
INTRODUCTION
Beta-thalassemia is a hereditary anemia due to defects
in the production of β-globin chain. Patients with β-
thalassemia major are prone to several complications
including tendency to develop infections.1 The morbidity
and mortality from infections vary in different parts of the
world depending on the level of care, preventive strate-
gies adopted, epidemiology of various infections and the
socio-economic level of each country. Infections have
been found to be the second common cause of death
after heart failure in patients with β-thalassemia major.2-5

The susceptibility to infections in thalassemia is
multifactorial and appears to be related to the disease

itself, altered immune system secondary to blood
transfusions, iron overload and splenectomy.1,6 A wide
range of abnormalities of the humoral and cell mediated
immunity, along with other aspects of immune system
have been reported in patients with β-thalassemia
major.7-10 The abnormalities observed are both quanti-
tative and functional, and involve several components of
the immune system.6,7 Patients may react differently to
immune stimulation/modulation by various factors like
blood transfusions, iron overload, splenectomy and the
presence of infections like HBV or HCV. A variable
influence of these factors may explain different findings
in patients from different geographical areas. Iron
overload has been implicated as an important factor in
the development of many of these abnormalities.7 The
direct evidence that iron overload is responsible for the
immune abnormalities has been well documented in a
study describing restoration of defective neutrophil
phagocytic function by iron chelation in patients with
thalassemia.8 It is, therefore, possible that the adminis-
tration of chelating agents in thalassemia not only
reduces the iron overload but may also have a beneficial
effect on the associated immune abnormalities.

Deferoxamine (DFO) has been an effective iron chelator
in thalassemia patients but is known for its predis-
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ABSTRACT
Objective: To determine the immune abnormalities and occurrence of infections in transfusion-dependent β-thalassemia
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December 2010.
Methodology: Seventeen patients with β-thalassemia major (12 females, median age 26 years) receiving deferasirox
(DFX) for a median duration of 27 months were observed for any infections and had their immune status determined.
Immune parameters studied included serum immunoglobulins and IgG subclasses, serum complement (C3 and C4) and
anti-nuclear antibody (ANA) level, total B and T-lymphocytes, CD4+ and CD8+ counts, CD4+/CD8+ ratio, and natural killer
(NK) cells. Immunological parameters of the patients were compared with age, gender, serum ferritin level and
splenectomy status. Lymphocyte subsets were also compared with age and gender matched normal controls.
Results: A considerable reduction in serum ferritin was achieved by DFX from a median level of 2528 to 1875 µmol/l.
Serum IgG levels were increased in 7 patients. Low C4 levels were found in 9 patients. Total B and T-lymphocytes were
increased in 14 patients each, while CD4+, CD8+ and NK cells were increased in 13, 12 and 11 patients respectively.
Absolute counts for all lymphocyte subsets were significantly higher compared to the normal controls (p ≤ 0.05 for all
parameters). Raised levels of IgG were associated with older age, female gender, splenectomized status and higher
serum ferritin levels but this did not reach statistical significance except for the higher ferritin levels (p=0.044). Increased
tendency to infections was not observed.
Conclusion: Patients with β-thalassemia major receiving DFX exhibited significant immune abnormalities. Changes
observed have been described previously, but could be related to DFX. The immune abnormalities were not associated
with increased tendency to infections.
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position to infections with yersinia family of bacteria.9

There are conflicting reports of immune system
abnormalities in patients with β-thalassemia major
associated with the use of deferiprone, another iron
chelating agent.10,11 Deferasirox (ICL670, Exjade®,
Novartis) was introduced few years ago as an oral iron
chelator in the clinical practice and has proven to be
useful in reducing iron overload in β-thalassemia major
patients.12 Whether DFX has any effect on the immune
system in β-thalassemia major patients is not known and
has not been investigated. We performed immunologic
evaluation in 17 β-thalassemia major patients receiving
iron chelation therapy with DFX and present our findings
here.

METHODOLOGY
Immune parameters were determined in 17 consecutive
β-thalassemia major patients being followed at King
Khalid University Hospital, Riyadh, during a 6 months
period from July to December 2010, while the
development of any infections was observed from the
start of deferasirox (DFX) therapy. Patients were 15
years or older and were receiving regular blood
transfusions from an early age. All patients had
homozygous β-thalassemia major and were transfused
to maintain a hemoglobin level of above 9.0 g/dl.
Majority of the patients received blood transfusions at a
mean interval of 28 ± 4 days. All of these patients
previously received deferoxamine for iron chelation and
they were shifted to DFX when it became available in the
institution in July 2007. The initial dose of DFX in most
of the patients was 20 mg/kg and it was increased to 30
mg/kg in patients who did not have a satisfactory
response.

Blood samples were collected for assays before the
monthly blood transfusions. Clinical and laboratory
information was retrieved from the patients' notes and
computer records. Patients' data were collected for the
following clinical and laboratory parameters: age,
gender, serum ferritin before starting DFX and during the
study period, splenectomy status, dose and duration of
DFX treatment, evidence of infection with hepatitis B or
C and history of any infections during the past 2 years
from the start of DFX. Immunological parameters
studied included: serum immunoglobulins and IgG
subclasses, serum complement (C3 and C4) and anti-
nuclear antibody (ANA) levels, total B and T-lymphocyte
counts, CD4+ and CD8+ counts, CD4+/CD8+ ratio, and
natural killer (NK) cells.

For immunoglobulin and complement assessment, five
milliliters of venous blood was collected in clean tubes
without any anticoagulant from all patients. Serum was
separated after centrifugation and IgG along with the
subclasses, IgM, IgA, and complement levels were
assessed by BN ProSpec Nephelometer (Siemens
Healthcare Diagnostics, Marburg, Germany).

For lymphocyte assays a 5-ml sample of peripheral
blood was collected from each individual using ethylene-
diamine-tetra-acetic acid (EDTA) as anticoagulant.
Immunophenotyping for lymphocyte subsets was
performed by flow cytometry according to the protocol of
the Centre for Infectious Diseases, USA. Briefly, 100 µl
aliquots of peripheral blood collected in EDTA were
added to 20 µl of relevant monoclonal antibodies
(mAbs). The labeled mAbs used in the study against cell
surface markers included anti-CD3, CD4, CD8, CD19,
CD56+CD16 and HLA-DR. Isotypic controls were IgG1
labeled with fluorescein isothiocyanate (FITC) and IgG2
labeled with phychoerythrin (PE) mouse antibodies.
Following incubation with the relevant mAbs,
erythrocytes were lysed using 2 ml of fluorescence-
activated cell sorter (FACS) lysing solution (Becton
Dickinson, Biosciences Pharmigen, San Diego, CA).
After lyzing the erythrocytes, cells were washed twice
with 0.5 ml of phosphate-buffered saline containing
0.01% sodium azide. Cells were fixed in 200 ml of FACS
fix solution (10 g/l paraformaldehyde, 1% sodium
cacodylate, 6.65 g/l sodium chloride, 0.01% sodium
azide). Flow cytometric data acquisition was performed
with a Becton Dickinson FACS caliber instrument.
CELLQUEST TM software (BD Bioscience, San Jose,
CA, USA) provided by the manufacturer was used for
data acquisition and analysis.

Statistical analysis of the data was performed using
SPSS software (version 20). Lymphocyte subsets of the
patients were compared with 20 age and gender
matched normal controls. All continuous data were
compared using two-tailed independent-samples t-test.
A p-value of ≤ 0.05 was considered significant.
Multivariate analysis was performed to look for any
significant association between possible candidate
variables and the outcome. The independent variables
were: age, gender, initial ferritin level and splenectomy
status; dummy variable was created with zero being
non-splenectomized or female and 1 for splenectomized
cases or male. The dependent variable was IgG level.
The variables were introduced into a single model using
the “ENTER” procedure in SPSS.

RESULTS
Patients' characteristics are shown in Table I. There
were 12 female and 5 male patients with a median age
of 26 years (range 15 - 32). Fourteen patients were
splenectomised. Serum ferritin decreased in 12 patients,
increased in 3 and remained stable in 2 patients. Two
patients were infected with both hepatitis B and C and
one of these patients received anti-viral treatment in
2007. All the patients were negative for human
immunodeficiency virus (HIV). A 30 years old female
patient with insulin-dependent diabetes mellitus and
poor sugar control had 3 episodes of febrile illnesses
during the study within a 12 months period. All the work
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up for a possible underlying infection was negative. No
clear cause of these episodes could be established and
she received multiple courses of antibiotics. She
remained well subsequently for almost one year till the
end of study. Rest of the patients did not suffer from any
notable infectious episodes during the period of DFX
administration.

Among the various immunological parameters investi-
gated, multiple abnormalities were noted in the
lymphocyte subsets of the patients with β-thalassemia
major. In comparison to the normal reference ranges,
absolute counts for total B and T-lymphocytes were high
in 14 (82%) patients each, 13 (76.5%) patients had high
counts for CD4+ cells, 12 (70.5%) had high CD8+
counts and 11 (65%) patients had high absolute number
of natural killer (NK) cells. Whereas CD+/CD8+ ratio was
mildly increased in 8 (47%) patients, it was normal in 7
patients and reversed in 2 patients. Although majority of
the patients had normal immunoglobulin levels, 7 (41%)
patients had high IgG levels, 5 (29.5%) patients had high

IgG1 and 4 (23.5%) patients had high IgA levels. Low C4
levels were found in 9 (53%) patients and low C3 in 2
patients. Anti-nuclear antibodies were detected in 2
patients whereas no patient tested positive for anti-
double-stranded DNA antibodies. Number of patients
with changes in each immunological parameter in
relation to the normal reference ranges is given in
Table II.

Figure 1 shows the comparison of lymphocyte subsets
between patients and the normal controls. Absolute
number of all the cell types including total T-cells, T-
helper cells (CD4+), T-cytotoxic cells (CD8+), total B-
cells and NK cells (p ≤ 0.05 for all parameters) were
significantly higher in the patients when compared with
the normal controls. Using a multivariate regression,
raised levels of IgG were associated with older age,
female gender, splenectomized status and higher serum
ferritin levels, but all these factors did not reach
statistical significance except for the higher ferritin levels
(p=0.044).

DISCUSSION
This study showed that treatment with DFX achieved
considerable reduction in the serum ferritin levels in
patients with β-thalassemia major. Patients were found
to have significantly higher absolute counts for all the
peripheral blood lymphocyte subsets. In addition, over
50% of patients had low C4 complement levels, and high
immunoglobulin levels were detected in 23.5 - 41% of
patients. Increased tendency to infections was not
observed in this cohort.

Many abnormalities of the immune system have been
reported in β-thalassemia major patients receiving
multiple blood transfusions, although the relationship of
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Table I: Characteristics of the patients with β-thalassemia major.
Variable Patients' values

Age (years) 

Median 26

Range 15-32

Gender 

Female 12

Male 5

Median treatment period with DFX in months (range) 27 (24-30)

Splenectomy 14

Serum ferritin (µmol/l)

At start of DFX 

Median 2528

Range 974-13166

At last follow-up 

Median 1875

Range 563-6643

HCV and HBSAg positivity (no. of patients) 2

DFX; deferasirox, HCV-hepatitis-C virus, HBSAg-hepatitis-B surface antigen.

Table II: Changes in the immunological parameters of 17 β-thalassemia
major patients in relation to the normal reference ranges.

Immunological parameter Increased Normal Decreased

IgG 7 10 -

IgM 2 14 1

IgA 4 12 1

IgG1 5 11 -

IgG2 1 16 -

IgG3 2 13 2

IgG4 2 15 -

C3 - 15 2

C4 - 8 9

Total B-lymphocytes 14 3 -

Total T-lymphocytes 14 2 1

Total CD4+ cells 13 3 1

Total CD8+ cells 12 3 2

Total NK-cells 11 6 -

CD4+/CD8+ ratio 8 7 2

Figure 1:Comparison of the absolute counts of lymphocyte subsets
between β-thalassemia major patients and normal controls. Blue bars
represent the patients with β-thalassemia major (n = 17) and the green
bars represent normal controls. P-value for all comparisons is ≤ 0.05.
AbNK = absolute NK cells, AbT=absolute T-cells, AbB=absolute B-cells,
AbTh = absolute T-helper cells, AbTs=absolute T-cytotoxic cells.
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these abnormalities with the increased incidence of
infections remains doubtful. Whether all or some of
these abnormalities have clinical importance, is not
known. Lombardi et al. studied the abnormalities of
lymphocyte subsets and cytokines in polytransfused
patients with β-thalassemia major but did not find any
clinical relevance of these findings.13

Iron and its binding proteins have immune modulating
properties and excess of iron may produce deleterious
effects on the immune system.7,14 Effects of the iron
overload include alterations in T-lymphocyte subsets
and modification of lymphocyte distribution in different
compartments of the immune system.14-18 Iron overload
has been associated with the increase of CD8+ cells
whereas a decrease in the CD4+ cell counts has also
been reported.7,15-18 Iron overload has been implicated
in the increase of CD8+ cells irrespective of the
splenectomy status of the patients.15-17 Based on these
observations, a reduction of CD4+/CD8+ ratio would be
expected in patients with chronic iron overload, and a
low CD4+/CD8+ ratio has been reported in thalassemia
patients.19 Majority of the patients in this study were
found to have not only increased CD8+ cells but also
higher CD4+ cell counts resulting in mildly increased or
normal CD4+/CD8+ ratios. These findings might be
related to DFX induced reduction in the iron overload or
could possibly be due to a direct effect of DFX on the
immune system.

Consistent with the findings of the present study, other
investigators have reported higher counts of circulating
B-cells in patients with β-thalassemia major.14-16

Following treatment with DFX, higher levels of
circulating immunoglobulins were found in some of the
patients in this study, indicating increased functional
activity of B-cells. Increase in the number of peripheral
blood B-cell counts and raised serum immunoglobulin
levels in thalassemia patients have been attributed to
splenectomy, which is often performed as a therapeutic
measure.20 Majority of the patients in the present study
had their spleens removed and splenectomy was
associated with higher immunoglobulin levels, so it is
possible that this was the contributing factor influencing
peripheral blood B-cell counts and serum immuno-
globulin levels.

Al-Awadhi et al. reported lymphocyte subsets in
multitransfused β-thalassemia major patients from
neighbouring Kuwait. T-cell marker levels were
comparable between the patients and the controls, but
the B-cell marker (CD19) was significantly higher and a
lower percentage levels of NK (CD56) cells was found in
the patients.21 This patients group is likely to be
ethnically similar to our patient population and the
differences in the findings of lymphocyte subsets
between the two groups raise the possibility that the
changes observed in our patients could be related to
DFX.

This study also found low complement C4 levels in over
half of the patients. Low levels of complement C4 were
shown to be associated with high serum ferritin levels in
a recent study in which β-thalassemia major patients
with serum ferritin levels higher than 3000 ng/ml were
consistently found to have low serum complement C4
levels.22 This association, however, appears to be an
isolated finding and C4 levels do not appear to be
influenced by the changes in serum ferritin levels, as
reported by other investigators.23 This was also evident
in the present study where despite a significant
reduction in serum ferritin levels after treatment with
DFX, over 50% of the patients had low complement C4
levels. Low levels of complement C3 and factor-B have
been reported in β-thalassemia major patients suffering
from hepatitis-B virus infection.23 Decreased comple-
ment C4 levels found in this study do not appear to be
related to infection with hepatitis-B virus or auto-
immunity. Furthermore, decreased serum complement
C4 levels in the present study were not associated with
concurrent reduction in complement C3 levels indicating
that the low levels of C4 were not due to classical
activation of the complement pathway but possibly due
to circulating immune complexes related to blood
transfusions.

Data regarding immune alterations in patients with
β-thalassemia major receiving DFX are lacking.
Although this study identified certain immune ab-
normalities in β-thalassemia major patients receiving
DFX, it was, however, not possible to draw firm
conclusion because of the relatively small number of
patients. Further studies are recommended to gain a
better understanding of DFX related immune alterations
in β-thalassemia major patients with chronic iron
overload.

CONCLUSION
Significant abnormalities of the immune parameters
were found in β-thalassemia major patients treated with
DFX. The changes could be related to DFX. The
immune abnormalities were not associated with
increased tendency to infections.
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