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ABSTRACT

Helicobacter pylori is a spiral bacterium that causes gastric
ulcers that affect the gastrointestinal tract. It inhabits the
stomach, colonizes the gastric epithelium, and leads to multiple
digestive system ailments. Diagnostic techniques for identifying
H. pylori infection differ in invasiveness, sensitivity, and
specificity, and can be invasive or non-invasive. The choice of
which diagnostic test(s) to use may depend on clinical
circumstances, clinician expertise, cost, and test accuracy. On
the other hand, anemia is a condition in which the number of red
blood cells or the hemoglobin concentration within them is
lower than normal, a common disease that affects people all
over the world. The distinction between iron deficiency anemia
and other causes of anemia is unclear. Recent studies on H.
pylori’s possible contribution to the development of various
gastrointestinal problems, including iron deficiency anemia is
currently underway.
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Anemia and iron deficiency

Anemia occurs when a person has lower than normal levels of either red blood cells or
hemoglobin, resulting in an insufficient amount of oxygen for their body's needs. This condition is a
significant problem worldwide, affecting people of all ages. Recent statistics indicate that in 2019,
for example, almost 30% of women aged 15-49 years, nearly 40% of children aged 6-59 months,
and over 60% of African children in this age range suffered from anemia
(World Health Organization, 2021). Helicobacter pylori infection is linked to this public health
issue. Discovering the link between anemia and H. pylori infection is critical for developing
evidence-based treatment and prevention plans.

Approximately one-third of the global populace is affected by anemia, a condition
characterized by low iron levels. This deficiency has negative consequences on immunity,
reproductive health, overall well-being, social growth, and economic development. Specifically,
women and children are at increased risk of morbidity and mortality, impaired birth outcomes,
reduced work productivity, and hindered cognitive and behavioral development. Preschool children
and women of reproductive age experience disproportionate effects. Moreover, anemia also
heightens susceptibility to infections and lowers physical and mental capacity and productivity.
(Wieczorek et al., 2022), (Gonzalez-D’Gregorio et al., 2018), (Philip et al., 2020). According to the
WHO, over 2 billion people worldwide are anemic.

The prevalence

It is known that the rate of infection with H. pylori reaches a percentage of 50% of the
total population and approximately one-third of all children around the world. Over the past 30
years, the incidence of H. pylori infection in children has decreased by more than half, from 42.2%
in the pre-2000 era to 31.9% between 2000 and 2009, and 19.3% in 2010 and beyond. H. pylori
infection rates were consistent across genders, with higher rates in rural areas compared to urban
areas. Older children had a higher prevalence of H. pylori than younger children, with the highest
rates in the African region and the lowest in the Western Pacific region. Low- and middle-income
countries had almost double the incidence of H. pylori compared to high-income countries.
Children from lower economic status households, those with siblings or more children, infected
mothers or siblings, or who shared rooms had a higher risk of contracting H. pylori. However, study
limitations such as incomplete country data and various diagnostic methods across populations
should be considered. While global development has led to a decrease in H. pylori infection rates,
large prevention and treatment programs are still necessary to tackle this public health issue
(Yuan et al., 2022).

Helicobacter pylori

Helicobacter pylori is a microaerophilic flagellated bacterium contained by a majority of the
world's population in the sterile gastric mucosa. It is considered as a significant pediatric
gastroenterology pathogen that is acquired in early infancy. It is estimated that over half of the
world's population has been infected with Helicobacter pylori, the first formally recognized
bacterial carcinogen. Colonization usually lasts for the rest of one's life unless it is treated
(Takahashi-Kanemitsu et al., 2020).

Although H. pylori is commonly known for causing gastrointestinal issues, recent studies
suggest that it may also contribute to a variety of extra gastric diseases such as neurological,
dermatological, hematologic, ocular, cardiovascular, metabolic, hepatobiliary, and even allergies.
H. pylori has various mechanisms for adapting to its acidic gastric and gastrointestinal environment,
including its ability to form biofilms. While approximately half of the world's population is infected
with H. pylori, the majority of infected individuals are asymptomatic and without long-term side
effects. The prevalence of H. pylori is significantly higher in developing countries than in
developed ones, and it is a major factor in the onset of gastric cancer. H. pylori's pathogenicity
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depends on the specific strain and genotype, as well as the associated expression of virulence
factors that facilitate its interaction with the host microenvironment (Baj et al., 2021).

Morphology

Helicobacter pylori are gram-negative, helical or curved cells 2.5-5um with rounded ends.
Non-capsulated. Polyphosphate granules are seen in cells under certain conditions. Cells transform
to coccid forms with age. Motile by 4-7 unipolar sheathed flagella which are used to swim in
aqueous solutions as well as in gastric mucin (Bansil et al., 2023).

Cultural Characteristics of Helicobacter pylori

Colonies are non-pigmented, translucent, and 1-2 mm in diameter. Grow in Brain Heart
Infusion, Brucella broth and Mueller Hinton broth. Positive for urease and oxidase. Due to their
small size, they require a small amount of CO2 and high humidity to survive. Grow best at 37°C,
but not at 43°C or below 30°C. They are fastidious bacteria. After 2-5 days of incubation, growth is
better with Chocolate and Blood agar. Circular, convex, and translucent colonies can grow up to 2
mm across. On Columbia blood agar they give small, dome-shaped translucent, and sometimes
weakly hemolytic colonies. With Modified Columbia Urea Agar (MCUA medium, the inoculated
tubes are incubated microaerophilically at 37 °C for 24 hours, after which the color changes from
orange to pink in the solid phase, indicating urease activity. The addition of Vancomycin, Nalidixic
acid, and Amphotericin give discrete dome-shaped colonies on Marshall's Brain Heart Infusion
medium. Colonies should be large (3mm) and red against a yellow background on Egg Yolk
Emulsion Agar (EYA) (Andersen and Wadstrom, 2001), (Rojas and Martin, 2013).

Helicobacter Pylori Tests

Testing for Helicobacter pylori is used to detect an infection in the stomach and upper small
intestine caused by H. pylori. Peptic ulcers can be brought on by the presence of H. pylori in the
stomach. However, H. pylori infection does not usually result in stomach ulcers in healthy
individuals.

Diagnosis of H. pylori infection

The presence of a H. pylori infection can be detected through the use of a variety of tests and
procedures. Testing is critical not only for identifying the presence of H. pylori but also for
following up on the treatment to ensure the infection has been completely eradicated.

Many gastro duodenal diseases can be effectively managed if H. pylori infection is accurately
diagnosed. H. pylori can be detected using a variety of invasive and non-invasive diagnostic tests,
each with advantages and disadvantages depending on the clinical setting. Many techniques have
been developed to provide more reliable results despite the lack of a single gold standard in clinical
practice. A patient's clinical condition, the level of laboratories, and the likelihood ratio all play a
role in determining which method should be used. Invasive and noninvasive diagnostic tests are the
two main types of tests used in medicine. Diagnosis can be achieved by invasive
(endoscopic-based) and non- invasive (urea breath test, H. pylori stool antigen test and 1gG
antibodies) methods. (Hussein et al., 2021).

A) Invasive methods

Endoscopy:

Upper endoscopy exams require sedation of patients. Endoscopy involves inserting a long
flexible tube with a small camera (endoscope) down the throat and esophagus as well as into the
stomach and duodenum during the examination. This device makes it possible to see and collect
tissue samples from the upper digestive tract if there are any abnormalities (biopsy). Depending on
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the results of the first endoscopy and whether or not symptoms persist after H. pylori treatment, the
test may be repeated (Chatrangsun and Vilaichone, 2021).

To diagnose H. pylori-associated diseases such as peptic ulcer disease, atrophic gastritis,
MALT lymphoma, and gastric cancer, conventional endoscopic examination is usually carried out.
Further study on other invasive tests such as the rapid urease test, histology, culture, and molecular
methods using endoscopy is routinely used. The specimens obtained are usually gastric mucosa
from the biopsy (Sabbagh et al., 2019).

As an additional option to conventional endoscopy, researchers have looked into using
Chromoendoscopy with phenol red to diagnose H. pylori infections. (Yang and Hu, 2021). Using
magnification endoscopy, researchers can see the surface microstructure of the gastric mucosa up
close, and high-resolution endoscopic patterns of the mucosa are highly correlated with
histopathological changes, including infection with H. pylori (Lee, 2021).

When combined with magnifying endoscopy and indigo carmine staining, magnifying
endoscopy accurately predicted H. pylori-positive gastritis in 97.6% of patients. However, in
patients with H. pylori-positive antral gastritis, the sensitivity and specificity fell to 88.4% and
75.0%, respectively (Yang and Hu, 2021).

Recent advances in endoscopic technology allow detailed observation of the gastric mucosa.
Today, endoscopy is used in the diagnosis of gastritis to determine the presence/absence of H.
pylori infection and evaluate gastric cancer risk. In 2013, the Japan Gastroenterological Endoscopy
Society advocated the Kyoto classification, a new grading system for endoscopic gastritis. The
Kyoto classification organized endoscopic findings related to H. pylori infection. The Kyoto
classification score is the sum of scores for five endoscopic findings (atrophy, intestinal metaplasia,
enlarged folds, nodularity, and diffuse redness with or without regular arrangement of collecting
venules) and ranges from 0 to 8 (Toyoshima et al., 2020).

Histology Tests:

When it comes to finding H. pylori infection, histology is the gold standard. It is also the first
method used to find H. pylori. Histology's diagnostic accuracy is affected by many factors,
including the biopsy site, size, and the number, staining methods, Proton Pump Inhibitors (PPIs),
antibiotics, and the pathologist's experience. Histology has excellent sensitivity and specificity.

(Alkhamiss, 2020). Different histopathological staining methods have been used for many
years to detect H. pylori in gastric biopsies, including routine haematoxylin & eosin (H&E) stain
and other special stains such as Giemsa, periodic acid Schiff - Alcian blue (PAS-AB), Gimenez,
Steiner, Warthin-Starry, Toluidine blue and immune stain (Elias et al., 2017).

In ordinary clinical practice, even though the immunohistochemical stain is more sensitive
and specific, HE stain is frequently sufficient for the diagnosis of H. pylori infection. Additionally,
if an auxiliary stain is chosen to detect H. pylori, the immunohistochemical stain should be the first
option (Lee and Kim, 2015). Many H. pylori organisms transformed into coccoid forms, after
therapy, are not detected routinely by H and E/MGS.

In general, all the studies reveal that Giemsa stain has a lower sensibility compared to H&E
but with higher specificity and more important issues with a lower false-positive rate. To further
reduce this rate, it is necessary to use IHC in lab practice. H. pylori infection can typically be
identified through histochemical staining and a stomach sample. Immunohistochemical methods
may be used if the histochemical method fails to detect the infection in chronic gastritis cases.

For accurate identification of clarithromycin-resistant HP, fluorescent nucleic acid peptide in
situ hybridization (PNA-FISH) is recommended due to its ability to identify undetectable forms.
However, it requires specialized equipment and experience in preparation reading, which can be
laborious. In comparison to the reference method, PNA-FISH has a specificity and sensitivity of
90.9% and 84.2%, respectively. It also has a sensitivity of 80.0% and a specificity of 93.8% for
detecting clarithromycin resistance in H. pylori (Benoit et al., 2018), (Glickman et al., 2015).
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By using PNA-FISH, the coccoid form of H. pylori can be identified, which is normally
missed during a conventional histological exam. PNA- FISH's shortcomings, such as tedious
preparation, requiring a fluorescent microscope and specialized knowledge to read the slides, may
prevent this technology from being widely used despite the benefits of simultaneously monitoring
H. pylori and clarithromycin resistance.

Rapid Urease Tests

Endoscopy and gastric biopsy are among the methods used, which are followed by either a
rapid urease test (RUT), histology, culture, or molecular methods on biopsy samples. Each invasive
test offers a distinct clinical benefit. The RUT is the fastest method, providing a chance to begin
treatment promptly (Sabbagh, 2019).

Because it is cheap, quick, easy to conduct, highly specific, and widely available, the rapid
urease test (RUT) is the most useful invasive diagnostic for diagnosing H. pylori infection in
ordinary clinical practice. As a result of H. pylori urease enzyme activity, the presence of H. pylori
in biopsy material causes an increase in pH and a change in the pH monitor's color to indicate the
presence of the ammonia test reagent, which is then converted back to urea Fig. (1).

Bopsy rapid urease  AsaAN Helicobacter
test for H.pylor
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Fig. 1: Rapid Urease Test

Today, there are numerous commercially-available urease testing options available, including
gel-based testing (CLOtest, HpFast), paper-based testing (PyloriTek, ProntoDry), and liquid testing
(UFT300, EndoscHp). Varying commercial RUTs have different reaction times deliver results.

When it comes to closets, the average turnaround time is 24 hours, while PyloriTek takes just
an hour, and UFT 300 takes just five minutes to deliver results. If you do the urease test earlier than
suggested, you run the risk of getting a false negative (Vaira, 2010). There are other factors
affecting RUT reaction time and diagnostic accuracy besides commercial kit design, such as
bacteria density in the biopsy specimen. A minimum of 10,000 organisms is usually required for a
positive RUT result. H2-receptor antagonists, PPI, bismuth compounds, antibiotics, achlorhydria,
and the presence of blood can all affect the diagnostic accuracy of urease tests, increasing the risk of
false-negative results. Furthermore, the sensitivity of RUTSs is reduced when biopsy tissues are
contaminated with formalin.

Generally speaking, commercial fast urease tests are highly specific (over 95% accuracy) and
sensitive (over 85% accuracy). RUT sensitivity could be improved by performing more gastric
antral biopsies, and dual biopsy specimens from the gastric corpus and antrum are preferred to
single antrum biopsy specimens because additional corpus biopsies improve diagnostic accuracy
and prevent bias in sampling caused by the uneven distribution of H. pylori in the stomach. The use
of PPI for two weeks and antibiotics for four weeks before RUT will lower the number of false
negatives. Medications that alter urease activity should be avoided. In this clinical scenario,
bleeding reduces the sensitivity and specificity of RUTs, making them a less trustworthy test than
other tests.

Culture
H. pylori can be cultured from stomach biopsy specimens, but this approach is less sensitive
than others. Culturing has a high degree of specificity; however, the sensitivity of the culture varies
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widely, ranging from 85% to 95%. To cultivate H. pylori in vitro, specialized transport mediums,
growth media, and incubation environments are required due to its delicate and exacting nature.
Samples from biopsies can be stored at 4°C for up to 24 hours in a transport medium such as
Portagerm pylori or Stuart's transport medium. After isolating H. pylori, a variety of agars can be
employed to cultivate it. Pylori agar, Skirrow agar, Columbia blood agar, Brucella agar Fig. (2),
Brain heart infusion, and Trypticase soy agar are some of the more often used media. These media
are often supplemented with sheep or horse blood. At 35-37°C, the agar plates are incubated for at
least 5 days since H. pylori have been deemed a microaerophile (80%-90%) in an anaerobic
environment (50%-10%) CO2, 50%-10% 02). An interesting new study found that atmospheric
oxygen levels stimulate the growth of H. pylori even in the presence of 10% CO2, suggesting that
the bacteria may be a capnophilic aerobe (Park et al., 2011).

As well as positive results of the tests for urease and catalase, microbiological laboratories
should be equipped and staff should be well-trained to identify H. pylori in culture media. Poor
specimen quality, late delivery, exposure to an aerobic environment, and unskilled microbiologists
all have a negative impact on culture performance and diagnostic precision. A new transport
medium, the GESA transport medium, has just emerged in the transportation industry. H. pylori
may be quantified at a recovery rate of 90.7% when using the GESA transport medium, a semi-solid
medium that can retain gastric biopsy specimens at 4 °C for up to 10 days (Cellini et al., 2014). For
cultivating H. pylori in stomach biopsies, researchers devised a new biphasic test that combines the
selective enrichment broth with a biochemical test on urea agar in a single vessel.

H2- receptor antagonists, PPI, and antibiotics have an unfavorable effect on the percentage of
cultures that test positive when the host has a high activity of gastritis, low bacterial load, bleeding,
and alcohol use. Except for antibiotics, which should be avoided for at least 4 weeks, these drugs
should also be avoided for at least 2 weeks before culture was indicated. At least two antrum and
two corpus biopsy specimens were also recommended to avoid sampling bias due to the patchy
distribution of H. pylori in the stomach (Abadi, 2018).

Polymerase chain reaction

H. pylori infection was first detected using Polymerase Chain Reaction (PCR), which has
since been widely used to diagnose H. pylori from stomach biopsy specimens, saliva, and stool
samples. More reliable findings can be obtained when using PCR to detect H. pylori in patients with
bleeding than other conventional tests, which have a sensitivity and specificity of less than 95%
each (Wang et al., 2015).

Multiple genes, including UreA, glmM, UreC, 16S rRNA, 23S rRNA, HSP60, and VacA,
have been identified as potential targets for the drug, H. pylori detection employing two separate
conserved target genes can boost specificity, which in turn prevents false-positive results, especially
for material other than gastric biopsy specimens, which are employed in the test. Clinical decision-
making can be accelerated and improved due to the advantages of PCR such as the requirement for
fewer bacteria in the sample, the speed of the results, and the lack of additional processing supplies
or transportation. Another benefit is the ability to detect antibiotic resistance as well as virulence
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factors such as CagA and VacA using PCR at the same time, which is particularly useful when
testing for drug resistance to macrolides or fluoroquinolones. (Cardos et al., 2022). Real-time PCR
(RT-PCR) has significant advantages over the conventional agar dilution method (Etest), which is
often considered the gold standard in antibiotic susceptibility testing. One advantage of PCR over
Etest is that it is faster, more convenient, and more sensitive when utilizing formaldehyde-fixed
paraffin-embedded stomach tissue. Furthermore, RT-PCR results for antibiotic susceptibility testing
were comparable to Etest in this situation. Since false-negative results in Etest are common, and
because PCR is more accurate, it can provide more accurate information to clinicians before the
initiation of antibiotic treatment (Monno et al., 2012).

Identification of virulence factors by PCR aids in evaluating the genetic variation within H.
pylori's virulence factors and provides more information in understanding the clinical disparities
between patients infected with various H. pylori strains. H. pylori may be detected in environmental
samples by using PCR, which is very useful in epidemiological investigations. More information on
H. pylori transmission through the water was gleaned through PCR detection of high H. pylori
prevalence in drinking water samples. Apart from PCR's ability to detect H. pylori infection and
antibiotic-resistant bacteria more quickly and with greater accuracy, issues regarding cost, locally
available equipment and molecular method competence necessarily limit the practicality of PCR in
rural laboratories. (Chomvarin et al., 2017).

B: Noninvasive Tests

Endoscopic diagnostic procedures have been avoided for a variety of reasons. An endoscopic
operation is inherently painful and unsuitable for patients with preexisting medical conditions or
contraindications of any kind. In addition, endoscopy costs can be substantial, as can the costs of
disposable forceps and anesthetics that are used in conjunction with endoscopy. Finally, because of
the uneven distribution of H. pylori in the stomach, bias in biopsy-based approaches is practically
unavoidable (Pichon et al., 2020).

Nearly 30 years after its invention, the Urea Breath Test (UBT) remains the most widely used
and most accurate noninvasive method for the identification of Helicobacter pylori infection (HP).
H. pylori's urease activity hydrolyzes the patient's 13C- or 14C-labeled urea into labeled CO2 in the
stomach, which is then absorbed into the blood and expelled through breathing, allowing for the
measurement of labeled CO2 (Cardos et al., 2022).

Other urease-producing infections in the stomach can induce false-positive results, although
this is rare. Even though UBT's accuracy in pediatric patients isn't as good as it is in adult patients
(particularly for children less than 6 years old), it is a useful approach for detecting H.Pylori
infection in pediatric patients due to its many advantages, such as simplicity, noninvasiveness, and
safety ( Seo et al., 2018).

Even though 14C-UBT is safe for children and pregnant women because the radiation from
14C-UBT is lower than radiation received from the natural environment, 13C-UBT is preferable to
14C-UBT for avoiding radiation exposure. 14C-UBT is more common in underdeveloped nations
since 13C-UBT is costly and not widely available. No significant difference exists in the diagnostic
accuracy between the noninvasive tests used to diagnose H. pylori infection using 13C-UBT and
14C-UBT (Jambi, 2022). Oral injection of 14C-urea for H. pylori diagnosis uses two protocols:
nonencapsulated and encapsulated. Encapsulated 14C-UBT was initially created to prevent the
problem of 14C-urea hydrolysis caused by oral flora that produces urease, and this approach
eliminates the issue of false-positive results in early breath samples. (Pathak et al., 2012).

Stool Antigen Test

The other noninvasive approach for diagnosing H. pylori infection had a sensitivity and
specificity of 94% and 97%, respectively, in a global meta-analysis (Wang et al., 2015). Using this
procedure, you may check if you have H. pylori in stool for antigen. Enzyme immunoassay (EIA)
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and Immunochromatography Assay (ICA) based approaches use polyclonal antibodies or
monoclonal antibodies to detect H. pylori, respectively.

It is also possible to utilize monoclonal Stool Antigen Test (SAT) as a quick, non-invasive
way to diagnose H. pylori infection in pediatric patients, in addition to evaluating the effectiveness
of eradication therapy (Qiu et al., 2021). Scanners are valuable in epidemiological research and
screening programs, as well. In terms of cost and equipment, SAT is better suited for large-scale
surveys than UBT. Compared to serological tests, which are commonly used for screening, H.
pylori infection diagnosis appears to be more reliable with SAT. Several factors, such as antibiotics,
PPI, N-acetylcysteine, bowel movements, and upper gastrointestinal hemorrhage, alter the SAT's
precision. The diagnostic accuracy of SAT is also affected by specimen preservation measures such
as temperature and transport time before testing. (Al-Hilfi et al., 2021).

Antibody-Based Tests

Numerous serological tests based on the detection of anti-H. pylori IgG antibodies are widely
available for H. pylori diagnosis. Serological tests have also frequently been used in screening for
epidemiological studies because of their inexpensive, rapid, and acceptability. It is possible to
identify anti-H. pylori IgG antibodies using a variety of serological tests, although enzyme
immunoassay (EIA) testing is the most commonly used because of its high sensitivity and
specificity. Because they are low-cost, quick, and well-tolerated by patients, serological tests are
often employed in epidemiological screening. Additionally, serological tests can be used to
determine whether or not a child has H. pylori infection (Elias, et al.,2017).

Correct antigens should be validated locally before studying the population, either by using
antigens from local strains or by pooling antigens from several strains. A credible cutoff value for
serological tests should also be established locally. Many immunogenic proteins have been
proposed as potential diagnostics for infections such as CagA, VacA, UreA, Omp, and GroEL. The
H. pylori FliD protein is an essential element in the assembly of the functional flagella. protein is
required for the proper assembly of functioning flagella in H. pylori, the protein is a new marker for
the diagnosis of H. pylori infection by serology and is 97% sensitive and 100% specific
(Gholi et al., 2013).

RecomLine 1gG, a revolutionary line immunoassay for diagnosing H. pylori infection, was
recently established using six highly immunogenic virulence factors (CAG, VACA, GROEL,
GGTP-GGT-HCP-UreA, and UreA) for serological detection. The accuracy of serological tests is
not impacted by ulcer bleeding, stomach atrophy, or the use of PPI or antibiotics, which is a benefit
of serological testing. Because antibody levels might stay in blood for years after an infection has
been eradicated, serological testing is not a good way to know if treatment is working
(Idowu et al., 2019). Before eradication therapy can be started, additional testing is needed to
identify whether a patient has an ongoing infection or has been exposed to H. pylori in the past.

Like SAT, serological tests based on EIA have superior accuracy to those using ICA. A
correct selection of serological tests based on their specific performance criteria should be made to
achieve various screening, initial diagnosis, or confirmation of another test goal
(Miftahussurur, 2020). The use of serological tests in pathogenesis and virulence investigations is
critical because immunological techniques can identify numerous antigenic proteins, providing
extra diagnostic value.

Diagnosis of H.Pylori in Other Specimens

As a noninvasive test, PCR can be an appealing option for children who have trouble with H.
pylori infection due to its reliability and speed. Additionally, the advantages of stool PCR include
the ability to identify specific bacterial genotypes and drug resistance (Qiu et al., 2021). There is
some evidence to suggest that the oral cavity is a source of re-infection for people with H. pylori or
a channel of transfer for those already infected.
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Recent research has relied heavily on saliva and dental plaque specimens for detecting H.
pylori in the oral cavity, with PCR being the most common and most accurate method. Early
research used RUT and culture to find oral H. pylori. Its prevalence in the oral cavity varies widely,
possibly because of the varying techniques, populations, and primers utilized in the various
investigations (Rahman et al., 2020).

Association of anemia with Helicobacter pylori infection

The discovery of H. pylori, a helical bacterium found in the human stomach, was made by
Barry Marshall and Robin Warren about two decades ago. After this discovery, they received the
2005 Nobel Prize in Physiology or Medicine for their "discovery of the bacteria H. pylori and its
role in gastritis and peptic ulcer disease."(Warren and Marshall, 1983).

H. pylori is a stomach-colonizing bacteria that is acquired in early life. Infection with H.
pylori is normally asymptomatic, but in around 20% of cases, clinical illness develops, usually in
maturity. Having H. pylori in your system raises your risk of developing chronic gastritis, peptic
ulcers, and gastric cancer (Reshetnyak et al., 2021). Adults and children with H. pylori infection
have lower iron reserves. H. pylori infection has been linked to an increased incidence of iron
deficiency anemia by a factor of 2.8 and an increased prevalence of iron insufficiency by a factor of
1.38.

H. pylori colonization in the stomach can last for years or even decades if nutrients necessary
for bacterial development are not provided. H. pylori infection has been linked to anemia, iron
shortage, and vitamin B12 deficiency recently (Asiimwe et al., 2023).

The study by Rostami-Nejad et al., showed that even in celiac disease patients, H. pylori was
linked to iron deficiency anemia, which had a strong evidentiary base, but was only weakly
reflected in actual practice. Epidemiological and clinical research has found a link between anemia
and H. pylori infection, and these findings have been corroborated. Anemia and Helicobacter pylori
infection has been linked in several studies, but the evidence is inconsistent across regions and
nations (Rostami-Nejad et al., 2015).

Anaemiagenic pathways associated with H. pylori infection and anemia include various
potential hypotheses. Gastrointestinal blood loss caused by H. pylori-induced gastritis or duodenitis
is the most likely explanation (Sullivan et al., 2019).

Another suggestion is that the H. pylori bacterial sequestration of free iron affects iron
transporter molecules, hence limiting free iron absorption and inducing dietary cobalamin
malabsorption (Xu et al., 2017)

Both Betesh (2015) and Campuzano-maya (2016) found a link between illness and anemia
because chronic gastritis, which induces stomach hypochlorhydria, impairs iron absorption,
resulting in dietary iron conversion from ferric to ferrous form that is impaired (Betesh et al., 2015),
(Campuzano-maya, 2016).

Almost all dietary iron is in the ferric form, and to absorb it, you need an acidic intragastric
pH and ascorbic acid. Since chronic superficial gastritis results in atrophy of the gastric glands due
to H. pylori infection, less stomach acid is secreted (Waldum et al., 2016). Iron is taken up by H.
pylori through competition with their host and decreased iron release from macrophages and
entrecote due to increased hepcidin synthesis related to H. pylori infection (Mendoza et al., 2019).
Anemia of inflammation or chronic disease might develop from the acute-phase reactant hepcidin,
which is produced in the gastric mucosa in response to the inflammation. Iron loss through
hemorrhagic gastritis and active bleeding peptic ulcers are two further possibilities.

According to (Timerga et al., 2021), anemia and H. pylori infection are significantly
associated with adult dyspeptic patients. Those infected with H. pylori had a 1.77-times greater
chance of being anemic than those who were not, China and the United States supported these
findings. Adult dyspeptic individuals with H. pylori infection are more likely to have anemia, which
could be explained by the organism consuming iron (Bianca and Francesco, 2018). Higher amounts
of neutrophil-derived lactoferrin were seen in patients with H. pylori-induced gastrointestinal ulcers
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and gastritis; this infection, which contains a lactoferrin-binding protein receptor, is thought to
result in increased iron losses due to bacterial turnover. Iron may be lost in feces as dead bacteria
due to the rapid turnover of these bacteria. The physiology of the stomach can be altered by H.
pylori chronic gastritis in the form of reduced gastric acid secretion, although acidic intragastric PH
was necessary for iron absorption from food, preventing iron absorption from food. One of the most
common underlying causes of anemia in adults is blood loss from the gastrointestinal tract.

H. pylori Infection is linked to anemia because chronic gastritis promotes stomach
hypochlorhydria, which hinders the reduction of dietary iron from its ferric to ferrous form,
resulting in impaired iron absorption (Betesh et al., 2015).

In summary; three mechanisms are involved in the association of H. pylori with iron
deficiency anemia:

1. H. pylori-induced histopathological alterations in the stomach reduce the intestinal absorption of
iron, which reduces ferric iron's conversion to ferrous iron.

2. The bacteria must have iron to multiply, so they compete with the host for it.

3. This lowers intestinal iron absorption and macrophage iron recycling by increasing hepcidin
synthesis.

Wang et al., 2012 reported an intriguing discovery, showing that the host's genetic features,
notably the ABO blood group, increase the vulnerability to H. pylori infection. When it comes to
adhering to type A blood cells, H. pylori has a stronger grip than it does on cells from people with
other blood types. H. Pylori continually absorbs iron from the food Fig. (3). At the same time, H.
pylori collects on the epithelial surface and absorbs the iron from the host's epithelial cells, resulting
in an iron deficiency in the host.
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Fig. 3: Diagram of the novel mechanism for iron-deficiency anemia caused by H. pylori. In the
case of infection, the demand for the iron element of Helicobacter is increased (Wang, 2012).

Even though H. pylori-associated peptic ulcers and stomach cancer can induce bleeding,
resulting in an iron deficit, the majority of people infected with H. pylori do not have either. Their
persistent gastritis is generally unaccompanied by gastrointestinal hemorrhage. After a
gastrointestinal evaluation, about 35% of people with iron deficiency anemia still have no idea why
they have the condition. H. pylori has recently been linked to the development of extra-
gastrointestinal illnesses, such as iron deficiency anemia, according to new research
(Haile et al., 2021).

Cognitive development

When iron deficiency is widespread throughout important developmental periods, such as the
fetal and early postnatal stages, cognitive and socioemotional impairments develop in infants and
children that persist into adulthood (Georgieff, 2020).

H. pylori has also been proposed to be a factor in the development of chronic neurological
conditions. Many believe that H. pylori-induced cytokines and chemokines promote systemically
and CNS inflammation and dysfunction, which could explain how it contributes to neurological
illness (Gorle et al., 2021).
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CONCLUSION

Iron deficiency anemia associated with H. pylori infection is a common and significant health
problem worldwide. The bacterium is known to cause chronic inflammation of the stomach lining,
leading to a reduction in stomach acid secretion and destruction of the gastric mucosa. This
condition impairs the absorption of dietary iron, thus leading to iron deficiency anemia. Early
detection and treatment of H. pylori infection in patients with iron deficiency anemia may help
prevent further complications and improve overall health outcomes. Therefore, healthcare providers
should be aware of this association and consider screening for H. pylori infection in patients with
iron deficiency anemia.

Chronic and widespread, H. pylori infection can lead to chronic inflammation and atrophy,
ultimately resulting in Gastric Cancer (GC). However, clinical practice is hindered by challenges
such as false-negative results, antibiotic resistance, decreased eradication rates, and low retesting
rates. Noninvasive methods for real-time detection of H. pylori during endoscopy are being studied
to replace biopsies. Additionally, PCR development can aid in determining antibiotic resistance and
eradication rates after treatment. The relationship between H. pylori infection and iron-deficiency
anemia is not yet clear, but prevention should be a priority when dealing with refractory moderate
to severe cases associated with gastrointestinal symptoms. Technology optimization and innovation
hold promise in the better diagnosis, management, and prevention of H. pylori infection and GC.

REFERENCES

Abadi, A. (2018). Diagnosis of Helicobacter pylori using invasive and noninvasive approaches. J.
Pathog., 22, 9064952. https://doi.org/10.1155/2018/9064952

Al-Hilfi, M.; Mohammed, A.; Al-Hilfi, D.; Ali, H. (2021). Accuracy of serological and stool
antigen tests (non-invasive) for detection of H. pylori. J. of Duhok Univ., 24(1), 54-59.
https://doi.org/10.26682/sjuod.2021.24.1.8

Alkhamiss, S. (2020). Evaluation of better staining method among hematoxylin and eosin, giemsa
and periodic acid Schiff-alcian blue for the detection of Helicobacter pylori in gastric
biopsies. Malays J. Med. Sci., 27, 53-61. https://doi.org/10.21315/mjms2020.27.5.6

Andersen, P.; Wadstrom, T. (2001). “Basic Bacteriology and Culture.” In: Mobley HLT, Mendz
GL, Hazell SL, editors. Helicobacter pylori: Physiology and Genetics. Washington (DC):
ASM Press; Chapter 4.

Asiimwe, D.; Bangi I.; Esanyu J.; Ojok, D.; Okot, B.; Olong, C.; Wagubi, R.; Kisembo, G.;
Sempijja, F.; Muwanguzi, E.; Okongo, B. (2023). Association between H. pylori infection
and Anemia among adult dyspeptic patients attending Kiryandongo General Hospital,
Uganda. J. Blood Med., 14, 57-66. https://doi.org/10.2147/JBM.S392146

Baj, J.; Forma, A.; Flieger, W.; Morawska, I.; Michalski, A.; Buszewicz, G.; Sitarz, E.; Portincasa,
P.; Garruti, G.; Flieger, M.; Teresinski, G. (2021). Helicobacter pylori infection and Extra
gastric diseases—A focus on the central nervous system. Cells. 10(9), 2191.
https://doi.org/10.3390/cells10092191

Bansil, R.; Constantino, M.A.; Su-Arcaro, C.; Liao, W.; Shen, Z.; Fox, J.G. (2023). Motility of
different gastric helicobacter spp. Microorgan., 11, 634.
https://doi.org/10.3390/microorganisms11030634

Benoit, A.; Hoyeau, N.; Fléjou, J.F. (2018). Diagnosis of Helicobacter pylori infection on gastric
biopsies: Standard stain, special stain or immunohistochemistry? Ann. Pathol., 38, 363-
369. https://doi.org/10.1016/j.annpat.2018.03.009

Betesh, L.; Santa Ana, A.; Cole, J. (2015). Is achlorhydria a cause of iron deficiency anemia? Am. J.
Clin. Nutr.; 102, 9-19. https://doi.org/10.3945/ajcn.114.097394.

Bianca, R.; Francesco, G. (2018). “Helicobacter pylori and Extra gastric Diseases”. John Wiley,
23,1-7. https://doi.org/10.1111/hel.12520

Campuzano-maya, G. (2016). Helicobacter pylori and hematologic diseases. World J.
gasteroenterology. 33-9. Doi: 10.5772/62971



https://doi.org/10.26682/sjuod.2021.24.1.8

141 Yusra Y. Agha and Ashwaq H. Najem

Cardos, I.; Maghiar, A.; Zaha, C.; Pop, O.; Fritea, L.; Miere, F.; Cavalu, S. (2022). Evolution of
diagnostic methods for Helicobacter pylori infections: From traditional tests to high
technology, advanced sensitivity and discrimination tools. Diagnostics, 12, 508.
https://doi.org/10.3390/diagnostics12020508,

Cellini, L.; Di Campli, E.; Di Bartolomeo, S.; Bessa, J.; Baffoni, M.; Di Giulio, M. (2014). New
transport medium for cultural recovery of Helicobacter pylori. J. Clin. Microbiol., 52,
4325-4329. https://doi.org/10.1128/JCM.02850-14

Chatrangsun, B.; Vilaichone, K. (2021). Endoscopic diagnosis for H. pylori infection: White light
imaging (WLI) vs. Image-Enhanced Endoscopy (IEE). Asian Pac. J. Cancer Prev., 22(9),
3031-3038. https://doi.org/10.31557/APJCP.2021.22.9.3031

Chomvarin, C.; Warawan, W.; Aschana T.; Sakawrat, K.; Suwin, W.; Saowanit, T.; Wongwarut, B.
(2017). Detection of Helicobacter pylori in aquatic environments and drinking waters in
Northeastern Thailand. Chiang Mai J. Sci., 44(3), 731-741.

Elias, R.; Gisuthan, B.; Raj, D. (2017). Role of special stain giemsa in demonstration of
Helicobacter pylori in gastric biopsies. J. Med. Sci. Clin. Res., 05, 26482-87.
https://dx.doi.org/10.18535/jmscr/v5i8.83

Georgieff, K. (2020). Iron deficiency in pregnancy. Am. J. Obstet. Gynecol., 223(4), 516-524.
Doi: 10.1016/j.ajog.2020.03.006.

Gholi, K.; Kalali, B.; Formichella, L.; Gottner, G.; Shamsipour, F.; Zarnani, H.; Hosseini, M.;
Busch, H.; Shirazi, H.; Gerhard, M. (2013). Helicobacter pylori FliD protein is a highly
sensitive and specific marker for serologic diagnosis of H. pylori infection. Int. J. Med.
Microbiol., 303(8), 618. Doi: 10.1016/j.ijmm.2013.08.005. Epub 2013 Sep 3.

Glickman, N.; Noffsinger, A.; Nevin, T.; Ray, M.; Lash, H.; Genta, M. (2015). Helicobacter
infections with rare bacteria or minimal gastritis: Expecting the unexpected. Dig. Liver
Dis., 47, 549-555. Doi: 10.1016/j.d1d.2015.04.005. Epub 2015 Apr 30.

Gonzalez-D'Gregorio, J.; Mifiana, G.; Nufiez, J.; Nufez, E.; Ruiz, V.; Garcia-Blas, S.; Bonanad, C.;
Mollar, A.; Valero, E.; Amiguet, M.; Sastre, C.; Sanchis, J. (2018). Iron deficiency and
long-term mortality in elderly patients with acute coronary syndrome. Biomark Med.,
12(9), 987-999. Doi: 10.2217/bmm-2018-0021.

Gorle,"N.; Bauwens, E.; Haesebrouck, F.; Smet, A.; Vandenbroucke, R. (2021). Helicobacter and
the potential role in neurological disorders: There is more than Helicobacter pylori. Front.
Immunol., 11,584165. https://doi.org/10.3389/fimmu.2020.584165

Haile, K.; Yemane, T.; Tesfaye, G.; Wolde, D.; Timerga, A.; Haile, A. (2021). Anemia and its
association with Helicobacter pylori infection among adult dyspeptic patients attending
Wachemo University Nigist Eleni Mohammad Memorial Referral Hospital, Southwest
Ethiopia: A cross-sectional study. PLoS ONE 16(1), e0245168.
Doi: 10.1371/journal.pone.0245168

Hussein, A.; Al-Ouqaili, S.; Majeed, H. (2021). Detection of Helicobacter Pylori infection by
invasive and non-invasive techniques in patients with gastrointestinal diseases from Irag: A
validation study. PLoS One. 16(8), e0256393.
https://doi.org/10.1371/journal.pone.0256393

Idowu, A.; Mzukwa, A.; Harrison, U.; Pia, Palamides.; Rainer, Haas.; Melvin, M.; Razinah
Mamdoo.; Jonathan, Bolon.; Tolulope, J.; Stella, S.; Reidwaan, A.; Anna, C.; Henry, N.
(2019). Detection of Helicobacter pylori and its virulence genes (cagA, dupA, and vacA)
among patients with gastroduodenal diseases in Chris Hani Baragwanath Academic
Hospital, South Africa. BMC Gastroenterol., 19, 73. https://doi.org/10.1186/s12876-019-
0986-0

Jambi, K. (2022). Systematic review and meta-analysis on the sensitivity and specificity of
13C/14C-urea breath tests in the diagnosis of Helicobacter pylori infection. Diagnostics,
12, 2428. Doi: 10.3390/diagnostics12102428.



https://dx.doi.org/10.18535/jmscr/v5i8.83
https://doi.org/10.3389/fimmu.2020.584165

Patients of Helicobacter pylori....... 142

Khafri, A.; Vandyousefi, J.; Madani, R.; Pourdian, M.; Khaki, P. (2005). Designing an ELISA
technique for H. pylori antibody detection using water extracted antigens. Iran J. Publ.
Hlth. 34.

Lee, Y.; Kim, N. (2015). Diagnosis of Helicobacter pylori by invasive test: histology. Ann. Transl.
Med. 3(1),10.

Mendoza, E.; Duque, X.; Herndndez, I.; Reyes, E.; Morén, S.; Martinez, G.; Salinas, A.; Martinez,
H. (2019). Association between Active H. pylori infection and iron deficiency assessed by
serum  hepcidin  levels in school-age children. Nutrients.,, 11(9), 2141.
Doi: 10.3390/nu11092141.

Miftahussurur, M. (2020). Noninvasive Helicobacter pylori diagnostic methods in Indonesia. Gut
Liver. 14(5), 553-559. Doi: 10.5009/gnl19264.

Monno, R.; Giorgio, F.; Carmine, P.; Soleo, L.; Cinquepalmi, V.; lerardi, E. (2012). Helicobacter
pylori clarithromycin resistance detected by Etest and TagMan real-time polymerase chain
reaction. a comparative study. APMIS., 120, 712-717. Doi: 10.1111/j.1600-
0463.2012.02896.x.

Park, A.; Ko, A.; Lee, G. (2011). Stimulation of growth of the human gastric pathogen Helicobacter
pylori by atmospheric level of oxygen under high carbon dioxide tension. BMC Microbiol.,
11, 96.

Pathak, M.; Kaur, B.; Bhasin, K.; Mittal, R.; Sharma, S.; Khanduja, L.; Aggarwal, L.; Rana, S.
(2012). Superiority of non-capsulated 14C-urea breath test over capsule based method for
detection of Helicobacter pylori infection - a preliminary report. Trop Gastroenterol. 33,
123-128. Doi: 10.7869/tg.2012.29.

Philip, J.; Sadaka, S.; Polkey, I.; Hopkinson, S.; Steptoe, A.; Fancourt, D. (2020). The prevalence
and associated mortality of non-anaemic iron deficiency in older adults: a 14 years
observational cohort study. Br. J. Haematol., 189(3),566-572.
Doi: 10.1111/bjh.16409. Epub 2020 Feb 18.

Pichon, M.; Pichard, B.; Barrioz, T.; Plouzeau, C.; Croquet, V.; Fotsing, G.; Chéron, A.; Vuillemin,
E.: Wangermez, M.; Haineaux, A.; Vasseur, P.; Thiebault, Q.; Lefevre, C.; de Singly, A.;
Cremniter, J.; Broutin, L.; Michaud, A.; Silvain, C.; Burucoa, C. (2020). Diagnostic
Accuracy of a noninvasive test for detection of Helicobacter pylori and resistance to
clarithromycin in stool by the amplidiag H. pylori+ ClariR Real-Time PCR Assay. J. Clin.
Microbiol., 58(4), e01787-19. Doi: 10.1128/JCM.01787-19

Qiu, E.; Zhou, L.; Shuai, H. (2021). Methods for detection of Helicobacter pylori from stool
sample: current options and developments. Braz. J. of Microbiol., 52, 2057-2062.

Rahman, Q.; Rahman, Q.; Bakir, A.; Muhamadamin, A.; Khudhur, K. (2020). DNA detection of
Helicobacter pylori in saliva of patients with low salivary pH. Zanco J. Med. Sci., 24(2),
283-290. Doi: 10.1007/s42770-021-00589-x.

Reshetnyak, I.; Burmistrov, I.; Maev, V. (2021). Helicobacter pylori: Commensal, symbiont or
pathogen?. World J. Gastroenterol., 27(7), 545-560.

Rojas, B.; Martin, A. (2013). Microbiological conditions for culturing Helicobacter Pylori. Revista
colombiana de Gastroenterologia. 28(2), 94-99. Retrieved March 19, 2023.

Rostami-Nejad, M.; Aldulaimi, D.; Livett, H.; Rostami, K. (2015). H. pylori associated with iron
deficiency anemia even in celiac disease patients; strongly evidence based but weakly
reflected in practice. Gastroenterol Hepatol Bed Bench., 8, 178-182.

Sabbagh, P.; Javanian, M.; Koppolu, V.; Vasigala, R.; Ebrahimpour, S. (2019). Helicobacter pylori
infection in children: an overview of diagnostic methods. Eur. J. Clin. Microbiol. Infect.
Dis., 38(6),1035-1045. Doi: 10.1007/s10096-019-03502-5. Epub 2019 Feb 7.

Seo, H.; Park, S.; Rhee, H.; Youn, S. (2018). Diagnosis of Helicobacter pylori infection in children
and adolescents in Korea. Pediatr. Gastroenterol. Hepatol Nutr., 21(4), 219-233.
Doi: 10.5223/pghn.2018.21.4.219. Epub 2018 Oct 10.



https://doi.org/10.1128%2FJCM.01787-19

143 Yusra Y. Agha and Ashwaq H. Najem

Sullivan, L.; Nekisa, Z.; Rupert, N.; Marsha, M. (2019). PTU-066 Management of Helicobacter
pylori infection in patients with upper GI bleeding: compliance with guidelines. Gut., 68,
A150-A151. Doi: 10.1136/gutjnl-2019-BSGADbstracts.282

Takahashi-Kanemitsu, A.; Knight, T.; Hatakeyama, M. (2020). Molecular anatomy and pathogenic
actions of Helicobacter pylori CagA that underpin gastric carcinogenesis. Cell. Mol.
Immunol., 17, 50-63. Doi: 10.1038/s41423-019-0339-5. Epub 2019 Dec 5.

Timerga, A.; Haile, A. (2021). Anemia and its association with Helicobacter pylori infection among
adult dyspeptic patients attending Wachemo University Nigist Eleni Mohammad Memorial
Referral Hospital, Southwest Ethiopia: A cross-sectional study. Plos. ONE., 16(1),
€0245168. Doi: 10.1371/journal.pone.0245168. eCollection 2021.

Toyoshima, O.; Nishizawa, T.; Koike, K. (2020). Endoscopic Kyoto classification of Helicobacter
pylori infection and gastric cancer risk diagnosis. World J. Gastroenterol., 26(5), 466-477.
Doi: 10.3748/wjg.v26.i5.466.

Waldum, L.; Kleveland, M.; Sordal, F. (2016). Helicobacter pylori and gastric acid. Therap. Adv.
Gastroenterol., 9(6), 836-44. Doi: 10.1177/1756283X16663395.

Wang, Z.; Zhang, L.; Guo, Z.; Liu, L.; Ji J.; Zhang, J. (2012) A Unique Feature of Iron Loss via
Close Adhesion of Helicobacter pylori to Host Erythrocytes. PLoS ONE 7(11): e50314.
https://doi.org/10.1371/journal.pone.0050314

Wang, Y.K.; Kuo, F.C.;Liu, C.J.; Wu, M.C.; Shih, H.Y., Wang, S.S., Wu, J.Y., Kuo, C.H., Huang,
Y. K., ; Wu, D.C. (2015). Diagnosis of Helicobacter pylori infection: Current options and
developments. World journal of gastroenterology, 21(40), 11221-11235.
https://doi.org/10.3748/wjg.v21.i40.11221

Warren, R.; Marshall, J. (1983). Unidentified curved bacilli on gastric epithelium in active chronic
gastritis. Lancet., 1,1273-1275.

Wieczorek, M.; Schwarz, F.; Sadlon, A.; Abderhalden, A.; de Godoi, C.; Spahn, R.; Schaer, J.;
Orav, J.; Egli, A.; Bischoff-Ferrari, A.; DO-HEALTH Research group. (2022). Iron
deficiency and biomarkers of inflammation: a 3-year prospective analysis of the DO-
HEALTH trial. Aging. Clin. Exp. Res., 34(3), 515-525. Doi: 10.1007/s40520-021-01955-3.

World Health Organization. (2021). “Anemia in Women and Children”. WHO Global Anemia
estimates. 2021 Edition. World Health Organization.

Xu, M.; Cao, B.; Yuan, B.; Yin, J.; Liu, L.; Lu, Q. (2017). Association of anemia with Helicobacter
pylori infection. Sci. Rep., 1-7. Doi: 10.1038/s41598-017-13955-3

Yang, H.; Hu, B. (2021). Diagnosis of Helicobacter pylori infection and recent advances.
Diagnostics., 11, 1305. https://doi.org/10.3390/diagnostics11081305

Yao-Kuang, W.; Fu-Chen, K.; Chung-Jung, L.; Meng-Chieh, W.; Hsiang-Yao, S.; Sophie, W.;
Jeng-Yih, W.; Chao-Hung, K.; Yao-Kang, H.; Deng-Chyang, W. (2015). Diagnosis of
Helicobacter pylori infection: Current options and developments. World J. Gastroenterol.,
21(40), 11221-11235. Doi: 10.3748/wjg.v21.i40.11221.

Yuan, C.; Adeloye, D.; Luk, T.; Huang, L.; He, Y.; Xu, Y.; Ye, X,; Yi, Q.; Song, P.; Rudan, I.
(2022). Global health epidemiology research group. The global prevalence of and factors
associated with Helicobacter pylori infection in children: a systematic review and meta-
analysis. Lancet Child Adolesc Health., 6(3), 185-194. Doi: 10.1016/S2352-
4642(21)00400-4

Zhiwei, W.; Lijuan, Z.; Zhi, Guo.; Lei, L.; Jun, J.; Jianian, Z.; Xuehua, C.; Bingya, L.; Jun, Z,;
Qiulan, D.; Xuefeng, W.; Wei, Z.; Zhenggang, Z.; Yingyan, Y. (2012). A Unique feature
of iron loss via close adhesion of Helicobacter pylori to host erythrocytes. Plos ONE.,
7(11), e50314.



https://doi.org/10.3748/wjg.v21.i40.11221

Patients of Helicobacter pylori....... 144

yaall ekl s aal) 88 aa Helicobacter pyloriggis ax

i ajla alpdd &) s gy
Sl Al f el TS/ 3l ol o

aidlall
Slead) i Al el A jal Gl saal LS oaa sty JAI dug s LS 4 Helicobacter pylori
) GLLaY) e apaal) ) 055 @llayg o LeaS dadasall A8l 8 lagaas samall LSl ol Gl i . caniagl
Gl S iy Apmnadilly cdpuliad) ol Lali e Lgin Led Calias LSl odey cblal) pand il 58 el i)
A8 1yaaly AN caplall 358 Ayl DAl e aaiay 38 A0t d dapa ol Adplll L) syl e saas
sy
e 8 sl paiell 35 5l e haall aad) S aae Led 00 Ala e Hle 5o pal) 38 Gl (R0 Aals Gy
Coraall (o 40 5o 43l 5LEY) jany Laay wallall elai) ppen & (alid¥) ot ) ZaSLE) (alyaV) (e 2ays ornidal
Joa a2 Lna il dlia oSy (ol Gl e g8l ol iy ssall Gali e @l pall 53 G Sl
) el e Ul aall 3 lgracays ddlidall dygrall L) 4 Helicobacter pylori LsSs dealis Jlaal

el E caaall el ¢ Helicobacter pylori :ddlal cilalsy)



