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Abstract
Background: Helicobacter pylori (H. pylori) proved to be highly prevalent all over the world. H. pylori may modify
the absorption of many nutrients. Studies have suggested that, beyond iron, H. pylori infection may affect the
homeostasis of other micronutrients such as vitamins and trace elements. Our study’s aim was to assess the effect
of H. pylori infection on some blood micronutrient level including zinc, selenium, vitamin C, and vitamin B12 in
children with chronic or recurrent unexplained dyspeptic symptoms and/or non-variceal hematemesis.
Results: A cross-sectional case-control study was carried out in 32 children (4–18 years) with chronic or recurrent
unexplained dyspeptic symptoms and/or non-variceal hematemesis. Patients were divided according to the results
histopathology and rapid urease test into two groups, H. pylori-positive patients (18 patients) and H. pylori-negative
patients (14 patients). Another control group of 18 children was included. Serum levels of zinc, selenium, vitamin C,
and vitamin B12 were measured in all children. Prevalence of H. pylori infection was 56.2%. The mean serum zinc
levels were significantly lower in H. pylori-positive cases than in control group (84.2 ± 13.85 versus 94.6 ± 6.52 with
P = 0.009) and lower than in H. pylori-negative cases but not statistically significant (84.2 ± 13.85 versus 92.2 ± 8.53
with P = 0.054). The mean serum vitamin C levels were significantly lower in H. pylori-positive cases than in
negative cases and control group (220.7 ± 46.16 versus 305.1 ± 28.83 and 313.1 ± 31.43 with P < 0.0001). The mean
serum vitamin B12 levels were significantly lower in H. pylori-positive cases than in negative cases and control
group (167.8 ± 76.98 versus 290.1 ± 69.92 and 326.1 ± 38.67 with P < 0.0001). The mean serum selenium level was
slightly higher in H. pylori-positive patients than in H. pylori-negative patients and control group but not statistically
significant (118.2 ± 11.13 versus 112.1 ± 8.69 and 113.1 ± 13.76 with P = 0.096, 0.243 respectively).
Conclusion: Helicobacter pylori infection in children has a significant negative effect on the serum levels of zinc,
vitamin C, and vitamin B12.
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Background
H. pylori is a spiral-shaped gram-negative bacterium that
colonizes the stomach, and it was first discovered in
1979 by the pathologist Warren, who observed these
bacteria in an inflamed gastric epithelium, and subsequently in peptic ulcer-associated gastritis. In 1981, Marshall started his research and cultivated the bacteria [1].
Since then, H. pylori proved to be highly prevalent all
over the world, where it infects the gastric mucosa of
about half of the world’s population [2, 3]. According to
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the World Organization of Gastroenterology, the prevalence of H. pylori in Egyptian children aged 3 years is
50% [3].
H. pylori have been recognized as the major etiologic
factor of gastritis and peptic ulcer disease in adults and
children. This infection is frequently acquired during
childhood and lasts into adult life, which has been linked
to the development of gastric cancer [4].
Because this infection particularly develops in the
stomach, it naturally affects stomach functions. Although there is no direct absorption of nutrients in the
stomach, it plays a very important role, such as acid secretion, for facilitated absorption of nutrients in the
small intestine. H. pylori also impair the normal
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secretion of hydrochloric acid, provoking achlorhydria in
infected patients [5]. Additionally, bacteria may
metabolize some nutrients that are important for its
continued survival and may cause deficiencies in this
manner. As a result of its interference, H. pylori may
modify the absorption of many nutrients and then compromise the nutritional status of infected patients, resulting in diverse clinical manifestations [6].
The association of H. pylori with unexplained irondeficiency anemia has been conclusively proved in
the pediatric population, where several studies
among infected patients showed that eradication
therapy increased hemoglobin levels even without
iron supplementation [7].
Trace minerals and vitamins are essential for life. They
act as essential cofactors of enzymes and as organizers of
the molecular structures of the cell. Deficiencies of micronutrients influence immune homeostasis and thus affect
infection-related morbidity and mortality [6]. Studies have
suggested that, beyond iron, H. pylori infection may affect
the homeostasis of other micronutrients such as vitamins
and trace elements including vitamin B12, folic acid, vitamin C, a-tocopherol, and ß-carotene [4].
Vitamin B12 is an essential component for both neuronal integrity and hematopoiesis. It has important functions in DNA replication, in the synthesis of red blood
cells, and in maintaining the myelin sheath that surrounds nerve cells [8]. Clinical manifestations of vitamin
B12 deficiency include pallor, glossitis, knuckle pigmentation, peripheral neuropathy, demyelination of the dorsal column, pyramidal tracts in the spinal cord and
rarely optic atrophy and cerebral symptoms [9].
Vitamin C is one of the essential micronutrients for human health. Two major functions of vitamin C are as antioxidants and cofactors. As a cofactor, ascorbic acid
donates electrons for at least 15 mammalian enzymes, including hydroxylase and monooxygenase involved in the
synthesis of carnitine, collagen, and neurotransmitters. As
an antioxidant, vitamin C protects the body from various
deleterious effects of free radicals and reactive oxygen species (ROS) that are produced during normal metabolic
processes, via active immune cells, as well as by exposure
to toxins and contaminants [10, 11]. Low levels of vitamin
C have been associated with many conditions, including
scurvy, bleeding tendency, delayed wound healing, anemia,
some cancers, infections, etc. [12, 13, 11].
Selenium is an essential micronutrient that is required
by most organ systems in the body [14]. The bestknown function of selenium is its role as a cofactor of
glutathione peroxidase, which protects membranes from
oxidative damage. Selenium also plays a role in electron
transfer functions and may affect enzymes that
metabolize drugs. Its deficiency leaves most tissues vulnerable to peroxidative damage [15].

Zinc is an essential mineral found in almost every cell.
It stimulates the activity of approximately 100 enzymes
that promote biochemical reactions in the body. Zinc
supports a healthy immune system and is needed for
wound healing and DNA synthesis. It also supports normal growth and development during pregnancy, childhood, and adolescence. Zinc deficiency most often
occurs when zinc intake is inadequate or poorly
absorbed, when there are increased losses of zinc from
the body, or when the body’s requirement for zinc increases. Deficiency in this micronutrient restricts childhood growth and decreases resistance to infections,
which contribute significantly to morbidity and mortality
in young children [16].
In the developing countries, the addition of micronutrient deficiencies facilitated by H. pylori infection to
already present macronutrient problem is a great clinical
and public health problem. This important public health
problem could be resolved by the supplementation of
the micronutrients and eradication of infection [15].
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Methods
Study design and study population

The present study is a cross-sectional case-control study
conducted during a period of 1 year from January to December 2016 and included children and adolescents admitted to the Gastroenterology and Endoscopy Unit
complaining of chronic or recurrent unexplained dyspeptic symptoms and/or non-variceal hematemesis. Another control group of apparently healthy children with
comparable age and sex was included.
Inclusion criteria

1. Children and adolescents between 4 and 18 years
having chronic or recurrent unexplained dyspeptic
symptoms (postprandial fullness, early satiety,
epigastric pain, and epigastric burning) [17, 18]
and/or non-variceal hematemesis.
2. The dyspeptic symptoms should be severe enough
to interfere with the usual activities and occur at
least 3 days per week over the last 3 months with an
onset of at least 6 months in advance [17, 18].
Exclusion criteria

1. Patients who received anti-secretory drugs and/or
antibiotics in the previous 4 weeks before
endoscopy.
2. Patients receiving multivitamins and mineral
treatment during the previous 2 months.
3. Patients having cachexia, malnutrition, or a history
of an eating disorder or those with any diet
restrictions and vegetarian diet.

Elsaghier et al. Egyptian Pediatric Association Gazette

(2020) 68:4

4. Patients with metabolic disorders such as diabetes
mellitus, chronic liver disease, uremia, celiac
disease, inflammatory bowel disease, or any other
systemic illnesses.
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All participants were subjected to thorough medical history which included personal history; presenting symptom/s and its duration, evaluation of risk factors which
included father’s and mother’s education, over-crowding,
sanitary conditions, and sharing a bed; dietetic history; if
there is excess intake of fats, spicy food, caffeine, or tea;
history of extra gastrointestinal illness related to H. pylori infection; medication history; and family history of
gastrointestinal problems.
Clinical examination included assessment of vital
signs, anthropometric measurements, general examination, and complete systemic examination.

vitamin B12 concentrations. The detection range of the
kit is 28 ng/L–800 ng/L.
Vitamin C (ascorbic acid) assay: Human vitamin C
ELISA kit (Glory Science Co., Ltd, Add: 2400 Veterans
Blvd. Suite 16 - 101, Del Rio, TX 78840, USA, CATALOG #:90081) was used for the quantitative determination of Human vitamin C concentrations. Detection
range of the kit is 100 ng/L–2000 ng/L
Zinc assay: colorimetric test with 5-Brom-PAPS (manufactured by Egyptian Company for Biotechnology,
www.spectrum-diagnostics.com, Authorised Representative: MDSS GmbH Schiffgraben 41, 30175 Hannover,
Germany, REF: 330 002). Expected values in children:
63.8–110 mg/dl (9.8–16.8 mmol/l).
Selenium assay: plasma selenium assay was done using
a commercially available colorimetric assay kit, ABC
Diagnostic Egypt). Reference value of the kit: children
older than 1 year 70–150 ng/ml.

Laboratory evaluation

Esophagogastroduodenoscopy

Laboratory investigations included:

Upper gastrointestinal (GI) endoscopy was done for all
patients and gastric mucosal biopsies were taken:

Clinical evaluation

a. Complete blood picture for all patients and
controls. Complete blood count using Celitac
ES (NIHON KOHDEN, Japan) for leucocytic
count, hemoglobin percent (Hb %), and
platelets count. Anemia will be diagnosed when
Hb% is below cut-off value for age and sex and
will be graded into mild, moderate, and severe
according to WHO [19].
b. Coagulation profile using Sysmex CA-600 Series:
prothrombin time (PT), activated partial thromboplastin time (aPTT), and international normalized
ratio (INR) done for all patients and controls.
c. Blood grouping for all patients using indirect
hemagglutination test.
d. Micronutrient assay:
Serum micronutrient level including zinc and selenium
were measured using colorimetric method, and ascorbic
acid (vitamin C) and vitamin B12 were measured using
ELISA kit for all patients and controls.
Sample collection:
Fasting morning 5 ml of venous blood sample from
each participant was collected. Serum coagulation at
room temperature for 10–20 min, then centrifuged at
speed of 2000–3000 rpm for 20 min, then supernatant
removed in an Eppendorf tubes and stored at −70 °C till
assay. Each sample was stored in different aliquots so
that each sample is thawed for every single assay.
Vitamin B12 assay: Human vitamin B12 ELISA kit
(Glory Science Co., Ltd, Add: 2400 Veterans Blvd. Suite
16 - 101, Del Rio, TX 78840, USA, CATALOG #:11341)
was used for the quantitative determination of Human

a. Antral biopsy for rapid urease test (Kimberly-Clark,
CLO test, REF: 60480, LOT: AW529300A, USA).
The test was considered positive when the color
turned from yellow into pink or violet within 60
min.
b. Antral and corpus biopsies for histopathological
assessment and for confirmation of the presence of
H. pylori bacilli.
Biopsies were immediately fixed in 10% formalin solution and processed by automated tissue processing till
paraffin embedding and then serially cut into 5-μm thick
sections into two slides.
One slide was stained with hematoxylin and eosin for
microscopic evaluation to detect the presence of lymphoplasmacytic inflammatory infiltrate and density, the presence of neutrophils as a marker of inflammatory activity,
the presence of lymphoid follicles, the degree of glandular
atrophy and the intestinal metaplasia. The other slide was
stained with a Giemsa stain for microscopic detection of
H. pylori bacilli and the also the density of bacilli along
the inner surface of mucosal epithelium.
Histopathology was assessed using Updated Sydney
classification. Sydney System had different grade variables; H. Pylori density, activity, chronic inflammation,
and atrophy and each graded into none, mild, moderate
or severe [20]. Definition and grading guidelines for each
of the histological features according to the Sydney classification are shown in Table 1 [21].
Patients were divided according to the results histopathology into two groups, those with positive histopathology
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Table 1 Definition and grading guidelines for each of the histological features to be graded according to the Sydney classification
[21]
Feature

Definition

Grading guidelines

H. pylori

Density of helicobacter like organisms overlying epithelium

None: no curved bacilli
Mild: scattered organisms
covering < 1/3 of surface
Moderate: intermediate
numbers
Severe: large clusters or a
continuous layer over >
2/3 of the surface

Activity

Neutrophil polymorph infiltration of the lamina propria, pits or surface epithelium

None: polymorphs difficult
to find
Mild: < 1/3 of pit and surface
infiltrated
Moderate: 1/2 to 2/3 of pit
and surface infiltrated
Severe: > 2/3 of pit and
surface infiltrated

Chronic inflammation

Increase in lymphocytes and plasma cells in the lamina propria

None: lymphocytes and plasma
cells are present normal in
numbers
Mild: mild increase in density
Moderate: moderate increase in
density
Severe: severe increase in density

Atrophy

Loss of specialized glands from either antrum or body

None: absent
Mild: mild loss
Moderate: moderate loss
Severe: severe loss

for H. pylori (H. pylori-positive patients) and those with
negative histopathology for H. pylori (H. pylori-negative
patients).
Statistical analysis

Data entry and data analysis were done using SPSS (Statistical Package for Social Science) version 20. Qualitative
variables were presented as numbers and percentages.
Normally distributed continuous variables were presented as the mean ± standard deviation and compared
using the t-test. Non-normally distributed continuous
variables were expressed as the median and compared
using the Mann-Whitney U test. To assess the associations between categorical variables, the chi-squared (χ2)
test was used while Fisher exact test was used when
more than 25% of the cells had expected counts less
than 5. Spearman correlations were done to measure the
correlation between ordinal and continuous variables. P
value was regarded as statistically significant when P <
0.05.

Results
The demographic characteristics of studied cases according to the H. pylori status are presented in Table 2. According to histopathology of the taken biopsies, 56.2% of
the studied cases (18 patients) proved to be H. pyloripositive and 43.8% (14 patients) were negative. Both patient groups were comparable as regards sex and residence

with insignificant differences (P = 0.618 and 0.669 respectively). The mean age was significantly higher in H. pyloripositive group (11.56 years) than in H. pylori-negative
group (8.43 years) with P = 0.029 (Fig. 1).
Regarding CBC and coagulation profile, it was found
that the hemoglobin level was significantly lower among
cases than controls (11.38 ± 1.31 versus 12.33 ± 0.59
with P = 0.001). Prothrombin time, prothrombin concentration, and activated partial thromboplastin time
were comparable among cases and controls with no significant difference between them (12.38 ± 1.07 versus
12.07 ± 0.56, 95.78 ± 12.53 versus 94 ± 5.87, 29.84 ±
3.48 versus 28.61 ± 2.3 with P = 0.129, 0.573, and 0.186
respectively).
Regarding the diagnostic accuracy of the rapid urease
test in the diagnosis of H. pylori, it was found that the
rapid urease test had a sensitivity of 88.9%, a specificity
of 92.9%, a positive predictive value of 94.1%, a negative
predictive value of 86.7%, and an accuracy of 90.6%
(Table 3, Fig. 2 ).
As regards the gross upper endoscopic findings among
H. pylori-positive and negative cases, the antral affection
and nodularity were significantly higher among H.
pylori-positive cases than H. pylori-negative cases (11
versus 2 with P = 0.012) (Fig. 3).
Regarding the updated Sydney scoring system of gastritis in H. pylori-positive and negative cases, there was
no significant difference between the patient groups in
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Table 2 Demographic data of studied cases according to the result of H. pylori status
Demographic
Total
Sex

Residence

Age

H. pylori-positive cases

H. pylori-negative cases

N

Percent

N

Percent

18

56.2

14

43.8

Male

8

61.5

5

38.5

Female

10

52.6

9

47.4

Rural

15

60

10

40

Urban

3

42. 9

4

57.1

Mean ± SD

Mean ± SD

11.56 ± 3.62

8.43 ± 3.94

P
value

0.618

0.669
0.029*

*

Statistically significant

the inflammatory activity and mucosal atrophy. The
density of lymphoplasmacytic infiltrates and lymphoid
follicles were more prevalent among H. pylori-positive
cases than H. pylori-negative cases with P values of
0.026 and 0.012 respectively. Regarding H. pylori density,
38.8% of the positive cases had mild density, 27.7% had
moderate density and 33.3% had severe density of H.
pylori. Definition and grading guidelines for each of the
histological features were graded according to the Sydney classification [20, 21] (Table 4, Figs. 4, 5, and 6).
The comparison of the serum trace element level
among H. pylori-positive cases, H. pylori-negative
cases and the control group are presented in Table 5
and Fig. 7. Regarding the serum zinc levels, the mean
levels were significantly lower in H. pylori-positive

Fig. 1 Age distribution among H. pylori-positive and negative cases

cases than the control group (84.2 ± 13.85 versus
94.6 ± 6.52 with P = 0.009) and lower than H. pylorinegative cases but not statistically significant (84.2 ±
13.85 versus 92.2 ± 8.53 with P = 0.054). As regards
the serum selenium levels, it was slightly higher in H.
pylori-positive patients than in H. pylori-negative patients and controls with no significant differences between H. pylori-positive (118.2 ± 11.13 ng/ml, P =
0.096) and either the negative cases (112.1 ± 8.69 ng/
ml, P = 0.243) or the control group (113.1 ± 13.76
ng/ml, P = 0.81). Concerning the serum vitamin C
levels, the mean serum levels were significantly lower
in H. pylori-positive cases than in the negative cases
and the control group (220.7 ± 46.16 versus 305.1 ±
28.83 and 313.1 ± 31.43 with P < 0.0001). Regarding
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Table 3 Performance characteristics of rapid urease test in the diagnosis of H. pylori
Biopsy
Rapid urease test

H. pylori-positive cases

H. pylori-negative cases

Positi ve

16

1

Negati ve

2

13

Sensitivity

88.9%

Specificity

92.9%

Positive predictive value

94.1%

Negative predictive value

86.7%

Accuracy

90.6%

Performance characteristics of rapid urease test

the serum vitamin B12 levels, the mean serum levels
were significantly lower in H. pylori-positive cases
than in the negative cases and the control group
(167.8 ± 76.98 versus 290.1 ± 69.92 and 326.1 ±
38.67 with P < 0.0001).
Correlation between the serum levels of trace elements
and the degree of severity of histopathological changes
in the gastric mucosal biopsy are presented in Table 6,
Figs. 8, 9, and 10. Regarding the serum zinc levels, there
was a significant negative correlation with the severity of
inflammatory infiltrate, mucosal atrophy, and H. pylori
density (r = −0.4, −0.62, −0.42 and P = 0.023, 0.0001,
0.017 respectively). Regarding the serum selenium levels,
there was a significant positive correlation between selenium level and the H. pylori density (r = 0.37 and P =
0.039). Regarding the serum vitamin C levels, there was
a significant negative correlation with the severity of inflammatory infiltrate, lymphoid follicles, mucosal atrophy, and H. pylori density (r = −0.64, −0.44, −0.54, −0.83
and P = 0.0001, 0.01, 0.001, 0.0001 respectively). Regarding the serum vitamin B12 levels, there was a significant
negative correlation with the severity of inflammatory
infiltrate, mucosal atrophy, and H. pylori density (r =

Fig. 2 Positive rapid urease test

−0.44, −0.41, −0.74 and P = 0.012, 0.02, 0.0001
respectively).

Discussion
Trace minerals and vitamins are essential for life.
They act as essential cofactors of enzymes and as organizers of the molecular structures of the cell. Deficiencies of micronutrients influence immune
homeostasis and thus affect infection-related morbidity and mortality [6]. H. pylori can change the secretion and acidification functions of the stomach,
because it penetrates especially into the stomach.
This situation can affect digestion and absorption of
some components of the nutrients and micronutrients [15].
The present study showed that the mean age of our
children was significantly higher in H. pylori-positive
group (11.56 years) than in H. pylori-negative group
(8.43 years) (Table 2 and Fig. 1). This finding is similar to that reported by Malaty et al. [22] and Jafar
et al. [23] who found that there were increasing
prevalence rates of H. pylori infection with increasing
age in all age groups.
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Fig. 3 Endoscopic view of antral nodularity

Regarding the accuracy of rapid urease test in the
diagnosis of H. pylori infection, the present study
found that rapid urease test had a sensitivity of
88.9% and a specificity of 92.9% (Table 3). This
finding is nearly similar to that reported by previous
studies who found that the sensitivity of various
rapid urease tests as primary diagnostic tests is high
and has been reported to vary between approximately 80% and 100% and specificity between 97%
and 99% [24, 25]. The rapid urease test is a test for
the presence of the urease enzyme. The actual results will depend on the gastric disease and the likelihood of atrophic changes or exogenous factors
that reduce the bacterial load (such as the use of
antibiotics, bismuth-containing compounds, or proton pump inhibitors) and thus produce falsenegative results [26]. The two most common reasons for false-negative results are the recent use of
proton pump inhibitors and the presence of intestinal metaplasia. H2-receptor antagonists do not reduce the bacterial density and can be used up to

Fig. 4 Section from the gastric mucosal endoscopic biopsy which
shows chronic gastritis with the presence of reactive lymphoid
follicles (H&E, 200×)

the day of the test [27]. Also, false-negative results
can occur if the distribution within the stomach is
patchy or if organism loads are low and the presence of atrophic gastritis with or without intestinal
dysplasia [28]. False-positives are rare and when
present may be due to the presence of other ureasecontaining organisms such as Proteus mirabilis,
Citrobacter freundii, Klebsiella pneumonia, Enterobacter cloacae, and Staphylococcus aureus [29].
Concerning the gross endoscopic picture of studied
cases, the present study found that antral affection and

Table 4 Updated Sydney scoring system of gastritis among H.
pylori-positive and negative cases
Histopathologic
parameter

Grade

H. pyloripositive
cases
(N = 18)

H. pylorinegative
cases
(N = 14)

N

N

Percent

P

Percent

Inflammatory activity

Mild

1

5.6%

0

–

0.378

Inflammatory infiltrate

Mild

9

50%

11

78.2%

0.026*

Moderate

9

50%

2

14.3%

Present

11

61.1%

2

14.3%

0.012*
0.103

Lymphoid follicles
Mucosal atrophy
*

Statistically significant

Mild

4

22.2%

0

–

Moderate

2

11.1%

1

7.1%

Fig. 5 Section from the gastric mucosal endoscopic biopsy which
shows chronic gastritis with activity appreciated by the presence of
neutrophils attacking the gastric glands (H&E, 400×)
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Fig. 6 Section from the gastric mucosal endoscopic biopsy which
shows numerous Helicobacter pylori curved bacilli on the inner
surface of gastric glands (Giemsa stain, oil immersion)

nodularity were significantly higher among H. pyloripositive cases than H. pylori-negative cases (11 versus 2
with P = 0.012) (Fig. 3). In agreement with this finding,
Bahú et al. [30] concluded that endoscopic findings of
antral nodularity in children suggest the presence of H.
pylori infection and follicular gastritis and may identify
cases of severe gastritis and marked bacterial
colonization. Also, Tomasević et al. [31] reported that H.
pylori infection is known to be the most common cause
of chronic gastritis having some endoscopic and pathologic characteristics as determined by the Sydney System
for Gastritis Classification. They found that there is an
association of H. pylori infection and of lymphoid
follicles with the nodular gastric mucosa. Similarly,
Romero-Flores et al. [32] found that there was a strong
correlation between nodular gastritis and H. pylori, but
only after rigorous evaluation.
H. pylori infection is significantly associated with
lymphoid follicle formation on histopathological
examination. Lymphoid follicles and aggregates have
been detected in 32.9–85% of chronic gastritis patients on histological examination of biopsy
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specimens, and appear more common in the antral
mucosa than in the corpus mucosa [33]. The severity
of gastritis is also correlated with the presence of
lymphoid follicles and aggregates. A close relationship exists between lymphoid follicles and H. pyloriassociated gastritis. The endoscopic features of such
lymphoid follicles have been reported as nodular
gastritis. Nodular gastritis (antral nodularity) is a
unique type of chronic gastritis caused by H. pylori
infection [34]. Chen et al. [35] concluded that the
prevalence and density of lymphoid follicles and aggregates in gastric antral mucosal biopsies correlated
closely with H. pylori infection. Similarly, Hayashi
et al. [36] concluded that the endoscopic finding of
nodules could be observed at any site of the gastric
mucosa in H. pylori-associated gastritis, and represented histological lymphoid follicles. Moreover,
these follicles are thought to represent the pathophysiologic substrate for mucosa-associated lymphoid
tissue-lymphomas [37].
Regarding the serum zinc levels, the present study
found that the mean levels were significantly lower in
H. pylori-positive cases than in the control group and
lower than H. pylori-negative cases but not statistically significant (Table 5). Brown et al. [38] stated
that a protein that strongly binds to zinc has been
identified on the membrane and in the cytosol of H.
pylori. Because zinc is absorbed mainly in the small
intestine, by binding dietary zinc in the stomach, H.
pylori may possibly contribute to serum zinc deficiency. Wu et al. [39] reported that the serum zinc
level was lower in H. pylori-infected patients compared with H. pylori-negative cases. However, the difference was not statistically significant.
The present study also reported that the serum zinc
concentration had a significant negative correlation
with the severity of inflammatory infiltrate, mucosal
atrophy, and H. pylori density with insignificant negative correlation with the severity of inflammatory activity (Table 6). This is in agreement with
Sempertegui et al. [40] who reported that the more

Table 5 Comparison of serum trace element level among H. pylori-positive cases, H. pylori-negative cases, and the control group
H. pylori-positive (N = 18)

H. pylori-negative (N = 14)

Controls (N = 18)

Micronutrient

Mean ± SD

Mean ± SD

Mean ± SD

Zinc (μg/dl)

84.2 ± 13.85

92.2 ± 8.53

Selenium (ng/ml)

118.2 ± 11.13

Vit C (ng/l)

220.7 ± 46.16

Vit B12 (ng/l)

167.8 ± 76.980

P1: H. pylori-positive versus H. pylori-negative
P2: H. pylori-positive versus controls
P3: H. pylori-negative versus controls
*
Statistically significant

P1

P2

P3

94.6 ± 6.52

0.054

0.009*

0.403

112.1 ± 8.69

113.1 ± 13.76

0.096

0.243

0.81

305.1 ± 28.83

313.1 ± 31.43

0.0001*

0.0001*

326.1 ± 38.67

*

*

290.1 ± 69.92

0.0001

0.0001

0.458
0.1
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Fig. 7 Box plot showing the comparison of serum trace element level among H. pylori-positive cases, H. pylori-negative cases, and the
control group

Table 6 Correlation between the serum levels of trace elements
and the degree of severity of histopathological changes in
gastric mucosal biopsy
Histopathological parameters
Inflammatory activity

Inflammatory infiltrate

Lymphoid follicles

Mucosal atrophy

H. pylori density
a

Statistically significant

Zn

Selenium Vit. C

Vit. B12

R −0.22

0.29

−0.3

−0.28

P 0.22

0.11

0.09

0.12

R −0.4

0.15

−0.64

−0.44

P 0.023a

0.42

0.0001a 0.012a

R −0.08

0.12

−0.44

−0.22

P 0.65

0.51

0.01a

0.23

R −0.62

0.007

−0.54

−0.41

P 0.0001a 0.97

0.001a

0.02a

R −0.42

0.37

−0.83

−0.74

P 0.017a

0.039a

0.0001a 0.0001a

severe the H. pylori infection, the lower concentration
of zinc in gastric mucosa.
Regarding the serum selenium levels, it was slightly
higher in H. pylori-positive patients than in H. pylorinegative patients and controls with no significant differences between H. pylori-positive cases and either
the negative cases or the control group (Table 5). Wu
et al. [39] have shown that serum selenium level had
no significant difference between H. pylori-positive
and H. pylori-negative groups. However, the serum
selenium levels decrease after H. pylori eradication
therapy.
In this study, there was a significant positive correlation between serum selenium level and the H. pylori
density (Table 6). Üstündag et al. [14] reported that
plasma selenium levels were similar between H.
pylori-positive gastritis and healthy controls, but in
the gastric tissue selenium levels were significantly
higher in H. pylori-positive gastritis. There was a
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Fig. 8 Scatter plot of the correlation between serum levels of trace elements and the degree of inflammatory cell infiltrate in the gastric
mucosal biopsy

statistically significant decrease in mucosal selenium
levels in patients after successful H. pylori eradication
therapy. The increased selenium levels may be explained on the basis of elevated reactive oxygen species in association with H. pylori infection.
In the present study, the mean serum vitamin C levels
were significantly lower in H. pylori-positive cases than
in the negative cases and the control group (Table 5). In
line with our results, Waring et al. [41] reported that
vitamin C plasma concentration was 20% lower in H.
pylori-infected subjects than in negative controls, even
after correction for confounding factors, such as dietary
habits.
Also, regarding the serum vitamin C levels, there
was a significant negative correlation with the severity of inflammatory infiltrate, lymphoid follicles, mucosal atrophy, and H. pylori density (Table 6). In
line with these results, Park et al. [42] found that
vitamin C levels in whole blood, plasma, and gastric
juice were closely related to the severity of H. pylori
infection and the histological changes in the stomach. These authors reported that vitamin C can have
a role in the initiation and progression of H. pylori

infection. They also reported that vitamin C levels in
whole blood, plasma, and gastric juice exhibited a
significant negative correlation with the histologic
density of H. pylori, the degree of active and chronic
gastritis, and the severity of H. pylori infection
(based on urease positivity and histologic density of
H. pylori). There are several explanations for the reduction of ascorbic acid in the gastric juice of H.
pylori-infected subjects. First of all, ascorbic acid
may be consumed acting as a scavenger against reactive oxygen species, produced by gastric
inflammation.
Regarding the serum vitamin B 12 levels, the
present study found that the mean levels were significantly lower in H. pylori-positive cases than in
the negative cases and the control group (Table 5).
In addition, it was found that serum vitamin B 12
levels showed a significant negative correlation with
the severity of inflammatory infiltrate, mucosal atrophy, and H. pylori density (Table 6). Similar to
these results, Akcam et al. [43] found a statistically
significant relation between H. pylori infection and
serum vitamin B 12 levels that were independent of
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Fig. 9 Scatter plot of the correlation between serum levels of trace elements and the degree of mucosal atrophy in the gastric mucosal biopsy

gastric atrophy and suggested that H. pylori infection had a negative effect on serum vitamin B 12
levels in children. Similarly, Ravi et al. [44] reported a significant relationship between the B12
levels and the H. pylori status, where 58% of the H.
pylori-positive patients had vitamin B12 values
below 100 pg/mL in contrast to 38% of H. pylorinegative cases. Hence, the H. pylori-positive patients group had a significantly lower vitamin B12
value compared to the H. pylori-negative patients
group.
Annibale et al. [45] demonstrated that almost twothirds of pernicious anemia patients had evidence of
H. pylori but only those with an active H. pylori infection had distinct functional and histological features. These findings support the hypothesis that H.
pylori infection could play a triggering role in a
subgroup of patient with pernicious anemia and
suggest the possibility that H. pylori is involved in
the early stages of pernicious anemia that lead to
severe corpus atrophy. The later progress of gastritis
seems to be dependent on factors other than H. pylori, most likely “autoimmune” mechanisms.

Serin et al. [46] demonstrated that the histopathological scores for H. pylori density, inflammation, and
neutrophil activity were all inversely correlated with
serum vitamin B12 level and the linear regression analysis revealed that only H. pylori density was significantly correlated with serum B12 level. After
treatment, the serum vitamin B12 levels were significantly increased, and the inflammation and neutrophil
activity scores in the antrum and corpus were significantly decreased, regardless of eradication status.
With patients categorized according to eradication
status, the elevation in serum vitamin B12 level was
more pronounced in the group in which the organism
had been completely eradicated than in those with
persistent infection.
Several limitations of the present study should be
discussed. First, the relatively small number of patients. Furthermore, we measured only plasma levels
of the trace elements and vitamins with lack of
measurement of gastric mucosal trace elements.
Third, the lack of measurement of the plasma levels
of the trace elements and vitamins after eradication
therapy.
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Fig. 10 Scatter plot of the correlation between serum levels of trace elements and the density of H. pylori in the gastric mucosal biopsy

Conclusion
The present study concluded that H. pylori infection
was more common among older children. The rapid
urease test had a comparable accuracy to histopathological examination in the diagnosis of H. pylori infection. Antral nodularity in children suggests the presence
of H. pylori infection and may identify cases of severe
gastritis and marked bacterial colonization, histologically, prominent lymphoid follicles are seen. H. pylori infection in children has a significant negative effect on
the blood levels of zinc, vitamin C, and vitamin B12. The
deficiency of zinc, vitamin C, and vitamin B12 had a significant negative correlation with the severity of inflammatory infiltrate, mucosal atrophy, and H. pylori density.
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