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ABSTRACT

Background: Thalassemia is one of the most prevalent genetic disorders globally, and
infections are one of the major causes of death in these patients. Various studies have
attributed the increased susceptibility to bacterial infections in thalassemia patients to
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for age and gender. Mean serum levels of immunoglobulins (IgG, IgA and IgM) were measured
for all individuals by ELISA. P<0.05 was considered the significance level.

Results: Increased serum IgG and IgA levels and significantly reduced serum IgM levels
were observed in the splenectomized patients compared to the non-splenectomized
ones. A comparison of the study groups revealed that serum IgG and IgA levels in the
splenectomized patients and the mean serum IgM and IgG levels in the non-splenectomized
patients were higher than those of the healthy participants. The mean serum IgM levels
in the splenectomized patients and the mean serum IgG levels in the non-splenectomized
patients were lower than those of the control group.

Conclusions: The results showed that splenectomy could change the immunological
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1. Introduction

halassemia is one of the most prevalent ge-
netic disorders globally, with high incidence in
tropical and subtropical regions, including the
Middle East, the Mediterranean countries,
India, Southeast Asia, and North Africa [1]. It
is also the most common hereditary anemia
in Iran, particularly in Sistan and Baluchestan
Province located in the South-East of the country [2].
Thalassemia is an autosomal recessive disease charac-
terized by reductions in the synthesis of globin chains.
It is caused by mutations in the genes on chromosome
11 that encode globin chains. Beta-thalassemia major
(B-TM) is a disease that results from mutations in the
B-globin gene. Reduction in or lack of B-globin gene
expression leads to an imbalance of a-globin, and the
free insoluble a-globin molecules precipitate, damage,
and destroy erythroid precursors. This is referred to as
ineffective erythropoiesis [3, 4]. Paleness, insufficient
weight gain, and inadequate growth and development
are the most common signs and symptoms of thalas-
semia. The main reasons for anemia are the destruction
of red blood cells and ineffective erythropoiesis. Inade-
quate erythropoiesis and severe anemia in TM patients
cause enlarged liver and spleen and skeletal deformi-
ties. Thalassemia treatment includes regular blood
transfusions and the use of iron-chelating drugs [5].

In addition to severe anemia, TM patients suffer
from numerous problems, including susceptibility to
bacterial infections, which plays a major role in deaths
related to this disease. Factors, such as splenectomy,
repeated exposure to foreign antigens during blood
transfusions, iron overload, and the use of iron-che-
lating drugs have profoundly deleterious effects on
the immune system. Many studies have evaluated
possible changes in the humoral and cellular immune
systems of TM patients. Immune deficiency is a com-
mon cause of infections in B-TM patients. Immuno-
logical abnormalities, such as decreased opsonization
and cellular phagocytosis, increased levels of serum
immunoglobulins, and iron overload have severely
harmful effects on the immune system [6, 7].

The spleen is one of the organs affected in TM patients,
in which the degree of splenomegaly is related to the
severity of thalassemia and regular blood transfusion.
Therefore, splenectomy is required to prevent excessive
increases in spleen activity and to reduce the mechani-
cal pressure induced by an enlarged spleen [8]. Exces-
sive activity of the spleen intensifies the destruction of
the transfused red blood cells and hence, increases the
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need for blood transfusion in -TM patients. This is one
of the most common problems in these patients, es-
pecially in developing countries where patient compli-
ance is poor. Splenectomy may be accompanied by the
increased risk of thrombotic complications and acute
infections following surgery. However, it could be useful
in reducing the need for blood transfusion [9].

Splenectomy is recommended when the annual trans-
fusion volume exceeds 250 mL/kg. There is a risk of
sepsis and severe immune response to bacterial infec-
tions in splenectomized patients. Approximately, 25% of
these patients are at risk of developing acute infections.
This might be happened due to abnormalities in immu-
noglobulin production and disruptions in the activity of
B and T lymphocytes and the function of macrophages
and neutrophils, as well as the components of the com-
plement system [10, 11]. Levels of immunoglobulins
have been extensively studied in B-TM patients. Howev-
er, contradictory findings have been reported. In the re-
search by Dwyer et al., [12] increased IgA and IgM levels
were reported, whereas higher IgA levels were observed
in another study [13] on splenectomized and non-sple-
nectomized patients. Moreover, other studies have re-
ported an increase in the number of B lymphocytes, but
their differentiation was disrupted [14].

Splenectomy significantly affects B cells. Accordingly,
among patients who had not undergone splenectomy,
the number of circulating B cells was found three times
more than the normal state. Moreover, the secretion
of immunoglobulins increased 10-fold in these patients
[15]. On the other hand, a large number of patients in
Sistan and Baluchestan Province receive blood transfu-
sions regularly and may require splenectomy in the fu-
ture. Therefore, the present research was conducted to
identify serum levels of immunoglobulins in splenecto-
mized and non-splenectomized TM patients and com-
pare them with the control group.

2. Methods

This cross-sectional study was carried out on 20 sple-
nectomized and 20 non-splenectomized TM patients
(groups 1 and 2, respectively) at the Thalassemia Ward
in Ali-Asghar Hospital, Zahedan, and also 20 healthy
participants (the control group). All TM patients re-
ceived a regular blood transfusion. The three groups
were similar in age and gender. Patients with malnu-
trition, a history of immune deficiency, those receiv-
ing IVIG, cases suffering from an acute and recurrent
infection, those taking immunosuppressive drugs, and
patients with congenital disorders were excluded from
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Table 1. Demographic characteristics of patients and control group
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MeantSD
Parameters Splenectomized Beta-thalassemia Non-splenectomized Thalassemia
Control
(n=20) (n=20)
Age (y) 27+4.15 22.1944.40 25.731£3.05
Gender (Male) 12 9 11

the study. All participants were HIV-negative. After ob-
taining written consent from all the participants, a 5
mL blood sample was taken from them. The samples
were taken from the thalassemia patients before blood
transfusion. The blood samples were immediately cen-
trifuged and the extracted serums were kept at -20°C
until measurements for immunoglobulins contents
were made. Serum levels of 1gG, IgA, and IgM were
measured for each participant and the means of these
immunoglobulins were calculated for all three groups.
The data were analyzed using SPSS software version 16
and the P<0.05 was considered statistically significant.

3. Results

Table 1 presents the demographic characteristics of
the three groups, including age and gender, and Table 2
showed the mean serum levels of the immunoglobulins.
There were no significant differences between groups 1
and 2 in IgA and IgG levels (P=0.37 and 0.09, respective-
ly). However, the IgM levels differed significantly in these
groups (P=0.03). Data showed no significant differences
between groups 1 and 3 in IgM and IgG levels (P=0.45
and 0.15, respectively), whereas they varied significantly
in IgA levels (P=0.006). There were significant differences
between groups 2 and 3 in IgM and IgA levels (P=0.03
and 0.04, respectively), but we found no significant dif-
ferences between them in IgG levels (P=0.62).

4. Discussion

To survive, most TM patients need regular blood trans-
fusions with iron-chelating drugs to reduce iron overload.

Table 2. Levels of immunoglobins in patients and the control group
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The spleen starts extramedullary hematopoiesis when
the bone marrow cannot compensate for anemia and
hypersplenism occurs in B-thalassemia patients. Con-
sequently, hypersplenism resulting from extramedul-
lary hematopoiesis will require splenectomy. The spleen
plays an important role in protecting the body against
infections by regulating immune homeostasis by estab-
lishing links between the innate and acquired immune
systems. The most serious infections in splenectomized
patients are caused by Streptococcus pneumonia, Hae-
mophilus influenza, and Neisseria meningitides [16, 17].

B-TM patients may require splenectomy secondary to
hypersplenism. It has long been proved that splenecto-
my can reduce blood transfusion requirements and iron
overload in these patients. In addition, a splenectomy
can relieve the discomfort secondary to massive spleno-
megaly.18 Considering the role of the spleen in clearing
infections, splenectomy increases the risk of infections.
Accordingly, studying the levels of immunoglobulins can
play a role in identifying the causes of infection and help
in treating these patients.

The present research investigated the levels of immu-
noglobulins in splenectomized and non-splenectomized
TM patients. The findings indicated that the mean serum
levels of IgG and IgA in the splenectomized patients were
higher than those of the non-splenectomized ones. How-
ever, these differences were not statistically significant.
The mean serum IgM levels in the splenectomized pa-
tients were significantly lower than in the non-splenec-
tomized ones. Various results have been reported in this
regard. Darzi et al. reported significant reductions in IgA
and IgM levels following splenectomy in B-TM patients

Mean*SD
Immunoglobin
1gG (mg/dl) 1gM (mg/dl) Age (y)
Splenectomized 16.8443.51 0.49+0.96 172.26+324.26
beta-thalassemiabeta
e Sf s iR e 4.36+13.84 1.01+1.65 116.46+279.53
semia
Control grou 4.11+14.39 0.70+1.09 71.64+195.26
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compared to pre-operative levels. Splenectomy could
lower serum levels of immunoglobulins as the spleen
has an essential effect on releasing immunoglobulins
[10]. Amin et al. also reported that serum IgG and IgA
levels increased in splenectomized thalassemia patients
compared to the non-splenectomized ones. Conversely,
they observed no differences between the two groups
in IgM levels [18]. Kiani et al. also observed significant
increases in IgA levels in non-splenectomized patients
(children under the age of five) but normal IgM and IgG
levels in the splenectomized and non-splenectomized
groups [19]. Ahluwalia et al. reported that serum IgG
and IgA levels in splenectomized children were higher
than in non-splenectomized ones, but these differences
were not statistically significant [20]. Their results were
similar to those of the present study. Increased serum
IgG and IgA levels and decreased serum IgM levels were
also observed between these two groups of patients in
the study by Konstantoulakis et al. [21].

Serum IgG and IgA levels in the splenectomized patients
were higher than in the control group. The difference in
IgA levels was statistically significant, and the mean serum
IgM levels in the splenectomized patients were lower than
in the control group. However, this difference was not sta-
tistically significant. Ghaffari et al. [22] reported results
similar to those of the present study. A substantial reduc-
tion was found in IgM levels in splenectomized patients
with hematologic disorders in the study by Korn et al. [23]
However, no changes were observed in 1gG and IgA lev-
els. They suggested that the severe decrease in IgM could
be due to opsonization defects and the development of
acute infection immediately after splenectomy. Mean
serum IgM and IgA levels in the non-splenectomized
patients in the present study were significantly higher
than in the healthy control group. However, their IgG
levels were lower and these differences were not sta-
tistically significant. Shani et al. [24] also observed sig-
nificantly reduced 1gG levels in thalassemia patients
compared to the healthy control group, but they re-
ported no significant differences between the two
groups in other immunoglobulins.

Many factors, such as the number of blood transfusions,
serum ferritin level, contents of iron in tissues, age and ge-
netic backgrounds of patients as well as the specific mutation
responsible for the development of thalassemia phenotype
may cause these discrepancies and contradictory results. .
Increased serum levels of immunoglobulins in B-TM patients
can be attributed to various factors. For example, repeated
blood transfusions in B-TM patients may continuously ex-
pose them to various antigens that cause serum levels of
immunoglobulins to rise. Thalassemia patients are exposed
to many bacterial and viral infections. Consecutive infec-
tions can also stimulate the immune system and increase
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levels of immunoglobulins. Increased infections have been
reported in splenectomized patients compared to non-
splenectomized ones because the spleen is one of the
largest lymphoid organs and filters bacteria and many in-
vasive microorganisms from the blood. It is also involved in
eliminating microorganisms opsonized by the complement
system. It has been assumed that the splenectomy may
stimulate secondary lymphoid organs to compensate
for the synthesis of the major immunoglobulin classes.

5. Conclusions

The present study results showed a significant decrease in
serum IgM levels in splenectomized patients compared to
the non-splenectomized patients. Additionally, there was a
significant increase in IgA levels in the splenectomized pa-
tients and in serum IgM and IgA levels in the non-splenec-
tomized patients compared to the healthy control group.
Although splenectomy plays a role in changing the immune
status of thalassemia patients, the exact mechanism for this
change is not clear yet and assessment of immunoglobulins
can be useful in understanding the severity of infection in
B-TM patients. There are many differences among thalas-
semia patients caused by genetic and environmental fac-
tors. These differences influence the results of studies and
make it difficult to identify the exact mechanisms involved
in the complications resulting from splenectomy. Therefore,
more research must be conducted to identify the unknown
mechanisms involved in the processes making differenc-
es between TM patients prior to and post-splenectomy.

Ethical Considerations
Compliance with ethical guidelines

The study was initially reviewed and approved by
the Ethics Committee of Zahedan University of Medi-
cal Sciences (Code: IR.ZAUMS.REC.1394.207).

Funding

This study was supported by the Zahedan University
of Medical Sciences.

Authors' contributions

All authors equally contributed to preparing this article.
Conflicts of interest

The authors declare no conflict of interest.
Acknowledgments

The authors wish to thank all patients, parents, and
health workers participated in this study.

Miri-Aliabad G, et al. Immunoglobulins in Splenectomized and Non-splenectomized Major Beta-Thalassemia Patients. J Pediatr Rev. 2022; 10(2):161-166




Journal of Pediatrics Review

References

1. Lai K, Huang G, Su L, He Y. The prevalence of thalassemia
in mainland China: Evidence from epidemiological sur-
veys. Scientific Reports. 2017; 7(1):920. [DOI:10.1038/
s41598-017-00967-2] [PMID] [PMCID]

2. Khodaei GH, Farbod N, Zarif B, Nateghi S, Saeidi M. Fre-
quency of thalassemia in Iran and Khorasan Razavi.
International Journal of Pediatrics. 2013; 1(1):45-50.
[DOI:10.22038/1P.2013.2044]

3. Byatnal A, Byatnal AA, Parvathi Devi MK, Badriramkrishna
B. B-Thalassemia hijacking ineffective erythropoietin
and iron overload: Two case reports and a review of lit-
erature. Journal of Natural Science, Biology, and Medi-
cine. 2014; 5(2):456-9. [PMID] [PMCID]

4. Origa R. B-Thalassemia. Genetics in Medicine. 2017;
19(6):609-19. [DOI:10.1038/gim.2016.173] [PMID]

5. Guvenc B, Canataroglu A, Unsal C, Yildiz SM, Turhan
FT, Bozdogan ST, et al. B-Thalassemia mutations and
hemoglobinopathies in Adana, Turkey: Results from a
single center study. Archives of Medical Science. 2012;
8(3):411-4. [PMID] [PMCID]

6. Amin A, Jalali S, Amin R, Aale-yasin S, Jamalian N, Karimi
M. Evaluation of the serum levels of immunoglobulin
and complement factors in b-thalassemia major patients
in Southern Iran. Iranian Journal of Immunology. 2005;
2(4):220-5. https://iji.sums.ac.ir/article_16922.html

7. Farmakis D, Giakoumis A, Polymeropoulos E, Aessopos A.
Pathogenetic aspects of immune deficiency associated
with R thalassemia. Medical Science Monitor. 2003;
9(1):RA19-22. [PMID]

8. Casale M, Cinque P, Ricchi P, Costantini S, Spasiano A,
Prossomariti L, et al. Effect of splenectomy on iron bal-
ance in patients with B-thalassemia major: A long-term
follow-up. European Journal of Haematology. 2013;
91(1):69-73. [DOI:10.1111/ejh.12121] [PMID]

9. Waghorn DJ. Overwhelming infection in asplenic patients:
Current best practice preventive measures are not being
followed. Journal of Clinical Pathology. 2001; 54(3):214-
8. [D0I:10.1136/jcp.54.3.214] [PMID] [PMCID]

10. Darzi AA, Kamali S, Khakzad M. Influence of splenectomy
on immunoglobulins and complement components in
major thalassemia. Caspian Journal of Internal Medi-
cine. 2015; 6(1):30-3. [PMID]

11. Nielsen P, Engelhardt R, Grosse R, Janka G, Harmatz P,
Fischer R. Italian Society of Hematology guidelines for
thalassemia and non-invasive iron measurements. Hae-
matologica. 2009; 94(2):294-5. [DOI:10.3324/haema-
tol.13600] [PMID] [PMCID]

12. Dwyer J, Wood C, McNamara J, Williams A, Andiman
W, Rink L, et al. Abnormalities in the immune system of
children with beta-thalassaemia major. Clinical and Ex-
perimental Immunology. 1987; 68(3):621-9. [PMID]

13.

14.

15.

16.

17.

18.

19.

20

21.

22.

23.

24.

Spring 2022, Volume 10, Issue 2, Number 27

Kapadia A, de Sousa M, Markenson AL, Miller DR,
Good RA, Gupta S. Lymphoid cell sets and serum im-
munoglobulins in patients with thalassaemia inter-
media: Relationship to serum iron and splenectomy.
British Journal of Haematology. 1980; 45(3):405-16.
[DOI:10.1111/j.1365-2141.1980.tb07161.x] [PMID]

Dua D, Choudhury M, Prakash K. Altered T and B lym-
phocytes in multitransfused patients of thalassemia ma-
jor. Indian Pediatrics. 1993; 30(7):893-6. [PMID]

Speer CP, Gahr M, Schuff-Werner P, Schréter W. Immuno-
logic evaluation of children with homozygous beta-thalas-
semia treated with desferrioxamine. Acta Haematologica.
1990; 83(2):76-81 [DOI:10.1159/000205172] [PMID]

Di Sabatino A, Carsetti R, Corazza GR. Post-splenectomy
and hyposplenic states. The Lancet. 2011; 378(9785):86-97.
[DOI:10.1016/50140-6736(10)61493-6]

Kurtogllu AU, Kogtekin B, Kurtoglu E, Yildiz M. The ef-
fect of splenectomy on complement regulatory pro-
teins in erythrocytes in B-thalassemia major. Archives
of Medical Science. 2019; 15(1):191-5. [DOI:10.5114/
aoms.2018.81036] [PMID] [PMCID]

Al-Salem AH. Splenectomy for children with thalassemia:
Total or partial splenectomy, open or laparoscopic sple-
nectomy. Journal of Pediatric Hematology/Oncology.
2016; 38(1):1-4. [DOI:10.1097/MPH.0000000000000121]
[PMID]

Kiani-Amin M, Daneshi M, Ayazi b, Mohammadian S, Rezaei
N. Serum immunoglobulin levels in splenectomized and
non-splenectomized patients with major Beta-thalassem-
ia. Iranian Journal of Pediatrics. 2011; 21(1):95-8. [PMID]

. Ahluwalia J, Datta U, Marwaha RK, Sehgal S. Immune

functions in splenectomized thalassaemic children.
Indian Journal of Pediatrics. 2000; 67(12):871-6.
[DOI:10.1007/BF02723947] [PMID]

Constantoulakis M, Trichopoulos D, Avgoustaki O,
Economidou J. Serum immunoglobulin concentrations
before and after splenectomy in patients with homozy-
gous beta-thalassaemia. Journal of Clinical Pathology.
1978; 31(6):546-50. [PMID] [PMCID]

Ghaffari J, Vahidshahi K, Kosaryan M, Soltantooyeh Z, Mo-
hamadi M. Humoral immune system state in B thalassem-
ia major. Medicinski Glasnik. 2011; 8(2):192-6. [PMID]

Koren A, Haasz R, Tiatler A, Katzuni E. Serum immu-
noglobulin levels in children after splenectomy: A
prospective study. American Journal of Diseases of
Children. 1984; 138(1):53-5. [D0I:10.1001/archpe-
di.1984.02140390041012]

Shani WS. Immunoglobulines and complements levels
in sera of patients with thalassemia. Journal of Babylon
University/Pure and Applied Sciences. 2014; 22(9):2503-
7. https://www.iasj.net/iasj/download/c1f133b7fdbdfa7b

Miri-Aliabad G, et al. Immunoglobulins in Splenectomized and Non-splenectomized Major Beta-Thalassemia Patients. J Pediatr Rev. 2022; 10(2):161-166



https://doi.org/10.1038/s41598-017-00967-2
https://doi.org/10.1038/s41598-017-00967-2
https://www.ncbi.nlm.nih.gov/pubmed/28424478
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5430438
https://dx.doi.org/10.22038/ijp.2013.2044
https://www.ncbi.nlm.nih.gov/pubmed/25097435
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4121935
https://doi.org/10.1038/gim.2016.173
https://www.ncbi.nlm.nih.gov/pubmed/27811859
https://www.ncbi.nlm.nih.gov/pubmed/22851993
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3400900
https://iji.sums.ac.ir/article_16922.html
https://pubmed.ncbi.nlm.nih.gov/12552254/
https://doi.org/10.1111/ejh.12121
https://www.ncbi.nlm.nih.gov/pubmed/23581970
https://doi.org/10.1136/jcp.54.3.214
https://www.ncbi.nlm.nih.gov/pubmed/11253134
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1731383
https://pubmed.ncbi.nlm.nih.gov/26221494/
https://doi.org/10.3324/haematol.13600
https://doi.org/10.3324/haematol.13600
https://www.ncbi.nlm.nih.gov/pubmed/19109216
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2635390
https://pubmed.ncbi.nlm.nih.gov/3498580/
https://doi.org/10.1111/j.1365-2141.1980.tb07161.x
https://www.ncbi.nlm.nih.gov/pubmed/6968582
https://pubmed.ncbi.nlm.nih.gov/8132281/
https://doi.org/10.1159/000205172
https://www.ncbi.nlm.nih.gov/pubmed/2106199
https://doi.org/10.1016/S0140-6736(10)61493-6
https://doi.org/10.5114/aoms.2018.81036
https://doi.org/10.5114/aoms.2018.81036
https://www.ncbi.nlm.nih.gov/pubmed/30697270
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6348341
https://doi.org/10.1097/MPH.0000000000000121
https://www.ncbi.nlm.nih.gov/pubmed/24577545
https://pubmed.ncbi.nlm.nih.gov/23056771/
https://doi.org/10.1007/BF02723947
https://www.ncbi.nlm.nih.gov/pubmed/11262984
https://www.ncbi.nlm.nih.gov/pubmed/670410
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1145343
https://pubmed.ncbi.nlm.nih.gov/21849938/
https://doi.org/10.1001/archpedi.1984.02140390041012
https://doi.org/10.1001/archpedi.1984.02140390041012
https://www.iasj.net/iasj/download/c1f133b7fdbdfa7b

This Page Intentionally Left Blank



