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Abstract

Objective: The precise role of iron in immune regulation especially in children vulnerable to iron deficiency is not fully known.
Hence, this study was conducted to evaluate the effects of iron deficiency anemia (IDA) and its treatment with oral iron
supplementation on cell-mediated immunity (CMI) and humoral immunity (HMI) in children. Materials and Methods: A total of
40 children (<15 years) with IDA and 40 age-matched healthy children after satisfying the inclusion criteria were enrolled for
this case-control study. Flow cytometric evaluation of absolute and relative numbers of cluster of differentiation 4 (CD4) and
CD8 (cluster of differentiation 8) lymphocyte subgroups was carried out to assess the CMI and serum Immunoglobulin G (IgG),
Immunoglobulin A (IgA), Immunoglobulin M (IgM) were measured to assess the HMI at baseline and 3 months post oral iron
supplementation. Results: Significantly lower levels (P < 0.05) of CD4+ T-cells and decreased CD4:CD8 ratios were observed
in the iron deficient children. Iron supplementation significantly improved the CD4+ cell counts and CD4:CD8 ratios. However,
immunoglobulin levels weren't different between the two groups. Conclusions: Although IDA did not influence HMI, it significantly
impaired CMI, which was improved following iron supplementation for 3 months.
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INTRODUCTION

Anemia is the most common nutritional disorder in
the world mostly associated with iron deficiency (ID)."
Children and women in the reproductive age group are
especially vulnerable to ID. The significance of iron
as an essential micronutrient is well-recognized and a
variety of systemic, non-hematological effects of 1D are
known.” Iron is necessary for normal development of
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the immune system. Its deficiency affects the capacity
to have an adequate immune response as it is necessary
for immune cell proliferation and the generation of
specific response to infection.P’! Despite proven reversible
functional immunological defects, a clinically important
relationship between states of ID and susceptibility to
infections remain controversial.®! Both ID and ovetrload
have negative effects on immune function; a balanced iron
homeostasis is central to determining susceptibility toward
and the fate of an infection.”! Both experimental, and some
clinical studies have emphasized the importance of iron in
the integrity of the immune system especially the innate
immunity (decreased bactericidal effect and respiratory
burst of neutrophils) and the cellular component system
of cell-mediated immunity (CMI) (decreased lymphocyte
proliferation and delayed hypersensitivity responses).
Though, the circulating levels of total T-lymphocytes
and their helper and cytotoxic subsets in ID have been
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investigated by many groups,**? very few studies have been

carried out in children.!'"!'"! The effects of ID on humoral
immunity (HMI) remain controversial. Some reports
indicate iron depletion may be responsible for decreased
HMI while others did not report any change in serum
immunoglobulin in iron deficiency anemia (IDA).H¢!215 We
therefore, designed this study to establish the altered status
of these parameters in iron deficient children at baseline
and at 3 months post iron supplementation therapy.

MATERIALS AND METHODS

Study design

This case-control study was conducted in children in the age
group of less than 15 years,["" i.e., including preschool-aged
(0.00-4.99 years) and school-aged (5.00-14.99 years) children
who came to our department for laboratory investigations
after being referred from the departments of general
medicine and pediatrics in 1%z year (01.01.2011-30.06.2012)
of the study period. The study was carried out after
obtaining the proper approval from the Ethical Committee
of the Institution and after getting the informed consent
from either parent of the child. Applying the inclusion and
exclusion criteria, a total 40 children who were diagnosed
as IDA during the study period after clinical and laboratory
investigations and 40 healthy children of comparable age
and sex fulfilling the inclusion criteria were considered as
case and control group respectively. IDA cases fulfilling all
of the following inclusion criteria: (i) Hemoglobin <10 g/dl,
(ii) Mean corpuscular volume (MCV) <80 fl, (iii) Serum
ferritin <20 ng/ml were included in the study as cases.

Exclusion criteria for cases were: (1) Children with a
history of receiving iron, other hematinic or multivitamins
in preceding 3 months (ii) children with chronic blood
loss or recent acute blood loss (iii) children with chronic
illness, acute or chronic infection at the time of the
study (iv) children with clinical features of malnutrition (v)
children with serum albumin <3.5 g/dl (vi) children with
C-reactive protein, CRP 20.6 mg/dl (vii) cases with a
history of taking immunosuppressant drugs, radiotherapy
or chemotherapy (viii) children with any disease that can
alter serum antibodies such as immunodeficiency disease,
autoimmune disease, malignancy, chronic infection
etc., (ix) cases with no improvement in clinical features
and laboratory parameters after 3 months of only oral iron
supplementation.

Children in the ID group were given oral iron
supplementation,'” (6 mg/kg/day of elemental iron in
two to three divided doses) for 3 months after treatment
of parasitic infestations (tablet albendazole in a single
dose of 200 mg for children <2 years and 400 mg for

children >2 years). All the parameters were measured again
after completion of oral iron therapy.

Control group was selected by using the following inclusion
criteria (i) children not fulfilling any of the above mentioned
criteria of IDA (i) children with no history of chronic
blood loss or recent acute blood loss (iii) children with no
history of chronic illness, acute or chronic infection at the
time of the study (iv) children with no clinical features of
malnutrition (v) children with serum albumin =3.5 g/dl
(vi) children with CRP <0.6 mg/dl (vii) children with no
history of taking immunosuppressant drugs, radiotherapy
or chemotherapy.

Sampling: 8 ml venous blood was collected under
aseptic precautions from each child. In addition of
making two good peripheral smears, 2 ml blood was
placed in EDTA (Ethylene Diamine Tetra-acetic Acid)
containing vial for complete blood count in an automated
hematology analyzer (KX-21, Sysmex Corporation,
Japan). A reticulocyte count was also performed on the
sample using new methylene blue. 4 ml blood was taken
in plain glass tube and serum was used for estimation
of serum iron and total iron binding capacity (TIBC)
colorimetrically (Dimension RxL, Siemens), serum
ferritin by two-site sandwich immunoassay using the
direct chemiluminometric technology (ADVIA Centaur,
Siemens), serum immunoglobulins (IgG, IgA, IgM) by
radial immunodiffusion (Diffu-Plate, Biocientifica S.A.,
Argentina), CRP and serum albumin. Rest of the blood
was placed in EDTA containing vacutainer tube for flow
cytometric determination of CD4" and CD8* cells.

Flow cytometry procedure: Peripheral blood (100 L) was
surface stained with fluorochrome-conjugated (Fluorescein
Isothiocyanate, and phycoerythrin,) antibodies to CD3,
CD4, and CDS8 along with appropriate isotype controls
(mouse IgG1) to distinguish non-specific “background”
staining from specific antibody staining [Figure 1a].
After incubation for 15 min at room temperature,
fluorescence-activated cell scanner (FACS) Lysing
Solution (2 ml; BD Biosciences) was added and incubated
for an additional 10 min at room temperature. Cells were
centrifuged (400 g for 5 min), and the resultant pellet
was washed with phosphate buffered saline and analyzed
on a FACS Calibur flow cytometer, BD Biosciences.
Lymphocytes were gated in the R1 region [Figure 1b] on
the basis of characteristic linear forward and side scatter
features and fluorescence was measured on a logarithmic
scale, using CellQuest Pro software (BD Biosciences).

Statistical analysis
Student’s (unpaired) and paired #test, Pearson Chi-squate
test were utilized for statistical analysis using IBM SPSS
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statistics version 20. P < 0.05 was considered statistically
significant.

RESULTS

We got 49 cases of IDA in our study period, but we had
to exclude 9 cases as they were identified with one or more
exclusion criteria. There was no significant difference
in age, sex, weight and height between patients and the
control group [Table 1]. At presentation, as regard to the
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Figure 1a: Isotype control (IgG1) to exclude non-specific background
staining
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Figure 1b: Gating of lymphocytes in the “R1” region

hematological parameters, there was a significant decrease
in hemoglobin concentration, RBC (Red blood cell) count,
hematocrit, and MCV in IDA patients when compared to
the control group. Furthermore, there was a significant
increase in platelets count and RDW (Red cell distribution
width). No significant difference in total leucocyte count,
lymphocytic count and reticulocyte count was detected
on comparing both groups [Table 2]. Serum iron and
ferritin were significantly lower in IDA patients with a
significant increase in TIBC [Table 3]. The percentage of
CD4 + lymphocytes and CD4:CD8 ratio was significantly
lower than the control group (P < 0.001) [Table 4]. However,
there was no significant difference of CD8+ lymphocytes,
serum IgG, IgA, and IgM levels in IDA and the control
group. Following iron supplementation for 3 months, most
of the hematological, immunological parameters and iron
indices improved significantly [Tables 2-4]. Compared
to the control group, hemoglobin concentration, RBC
count, hematocrit, MCV, platelet counts, serum iron,
ferritin, and TIBC were normalized [Tables 2 and 3]. In
addition, significant increase in the percentage of both
CD4 + lymphocytes and CD4:CDS8 ratio was observed
with their values comparable to those in the control
group [Table 4 and Figure 2].

DISCUSSION

In the present study, in addition to common hematological
parameters the changes in RDW] reticulocyte count and platelet
count are comparable to the other well-known studies."*!”
Number of mature T- and helper-inducer T-lymphocytes was
found to be inversely related to iron status in a study by Berger
et al"! Consistent with our findings, significantly lower levels
of T-lymphocytes, CD4+ cells and decreased CD4:CDS8 ratio
were observed the iron deficient children.™ These effects were
improved following iron supplementation.

Interestingly the number of CD8" lymphocytes are similar
in the iron deficient and control groups;''"**I however,
relative percentage of CD8" cells is enhanced in ID.!"

Thibault ez al," reported only qualitative rather than a
quantitative defect in CMI in 3-36-month-old children.
In this study, a decreased #n vitro 1L—2 production by

Table 1: Clinical variables in the iron deficient and control groups

Parameters Control group (N=40) Study group before treatment (N=40) P value (NS) Test (Chi- square/t test)
Age (year) 10.09+3.59 9.73+3.59 0.651 t

Sex (M/F) 21/19 15/25 0.178 Cs

Height (cm) 135.55+21.49 131.744£21.12 0.426 t

Weight (kg) 33.89+11.53 29.70+10.78 0.097 t

Albumin (g/dl) 4.30+0.55 4.24+0.56 0.602 t

CRP (mg/dl) 0.329+0.134 0.326+0.128 0.919 t

S: Significant, NS: Non-significant, t: Unpaired t test, CS: Chi-square test, CRP: C-reactive protein
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Table 2: Comparison of hematological parameters among the control group (A), IDA group before

treatment (B) and IDA group after treatment (C)

Parameters Control group (A)

Study group baseline (B)

Study group-post
treatment (C)

P value of unpaired
(A versus B and A versus C)
and paired (B versus C) t tests

Hb (g/dI) 12.93+1.51

RBC (x106/mm3) 4.47+0.43

Hematocrit (%) 39.52+4.78
MCV (fl) 88.17+3.16
RDW (%) 14.13+0.99

Reticulocyte count (%) 2.02+0.49

TLC (/mm3) 6375.00+1029.50
Lymphocyte (/mm3) 1755.00+498.69

Platelet (x103/mm3) 287.63+£78.63

8.22+0.88

3.70+0.34

26.77+2.63

72.43+4.53

19.37+£2.20

1.97+0.47

6312.50+1175.43

1747.50+410.12

330.40£91.12

13.46+1.24 (A) versus (B)-<0.001, S
(B) versus (C)-<0.001, S
(A) versus (C)-0.091, NS
(A) versus (B)-<0.001, S
(B) versus (C)-<0.001, S
(A) versus (C)-0.861, NS
(A) versus (B)-<0.001, S
(B) versus (C)-<0.001, S
(A) versus (C)-0.571, NS
(A) versus (B)-<0.001, S
(B) versus (C)-<0.001, S
(A) versus (C)-0.063, NS
(A) versus (B)-<0.001, S
(B) versus (C)-<0.001, S
(A) versus (C)-0.001, S

(A) versus (B)-0.675, NS
(B) versus (C)-<0.001, S
(A) versus (C)-<0.001, S
(A) versus (B)-0.801, NS
(B) versus (C)-0.451, NS
(A) versus (C)-0.940, NS
(A) versus (B)-0.942, NS
(B) versus (C)-0.139, NS
(A) versus (C)-0.632, NS
(A) versus (B)-0.027, S

(B) versus (C)-<0.001, S
(A) versus (C)-0.102, NS

4.49+0.42

40.07+3.82

89.42+2.75

13.30%1.12

4.58+0.96

6392.50+1060.33

1805.00+429.64

260.60£67.13

S: Significant, NS: Non-significant, IDA: Iron deficiency anemia, Hb: Hemoglobin, MCV: Mean corpuscular volume, TLC: Total leucocyte count, RDW: Red cell distribution

width, RBC: Red blood cells, Data is presented as mean+SD, n: 40/group

Table 3: Comparison of iron parameters among the control group (A), IDA group before treatment (B)

and IDA group after treatment (C)

Parameters Control group (A)

Study group baseline (B)

Study group
post- treatment (C)

P value of unpaired (A versus
B and A versus C) and paired
(B versus C) t-tests

Serum iron (pg/dl) 97.78+13.16 24.35+7.36
Serum ferritin (ng/ml) 98.78+22.03 12.0844.34
TIBC (ug/dl) 324.03+39.84 470.28474.41

99.58+11.44 (A) versus (B)-<0.001, S
(B) versus (C)-<0.001, S
(A) versus (C)-0.516, NS
98.40+11.28 (A) versus (B)-<0.001, S

(B) versus (C)-<0.001, S
(A) versus (C)-0.924, NS
(A) versus (B)-<0.001, S
(B) versus (C)-<0.001, S
(A) versus (C)-0.696, NS

321.20+£21.97

S: Significant, NS: Non-significant, IDA: Iron deficiency anemia, TIBC: Total iron binding capacity, Data is presented as meanzSD, n: 40/group

lymphocytes without any change in lymphocyte counts
in iron deficient children was observed. Such effects
may be attributed to the difference in various states
of lymphocyte maturity. Indeed the level of mature
T-lymphocytes (CD4" and CD8") was significantly
lower while that of the immature T-cells (CD1a") was
significantly higher in IDA children.!'"! The mature
T-cell count was significantly improved following iron
supplementation. Concurring these results, Sejas ez al.,"
also stated that ID in children can significantly affect
circulating immature lymphocyte subpopulations. A similar

reduction in lymphocyte counts was also observed among
pre-menopausal women with IDA.*

In our study, IDA was not associated with any major effects
on HMI and is consistent with other studies by Ekiz ¢# a.,"Y
and Sadeghian ¢# @/, carried out on children and adult
non-pregnant females respectively. Bagchi e# a/,”" also
gave similar opinion regarding the effect of 1D on HMI
in children. Although our results are in contrast to Tang
et all® Feng et al " and Guzikowska ez a/,” who teported
alower level of IgG or IgA in pregnant women or children
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Table 4: Comparison of immunological parameters among the control group (A), IDA group before
treatment (B) and IDA group after treatment (C)

Parameters

Control group (A)

Study group baseline (B)

Study group
post- treatment (C)

P value of unpaired
(A versus B and A versus C)
and paired (B versus C) t tests

CD4+cells (%)

CD4+cells (/mm3)

CD8+cells (%)

CD8+cells (/mm3)

CD4:CD8

1gG (mg/dl)

IgA (mg/dl)

IgM (mg/dl)

47.55+4.76

839.75+270.00

28.70+2.33

504.40+157.87

1.67+0.19

1190.81£277.70

150.83+36.43

138.93+38.07

35.32+3.54

620.98+£176.57

28.07+4.56

488.13+£128.72

1.29+0.23

1137.74+380.60

161.58+47.59

150.32+45.50

48.01+3.96

869.95+230.43

20.27+2.78

526.30+128.76

1.65+0.19

1139.99+378.11

161.30+47.31

150.49+45.36

(A) versus (B)-<0.001, S
(B) versus (C)-<0.001, S
(A) versus (C)-0.638, NS
(A) versus (B)-<0.001, S
(B) versus (C)-<0.001, S
(A) versus (C)-0.592, NS
(A) versus (B)-0.445, NS
(B) versus (C)-0.004, S
(A) versus (C)-0.323, NS
(A) versus (B)-0.615, NS
(B) versus (C)-0.004, S
(A) versus (C)-0.499, NS
(A) versus (B)-<0.001, S
(B) versus (C)-<0.001, S
(A) versus (C)-0.786, NS
(A) versus (B)-0.479, NS
(B) versus (C)-0.450, NS
(A) versus (C)-0.496, NS
(A) versus (B)-0.260, NS
(B) versus (C)-0.708, NS
(A) versus (C)-0.271, NS
(A) versus (B)-0.228, NS
(B) versus (C)-0.704, NS
(A) versus (C)-0.221, NS

S: Significant, NS: Non-significant, IDA: Iron deficiency anemia, IgG: Immunoglobulin G, IgA: Immunoglobulin A, IgM: Immunoglobulin M, Data is presented as mean+SD, n: 40/
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Figure 2 (a and b): Dot plot diagram of flow cytometry showing CD4* and CD8* percentage of T-lymphocytes in a patient with iron deficiency
anemia before and after iron supplementation

with IDA, it was beyond the scope of the present study to

explain this variation and differing results. Nevertheless, such

variations may be attributed to differing selection criteria
and sample size."® Hence, we envisage studies involving a
larger number of children, belonging to well-defined age
groups from different geographic areas for a conclusive

interpretation in future.

CONCLUSIONS

Lower CD4" lymphocyte levels and the CD4:CD8 ratio
in children with ID may contribute to the decreased CMI,
which can be restored by iron supplementation. The degree
of anemia probably has a varying role on the extent of

immunological compromise. Although IDA did not have
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major effects on HMI, our study clearly depicts a positive
association of ID with impaired CMI, which warrants
medical intervention.
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