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ABSTRACT 
Background 
Helicobacter pylori is a helical Gram-negative bacterium that colonizes human gastric mucosa leading to 
various pathologies including gastritis, gastric ulcers and gastric adenocarcinoma. Colonization is worldwide 
and affecting all age groups.

Objectives 
To identify H. pylori colonization among patients with dyspepsia using different laboratory tests including 
serology, stool antigen and PCR, and comparing the sensitivity and specificity of these tests.

Materials and Methods
From June through December 2014, one hundred patients with dyspepsia were enrolled in this study. They 
were 64 females (mean age 40.2 y) and 36 males (mean age 42.1 y). Two gastric antral biopsy specimens 
were taken in all patients submitted to esophagogastroduodenoscopy. Blood and stool specimens were also 
obtained from each patient. Four diagnostic laboratory tests were used for detection of the infection. Blood 
samples were tested for antibodies using rapid immunochromatography assay, stool for H. pylori antigen with 
immunochromatographic method and lastly PCR amplification of glmM gene was used to detect the organism 
in both gastric tissue and stool samples. 

Results
Esophagogastroduodenoscopy revealed that the majority of patients had gastritis and or duodenitis. Stool PCR 
for H. pylori was positive in 42% of the patients. Anti-H. pylori IgG in the blood and bacterial antigen were 
detected in 72% and 74% of patients respectively, while PCR test on gastric biopsy specimens was positive in 
82% of the samples. 

Conclusion
H. pylori infection was detected regardless of the presence or absence of visible gastroduodenal pathology. 
PCR examination of gastric tissue was better than stool samples. In comparison to gastric biopsy PCR, stool 
antigen detection was found to be the most sensitive test reaching 87.8% while stool PCR was the most specific 
test. No single test solely can be used to diagnose or exclude colonization.
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INTRODUCTION 
Helicobacter pylori is a helix-shaped gram-negative 
bacterium about 3 μm long with a diameter of about 0.5 
μm. It is a microaerophile that requires oxygen but at 
a lower concentration than found in the atmosphere (1). 
H. pylori has a unipolar bundle of two to six sheathed 
flagella that enable the bacterium to move in the 
mucous layer of the gastric epithelium (2). Person-to-
person spread of H. pylori is by faecal-oral or oral-oral 
transmissions (3); fecal-oral transmission is based on 
the studies identifying and isolating H. pylori in stools 
as well as identifying poor hygiene as a risk factor for 
infection (4, 5).

Helicobacter pylori expresses its pathogenicity by 
penetrating and colonizing the mucous layer, adhering 
to gastric epithelium, increasing the permeability 
to hydrogen ions and pepsin, penetrating in and 
destructing of intercellular junctions, invading gastric 
glands and canaliculi of parietal cells, and secreting 
different enzymes and cytotoxins (6). Helicobacter 
flagella are essential in starting colonization process; 
they contain two types of flagellin proteins coded by 
flaA and flaB genes that are required for full motility 
and persistent infection of the gastric mucosa (7). H. 
pylori adheres to receptors in the gastric epithelium 
by means of adhesions; several specific receptors are 
involved including lipids, gangliosides and sulfated 
carbohydrates (8). The adherence of the bacterium to 
human gastric epithelial lining through helicobacter 
BabA protein is mediated by the fucosylated Lewis b 
(Leb) histo-blood group antigen (9). 

Urease enzyme produced by H. pylori is critical 
for colonizing human gastric mucosa. Ammonia 
formed from metabolized urea neutralizes the 
microenvironment in which the bacterium resides 
(10). Ammonia can also damage the gastric mucosa 
by disrupting the tight junctions and altering ion 
permeability of gastric epithelium. Moreover, urease 
stimulates activation of mononuclear phagocytes and 
production of inflammatory cytokines (11). Among 
cytotoxins described for H. pylori is VacA (vacuolating 
cytotoxin A) (12). All strains of H. pylori possess vacA 
gene and about 50-60% of them express a fully virulent 
VacA cytotoxin capable to induce acidic vacuoles in 
the cytoplasm of eukaryotic cells (13). Antibodies 
against VacA neutralizes the cytotoxic activity (12). The 
strains of H. pylori containing CagPAI (Cytotoxin-
associated-gene Pathogenicity Island) is associated 
with the development of chronic active gastritis, peptic 

ulceration and atrophic gastritis with an increased 
risk of gastric cancer (14). CagPAI is also associated 
with the induction of IL-8, IL-6, TNF-α and IL-1β, 
subsequently leading to the recruitment and activation 
of neutrophils and mononuclear cells (15). Urease is also 
shown to be highly effective in inducing macrophages 
to produce reactive oxygen intermediates and pro 
inflammatory cytokines IL-1β, IL-6, IL-8 and TNF-α 
(16). Inflammatory response to H. pylori infection 
includes mucosal infiltration by neutrophils, T cell and 
B cells, plasma cells and macrophages. This reaction 
is probably induced by H. pylori attachment and 
stimulation of cytokine release in the gastric mucosa 
which induce changes in gastric acid secretion and 
the epithelial homeostasis (17, 18). H. pylori induces a 
predominantly Th1 lymphocyte response in humans 
(19). Colonization by H. pylori can lead to a variety 
of disorders such as gastritis, peptic ulcer disease, 
gastric mucosa-associated lymphoid tissue lymphoma, 
and colonization is considered as a risk factor in the 
development of gastric cancer (20).

The prevalence of H. pylori infection is 70-90% in 
developing countries and 25%-50% in developed 
countries (21, 22). Within geographical areas, the 
prevalence of H. pylori inversely correlates with 
socioeconomic status and particularly to living 
conditions during childhood (23). The prevalence of H. 
pylori infection among subjects in Iraq is 68.1%; H. 
pylori antibodies were detected in 79.4% of males and 
57.3% of females (24). Another study showed that 81% 
of the patients with gastritis were positive for serum 
anti- H. pylori IgG (25) while among dyspeptic patients, 
46.01% were positive for H. pylori by PCR of gastric 
biopsy (26).

There are various invasive and non-invasive tests for 
the diagnosis of H. pylori infection (27). In invasive tests, 
gastric tissue samples obtained by endoscopy are used 
for culture, rapid urease test, histopathological direct 
Gram staining or PCR. Noninvasive tests include 
serology, urea breath test, stool antigen test (HpSA) and 
stool PCR (28, 29). 

Endoscopic findings of H. pylori-infected stomach 
include erythema, erosions, antral nodularity, thickened 
gastric folds and visible submucosal vessels. However, 
these findings are not a reliable method of diagnosis 
because of their low sensitivity and specificity (30).

The immune response against H. pylori typically 
shows a transient rise in specific IgM antibodies, 
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followed by a rise in IgG and IgA antibodies that 
persist during infection. Since IgM antibodies against 
H. pylori are detected only transiently, they have little 
value for the serological diagnosis of infection (31). 
Diagnostic tests have been developed for the detection 
of H. pylori-specific IgG and IgA in serum, saliva or 
urine. Immunochromatographic assay (ICA) detection 
of anti-H. pylori antibody is based on the principle of 
reverse-flow immunochromatography. The sensitivity 
and specificity of this test for detection of anti H. pylori 
IgG in the serum are 92.4% and 83.0%, respectively, 
with a positive predictive value of 88.4% (32). H. pylori 
stool antigen detection using monoclonal antibodies is 
a valuable noninvasive alternative when urea breath 
test is not available. Meta-analysis of 22 studies 
including 2499 patients has evaluated the monoclonal 
SAT before eradication therapy and showed sensitivity 
and specificity of 94% and 97%, respectively (33).

Polymerase chain reaction (PCR)-based techniques 
have been used for the detection of H. pylori from 
gastric biopsy samples, gastric juice, stool and saliva 
(22, 34) . The sensitivity and specificity for H. pylori 
infection using PCR-based techniques have been 
reported at 85% to 100% and 100% respectively when 
compared to other endoscopy-based tests (22, 35). PCR-
based techniques are alternatives when specimens for 
culture are compromised by bacterial overgrowth, or 
nonviable H. pylori strains due to unfavorable transport 
conditions (36). However, PCR-based techniques 
have some limitations; the possible existence of Taq 
polymerase inhibitors can decrease the sensitivity 
of the reaction and the possible contamination of the 
specimen by exogenous H. pylori DNA may alters the 
specificity (37).

The aim of this study was to detect H. pylori colonization 
in patients with dyspepsia using different tests such as 
PCR, serology and stool antigen and comparing their 
sensitivity, specificity, positive and negative predictive 
values.

MATERIALS AND METHODS
This is A cross-sectional observational single center 
study. Laboratory specimens were collected from 
dyspepsic patients attending the Kurdistan Center for 
Gastroenterology and Hepatology (KCGH) in Sulaimani 
for the purpose of esophagogastroduodenoscopy 
(EGD). Ethical approval for the study was obtained 
from The Ethics Committee of the Faculty of Medical 
Science/School of Medicine at University of Sulaimani. 
Informed consent was obtained from each patient 

agreed to participate in the study before the samples 
were taken.

One hundred patients were included in the study in a 
period from June to December 2014. From each patient 
a fresh stool sample, blood sample and endoscopic 
gastric antral tissue biopsies were taken. The inclusion 
criteria were patients with symptoms of dyspepsia 
and no history of receiving antibiotics, Proton Pump 
Inhibitors (PPIs) or histamine-2 receptor blockers at 
least one month before taking the samples. 

Collected stool samples were tested for H. pylori 
antigen and stool bacterial DNA extraction. Fifty 
grams of stool was mixed with 700 µL absolute ethanol 
in a microcentrifuge tube and stored in an ice-box 
until DNA extraction within 4 hours. Two milliliters 
of venous blood taken from each patient was put into 
a sterile plain test tube. The serum was separated and 
stored at 2-8oC until ICA was done. Through using 
an Olympus CV-260 endoscope, endoscopic findings 
were recorded and two gastric antral biopsy specimens 
were obtained and put in a sterile container containing 
1 mL of normal saline solution. The tissue samples 
were stored at 2-8oC until DNA extracted within 4 hr. 
A rapid serology test to detect serum anti H. pylori 
IgG (R0191C -BIOTECH, USA) and H. pylori stool 
antigen detection (CerTest ™ kit, Spain) were carried 
out according to the manufacturer’s instructions.

Genomic DNA mini kit (GT300 Geneaid, Taiwan) and 
AccuPrep® stool DNA extraction K-3036 kit (BIONEER, 
South Korea) were used to extract genomic DNA from 
both gastric biopsies and stool samples respectively 
and according to manufacturer’s recommendations. 
Extracted DNA was quantitated with Genova 3 in 1 
Spectrophometer then stored at -60ºC until PCR was 
performed. For PCR, primers targeting glmM gene (F: 
5′-GGATAAGCTTTTAGGGGTGTTAGGGG-3′ and 
R:5′GCTTACTTTCTAACACTAACGCGC-3′) were 
used to yield a 294 bp fragment (38). The same primers 
were used on tissue and stool samples.

We used PCR kit Prime Taq Premix 2X (GENETBIO, 
Korea) where primers and the reaction mixture were 
cycled using a thermal cycler (TECHNE 3 Prime, UK) 
for an initial denaturation of 5 min at 94ºC, then 35 cycles 
each for 30 sec for denaturation at 94oC, annealing at 
64ºC and extension at 72ºC, then a final extension at 
72ºC for 5 min. PCR products were resolved with 1.5% 
agarose gel which was electrophoresed at 85 Volts for 1 
hr where ethidium bromide stained DNA band size was 
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evaluated under UV light of (MultiDoc-It TM Digital 
Imaging System) using DNA ladder (GENETBIO, 
Korea).

Sensitivity, specificity, positive predictive values (PPV) 
and negative predictive values (NPV) were analyzed. 
The criterion for a true H. pylori colonization or 
infection was considered to as having a positive result 
of gastric biopsy PCR (39, 40).

RESULTS 
The study included one hundred patients complaining 
of dyspepsia referred to undergo upper endoscopic 
evaluation at KCGH. Table 1 summarizes the age and 
symptoms of the patients with their EGD findings. 
Gastritis alone was the most common finding and was 
observed in 40 patients (40%), followed by gastritis and 
duodenitis in 18 patients (18%) and lastly duodenitis 
in 14 patients (14%). Normal mucosa was found in 6 
patients (6%). 

Table 1. Age, symptoms, EGD diagnosis in relation to the sex of the participants.

Parameter Male n=36 Female n=64 Total

Mean age in years (SD) 42.1 (15.85) 40.2 (13.62)

Age range in years 17-75 15-70

Symptoms 

Epigastric pain 36 64 100

Vomiting 0 0 0

Yes 12 32 44

No 24 32 56

Bleeding 0 0 0

EGD diagnosis

Gastritis 18 22 40

Gastritis and Duodenitis 4 14 18

Duodenitis 6 8 14

Gastric ulcer 2 8 10

Duodenal ulcer 2 6 8

Gastric cancer 0 4 4

Normal mucosa 4 2 6

Anti-H. pylori IgG was found in serum of 72 patients 
(72%) while H. pylori antigen was detected in 74 
(74%) stool samples. The results of these tests and 
PCR tests in relation to EGD diagnosis are shown in 
Table 2. Gastric biopsy PCR was found to have the 
highest diagnostic yield (82%) with predominance of 
females (60.98%) when compared with infected males 
(39.02%). PCR amplification of glmM gene fragment 
of H. pylori from stool extracted DNA showed 294-
bp band in 42 samples (42%) while PCR was positive 
in 82 (82%) DNA samples extract from gastric biopsy 
showing the same band size of glmM gene fragment 
(Table 2; Figures 1 and 2). 

Gastric biopsy PCR was able to detect the highest 

number of infections (82%) in comparison with 
others tests. Infection was detected among 32 males 
(88.8%) and 50 (78.1%) females, the correlation of sex 
to infection was not statistically significant using chi 
square test (p = 0.17868), table 3. 

Table 4 shows that the most sensitive test to detect the 
infection was stool antigen test (87.8%) while stool 
PCR test specificity was almost 100%.  The diagnostic 
accuracy of each test was also calculated showing 
the predominance of stool antigen test again (82%) in 
comparison to other tests. The statistical difference 
between the male and female results of the tests using 
chi square test were all non-significant (p value > 0.05) 
except for serology where p value was 0.006.
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Table 2. Detection of Helicobacter pylori by four tests in relation EGD 
diagnosis among hundred patients with dyspepsia.

Diagnostic test Gastritis 
n=40,
N (%)

Gastritis 
and 

duodenitis 
n=18
N (%)

Duodenitis 
n=14
N (%)

Gastric 
ulcer 
n=10
N (%)

Duodenal 
ulcer 
n=8

N (%)

Gastric 
cancer 

n=4
N (%)

Normal 
mucosa 

n=6
N (%)

Anti-H. pylori 
IgG

Positive 30 (75) 13 (72.2) 8 (57) 8 (80) 7 (87.5) 2 (50) 4 (66.6)

Negative 10 (25) 5 (27.8) 6 (43) 2 (20) 1 (12.5) 2 (50) 2 (33.4)

Stool antigen Positive 32 (80) 16 (88.8) 10 (71.4) 6 (60) 6 (75) 2 (50) 2 (33.3)

Negative 8 (20) 2 (11.2) 4 (28.6) 4 (40) 2 (25) 2 (50) 4 (66.6)

Stool PCR Positive 18 (45) 8 (44.4) 6 (42.8) 4 (40) 4 (50) 1 (25) 1 (16.6)

Negative 22 (55) 10 (55.6) 8 (57.2) 6 (60) 4 (50) 3 (75) 5 (83.4)

Gastric Biopsy 
PCR

Positive 36 (90) 14 (77.7) 12 (85.7) 8 (80) 6 (75) 2 (50) 4 (66.6)

Negative 4 (10) 4 (22.2) 2 (13.3) 2 (20) 2 (25) 2 (50) 2 (33.3)

Table 3. The number and percentage of Helicobacter pylori positive PCR of gastric biopsy 
 in relation to the sex of the dyspepsic patients.

Sex Positive
No. (%)

Negative
No. (%)

Total
No. (%)

Males 32 (88.8) 4 (11.2) 36

Females 50 (78.1) 14 (21.9) 64

Total 82 (82) 18 (18) 100

Figure 1. Agarose gel electrophoresis (1.5 %) of PCR products showing amplification of 294-
bp DNA fragment of glmM extracted from H. pylori in stool. M 100 bp DNA marker ladder; 
lane 1 positive control; lane 2 negative control; lanes 3, 4, 6, 7, 9, 10 and 11 positive results; 
lanes 5 and 8 negative results.
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Table 4. Sensitivity, specificity, positive predictive value (PPV),  
negative predictive value (NPV) and accuracy of each test.

Test True 
positive

True 
negative 

False 
positive 

False 
negative 

Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

Accuracy 
(%)

Anti-H. 
pylori 
IgG

66 12 6 16 80.4 66.6 91.6 42.8 78

Stool 
antigen 70 14 4 12 85.3 77.7 94.5 53.8 82

Stool 
PCR 42 18 0 40 51.2 100 100 31 81

DISCUSSION
Since identifying the role of H. pylori in the pathogenesis 
of upper gastrointestinal disorders, many procedures 
and laboratory tests are used to identify the infection (41). 
In this study we used four laboratory tests to identify 
H. pylori infection in a group of patients suffering from 
dyspepsia who have been referred to undergo upper 
endoscopy. Finding anti H. pylori antibodies is useful 
for screening purposes (42) but has limitations because 
it cannot confirm true infection and the antibody titer 
gradually decreases following antimicrobial treatment 
(43). Immunological methods are also used to detect H. 
pylori antigens as they pass in the stool  (5). These tests 
are easy and convenient for the patients and can be used 
also as screening tools (44). Nucleic acid amplification 
by PCR can be used on gastric tissue or stool samples 

to identify several H. pylori genes such as glmM gene 
or other virulence genes (5, 45).

All participants in this study were complaining of 
dyspepsia. Despite of a larger number of dyspeptic 
patients referred to undergo upper endoscopy, only 100 
of them agreed to enter this study and a fresh stool and 
blood samples were taken from each case.

Although a local study has found a higher prevalence of 
dyspepsia among male patients (25), in our study females 
were more and constituting 64% of the participants 
predominantly in fourth decades of their life (age range 
15 to 75 years).

Gastric biopsy PCR was positive in 88.8% of males 
and 78.1% of females with no statistical difference (p 
>0.05) which is agreed with results obtained previously 

Figure 4 . Agarose gel electrophoresis (1.5%) of PCR products of DNA extracted from gastric 
biopsy showing amplification of 294-bp fragment of glmM gene of H. pylori. M, 100 bp DNA 
marker ladder; lane 1 positive control; lane 2 negative control; lanes 3, 5, 6, 8, 9 and 10 positive 
results; lanes 4 and 7 negative results.
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(46, 47). Patients of all ages gave positive test in the range 
of 75% in those above 60 years to 87% in 30-39 year 
age group indicating that H. pylori infection affects 
all ages. Previous studies have shown variable effects 
of gender on H. pylori infection. Some studies have 
shown that the prevalence is independent on sex of 
the infected patients (48). There are reports of a higher 
prevalence in both females (49) and in males (50).

The main pathological finding reported during EGD 
was gastritis and/or doudenitis. Other endoscopic 
findings such as ulcers and cancers were also reported 
in addition to normal endoscopic findings. Studies 
showed that H. pylori has an etiological role in gastritis 
as well as peptic ulcer disease and associated with 
duodenal ulcer relapse (51) and there are an increasing 
evidences supporting the role of H. pylori infection in 
the development of gastric cancer (52).

Using rapid ICA 72% of the patients were found to have 
anti H. pylori antibodies. ICA had a high sensitivity and 
specificity for the detection of H. pylori IgG antibody 
in banked sera. The results of the current study were 
compatible with observations recorded by Cognein et 
al. (53). False positive result occurs due to past infection; 
and the test may remain positive for over 6 months 
from clearance of the disease (54) but in our study this 
possibility has been ruled out during the history taking 
before admission of each patient.

H. pylori stool antigen (HPSA) was detected in 74% of 
the patients. This finding was higher than that observed 
by Baqai et al. and Li et al. in which they detected H. 
pylori stool antigen in 48% and 50% of their patients 
respectively (55, 56). This may be explained by that HPSA 
test detects active infection and many of our patients 
were symptomatic. As a noninvasive test, the present 
study has shown that HPSA test has a promising result 
and can be used for screening purpose. 

PCR of gastric biopsy produced most positive results 
(82%). Similar results ranging between 74.7 to 81.5 % 
were reported in Iraqi patients has been found by Al-Yas 
in 2006 (81.5%), while lower results were reported by 
others 65.7% (57, 58) and 74.7% (46). Various factors have 
been attributed to yield different results. These include 
prevalence of the infection, gastric sampling location, 
specimen preparation, the choice of primers and target 
DNA, bacterial density and technical errors during 
DNA extraction (21). The glmM gene (also called ureC) 
has been extensively used for confirming the presence 
of H. pylori and is the most sensitive and specific way 

for the detection of H. pylori in gastric biopsy (59).

In this study, gastric biopsy PCR assay was a sensitive 
method for the diagnosis of gastric infection by H. 
pylori and can be useful during and after eradication 
treatment. PCR of stool samples with the same primers 
produced the least positive results (42%) among the 
same patients; reasons for low rate recovery of H. pylori 
may be low bacterial numbers in the stool, low yield 
of the DNA extract compared to DNA extract from 
gastric biopsy, H. pylori degradation, and presence of 
inhibitors such as complex polysaccharides (22).

Cultivation of biopsy samples is regarded as the golden 
method for diagnosis (60) but it needs sophisticated 
incubation conditions and time. Due to lack of culture 
techniques in this study, the results of gastric biopsy 
PCR was used as a predictor for true infection with H. 
pylori and according to PCR 82% positive biopsies for 
H. pylori was found among the enrolled patients.

In our study we used the results of gastric biopsy PCR 
as a true positive result to compare with other tests; 
HpSA was the most sensitive method reaching 87.8%. 
Therefore, stool test may be used as an alternative 
to diagnose the infection in adult outpatients and to 
monitor the success of eradication treatment. The stool 
PCR produced a value of 100% specificity while its 
sensitivity was 51.2%, a slightly higher figure (62.5%) 
has been reported previously (28). Stool PCR test is a 
valuable method in the pre-eradication assessment of 
infection and it can be used in epidemiological studies 
to determine the prevalence of H. pylori infection in 
symptomatic and asymptomatic subjects.

Diagnostic tests such as PCR, HpSA, ICA and stool 
PCR were independently sufficient in making an 
etiological diagnosis of H. pylori. However, more 
than one method may be required for the definitive 
diagnosis of H. pylori infection. Our findings and many 
previous studies recommend multiple diagnostic tests 
for accurate diagnose H. pylori infection (25, 61).

In conclusion, H. pylori colonization was detected 
regardless of the presence or absence of visible 
gastroduodenal pathology. Gastric biopsy PCR was 
better than stool PCR. Stool antigen detection test was 
the most sensitive method while stool PCR test was 
the most specific one. More than one test is needed to 
indicate or exclude this bacterial colonization. 
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