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Thalassemia major (TM) patients present with severe hemolytic anemia and multiple organs
impairment. TM have an increased risk for serious infections, due to that a basic defect in the host
defense and this may be related to the iron overload, chronic immune-stimulation by repeated
blood transfusions, splenectomy and immune deficiency. changing in lymphocyte subsets include
a greater number and activity of suppressor T cells (CD-8),reduced proliferative capacity and a
number and level of activity of helper T- Cells (CD-4) leading to decreased CD4/CD8 ratio, as
well as defective activity of natural killer (NK) cells. High immune globulins were reported and B-
lymphocytes were found to be increased, activated with impaired differentiation, impairment of
immunoglobulin secretion accompanied by increased levels of IgG, IgM and IgA. Neutrophils and
macrophages are associated with defective chemo taxis and phagocytosis.
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INTRODUCTION

Thalassemia is an autosomal recessive disease, the most
common genetic disorder in worldwide, especially in
Mediterranean, caused by mutations of the genes encoding for
the globin chains on the chromosome 11 (quantitative defect
in globins’ chain synthesis) (1). Thalassemia major (TM)
patients presents with severe hemolytic anemia from the first
year of life and multiple organs impairment that in most
homozygous cases, is quite severe and fatal unless repeated
blood transfusions are commenced early (2). TM have an
increased risk for serious infections, suggesting that a basic
defect in the host defense is present and this may be related
to the iron overload, chronic immune-stimulation by repeated
blood transfusions, splenectomy and immune deficiency.
Effects of iron overload include decreased antibody-mediated
and mitogen stimulated phagocytosis by monocytes and
macrophages , alterations in T-lymphocyte subsets and
modification of lymphocyte distribution in different
compartments of the immune system(3,4).Infections are a
frequent complication of thalassemia (12-13%) and
hemoglobinopathies and they can be fatal. Beta-thalassemia
major have an increased risk for systemic infections,
suggesting that a basic defect in the host defence is present.
There are various causes of infection including blood
transfusion, splenectomy, iron overload in the body, and
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aberration of function in immunity system. Infections were
the first or second cause of death(after heart failure) in
thalessemia and hepatic disease is the third most common
cause of death (5-6) .Immune defects in Thalassemia ,recently
the immunological abnormalities observed in Thalassemia
patients (2,7-8).The immune alterations concern both the
innate and the adaptive immune systems (quantitative and
functional).Neutrophil chemo taxis, specific antibody
response, cell-mediated immunity have been reported to be
defective in TM. Immune deficiencies have been suggested as
a precipitating factor for the fourth most common cause of
death in beta-thalassemia, i.e.malegnancies. Of course severe
anemia, itself, is a risk factor for bacterial infections in
Thalassemia, predominantly pneumonia (9). Some studies
have revealed a decreased activity of T and B lymphocytes,
neutropheil , macrophages and complements(10). Some
studies have revealed an increased activity of B-lymphocytes
(11) and other studies reported normal levels.

CATEGORIES
T-lymphocytes

More specifically, the change in lymphocyte subsets include a
greater number and activity of suppressor T cells (CD-
8),reduced proliferative capacity and a number and level of
activity of helper T- Cells (CD-4)leading to decreased
CD4/CDS8 ratios, as well as. defective activity of natural
killer(NK)cells(10-11,13-14).patients with thalassemia
showed significantly increased absolute lymphocyte counts
compared to the control group(15).these patients have a
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significant increase in the levels of CD3 and CD4 cells
compared to the control group. Plasma level of transforming
growth factor —B(TGF-B) was higher in thalassmia
patients(16). Overproduction of TNF-o and neopterin in
splenectomized patients may be related to poor antigen
filtration, which results in enhanced inflammatory and cell-
mediated immune response to the infused foreign antigens.

B- Lymphocytes

Immunoglobulin levels were extensively studied in TM, but
conflicting results were described. Besides normal
immunoglobulin concentrations (3, 17), increased levels of
IgG and / or IgM (10), increased levels of IgA alone (18) were
demonstrated in  non-splenectomized as well as
splenectomized patients. High immune globulins were
reported and B- lymphocytes were found to be increased,
activated with  impaired differentiation  (10,13-14,
),impairment of immunoglobulin secretion accompanied by
increased levels of IgG , IgM and IgA(10,19-20) but in our
study, there were no significant changes in IgG,IgM, IgE,
ASO and isohemaglutinin titer compaired to the control
,except IgA which was higher in the TM patients (A).Of
course, we showed lower IgM and higher IgA. IgG levels in
splenectomised patients and lower ASO with IgM associated
higher IgA and IgG levels in diabetic TM patient (7).kiani —
Amin reported no any defect in the humeral immune
system(IgG and IgM) in all TM patients but the mean serum
level of IgA in the non-splenectomized patients under five
years old and also in the splenectomized patients above twenty
years old were increased(21).Amin study showed that
thalassemia patients showed much more increase in serum
immunoglobulin levels as they get older (20).selective
deficiency of one of the IgG subclasses increases
susceptibility to recurrent pyogenic infctions(22).Vergin et al
demonstrate that in TM patients , no abnormality in humoral
immunological parameters could be detected(23). However, in
the majority of the studies, after splenectomy,a further
increase of IgG and IgA levels and decrease in IgM levels
were observed(18). Speer has found no difference in
immunoglobulin levels between nonsplenectomized and
splenectomized children (3). study in the Greece reported that
levels of IgG and IgA were normal but the IgM level was low
after splenectomy (24).

Neutrophils,Macrophages and Complement

Neutrophils and macrophages are associated with defective
chemo taxis and phagocytosis (18,25).Our study  that
neutrophil activity in TM patients was significantly lower
compared to the normal contract group, especially in young
patients (2).suppressed functioning of the complement system
(classic or alternative),with reduced levels of C; and C,, has
also been observed (10,20).These defects have been attributed
both to the disease itself and the applied therapeutic
interventions (10).The same vergin et al study(23),0ur Study
Showed that there were no significant differences on the level
of C;,C4,CHS0 between two groups (TM and healthy groups)
but there was significant lower levels of C, and CH;0 in
TM patients with ferritin level above 3000ng/dl(7). Seitanidis
et al have also found normal Cjs levels in patients with TM and
have reported that the increased susceptibility to infection in
these patients was not related to the complement system (26).

Neopterin, a catabolic product of guanosine triphosphate is
synthesized by monocytes/macrophages upon stimulation with
IFN-y and serves as a marker of cellular immune system
activation (27). TNF-a could be increase or decrease in the
thalassemia patients (28, 29).

PATHOGENES
T lymphocytes

Iron excess may tip the immune balance unfavorably to allow
increased growth rates of infections organisms (30).iron plays
an important role in regulating the expression of T-
lymphocyte cell surface markers influencing the expansion of
different T-cell subsets and perhaps affecting immune cell
functions(30). Intensive chelation therapy by desferrioxamine
has been shown to improve some of immune deficiency (31).
The low zinc levels in thalassemia patients have been
associated with alterations of lymphocyte subsets and
thymulin deficiency (32). In asplenia or functional
hyposplenia, antibody production in responses to new
antigens, mediated by CD4 function is impaired (33). Also,
many substances (Opsonins, Properdin, Tufssin) which are
reduced in asplenic organisms (34).Multiple transfusions have
been associated with autoimmune hemolysis and T-
lymphocyte changes.Splenectomy has also been correlated
with immune system modifications. These include quantitative
lymphocyte change, though without any functional
impairment (12). The finding of increased T-cell counts in
splenectomized patients may be related to enhanced immune
response to the infused foreign antigens, which are not
effectively filtered. Gharagozloo et al showed increased
absolute counts and percentages of CD3" DR*, CD3* CD25"
and CD3" CD71" cells in TM (29) , suggesting the presence of
a chronic immunological stimulation due to multiple blood
transfusion. Also this study showed significant reduction of
IL-2, IFN-y and IL-4 production by activated lymphocytes
from patients with TM (29) but Salasa et al showed that blood
mononuclear cells from thalassemia patients produced more
IFN-y than control group (35).

B-lymphocytes

The mechanisms of such changes in the immunoglobulin were
explained, according to hypothesis including iron overload on
skin (stimulation of IgA production as a mucocutaneous
antibody (3, 11, 29) and repeated exposure to antigens due to
repeated transfusions and infections (stimulation of IgM,IgG
and IgE production) (36).0f course, as mentioned in our
study, decreased level of IgM in TM patients with DM which
may indicate impairment of immune system to DM(23). it
seems that differing immunoglobulin serum levels in TM
could be due to heterogeneity of different studies in aspects
including age groups, race, socioeconomic status, nutrition
and defference in the care provided for the patient to control
anemia and varied measures of ferritin , ignorance of the
patient’s simultaneous affliction with hepatitis C and the
failure to divide them into two groups of splenectomized and
not splenectomized patients. Repetitive transfusions lead to
continuous  allo-antigenic  stimulation and therefore
disturbance of the immune balance. Multiple transfusions have
been associated with autoimmune hemolysis and B-
lymphocyte changes. Zinc is an immune regulator and the low
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zinc levels in thalassemia have been associated with
alterations of lymphocyte subsets and thymulin deficiency.
The latter is corrected after zinc supplementation (32).The
increase in circulating CD19 cells observed after splenectomy
may result in marked persistence of B cell in the circulation of
patients, since the spleen is a major site of B cell
differentiation.

Neutrophils and Macrophages

In TM, based on in effective erythropoiesis, increased
phagocyte activity very likely reduces the capacity of the
phagocytic system to defend against microorganisms (37, 38).
The pattern of recognition receptors (PRR) are overwhelmed,
chemo taxis is also impaired. Regarding polymorphonuclear
neutrophils, the impaired phagocytosis activity observed in
iron overload results from the deleterious effect of ferritin-
associated iron and intensive chelation therapy has been
shown to improve some of these symptoms (31).In TM anti-
ferritin antibodies leads to the production of circulating
immune complexes (30). Multiple transfusions have been
associated with autoimmune hemolysis and modification of
monocyte and macrophage functions (19,25).

Infections

Encapsulated  pathogens, streptococcus pneumonia,
hemophilus influenza type B, Escherichia coli, Neisseria
meningitis are the most fearsome (39). For prevention of
infections, particular interest for clinical practice, the optimal
timing of vaccine administration, the duration of penicillin
prophylaxis and the role of partial splenectomy.
Splenectomized and hyposplenic patients receive routine
vaccination, both live attenuated and killed vaccines (40). But
they should also be immunized against streptococcus
pneumonia, H.influenza type b and Neisseria meningitides

(41).
Conclusion

Immune defects in thalassemia patients involve multiple
components of the immune system. Infectious complications
constitute an important part of the clinical spectrum of beta-
thalassemia.Although, additional studies are required to
establish more clearly the etiology, pathogenesis and the
clinical significance of the suspected precipitating
mechanisms.

REFERENCES

1 Edward J. Oncology and hematology:
hemoglobinopathies. in: Kasper DL,Braunwald E,Fauci
AS, Hauser SL, Longo DL,Jameson JL. Harrison's
principles of internal medicine. 17™ ed. New York: Mc
Graw-Hill Professional, 2008:635-643.

2 Ghaffari J, Vahidshahi K, Kosaryan M, Parvinnejad
N,Mahdavi M, Karami H. Nitroblue tetrazolium test in
patients with beta-thalassemia major. Saudi Med J.,
2008;29:1601-1605.

3 Speer GP, Gahr M, Schuff-Werner P, et al. Immunologic
evaluation of children with homozygous beta-
thalassemia treated with desferrioxamine. Acta
Haematol., 1990;83:75-81.

10

11

12

14

15.Pattanapanyasat

16

17

18

19

20

Zurlo MG, De Stefano P,Borgna-Pignati C,et al.
Survival and causes of death in thalassemia major.
Lancet 1989; 2:27-30.

Ladis V, Chouliaras G, Bedousi H, et al. Longitudinal
study of survival and causes of death in patients with
thalassemia major in Greece. Ann N Y Acad Sci.,
2005:1054:445-50.

Chern JP, Su S, Lin KH, et al. Survival, mortality, and
complications in patients with beta-thalassemia major in
northern Taiwan. Pediatr Blood Cancer, 2007; 48:550—
554.

Ghaffari J, Vahidshahi K, Kosaryan M, Soltantooyeh Z,
Mohamadi M. Humeral immune system state in f3
thalassemia major. Med Glas Ljek Komore Zenicko-
doboj kantona 2011; 8(2): 192-196.

Vento S, Cainelli F, Cesario F. Infections in talassemia.
Lancet Infect Dis. 2006;6:226-233.

Wanachiwanawin W. Infections in E-beta thalassemia.
Pediatr Hematol Oncol., 2000; 22(6):581-7.

Dwyer J, Wood C, McNamara J. et al. Abnormalities in
the immune system of children with beta-thalassemia
major. Clin Exp Immunol., 1987; 68(3):621-629.

Sen L,Goicoa MA,Nualart PJ, et al. Immunologic studies
in thalassemia major. Medicina (B Aires) 1989:
49(2):131-134.

Ahluwalia J, Datta U, Marwaha RK, et al. Immune
function in splenectomized thalassemic children. Indian
J Pediatr., 2000;67(12):871-876.

Dua D, Choundury M, Prakash K. Altered T and B
Limphocytes in multitransfused patients of thalassemia
major. Indian Pediatr., 1993;30:893-896.

Umiel T, Friedman E, Luria D, et al. Impaired immune
regulationin children and adolescent with hemophilia
and thalassemia in Israel. Am J Pediatr Hematol Oncol.
1984; 6:371-378.

K, Thepthai C, Lamchiagdhase P,
Lerdwana S, Tachavanich K, thanomsuk P.,et al.
Lymphocyte subsets and specific T-cell immune
response  in  thalassemia. = Cytometry2000:42:11-
17doi:10.1002(SICT)1097-0320(20000215)42:1<11

AID CYTO03>3.0.CO;2-1.

Moshtaghi-Kashanian ~ GR,  Gholamhoseinian A,
Hoseinimoghadam A, Rajabalian S. Splenectomy
changes the pattern of cytokine production in beta-
thalassemic  patients.  Cytokine  2006;35:253-257
Doi:10.1016/j.cyt0.2006.09.003.

Corry JM, Marshall WD,Guthrie LA. Deficient activity
of the alternative pathway of complement in beta-
thalassemia major . Am J Dis Child, 1981;135:529-531.
Kapadia A, De Sousa M, Markenson AL, Miller DR,
Good RA, Gupta S. Lymphoid cell sets and serum
immunoglobulins in patients with thalassemia intermedia
relationship to serum iron and splenectomy. Brit J
Haematol., 1980;45:405-416.

Quintiliani I, Mastromonaco A, Giuliani F, et al. Immune
profile alterations in thalassemic patients. Boll Ist
Sieroter Milan, 1983;62 (6):524-530.

Amin A, Jalali S, Amin R,Aale-Yasin S, Jamalian N,
Karimi M. Evaluation of the serum levels of
immunoglobulin and complement factors in J
thalassemia major patients in southern Iran. IJI
2005;2(4):220-225.



108

International Journal of Current Research, Vol. 3, Issue, 12, pp.105-108, December, 2011

21

22

23

24

25

26

27

28

29

30

31

Kiani-Amin M, Daneshi MM, Ayazi P, Mohammadian
SH, Rezaei N. Serum immunoglobulin levels in
splenectomized and non-splenectomized patients with
major beta- thalassemia. Iran J Pediatr., 2011;21(1):95-
98.

Berkel Al Barnett SL, Miller G, Jubeliler D, Bullard
KW. IgG subclass deficiency in children with recurrent
respiratory infections. J Okla State Med Assoc., 1989;
82:11-13.

Vergin C, Kutukculer N, Cetingul N, Nisli G, Caglayan
S, Oztop S. Serum immunoglobulins, igG subclasses,
isohemagglutinins and complement -3 levels in patients
with thalassemia major. Indian J Pediatr., 1997;64:215-
219.

Mandalenaki-Lambrou K, Vrachnou E, Calogeropoulou
C, et al. Immunological profile after splenectomy in
children with beta-thalassemia. Acta Hematol., 1987,
78(4):243-248.

Matzner Y, Goldfarb A, Abrahamov A, et al. Impaired
neutrophil chemotaxis in patients with thalassemia
major. Br J Haematol 1993;85:153-158.

Seitanidis B, Kremastinos D, Angelapoulos B.
Complement levels in beta-thalassemia major. Lancet
1973:7: 778-779.

Murr C, Widner B, Wirleitner B, Fuchs D. Neopterin as
a marker for immune system activation. Curr Drug
Metab 2002;3:175-187 doi:10.2174/1389200024605082.
Lombardi G, Matera R, Minervini MM, Cascavilla
N.,D1Arcangelo P, Carotenuto M,et al. Serum levels of
cytokines and soluble antigens in polytransfused patients
with beta-thalassemia major: relationship to immune
statue. Haematologica, 1994;79:406-412.

Gharagozloo M, Karimi M, Amirghofran Z. Double-
faced cell-mediated immunity in B-thalassemia major:
stimulated phenotype versus suppressed activity. Ann
Hematol., 2009; 88: 21-27.

Walker EM,Walker SM: Effects of iron overload on the
immune system. Ann Clin Lab Sci 2000; 30: 354-465.
Cantinicaux B, Janssens A, Boelaert JR, et al. Ferritin-
assciated iron induces neutrophil dysfunction in
hemosiderosis. J Lab Clin Med., 1999;133:353-361.

32

33

34

35

36

37

38

39

40

41

skeskok skeskok ok

Consolini R, Calleri A, Legitimo A, Massei F.
immunological evaluation of patients with beta-
thalassemia major. Acta Haematol., 2001;105:7-12.
Wolf HM, Eibl MM, Georgi E, et al. Long-term decrease
of CD41 CD45 RAI1 T cells and impaired primary
immune response after post-traumatic splenectomy. Br J
Haematol. 1999;107:55-68.

Hashimoto T, Mahour GH, Church JA, Lipsey Al
Plasma fibronectin levels after splenectomy and splenic
autoimplantation in rats with and without dietary
ascorbic acid supplementation. J Pediatr Surg.,
1983;18:805-810.

Salsaa B, Zoumbos NC. A distinct pattern of cytokine
production from blood mononuclear cells in
multitransfused patients with beta-thalassemia. Clin Exp
Immunol., 1997;107:589-592.doi: 10. 1046/j.1365-
2249.1997.d01-962 x.

Farmakis D, Giakoumis A, Polymeropoulo E, et al.
Pathogenetic aspects of immune deficiency associated
with [ thalassemia. Med Sci Monit., 2003; 9: 19-22.
Wanachiwanawin W, Siripaniaphinyo U, Fucharoen S,
et al. Activation of monocytes for the immune clearance
of red cellls in b0-thalassaemia/HbE. Br J Haematol.,
1993;85:363-369.

Taylor SC, Shacks SJ, Qu Z, et al. Type 2 cytokine
serum levels in healthy sickle cell disease patients. J Nat/
Med Associ., 1997;89:753-757.

Hansen K, Singer  D. Aspenic-hyposplenic
overwhelming sepsis: postsplenectomy sepsis revisited.
Ped Develop Pathol., 2001;4:105-121.

British Committee for Standards in Haematology.
Davies JM, Barnes R, Milligan D. Working Party of the
Haematology/Oncology Task Force. Update of
guidelines for the prevention and treatment of infection
in patients with an absent or dysfunctional spleen. Clin
Med., 2002;2:440-443.

American Academy of Pediatrics The red book, report of
the committee on infectious diseases. 25th edn. Elk
Grove Village, IL, USA: American Academy of
Pediatrics;  2000. Immunocompromised  children-
Asplenic children.



