for 10 s and annealing and extension at 60°C for 60
s. The fluorescence cycle threshold of each sample was deter-
mined.

Histopathological microscopic examination

The gastric biopsy specimens were fixed in 10 % formalin
overnight, processed, and embedded in paraffin wax. The speci-
mens were then sectioned into 4 pum thick tissue sections. The
total number of sections examined from each gastric tissue biop-
sy blook were 9 sections: 3 sections submitted for H&E, 3 sec-
tions for modified Giemsa staining, and 3 sections for [HC stain-
ing.

H&E staining and modified Giemsa staining

First, the sections were deparaffinized by xylene and rehy-
drated by descending grades of alcohols. In H&E, the deparaf-
finized sections were stained with Harris’ hematoxylin, then
treated with 1% acid alcohol, and finally with 1% eosin. The
modified Giemsa staining (Sheedhan’s modified method) was
performed according to Gray et al."®

The H&E-stained and modified Giemsa-stained slides were
classified and graded according to the Sydney classification and
grading system.'* Additionally, in H&E, the following
histopathological features were examined: i) H. pylori-associated
gastritis, ii) chronic gastritis, and iii) chronic active gastritis. The
sections were classified based on the following parameters:
degree of inflammation (mild, moderate, and severe), presence or
absence of H. pylori, presence or absence of active chronic gas-
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tritis, and presence of peptic ulcer, lymphoid follicles, atrophy,
and intestinal metaplasia (IM). Chronic active gastritis was con-
firmed based on the density of neutrophilic infiltration in the gas-
tric mucosal crypts. IM was assessed based on the amount of
glandular tissue replaced by the intestinal epithelium.

IHC staining

Three serial sections of 4 um thickness from the formalin-
fixed, paraffin-embedded gastric biopsy specimens blocks, pre-
pared above, were stained using immunostaining with polyclonal
rabbit anti-H. pylori (Dako, Carpinteria, CA, USA), as primary
antibodies. First, the sections were deparaffinized and rehydrat-
ed. Then, treated for 20 min with DAKO Target Retrieval solu-
tion (Dako) at 95 °C for epitope retrieval. The sections were then
treated for 15 min with 3% hydrogen peroxide, rinsed in phos-
phate buffered saline (PBS), and incubated with normal goat
serum for 20 min. The primary antibodies were diluted 1:20,
applied to sections and incubated for 24 h at room temperature.
The bound antibodies were detected and visualized using
EnVision Detection Systems Peroxidase/DAB, Rabbit/Mouse kit
(Dako). First, the specimens were incubated with the labelled
polymer (dextran coupled with peroxidase and goat secondary
antibodies against the rabbit immunoglobulins) for 30 min at
room temperature, then incubated with the DAB+ chromogen
(diaminobenzidine tetrahydrochloride) for 5 min at room temper-
ature. Haematoxylin was used as a counterstain. The positive
control was gastric tissue biopsy from a patient well known to be
positive for H. pylori infection as evidenced by positive urease
test, typical spiral shaped H. pylori on H&E staining and modi-
fied Giemsa staining, and positive qRT-PCR. The negative tissue
control was gastric tissue biopsy from a patient negative for H.
pylori infection as evidenced by negative urease test, H&E stain-
ing, modified Giemsa staining, and qRT-PCR. In the negative
reagent control, the primary antibody was replaced by Dako
Rabbit immunonglobulin Fraction (Dako). The positive and neg-
ative controls were processed as the test specimens.

All stained sections were examined (five random microscop-
ic fields for each section) and scored blindly by two independent
pathologists. In H&E and modified Giemsa, sections that showed
spiral shaped rods were scored positive for H. pylori, while in
IHC stained sections, the results were considered positive when
the specimens showed brown staining taking spiral shaped rod or
dot-like shapes located on the surface epithelium or within the
mucous layer. The positive results that were agreed upon by both
observers were considered.

Only patients with positive qRT-PCR results were considered

to be infected. Results of H&E, modified Giemsa and IHC were
compared to those of qRT-PCR as the reference method.

Statistical analysis

All statistical analyses were performed using the SPSS soft-
ware version 20 and OpenEpi ver. 3.03 software. Based on H.
pylori detection, the sensitivity, specificity, positive predictive
value, negative predictive value, and diagnostic accuracy were
calculated using the standard statistical formula. Each calculated
indicator was described at 95% confidence interval.

Results

The gastric biopsy specimens obtained from 50 Saudi
patients with dyspepsia using upper gastrointestinal endoscopy
were subjected to H&E staining, modified Giemsa staining, [HC
staining, and qRT-PCR analysis to detect H. pylori.

The qRT-PCR was taken as a gold standard reference method
in this study. It detected H. pylori in 32 (64%) of tested gastric
biopsies, while the remaining 18 (36%) cases were H. pylori-neg-
ative as shown in Table 1.

Histopathological microscopic examination

H&E staining revealed that all cases included in the study
exhibited chronic gastritis (n=50, 100%). Based on the Sydney
classification and grading system of gastritis, 12 (24%), 24
(48%), and 14 (28%) cases were classified as mild chronic, mod-
erate chronic, and severe chronic gastritis, respectively.
Additionally, H&E staining detected 27 (54%) H. pylori-positive
cases with varying degrees of colonisation in the gastric mucosa
and 23 H. pylori-negative cases (46%) (Table 1). Among the 32
H. pylori positive cases detected by qRT-PCR, 10, 19, and 3 cases
exhibited mild, moderate, and severe chronic gastritis, respec-
tively. Furthermore, the active and inactive forms of gastritis
were observed in 32 (64%) and 18 (36%) cases, respectively.
Gastric ulcers were detected in 15 (30%) cases, which were all H.
pylori-positive. Glandular atrophy and IM were detected in 2
(4%) and 4 (8%) cases, respectively. All 4 cases with IM were H.
pylori-positive, while the 2 cases with glandular atrophy were H.
pylori-negative. Lymphoid follicles (with or without germinal
centres) were detected in 22 (44%) cases, which were all H.
pylori-positive (Table 2).

The results of the three tested staining methods in reference
to of qRT-PCR are shown in Table 1. The results were considered
false negative for any of the three tested staining methods (H&E,

Table 1. Comparison of H&E, modified Giemsa and immunohistochemical staining in reference to qRT-PCR for detection of H. pylori in cases

of minimal and/or atypical infection.

H&E +ve 19 8 Al 59.38% 55.56% 70.37% 43.48% 58%

-ve 13 10 23 (42.26-74.48) (33.72-75.4) (51.52-84.15)  (25.63-63.2)  (44.23-70.63)
Modified Giemsa +ve 14 7 21 43.75% 61.11% 66.67% 37.93% 50%

-ve 18 11 29 (28.17-60.67) (38.62-79.7) (45.37- 82.81)  (22.69- 56.0)  (36.64- 63.36)
Immunohistochemistry — +ve 28 1 29 87.50% 94.44% 96.55% 80.95% 90%

-ve 4 17 21 (71.93- 95.03) (74.24- 99.0) (82.82-99.39)  (60-92.33)  (78.64- 95.65)
Total 32 18 30

+ve, positive; -ve, negative; values in the brackets indicate 95% CI for the diagnostic values.
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modified Giemsa, IHC), when the method gave negative result
while the gold standard (QRT-PCR) gave positive result, on other
hand, the false positive results were considered when the staining
method gave positive result while the gold standard (qQRT-PCR)
gave negative result.

Morphological features of minimal and atypical H. pylori
infection as well as different histopathological findings detected
by H&E staining are presented in Figure 1. Modified Giemsa
staining showed minimal colonisation with H. pylori (Figure 2 A-
C). IHC demonstrated different degrees of colonisation and vari-
able morphological forms of H. pylori (Figure 2 D-F and Figure
3).

Discussion

H. pylori infection is associated with several gastrointestinal
complications, including mild chronic gastritis, gastric ulcer, gas-
tric carcinoma, and gastric lymphoma. The accurate diagnosis of
H. pylori infection is important to devise an effective eradication
treatment for these gastric complications. Among the several
diagnostic methods developed for detecting H. pylori, direct
detection of H. pylori in the gastric mucosa is the most accurate
procedure.

This study aimed to evaluate the efficacy of IHC staining to
directly detect H. pylori in the gastric biopsies with minimal
and/or atypical infection obtained from 50 Saudi patients with
chronic gastritis. The diagnostic accuracies of IHC staining were

~z

compared with those of routine H&E staining, modified Giemsa
staining, and qRT-PCR, which was considered as the diagnostic
gold standard in this study.

Previous studies have reported that qRT-PCR analysis is one
of the most sensitive diagnostic tools for the detection of H.
pylori.'>*° The high specificity of QRT-PCR analysis is due to the
use of specific primers and probes, which minimise false-positive
results. Additionally, the ability of qRT-PCR to detect low counts

Table 2. Histopathological findings detected by H&E examina-
tion.

Finding n (%) from total 50 cases

Chronic gastritis Mild 12 (24%)
Moderate 24 (48%)
Severe 14 (28%)
Activity of gastritis Active 32 (64%)
Non-active 18 (36%)
H. pylori Positive 27 (54 %)
Negative 23 (46%)
Others Lymphoid follicles 22 (44%)
Glandular atrophy 2 (4%)
Intestinal metaplasia 4 (8%)
Gastric ulcer 15 (30%)

Figure 1. Gastric biopsies specimens showing: A-C) superficial gastritis with minimal colonisation of gastric mucosal glands with few
scattered H. pylori taking typical S-shaped bacilli (arrows); D,E) superficial gastritis with minimal colonisation with H. pylori taking
atypical coccoid and irregular shapes (arrows) (H&E; Magnification, 400x); EG) chronic gastritis with intestinal metaplasia and pres-
ence of papillary configuration (thick arrows) with mucous-secreting cells (thin arrows); H) H. pylori associated follicular gastritis with
lymphoid follicles (thick arrows) situated deeper in the gastric mucosa and associated with intestinal metaplasia (thin arrows) (H&E;

magnification 200x).
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Figure 2. Gastric biopsies specimens showing: A-C) gastric mucosal glands with minimal colonization with H. pylori (arrows) (modified
Giemsa stain; magnification 400x). D-F) H. pylori observed using immunohistochemistry staining; D) minimal colonization with typ-
ical spiral S-shaped bacilli (arrows); E) minimal colonisation with atypical coccoid forms; F) enhanced colonization with coccoid and
irregular forms (IHC, magnification, 400x).

- — * = 7 % R ;
b = =g “ - W bl

‘ ‘\-h". R - ey . "1 ’./" G o ':v J

T, S es g i .-.J.
. ‘-a_xﬁm | ‘; W Al ‘E‘
\ > ) A al
; a9 - X j Yo

/ A ™ .8

1 ’p" ) ‘r‘ P'J

ol A ‘r.

e -, " i \/ _‘. 9

- I“ f‘\l.\ I‘:'l‘,.

24 > . ' W ‘3}\\' ?? . - .

S | e e AN o G

- BN ; PRSI e ' a L
&1

.'-%

WS

Figure 3. Gastric biopsies specimens showing gastric mucosal glands with different degrees of colonisation with H. pylori (arrows)
demonstrated by immunohistochemistry staining (IHC, magnification 800x).
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of H. pylori minimises false-negative results. In this study, H.
pylori detection was performed using primer-probe-based qRT-
PCR targeting the RNA polymerase beta-subunit (rpoB) gene of
H. pylori along with suitable internal controls that ensured high
specificity and sensitivity.

The qRT-PCR analysis of 50 biopsy specimens revealed an
H. pylori infection incidence rate of 64%, which was higher than
that in other studies, which reported H. pylori infection preva-
lence of 48.7% and 57%.2"*2 Previous studies in Saudi Arabia
have reported that the H. pylori infection prevalence rates ranged
from 28-70% with an average of 50%.2% The variation in H.
pylori prevalence rates among different studies can be attributed
to differences in patient characteristics, administration of antibi-
otic therapy, sampling conditions, and different methods used to
detect infection.

The false-positive and false-negative rates for routine H&E
staining were 16 and 26%, respectively. The high false-positive
rates associated with H&E staining can be attributed to the inabil-
ity of this method to differentiate H. pylori from the surrounding
gastric mucosa. Additionally, the inability of H&E staining to dif-
ferentiate H. pylori from gastric secretions or eosinophilic debris
may contribute to high false-positive rates. Of the 50 cases, mod-
ified Giemsa staining and H&E staining were positive for H.
pylori in 21 (42%) and 27 (54%) cases, respectively. The speci-
ficity of modified Giemsa staining (61.11%) for H. pylori detec-
tion was higher than that of H&E staining (55.56%); this con-
curred with the results of Laine et al.>* In addition to uniform
staining, modified Giemsa staining enables the identification of
distinctive morphologies of H. pylori. However, the sensitivity of
modified Giemsa staining for the detection of H. pylori was
lower than that of H&E staining. The degree of infection is
reported to affect the sensitivity of modified Giemsa staining.'?
The low sensitivity of modified Giemsa staining can be attributed
to the inability of this method to distinguish H. pylori adhering to
the glandular epithelium, especially in cases with mild degree of
colonisation. Both H. pylori and glandular epithelium appear
blue upon Giemsa staining. H. pylori transforms its morphology
from spiral form to atypical forms under harsh conditions, such
as antibiotic treatment. These atypical forms of bacteria cannot
be identified through modified Giemsa staining, which may con-
tribute to low sensitivity of modified Giemsa staining.

The sensitivity (87.5%) and specificity (94.44%) of THC
staining were higher than those of H&E and modified Giemsa
staining, and these values concurred with the results of previous
studies.!®?>2¢ In contrast to H&E staining, the histopathological
changes cannot be evaluated through THC staining. However,
IHC staining is considered the most accurate direct histopatho-
logical staining method for the detection of H. pylori. The high
sensitivity and specificity of IHC staining are due to the use of
specific antibodies, ability to detect atypical bacterial forms, such
as coccoid forms, and low false-positive rates. Moreover, IHC is
recommended when other routine methods fail to detect H. pylori
in cases of chronic gastritis caused due to minimal infection or
atypical distribution of bacteria in affected tissue.?’” The limita-
tion of IHC staining for routine diagnostic application is high
cost. Hence, THC staining is recommended for cases with mini-
mal H. pylori infection.?®

In this study, H&E staining revealed that 12 (24%), 24 (48%),
and 14 (28%) patients exhibited mild, moderate, and severe
chronic gastritis, respectively. Of the 32 H. pylori-positive cases
identified through qRT-PCR, 31.2%, 59.4%, and 9.4% cases
exhibited mild, moderate, and severe infections, respectively.
These results concurred with those of Siddiqui ef al.* who report-
ed 45 (24.4%), 137 (74%), and 3 (1.6%) cases of mild, moderate,
and severe chronic gastritis, respectively, among 185 chronic
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gastric cases, with H. pylori-positive rates of 17.5%, 80.7%, and
1.8%, respectively. In this study, H. pylori was majorly associat-
ed with moderate inflammation. The section must be carefully
examined for the presence of H. pylori in cases of moderate
inflammation associated with active chronic gastritis. Previous
studies have reported the correlation between chronic active gas-
tritis and presence of H. pylori infection.30-3

In this study, gastric ulcer was detected in 30% of cases. H.
pylori is reported to be the major risk factor for the development
of gastric ulcers as more than two-thirds of patients with gastric
ulcer test positive for H. pylori infection.®* Additionally, H.
pylori infection is an important risk factor for the development of
gastric atrophy and IM.3*3¢ This is consistent with the results of
this study in which all four detected IM cases were H. pylori-pos-
itive. Previous studies have reported that the presence of lym-
phoid follicles in the gastric mucosa is a common response to H.
pylori infection and that the lymphoid follicles are detected in the
gastric mucosa in 27-100% of cases.?"*7 In this study, 22 (44%)
out of the 50 studied cases were associated with lymphoid folli-
cles with or without germinal centres and all 22 cases were H.
pylori-positive. The presence of lymphoid follicles in the gastric
mucosa appears to be a strong predictor of H. pylori infection.
These results were consistent with those of Afzal et al.*® who
examined 500 cases of chronic gastritis and reported that 95.8%
of cases with follicular gastritis tested positive for H. pylori.
Moreover, another study examining the histopathology of gastric
biopsies reported that the presence of lymphoid follicles indi-
cates high probability of H. pylori infection.? Under physiologi-
cal conditions, the histological structure of stomach does not con-
tain lymphoid follicles.** Hence, the presence of H. pylori-asso-
ciated lymphoid tissue is considered as an important pathological
feature in the stomach. The development of mucosa-associated
lymphoid tissue (MALT) precedes the development of primary
MALT lymphoma. IHC staining enables accurate diagnosis in
cases of minimal or atypical H. pylori infection, which cannot be
detected using H&E or modified Giemsa staining. The high diag-
nostic accuracy of IHC enables its application as an alternative to
qRT-PCR for direct detection of H. pylori in the gastric biopsies.
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