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Abstract

This study assessed the diagnostic approaches of Helicobacter pylori (HP)-associated iron de-
ficiency (ID) and anemia (IDA) in children with dyspeptic symptoms and evaluated the effects
of simultaneous anti-H. pylori (anti-HP) therapy and oral iron in comparison with each of anti-
HP therapy and oral iron therapy alone, on iron status as assessed by serum soluble transferrin
receptor (sTfR) level.

Two hundreds children with dyspeptic symptoms were subjected to clinical evaluation, stool
examination, CBC, biochemical assays for serum iron parameters and measurements of serum
IgG antibodies to HP and serum sTfR level by ELISA. Sixty children were found to have HP-
associated ID or IDA and were randomly divided into 3 groups (20 children each). GA received
2-week anti-HP therapy plus 90-day oral iron, and GB received 2-week anti-HP therapy alone
whereas group C received 90-day oral iron alone. Re-evaluation of the 3 groups was performed
after 3 months of treatment initiation by repeat CBC and serum sTfR level.

Children (45%) were HP-seropositive. The mean values of serum sTfR were significantly
higher in HP-positive group and in HP-positive children with IDA than in HP-negative group
and in HP-negative children with IDA although no significant differences were noted in hemato-
logic variables and iron parameters between the corresponding groups and children. As regard
treatment groups, there were significant improvements in the mean values of indices of IDA sta-
tus (Hb, MCH, MCYV, sTfR) and ID status (sTfR) at 3 months of treatment initiation compared
with their baseline values after anti-HP triple therapy either with oral iron or without oral iron
whereas the control children who were treated with oral iron alone showed insignificant changes
despite oral iron administration. The improvements in these parameters were significantly great-
er in groups of children who received anti-HP therapy either combined with iron or alone when
compared with those who did not receive anti-HP therapy. Their magnitudes were significantly
higher among children receiving anti-HP therapy combined with oral iron when compared with
that receiving anti-HP therapy alone.
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Introduction

Several clinical reports have demonstrated
that Helicobacter pylori (HP) gastric infec-
tion has emerged as a new cause of refracto-
ry HP- associated iron deficiency anemia
(IDA) (Barabino, 2002). The role of HP and
its eradication in IDA patients with HP-
positive gastritis has been unclear (Chen et
al, 2007). Although the mechanisms by
which HP infection can cause IDA are still
unclear, several possibilities have been sug-
gested. Besides the occult gastrointestinal
bleeding and the competition for dietary
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iron, HP infection can affect the gastric
body and initiate development of atrophic
body gastritis that can in turn cause de-
creased gastric acid secretion and increased
intragastric pH. Infection with HP adversely
influences the composition of the gastric
juice; for example, in terms of its acidity and
ascorbate content, both of which are critical
for normal iron absorption (Bini, 2001; Cia-

ccl et al, 2004; Ashorn, 2004; Koike et al,
2001). These findings suggest that the phys-
iological mechanisms that are necessary for
the absorption of alimentary iron in the duo-



denal mucosa are impaired in patients with
HP-positive gastritis and IDA (Chen et al,
2007; Konno et al, 2000).

It was demonstrated that refractory IDA
is not sensitive to oral iron treatment, espe-
cially in patients with HP-positive gastritis.
It is important to elucidate the relation of
IDA to HP infection and the effect of HP
eradication on the treatment of IDA (Chen et
al 2007). It has been suggested that HP erad-
ication can reverse the negative effect of HP
infection on iron absorption and lead to im-
provement of IDA and several authors have
reported that eradication of HP may be fol-
lowed by an improved response to oral iron
in previously refractory IDA patients with
HP-positive gastritis in both children and
adults. Therefore, it has been proposed that
HP infection needs to be eradicated to treat
absolutely IDA in such patients (Chen et al
2007; Konno et al, 2000; Hacihanefioglu et
al, 2004; Kurekci et al, 2005; Choe et al,
1999; Choe et al, 2001).

However, some studies have demonstrat-
ed that HP infection does not induce IDA in
prepubescent children under 12 years of the
age (Santos et al, 2009). However, most of
the studies regarding HP-associated IDA
were focused on estimation of serum ferritin
level (Seo et al., 2001; UmaKiran et al,
2011). Although serum ferritin is used as an
indicator of iron stores, its value is limited
because ferritin is an acute-phase reactant
and its level increases sharply in the pres-
ence of inflammation and infection (Den-
nison, 1999). On the other hand, serum
soluble transferrin receptor (sTfR) has been
recently introduced as a promising new tool
for diagnosing iron deficiency (ID) and is
considered a sensitive indicator of ID
in inflammatory states and in anemia of
chronic diseases because its concentration is
not affected by the acute phase response
(Ragab et al, 2002; Speeckaert et al, 2010;
Wang et al, 2011). It was reported that high
concentrations of sTfR indicate iron-
deficient erythropoiesis rather than levels of
iron storage in the tissues in anemic patients
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with inflammation (Siebert et al, 2007) and
is considered a characteristic feature of func-
tional ID, a situation defined by tissue ID
despite adequate iron stores (Suominen et al,
1998). Serum level of sTfR gradually de-
creased to normal with the restoration of
normal iron status during the process of iron
supplementation and could be used as a spe-
cific indicator for assessing efficacy of iron
supplementation (Tian et al, 2004). Serum
level of sTfR were examined as a specific
indicator for assessing iron status in patients
with HP-associated ID or IDA (Choi, 2006;
Vendt et al, 2011) and as a specific indicator
for assessing efficacy of HP eradication and
iron supplementation on iron status in such
patients (Sarker et al, 2008).

The work aimed to assess diagnostic ap-
proaches of HP-associated ID or IDA in
children with dyspeptic symptoms and eval-
uated effects of simultaneous anti-HP triple
therapy and oral iron supplementation as
compared with each of anti-HP triple thera-
py and oral iron therapy alone, on iron status
assessed by serum sTfR concentrations as a
specific indicator for functional iron status.

Patients, Materials and Methods

A total of two hundreds (200) children
with dyspeptic symptoms such as chronic
upper abdominal pain, vomiting and anorex-
ia who attended the Outpatient Gastroenter-
ology Clinic of Pediatric Department of
Tanta University Hospital were eligible for
the present study from September 2010 to
March 2012. Their ages ranged from 5 to 16
years. They were 104 males and 96 fe-
males. Exclusion criteria of this study in-
cluded the following: children with parasitic
infestations or any chronic diseases that may
result in anemia; children who received anti-
HP treatment or anti-secretory drugs during
the previous month; children taking iron
supplements during the last three months;
children having upper or lower gastrointesti-
nal bleeding; and children who did not com-
plete the follow-up period. The study was
approved by the Postgraduate Clinical Re-
search and Ethics Committee of Faculty of



Medicine, Tanta University. Patients were
enrolled after obtaining an informed consent
from their parents. Clinical assessment was
done with special emphasis on the manifes-
tations of IDA.

Laboratory examinations: 1- Stool exami-
nation to exclude parasitic infestations. 2-
CBC: Hb concentration, RBC count, reticu-
locytic count, MCV, MCH, MCHC and red
cell distribution width (RDW). 3- ELISA
serum IgG antibodies to H. pylori level.
Samples with concentrations >20U/mL were
considered positive for IgG antibodies to H.
pylori (Choi, 2006) 4-Biochemical assays
for serum ferritin level (SF), serum iron (SI)
and total iron binding capacity (TIBC) 5-
Serum level of sTfR by ELISA After Man-
ufacturers' Recommendations.

Diagnosis of H. pylori infection was based
on positive serum IgG antibodies to H. pylo-
ri by ELISA. Diagnosis of ID was based on
elevation of sTfR concentrations (sTfR >8.3
mg/L in children aged 4-7 years, sTfR > 5.7
mg/L in children aged 7-12 years and sTfR
> 4.5 mg/L in older children) in the presence
of normal Hb level (Vendt et al, 2011). Di-
agnosis of IDA was based on elevation of
sTfR concentrations as mentioned for ID in
addition to decreased blood hemoglobin lev-
el below the thresholds determined by the
WHO for IDA, reduced MCV < 75 fL and
increased RDW > 14.5. Thresholds of Hb
level determined by WHO: Hb < 110 g/L in
children aged less than 6 years, Hb < 115
g/L in children aged 7-12 years, Hb < 130
g/L for boys and Hb < 120 g/L for girls in
children aged 13-18 years (WHO 2004).

Sixty children had HP-associated iron de-
ficiency (ID) or anemia (IDA) and were ran-
domly divided into 3 groups of 20 children
each. GA: received 2 weeks anti-HP plus
90-day oral iron, and GB: received 2-week
anti- HP therapy alone whereas GC received
90-day oral iron alone. GC served as a con-
trol. Children within each G were divided
into 2 subgroups (ID and IDA) based on Hb
level and sTfR concentrations. Triple thera-
py for HP infection included a combination
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of omeprazole (0.7mg/kg/day divided into
two doses, maximum dose 20mg twice dai-
ly), amoxicillin (50mg/kg/day in two doses,
maximum dose 1.0 g twice daily), and clar-
ithromycin (250mg twice daily for those less
than 10 years old or 500mg twice daily for
children more than 10 years old) for 2
weeks. Oral iron therapy as ferrous sulphate
was given in a dose of 6 mg (elemental
iron) /Kg/day for 3 months supplemented
with ascorbic acid in a dose of 50 mg daily
to enhance iron absorption (Sarker et al,
2008). Re-evaluation of the 3 Gs was per-
formed after 3 months of treatment initiation
by repeat CBC & measuring sT{R level.

Statistical analysis: Qualitative data were
expressed as frequency and percentage
whereas quantitative data were expressed as
M=SD unless otherwise stated. Statistical
significance between means was calculated
by Student’s t-test, analysis of variance fol-
lowed by Tukey's test as appropriate. Quali-
tative data were analyzed by Chi-Square
(X?) test. P-value of <0.05 was significant.

Results

Children 90/200 (45%) were HP-sero-
positive and 110 (55%) children were HP-
seronegative. The IDA was present in 40
(44.4%) among those who were HP-sero-
positive and in 36 children (32.7%) among
those who were HP- seronegative without
significant differences (Tab. 1). Iron defi-
ciency (ID) based on elevated serum levels
of sTfR were shown among non-anemic
children according to HP seroreactivity
(Tab. 2). Twenty children of non-anemic
HP-positive and 24 of non-anemic HP-
negative showed high sTfR levels consistent
with elevated values of sTfR for ID status
without significant differences. There were
significant differences between HP-positive
and negative children with respect to age,
indices of pain severity, socioeconomic con-
dition, family size, weight/age Z score, and
weight/ height Z score. Compared with HP-
negative children, HP-positive children were
older in age, more often from large families
and lower socioeconomic classes and had



growth impairment (Tab. 3). Mean sTfR
conc. values were significantly higher in
HP-positive than in HP-negative children
(6.92+2.37 vs. 4.54+1.27 mg/L respective-
ly), without significant differences in iron
parameters and hematologic variables be-
tween two groups suggesting a higher occur-
rence of subclinical iron deficiency and
anemia among HP-infected children (Tab.
4). Mean values of serum sTfR conc. were
significantly higher in anemic HP-positive

than in anemic HP-negative children
(10.4+1.48 vs. 7.97+1.68 mg/L respectively)
although, mean values of iron parameters
and hematologic variables were not signifi-
cant between 2 groups (Tab. 5). This showed
that serum sTfR concentration proved useful
in evaluating IDA in HP patients. sTfR se-
rum levels (Fig. 1) in HP-positive & HP-
negative and in anemic HP-positive & ane-
mic HP-negative children.

Table 1: Distribution of iron deficiency anemia among children according to H. pylori seroreactivity.

H. pylori-positive children (n=90) H. pylori-negative children (n=110) ¥’ P-value
Anemic Non-anemic Anemic Non-anemic
n(%) No. (%) No. (%) No. (%)
40 (44.4%) 50 (55.6%) 36 (32.7%) 74(67.3%) 241 241

Table 2: Distribution of iron deficiency among non-anemic children according to H. pylori seroreactivity.

H. pylori-positive children (n=50) H. pylori-negative children (n=74) 1 P-value
ID Patients Non- ID Patients ID Patients Non-ID Patients
No. (%) No. (%) No. (%) No. (%)
20 (40%) 30 (60%) 24 (32.4%) 50 (67.6%) 045 0.501
Table 3: Clinical, demographic & anthropometric characteristics of children according fo H. pylori seroreactivity
Variable Positive (n=90) Negative (n=110) P-value
Age (years) mean +SD 12.7£2.5 9.7£2.6 <0.05*
Sex (% M) 58 56 >0.05
Epigastric pain (%) 58 45 >0.05
Pain during night (%) 67 33 <0.05*
Nausea and / or vomiting (%) 58 53 >0.05
Duration of symptoms (mo) 10.0+£6.8 9.3£4.9 >0.05
Duration of attack (>60min) % 42 17 <0.05*
Frequency of attacks (>1/wk) % 50 28 <0.05*
Low socioeconomic status (%) 36 10 <0.001*
No. of siblings(>3) % 83 17 <0.001*
Family history of G.I complaints (%) 17 11 >0.05
Weight/age (z) mean £SD -1.1+1.7 -04£1.2 <0.05*
Height/ age (z) mean +SD -0.5+04 -04£ 1.1 >0.05
Weight / height (z) mean +SD 0.4+0.5 -0.1+£0.2 <0.05*
*Significant
Table 4: Laboratory data of children according to H. pylori seroreactivity
Variable Positive (n=90) Negative (n=110) P =value
Serum IgG titer (U/ml) 75.34+28.43 10.12+3.8 0.0001*
sTfR (mg/L) 6.92+2.37 4.54+1.27 0.001*
Iron parameters
Serum ferritin (ug/ L) 33.6+12.1 30.2+18.4 0.425
Serum iron (pg/dl) 73.2+£24.7 75.4+37.5 0.879
TIBC (ng/dl) 358.7458.3 363.4+45.6 0.642
TS (%) 22.6x11.8 21.7+11.8 0.817
Hematologic variables
Erythrocytes count(1012/L) 4.4£0.5 4.3£0.3 0.879
Reticulocytes count (%) 0.68.£0.24 0.66+0.28 0.815
Hb (g/dl) 11.26+1.69 11.62+1.15 0.625
MCV (fL) 78.85+£5.17 77.46+£6.95 0.465
MCH (pg) 28.5743.06 29.08+2.38 0.501
MCHC (g/dl) 32.74+4.81 32.37+3.34 0.911
*Significant
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Table 5: Laboratory data of children according to H. pylori seroreactivity and anemia

Postitive (n=90) Negative (n=110) Anemictve
Variables Anemic Non-anemic Anemic Non-anemic VS.- ve
(n=40) (n=50) (n=36) (n=74) P-value
Serum IgG titer (U/ml) 76.05+£28.34 | 63.97+24.97 | 11.21+4.9 10.12+3.8 0.0001*
sT{R (mg/L) 10.4+1.48 3.72+0.53 7.97+1.68 3.24+0.66 0.001*
Iron parameters
Serum ferritin (ug/L) 11.0+£7.3 34.149.6 9.4+6.8 36.7+£17.3 0.817
Serum iron (pg/dl) 28.6+14.2 94.8+36.4 32.8+15.6 96.3+42.7 0.134
TIBC (pg/dl) 445.6+53.0 | 385.4+52.6 | 441.2475.9 | 377.1£42.6 0.654
TS (%) 7.4+4.8 26.3£12.7 8.54+5.2 29.4£15.2 0.285
Hematologic variables
Erythrocytes count (10'/L) 4.2+0.3 4.8+0.7 4.3+0.2 4.7+0.6 0.754
Reticulocytic count (%) 0.66+0.24 0.70+0.11 0.65+0.12 0.67+0.22 0.912
Hb (g/dl) 9.31+0.90 12.2540.62 | 9.12+0.43 12.19+0.42 0.605
MCYV (fL) 71.21£4.92 | 79.3746.21 | 70.57£7.21 | 79.59+3.27 0.724
MCH (Pg) 24.02£2.46 | 32.1147.45 | 24.78+£2.72 | 31.07+3.57 0.618
MCHC (g/dl) 27.66+2.48 | 33.99+1.87 | 28.31+£1.49 | 34.98+1.54 0.542
Table 6: Hematological parameters before and after treatment among groups
Parameters GA(=20) | GB(@®=20) | GC (n=20)
sTfR (mg/L)
Pre-treatment 10.8+1.72 10.4+1.81 10.6+1.61
Post- treatment 3.7+0.61 6.4+1.72 9.2+1.44
p-value <0.001* 0.022* 0.805
Hb (g/dl)
Pre-treatment 9.6+0.98 9.6+0.25 9.5+0.24
Post-treatment 14.3+1.45 12.5+1.33 10.3+1.22
p-value <0.001* <0.001* 0.519
MCH (pg)
Pre-treatment 24.6£3.2 23.4+2.3 24.7+£2.3
Post-treatment 324443 28.4+3.3 24.9+£3.2
p-value <0.001* 0.018* 0.774
MCV (fL)
Pre-treatment 72.45+5.38 71.15+6.27 73.28+5.44
Post-treatment 85.55+6.44 80.33+£5.32 74.82+6.33
p-value <0.001* <0.001* 0.695

Table 7: Comparison of hematological parameters before and after treatment among subgroups

Patients with ID (n=20) Patients with IDA (n=40)
Parameters GA (n=7) | GB(@©=7) | GC (n=6) | GA (n=13) | GB (n=13) | GC (n=14)
sTfR (mg/L)

Pre-treatment 9.4+1.35 9.6+1.53 9.7£1.65 | 11.5£2.61 | 11.4+2.41 11.6+2.71
Post-treatment 3.4+0.44 5.4+1.23 9.2+1.34 3.8+0.61 5.3%1.51 10.7+1.62
p-value <0.001* 0.027* 0.654 <0.001* <0.001* 0.841

Hb (g/dl)
Pre-treatment 12.3441.95 | 12.94+1.95 | 12.941.25 | 8.9+0.46 8.8+1.70 8.4+1.46
Post-treatment 12.2+1.4 12.9+1.6 12.9+1.1 13.9+1.26 | 11.6£1.15 9.5+1.26
p-value 0.905 0.870 0.988 <0.001* 0.031* 0.738
MCH (pg)
Pre-treatment 28.542.2 28.742.7 28.842.4 | 22.544.38 22.843.4 21.6+2.3
Post-treatment 29.7£1.8 29.6+£2.3 29.5+£2.6 32.7+£3.4 27.7£2.3 22.7+£3.2
p-value 0.859 0.912 0.655 <0.001* 0.023* 0.551
MCV (fL)

Pre-treatment 80.364+4.3 81.45+4.4 | 81.53+3.4 | 69.91+£6.6 | 69.81+£5.61 | 69.71+£5.91
Post-treatment 81.91+4.4 81.743.6 | 81.63+£3.5 | 81.45+4.5 | 75.96+3.85 | 70.18+5.19
p-value 0.438 0.933 0.789 <0.001* 0.033* 0.728

*Significant
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Table 8: Comparison of hematological parameters among treatment groups after treatment,

Parametors GA (n=20) GB (n=20) GC (n=20) ?NOVA teslt,
Mean+SD 3.7£0.61 6.4+1.72 9.2+1.44
sTfR (mg/L) Tukey's test A vs C<0.001*, B vs C =0.012* 9229 | <0.001*

(P-value) A vs B=0.033*
Mean+SD 143+045 | 1252033 [ 10.3+0.22

Hb (g/dl) Tukey's test A vs C<0.001%*Bvs C=0.011% 785.14 | <0.001*
(P-value) AvsB =0.023*
Mean+SD 324+43 | 284433 | 249432

MCH (pg) Tukey's test A vs C<0.001* Bvs C =0.040* 21.64 | <0.001%*
(P-value) AvsB =0.01%*
Mean+SD 85.55+6.44 | 8033532 | 74.82+6.33

MCV (fL) Tukey's test AvsC =0.001*Bvs C =0.023* 7.78 0.001*
(P-value) AvsB =0.014*

*Significant

Table 9: Comparison of hematological parameters among treatment subgroups after treatment

Patients with ID (n=20) Patients with IDA (n=40)
GA GB GC GA GB GC
Parameters (n=7) (n=7) m=6) | Tvalue | g (n=13) (n=14) | Prvalue
TR | MSD | 344044 | 5.4+1.23 | 9.2+134 3.8+0.61 53+1.51 | 10.7+1.62
(mg/L) | Tukey's A vs C<0.001%, B vs C=0.018* <0.001* Avs C <0.001* B vs C =0.010% <0.001*
P-value A vs B =0.043* Avs B =0.013*
- MSD | 122+14 | 129416 | 12.9+l1.1 139412 [ 11.6x1.1 | 9.5+1.26
(e/dl) Tukey's Avs C =0.637,B vs C =0.781 0.292 Avs C <0.001* B vs C =0.012* <0.001*
P-value Avs B =0.263 AvsB =0.033*
MCH | MiSD | 287418 | 29623 | 29.5£2.6 327434 | 27.7+23 | 20732
Tukey's A vs C=0.569, B vs C =0.169 0.054 Avs C <0.001% B vs C =0.004* <0.001*
®2) | piaiue A vs B =0.057 Avs B=0.02*
Mey | MESD | 81.91+4.4 | 81.7+3.6 | 81.63£3.5 81.45+4.5 | 75.96+3.8 [ 70.18+5.1
(L) | Tukeys A vs C=1.000, B vs C =0.962 0.959 A vs C<0.001%, B vs C =0.004* <0.001*
P-value A vs B =0.964 A vs B=0.021*

Values of Hb, MCH & MCV (Tabs. 6, 7)
rose significantly whereas sTfR values de-
creased significantly compared with baseline
values after anti-HP therapy either with oral
iron (GA and its subgroup with IDA) or
without oral iron (GB and its subgroup with
IDA). The subjects in the control group (GC
and its subgroup with IDA) who were treat-
ed orally with iron alone showed no signifi-
cant changes in parameters by day 90 from
their baseline values. Regarding children
with ID, only serum sTfR values decreased
significantly in subgroups with ID included
in GA and GB. Other parameters including
Hb, MCH and MCV did not differ as their
baseline values were normal among children
with ID in three treated subgroups. No sig-
nificant changes in these parameters were
detected in subgroup with ID in GC when
compared with their baseline values.

Hb level and sTfR values (Figs. 2, 3) be-
fore and after treatment among treatment
groups, were shown. The most prominent
increase in values (Tabs. 8, 9) of Hb, MCH,
MCYV and most prominent decrease in sTfR
level were in children who received anti-HP
therapy plus oral iron (GA and its subgroup
with IDA) and children who received anti-
HP therapy alone (GB and its subgroup with
IDA) as compared with those who did not
receive anti-HP therapy (GC and its sub-
group with IDA) who showed continuing
anemia despite oral iron administration. The
hematological parameters improvement was
more significant in children of GA and its
subgroup with IDA compared with those of
GB and its subgroup with IDA. Regarding
children with ID, only changes in sTfR val-
ues were more significant among children
with ID in GA and GB compared to GC
children. Only changes in sTfR values were
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more significant in those with ID in GA
compared to children in GB. Failure of drug
intervention on hematological parameters
among treatment groups: (Tab. 10) showed
that the correction of H. pylori-associated ID
and IDA failed in all children of GC, only in
15% of children in GA and in 20% of those in

GB. The HP-infected children receiving an-
ti-HP therapy with and without iron supple-
mentation had significantly less frequent
treatment failure compared with those with-
out anti-HP therapy in correcting HP-
associated ID or IDA

Table 10: Treatment failure among treatment groups

Parameters GA (n=20) |  GB (n=20) GC (n=20) x> | P-value
Treatment success (%) 17 (85%) 16 (80%) 0 (00%)
Treatment failure (%) 3 (15%) 4 (20%) 20 (100%) 36.770 | 0.0001*

Discussion

H. pylori infection and IDA are prevalent
in disadvantaged populations’ worldwide
(Yuan et al, 2010). Infection with HP has
been linked to IDA, a risk factor of dimin-
ished cognitive development. Thus, HP in-
fection might be associated with lower cog-
nitive function at early school age (Muhsen
et al, 2011). The benefit of HP eradiation
for IDA has been extensively studied, but
data are still equivocal (Yuan et al, 2010).
Because many populations in developing
countries worldwide have high prevalence of
ID/IDA and HP infection, and because
ID/IDA have substantial health effects, con-
tinuing research work in this area is still in-
dicated (Gessner et al, 2006).

In this study, seroprevalence of HP infec-
tion was 45%. Since patients were enrolled
from a population evaluated at a pediatric
gastroenterology clinic for dyspeptic com-
plaints, it is possible that the prevalence of
HP infection is higher than in the general
population in Egypt. However, this preva-
lence is still within the range reported in
previous pediatric studies from Egypt (Nas-
ser et al, 1996; Naficy et al, 2000) and from
many areas of the developing world (Klein
et al, 1991; Sack et al, 1994). However, this
prevalence is higher than that reported in
other pediatric studies from industrialized
countries (Pounder er al, 1995; Leandro et
al, 2005; Sullivan et al, 1994). Such differ-
ences might be a reflection of variations in
environmental and genetic factors that de-
termine the susceptibility to HP infection
(Sullivan et al, 1994) as well as great varia-
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tions between communities in the incidence
of HP infection during childhood (Pounder
et al, 1995).

Increased frequency of IDA (44.4%) in
H. pylori-infected patients in the present
study is supported by similar findings in the
literature including several seroepidemiolog-
ic studies (Milman, et al/, 1998; Parkinson et
al, 2000; Choe et al, 2001, 2003; Seo, et al,
2002) and a meta-analysis study (Xin-Hua et
al, 2010) on the association between HP in-
fection and IDA that supported an associa-
tion between HP infection and decreased
iron stores and IDA mostly in older children,
adolescent, and adults. These data suggested
prevention or treatment of HP infection as
important to reduce the IDA burden world-
wide. However, in contrast to these studies,
few epidemiologic studies (Choi, 2003; Ali
et al, 2011; Collett et al, 1999; Vendt et al,
2011) failed to find an association between
HP infection and IDA in children and adults.
These discrepancies may be related to dif-
ferences in the age of the study population,
onset of HP infection or duration of HP-
related gastritis (Vendt ef al, 2011). The dis-
crepancies in different studies may be also
related to differences in methodological is-
sues where relationships between HP infec-
tion and ID/IDA may depend on the phase
of infection measured, with serologic tests
reflecting established HP infection associat-
ed with ID/IDA, and urea breath test and
stool antigen results reflecting an earlier
stage of infection that is not associated with
ID/IDA (DiGirolamo et al, 2007).



In the present work, no significant differ-
ences were observed in the mean values of
hematologic variables and iron parameters
between subjects with and without HP infec-
tion. In keeping with our results, several au-
thors (Collett et al. 1999; Choi 2003, 2006)
found that there were no significant differ-
ences in Hb levels and serum ferritin levels
between seropositive and seronegative
groups. In contrast, others reported that se-
rum ferritin concentrations were significant-
ly lower in HP-positive patients than in HP-
negative subjects (Milman et al, 1998; Par-
kinson et al, 2000). On the other hand, the
mean values of serum sTfR concentrations
in the present work were significantly higher
in HP-positive than in HP-negative children.
Elevated sTfR concentrations are usually
encountered in ID or the conditions associ-
ated with erythroid hyperplasia (Choi and
Pia 2003). In this study, the finding of no
significant  differences in reticulocytes
counts and Hb levels between HP-positive
and HP-negative groups confirms that the
increase in serum sTfR concentrations seen
in HP-positive children, is attributable to ID
rather than erythroid hyperplasia. Thus, sub-
clinical ID showed a higher occurrence in H.
pylori-positive subjects. This result agreed
with Choi, (2006).

In the present work, the mean values of
serum sTfR concentrations in patients with
both HP infection and IDA were significant-
ly higher than that of the patients negative
for HP with IDA concomitantly although the
mean values of iron parameters and hemato-
logic variables were not significant between
the two groups. This finding agreed with
Choi, (2006) who reported that the discrep-
ancies between sTfR and ferritin concentra-
tions among HP-infected children may be
derived from the acute phase response of
ferritin in relation to HP infection. Serum
ferritin and transferrin saturation (TS) may
be influenced by the presence of inflamma-
tion (Guyatt et al, 1992). It has been sug-
gested that H. pylori subverts the human
iron regulatory mechanism in a manner that
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is beneficial to H. pylori, but deleterious to
the host, by inducing the up-regulation of
hepcidin and/or down-regulation of ferro-
portin (Beutler, 2007). In response to in-
flammation and some infections, hepcidin
binds to ferrportin and causes its phosphory-
lation, internalisation and degradation (Ab-
boud, et al, 2000). This results in reduced
iron export from enterocytes and macro-
phages resulting in decreased serum iron
(i.e. restricted iron supply) and elevation of
serum ferritin levels in such situations (Ganz
et al, 2006). When ID exists, the sTfR con-
centration in serum rises even before the Hb
concentration is significantly depressed. The
sTfR concentration can therefore reflect the
degree of tissue iron supply (functional iron
status), while ferritin reflects the iron storage
status (Cook et al. 1993; Annibale et al,
1999; Choi, 2005).

The only indicator of iron-deficient eryth-
ropoiesis is the compensatory elevation of
sTfR concentration (Baynes et al, 1996) and
the presence of such condition can be dis-
closed by measurement of sTfR concentra-
tions (Suominen et al, 1998). In harmony
with these data, the present work showed
that 40% of the non-anemic HP-positive
children and 32.4% of non—anemic HP-
negative subjects were observed to have
high sTfR levels consistent with the reported
values of sTfR for ID (Vendt et al, 2011).
This finding indicated that measuring serum
sTfR concentrations is better than measuring
serum iron or ferritin for reliable and early
detection of subclinical ID for evaluating
iron status in non-anemic subjects included.

On the basis of these results, it was as-
sumed that serum sTfR concentration re-
flects functional body iron status more accu-
rately than serum iron and ferritin levels in
the patients with HP infection as it is not af-
fected by the acute-phase response and al-
lows for early detection of subclinical iron
deficits that show a higher occurrence in HP
-positive subjects in this study.

In the present study, the different treat-
ment approaches for HP-associated ID and



IDA in the three treatment groups indicate a
greater impact of the anti-HP therapy either
combined with iron supplementations or
alone than iron therapy on indices of ID and
IDA status. Also, they indicate that the com-
bined anti-HP triple therapy with iron sup-
plementations is more effective than anti-HP
therapy alone for the resolution of HP-
associated ID and IDA and restoration of the
normal iron status of children with such
condition. Thus, treatment of HP infection
combined with iron was associated with
more rapid response to oral iron therapy as
compared with the use of anti-HP therapy or
iron therapy alone. Such treatment might led
to enhanced iron absorption even in those
subjects who did not receive oral iron thera-
py as a result eradication of H. pylori infec-
tion (Choe et al, 1999).

In the present work, although there was a
significant difference in improvement of
iron status between anti-HP therapy and iron
compared with iron therapy alone, we ob-
served a similar effect with anti-HP therapy
alone. Therefore, the improvement of iron
status in children who received the com-
bined therapy can be attributed to the effect
of anti-HP therapy rather than iron therapy.
Our results indicated not only a significantly
greater effect of anti-HP therapy compared
to iron therapy in improving iron status in
children with HP-associated ID or IDA, but
also indicated that iron-therapy therapy
alone produced no effect in improving iron
status on day 90 compared to baseline val-
ues. The resolving of iron deficiency ob-
served in this study and prior ones (Choe et
al, 1999, 2000, 2001; Konno et al, 2000;
Hacihanefioglu er al, 2004; Chen et al,
2007; Yuan et al, 2010; UmaKiran et al
2011) during the process of treatment of HP
infection using anti-HP triple therapy either
alone or combined with iron supplementa-
tions supports the proposal that HP infection
is associated with ID and IDA in children,
and that complete recovery of ID and IDA
can be achieved by treatment of HP infec-
tion. These results, therefore, could be as-
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sumed to support a causal relationship be-
tween HP infection and ID and IDA in
population of these studies.

In the present study, we found that HP-
infected children receiving anti-HP therapy
with and without iron supplementation had
significantly less frequent treatment failure
compared with those with no anti- HP thera-
py in correcting HP -associated ID or IDA.
These findings indicate that failure of resolution
of HP -associated ID and IDA in children
receiving oral iron alone is clearly explained
by absence of anti-HP therapy for this group.
The failure of resolution of ID and IDA in
groups of children who received anti- HP
therapy could be explained by the assump-
tion that HP infection might not be eradicat-
ed in these children and persistent infection
prevented complete resolution of HP -
associated ID and IDA in those children.
Failure of resolution of ID and IDA in that re-
ceiving anti- HP therapy alone could not be
explained by absence of oral iron therapy for
this group because children who received
anti- HP therapy plus iron therapy had a sim-
ilar rate of treatment failure. In the present
work, it was impossible to know the number
of children who remained HP-positive and
those who became negative at day 90 in re-
spect to iron status because diagnosis of HP
infection was based on positive serum IgG
antibodies to HP by ELISA and such evi-
dence may exist for several months in those
patients who were treated and cured of their
HP infection (Khanna et a/, 1998).

These results agreed with Choe et al.
(1999, 2000) and Kostaki et al. (2003) who
reported resolution of IDA with resolution
of HP infection, even in the absence of iron
supplementation. Besides, the results agreed
with a meta-analysis study of 16 randomized
controlled trials comparing anti-HP therapy
plus oral iron to oral iron alone for patients
with HP -associated IDA. The authors of
this meta-analysis study concluded that erad-
ication of HP can improve Hb level and se-
rum ferritin levels and suggested that treat-
ment of HP infection could be effective in



improving anemia and iron status in IDA
patients infected by H. pylori, particularly in
patients with moderate or severe anemia
(Yuan et al, 2010).

The significant positive effect of treat-
ment of HP infection on correction of HP-
associated ID and IDA observed in and other
studies explained by reversal of the negative
effect of HP infection on oral iron absorp-
tion (Annibale ef al, 1999) as a result of cor-
rection of the impaired physiological mech-
anisms that are necessary for the absorption
of alimentary iron in the duodenal mucosa in
patients with HP gastritis and IDA (Chen et
al, 2007). Infection with HP may lead to
reduced acid secretion and decreased level
of ascorbic acid (a potent enhancer of non-
heme iron absorption) in gastric juice as a
result of HP -associated gastritis and the
treatment of HP gastritis and the return of
acid secretion and the increasing gastric
juice ascorbic acid levels can lead to better
absorption of dietary iron in those who were
treated even if they did not receive iron sup-
plementation (Ruiz et al, 1994; Choe et al,
1999). Treatment of HP infection could
prevent the occult gastrointestinal bleeding
and the competition with the host for dietary
iron by HP.

Besides, failure of reversal of the negative
effect of HP infection on oral iron absorp-
tion in patients with HP-associated ID and
IDA who were treated with oral iron alone,
there were several proposed explanations for
why patients with HP infection did not re-
spond to oral iron until the infection is erad-
icated. A possible explanation for failure to
respond to oral iron might be due to seques-
tration of iron by the microorganism itself
(Barabino, 2002). Secondly, it has been
suggested that disturbance of the hepcidin/
ferroportin iron regulatory mechanism in-
duced by HP infection is the reason for the
failure of patients with HP infection to re-
spond to oral iron. This disturbance results
from the up-regulation of hepcidin and/or
down-regulation of ferroportin by the pro-
duction of hepcidin mimetics that prevent
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response to oral iron and manipulates the
host's iron homeostasis to ensure its survival
even as upregulation of hepcidin appears to
do in patients with acute inflammation ((Pel-
licano et al, 2004; Beutler, 2007). In agree-
ment with this hypothesis, Lee et al. (2010)
found that serum prohepcidin levels de-
creased significantly in the HP -infected
IDA patients after combined HP eradication
and oral iron therapy.

Contrary to the present data, Sarker et al.
(2008) observed a significantly greater effect
of iron therapy alone compared to anti-HP
therapy in improving iron status in children
with HP -associated ID or IDA. They ob-
served that anti-HP therapy produced no ef-
fect in improving iron status on day 90 com-
pared to placebo and failed to observe any
additional impact of the combined anti- HP
plus iron therapy over iron therapy alone.
They found that HP -infected children re-
ceiving iron had significantly less frequent
treatment failure compared with those with
no iron in correcting ID or IDA. They added
that HP infection is neither a cause of
IDA/ID nor a reason for treatment failure of
iron supplementation in young Bangladeshi
children. Likewise, (Gessner et al, 2006)
found that in a high-prevalence population,
treatment and resolution of HP infection did
not improve isolated ID or mild anemia up
to 14 months after treatment initiation.
These discrepancies on the effect of the anti-
HP therapy either alone or in combination
with iron supplementation on the resolution
of HP -associated ID and IDA in different
studies may be related to small sample sizes,
lack of controls, and other methodological
issues including the use of validated tests to
confirm active HP infection that are among
factors that limit the interpretation and abil-
ity to generalize the relevance of the results
of these studies. Moreover, none of the pop-
ulation-based studies had a relatively large
cohort of children, and none of them used
validated test(s) for the determination of ac-
tive HP infection (Sarker et al, 2008).



In the present work, serum level of sTfR
in children with HP -associated ID or IDA
decreased significantly to normal from base-
line to day 90 during the process of treat-
ment of HP infection using anti- HP triple
therapy either combined with iron supple-
mentations or alone indicating the resolution
of HP-associated ID & IDA and restoration
of their normal iron status. In contrast, high-
er levels of sTfR persisted in children with
HP-associated ID and IDA receiving oral
iron therapy alone indicating failure of reso-
lution of HP-associated ID and IDA with
iron supplementation alone. The data indi-
cated that serum level of sTfR could be used
as a specific indicator for assessing efficacy
of anti- HP triple therapy either alone or
combined with iron supplementations on the
functional iron status of children with HP -
associated ID and IDA.

Conclusions
Serum sTfR level proved to a better param-
eter for assessment of iron status in H. pylo-
ri-infected children than serum iron or ferri-
tin which may be increased as the result of
an acute-phase reaction to H. pylori infec-
tion. Treatment of H. pylori-associated iron
deficiency (ID) and iron deficiency anemia
(IDA) using the anti- HP triple therapy ei-
ther combined with iron supplementations or
alone is more effective than oral iron therapy
alone for resolution of HP -associated ID or
IDA and the restoration of the functional
pool of iron status as assessed by serum lev-
el of sTfR in children with such conditions.
Moreover, the combined anti-H pylori triple
therapy with iron supplementations is more
effective than anti- HP triple therapy alone
for achieving this aim. In addition, iron ther-
apy alone in is not effective in such cases.
Further large-scale and multi-centers studies
with long-term observations should further
evaluate these conclusions.
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Fig. 1: Serum levels of serum soluble transferrin receptor (sTfR) among H. pylori-positive and H. pylori-negative
groups (A) as well as among anemic H. pylori-positive and anemic H. pylori-negative children (B).
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Fig. 2: Hemoglobin (Hb) level before and after treatment among treatment groups
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