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We aimed to study the effect of iron deficiency anemia (IDA) on immunity. In 32 children with
IDA and 29 normal children, the percentage of T-lymphocyte subgroups, the level of serum
interleukin-6 (IL-6); and the phagocytic activity, the oxidative burst activity of neutrophils and
monocytes and the levels of immunoglobulins were compared. There was no difference in the
distribution of T-lymphocyte subgroups. The mean IL-6 levels was 5.673.9 pg/ml in children
with IDA and 10.375.3 pg/ml in the control group (Po0.001). The percentage of neutrophils
with oxidative burst activity when stimulated with pma was 53.4732.7% in children with IDA
and 81.7714.3% in the control group (P¼ 0.005). The percentage of monocytes with oxidative
burst activity was 13.8711.7% in children with IDA and 35720.0% in the control group
(Po0.001) when stimulated with pma. and 4.373.1 versus 9.776.0% (P¼ 0.008) when
stimulated with fMLP. The ratio of neutrophils with phagocytic activity was 58.6723.3% in the
anemic group; and 74.2717.7% in the control group (P¼ 0.057). The ratio of monocytes with
phagocytic activity was 24.3712.0% in the anemic group; and 42.9713.4% in the control
group (P¼ 0.001). IgG4 level was 16.7716.6mg/dl in children with IDA and 51.8740.7mg/dl
in healthy children (Po0.05). These results suggest that humoral, cell-mediated and nonspecific
immunity and the activity of cytokines which have an important role in various steps of
immunogenic mechanisms are influenced by iron deficiency anemia.
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Introduction

Protein-energy malnutrition is known to be associated
with a significant impairment of cell-mediated immu-
nity, phagocyte function, complement system, secretory
immunoglobulin A antibody concentrations, cytokine
production and an altered immune response. Deficiency
of single nutrients as zinc, selenium, iron, copper,
vitamins A, C, E and B6, and folic acid have important
influences on immune responses. Altered immune
responses have considerable practical and public health
significance.1 Iron deficiency anemia due to nutritional
deficiency is not just a disease of developing countries, it
can also be seen in developed countries. Worldwide,
over 40% of the children have iron deficiency anemia,
frequently associated with infections. The prevalence of
anemia was found to be between 79% in 1977 and
44.3% in 1997 among Turkish children.2,3

The relationship between iron deficiency and infection
susceptibility has been investigated as well.4 Experi-
mental evidence in the last decades show that iron is a
fundamental element for normal development of the
immune system. Its deficiency affects the capacity to
have an adequate immune response. The role of iron in
immunity is necessary for immune cell proliferation and
malnutrition, particularly lymphocytes, associated with
the generation of a specific response to infection.5

Despite proven reversible functional immunological
defects, a clinically important relationship between
states of iron deficiency and susceptibility to infections
remain controversial. There are several possible mech-
anisms that could explain the effects of iron deficiency
on immune system. In adult animals or humans with
intact immune systems, nonspecific immunity is affected
by iron deficiency in several ways. Macrophage phago-
cytosis is generally unaffected by iron deficiency,
but bactericidal activity of these macrophages is shown
to be attenuated in some studies.6 Neutrophils have a
reduced activity of the iron-containing enzyme, myelo-
peroxidase, which produces reactive oxygen intermedi-
ates responsible for intracellular killing of pathogens.7Received 7 April 2004; accepted 16 December 2004
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There is a decrease in both T-lymphocyte number and
T-lymphocyte blastogenesis and mitogenesis in iron
deficiency in response to a number of different mito-
gens.5 On the other hand, others have found a normal
T-lymphocyte proliferative response to mitogens.8

Cytokines are important mediators of cellular immune
activity. Little is known concerning the effects of clinical
iron deficiency on cytokines, although it has been
reported that the in vitro production of interleukin
(IL)-2 by lymphocytes of iron-deficient children may be
impaired.9 Humoral immunity appears to be less
affected by iron deficiency than is cellular immunity.
In iron-deficient humans, antibody production in
response to immunization with most antigens is
preserved.5–7

Iron is also required for monocyte/macrophage
differentiation and macrophages require iron as a
cofactor for the execution of important antimicrobial
effector mechanisms, including the NADPH-dependent
oxidative burst.10,11

We aimed to make a prospective study to evaluate the
effect of iron deficiency anemia on humoral, cellular,
and nonspecific immunity; and on the cytokines which
are the key factors of many immunologic steps.

Materials and methods

A total of 32 children with a mean age of 13.874.3
months (6–24months) were diagnosed to have iron
deficiency anemia (Hb levels below 2 s.d.’s of the age-
matched levels, ferritin o10 ng/ml, transferrin satura-
tion o%10) which was related to nutritional deficiency.
All patients had normal growth and normal serum
albumin levels. Nutritional iron deficiency was the only
etiology of iron deficiency anemia, and the cases had no
other nutritional deficits. Our exclusion criteria were
previous iron replacement therapy, any recent illness or
chronic disease. The control group consisted of 29
healthy children at the same ages. The control group’s
hemoglobin, hematocrit and MCV levels were within
normal values for children of the same age and sex. The
complete blood count (automatic cell analyzer 600),
serum iron, total iron binding capacity (spectrophoto-
metry), ferritin (RIA), serum albumine (colorometry)
were measured. A measure of 1ml of blood sample with
EDTA-containing tubes was taken by venipuncture

from each patient for complete blood count including
differential cell counts, hemoglobin, hematocrit, serum
IgG, subgroup of IgG, IgM, IgA, albumin and iron,
iron binding capacity and ferritin levels, whole blood
samples were collected. Serum immunoglobulins and
subgroup of IgG were measured by using commercially
prepared antisera to IgG, IgA, IgM and TurboxTM
protein analyzer and radial immune diffusion method.
Lymphocyte subsets were analyzed on a flowcytometer
(Becton Dickinson) using Anti-CD3/CD4, Anti-CD3/
CD8, Anti-CD3/CD19 and Anti-CD3/CD16þCD56
(FITC/PE) antibody kits (Becton Dickinson, San Jose,
CA, USA).

We used serum samples for determining Interleukin-6
(IL-6) levels with commercially available kit although
serum, heparin, EDTA-anticoagulated plasmas and
culture fluids can be suitable for this assay. In patients
and control group serum IL-6 level (‘CLB Pelikine
Compactt human IL-6 ELISA kit Netherlands’),
oxidative burst (Burst test, Orpegen Pharma, Germany)
and phagocytic activity of neutrophils and monocytes
(FagotestR, Orpegen Pharma, Germany) were also
studied. Phagocytic activity of neutrophils and mono-
cytes were measured number of phagocytic cells by flow-
cytometry using FagotestR, Orpegen Pharma, Germany)
kit. For determining oxidative burst floressain dye
(Rhodamin 123) was used and florescein staining was
measured by flow cytometry with commercially avail-
able kit (Bursttest, Orpegen Pharma, Germany).

The statistical analysis were carried out using
Student’s t-test for independent samples.

Results

There was a statistically significant difference bet-
ween all hematologic parameters in the two groups
(Po 0.001) (Table 1).

There was no statistically significant difference in
IgG, A, M and IgG1, G2, G3 levels of both groups.
Mean serum IgG4 levels of the study group were
16.7716.6mg/dl; the control group had mean serum
levels of 51.8740.7mg/dl. A statistically significant
difference was detected between two groups (Po0.05)
(Table 2). The study group had serum IL-6 levels with a
mean of 5.673.1 pg/ml, while the control group had a
mean IL-6 level of 10.375.3 pg/ml in 27 cases (Po0.001).

Table 1 Hematological parameters in the study (anemia) group and control group

Study group (n¼ 32) Control group (n¼ 29)
Mean7s.d. Mean7s.d.

Hemoglobin (g/dl) 8.871.2 (6.2–10.8) 12.170.3 (11.5–12.6)
Hematocrite (%) 28.272.1 (23.1–30.9) 35.871.2 (34.2–37.7)
MCV (fl) 62.975.9 (50–72.9) 78.572.6 (72.4–82)
RDW 16.671.4 (12–18.1) 12.271.2 (10.1–14.2)
Serum iron (mg/dl) 27.379.5 (13–43) 88.5723.9 (54–132)
Total iron binding capacity (mg/dl) 469.9738.7 (411–576) 325.7750.3 (268–462)
Ferritin (ng/ml) 4.372.4 (1–9.6) 78.1733.7 (13.5–175)
Transferrin Sat. (%) 5.972.3 (3.3–10) 28.179.9 (17.8–49.2)
WBC 969672686 (6100–16 000) 894172209 (6500–15 500)

Immune functions in iron deficiency
C Ekiz et al

580

The Hematology Journal



There was no statistically significant difference in
T-lymphocyte subgroup distribution between two
groups (Table 2).

We have found that phagocytic activity of monocytes
was significantly decreased in patients who had iron
deficiency anemia. The oxidative burst activity of
neutrophils and monocytes that are stimulated with
pma (phorbol-12 myristate-13 acetate) and of mono-
cytes stimulated with fMLP (N-formil-met-leu-phe)
were also decreased (Table 3).

Discussion

An increased susceptibility to infections has been
observed in some patients with iron deficiency, etiology
of which is not well known. Deficiency of iron and zinc
are well documented to impair immune function in
experimental animals and to the extent studied, in
humans as well.12 Iron plays an essential role in
immunosurveillance, because of its growth promoting
and differentiation inducing properties for immune cells
and its interference with cell-mediated immune effector
pathways and cytokine activities.13

Reported immune defects in iron deficiency include
decreased cell-mediated immunity, mitogen responsive-

ness and natural-killer cell activity. Neutrophil phago-
cytosis and B lymphocyte function are reported to be
generally intact, but lymphocyte bactericidal activity is
decreased.14

In our study, we found no change in the T-
lymphocyte numbers and distribution of subgroups in
cases with iron deficiency anemia. The reported T-cell
dysfunction may be the result of functional defects of
T cells rather than quantitative defects. The first report
investigating the effect of iron deficiency on T-cell
function came from Joynson et al. in 1972. They showed
negative effects of iron deficiency on adult cellular
immunity.14 In their study, the investigators found a
decrease in DNA synthesis in the activated lymphocytes
with PPD and in the formation of ‘macrophage
migration inhibition factor’ and in delayed type of
immune reaction after stimulation with PPD and
Candida antigens. Higgs and Wells 15 reported impaired
cellular immune functions in iron deficiency and its
relation to mucocutaneous candidiasis. Following stu-
dies showed a decrease in T-cell numbers but Van
Heerden in 1981 reported normal values.16–18 Santos
et al.19 in 1990 reported a decrease in total lymphocyte
numbers and CD3þ /CD4þ cell ratios. Luraschi et al.20

in 1991, showed decrease in CD3þ and CD8þ levels and
increase in CD4þ /CD8þ cell ratio. Kuvibidila et al.21 in

Table 2 Results of humoral immunity (mg/dl) and T-lymphocyte subgroup (%)

Study group Control group P
Mean7s.d. Mean7s.d.

IgG 811.17187.6 (441–1199) 885.37240.0 (504–1620) NS
IgG1 552.37158.6 (238–714) 671.17207.4 (475–982) NS
IgG2 107.0731.9 (67.6–165) 160.9775.8 (55.6–241) NS
IgG3 45.3723.5 (7.9–91.7) 38.4719.1 (17–71.5) NS
IgG4* 16.7716.6 (3.3–51.3) 51.8740.7 (3.3–132) o0.05

IgA 51.1742.5 (20.3–266) 49.7723.3 (17.3–130) NS
IgM 127.1746.9 (53–217) 111.7740.8 (44–200) NS
CD3þ 62.8176.38 (51–72) 62.9677.69 (45–72) NS
CD4þ 34.6577.14 (22–48) 36.3479.78 (17–58) NS
CD8þ 28.8476.89 (10–37) 26.9677.63 (20–50) NS
CD3þ /CD8þ 1.3670.81 (0.6–2.4) 1.4770.57 (0.3–2.7) NS

*Statistically significant.
NS¼nonsignificant.

Table 3 Oxidative burst and phagocytic activity of phagocytic cells

Oxidative burst Phagocytic activity

Bacteria pma fMLP Bacteria

Neutrophil
S 85.778.6 (29–91) 53.4732.7 (0–38) 1075.6 (3–20) 58.6723.3 (21–95)
C 90.4711.0 (28–89) 81.7714.3 (7–42) 17.8715.5 (4–46) 74.2717.7 (33–90)

P 0.215 0.005 0.104 0.057

Monocyte
S 59.3719.6 (29–91) 13.8711.7 (0–38) 4.373.1 (0–11) 24.3712.0 (6–42)
C 68.8720.1 (28–89) 35720.0 (7–42) 9.776.0 (4–18) 42.9713.4 (19–58)

P 0.129 p0.001 o0.008 o0.001

S¼ study group; C¼ control group.
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1999, reported decreased T-cell number, blastogenesis
and mitogenesis in response to different mitogens in
T lymphocyte in iron deficiency.21 This alteration is
largely correctable with iron repletion.7 Another study
of T lymphocytes in iron deficiency noted that protein
kinase C activity and translocation of both splenic and
purified T cells were altered by iron deficiency.21 On the
other hand, others found normal T-lymphocyte proli-
ferative response to mitogens.22 In our study, a
moderate decrease in IgG4 levels was found although
humoral immunity appears to be less affected by iron
deficiency than is cellular immunity. In order to study
humoral immunity we investigated serum levels of IgG,
IgA, IgM and IgG subgroups IgG1, IgG2, IgG3 in the
study and the control group. There was no significant
difference except IgG4 levels which were lower in the
iron deficiency anemia group (P¼ 0.035). Reports have
indicated that iron deficiency does not impair humoral
immunity.22,23 Chandra et al.24 showed bactericidal
defects in neutrophils of iron deficient patients and
reported a resolution after parenteral iron treatment in
1973. In 1975 he also showed a decrease in serum
immunglobulin levels.25

In our study, serum IL-6 levels in iron deficiency
anemia group were significantly lower than the control
group. IL-6 is a cytokine with a 22–30 kD weight which
stimulates B-cells. Several investigators showed de-
creased levels of several cytokines.26 Feng-Xue et al.22

reported decreased levels of IL-6 in patients with iron
deficiency anemia. T-cell dysfunction may be the result
of low cytokine activity. Cytokines derived from T cells
and monocytes regulate cellular iron homeostasis by
affecting the expression of proteins involved in the
uptake and storage of the metal. Proinflammatory
cytokines such as tumor necrosis factor-a (TNF-a),
interleukin-1 (IL-1) or IL-6 directly stimulate the
transcription and translation of the major iron storage
protein ferritin.27 Decreased IL-6 levels may also be a
causal factor for the decreased cell-mediated immunity
mitogen responsiveness and natural-killer activity.

A demonstration that the observed abnormalities are
correctable with iron repletion would be the best
evidence of cause–effect relationship between the
observed changes in serum IL-6 changes. On the other
hand, Sipahi et al.28 demonstrated no difference in
serum levels of IL-6 in iron deficiency anemia before and
after iron supplementation (P40.05). Further studies
shall elucidate this point.

In our study, we demonstrated a decrease in oxidative
burst activity and phagocytic activity in both neutro-

phils and especially monocytes due to the defects in iron
dependent enzymes. There are many studies reporting
decreased phagocytic and bactericidal activity in neu-
trophils, whereas little about the relationship with
monocytes can be found in the literature.29–33 While
there are some studies that found no effect of iron
deficiency on oxidative burst; most studies, similar to
our study, have shown an impairing effect on bacter-
icidal activity in neutrophils.32,33 In our study, we also
found a striking decrease in monocyte function.

More investigations are needed to clarify these results.
Our study was conducted on children of 6 months–2

years. While the immune function was depressed in our
study group, our sex and age-matched control group
was immunocompetent. Thus, we have excluded any
influence of age on immune function. Moreover, similar
studies conducted upon adults conclude similarly to our
study. In a recent study focused on iron-deficient elderly
adult women, T-cell proliferation upon stimulation with
mitogens and respiratory burst were significantly less
than iron-sufficient women.34

Lactoferrin is an iron-binding glycoprotein and is
present in specific granules of polymorphonuclear
leukocytes. Leukocyte lactoferrin has been considered
an important protein for the normal phagocytic process,
and is thought to contribute to the prevention and
treatment of microbiological infectious diseases. In iron
deficiency decreased lactoferrin may result in decreased
phagocytic activity.35 This is another issue to be
investigated.

Conclusion

These results suggest that humoral, cell-mediated and
nonspecific immunity and the activity of cytokines
which have crucial roles in various steps of immuno-
genic mechanisms are influenced by the iron deficiency
anemia36. There are many related issues which await
investigation.
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