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IntroductionIntroduction

Thalassemia is a congenital hemolytic disorder, 
caused by a partial or complete defect in α or β globin 
chain synthesis. Thalassemia is considered as the 
most common genetic disorder world-wide with a 
particularly high frequency in a broad belt, extending 
from the Mediterranean basin through the Middle 
East (Iran), India and Southeast Asia.[1] In the absence 
of stem cell transplantation, the disease is treated by 
life-long red blood cell (RBC) transfusion[2] to keep 
the hemoglobin (Hb) level between 9 and 11.5 g/dL. 
The development of anti-RBC antibodies (both allo-
and autoantibodies) remains a major problem. The 
development of alloantibodies and/or autoantibodies 
against RBC antigens complicate RBC crossmatching, 
shortens in vivo survival of transfused cells, delays 
provision of safe transfusions and may accelerate 
tissue iron loading.[3,4] The literature reports various 
frequencies of alloimmunization depending on the 
homogeneity of the donor – recipient population, 
RBC phenotype matching policy and age at 

transfusion initiation. Reported alloimmunization 
rates ranged from 4% to 50% in thalassemia and were 
lower in more homogenous populations.[2,5-7] Some 
alloantibodies are hemolytic and may cause, though 
not invariably, hemolytic transfusion reactions, 
others are clinically insignificant. Erythrocyte 
autoantibodies appear less frequently, but they 
can result in clinical hemolysis and in diffi culty in 
cross-matching blood. Patients with autoantibodies 
may have a higher transfusion rate and often 
require immunosuppressive drugs,  splenectomy, or 
alternative treatments.[8,9] Approaches for prevention 
of alloimmunization are under debate. They range 
from the provision of RBCs matched for all the 
major antigens associated with clinically signifi cant 
antibodies to blood matched only for antibodies that 
have already been made. Reasons for controversy 
regarding following the best approach lay in the 
fact that many alloantibodies are not harmful and 
expensive prevention methods may therefore benefi t 
only some patients.[10-12] In addition, donor feasibility 
and the cost of RBC matching affects the approach of 
individual medical centers. There is limited data on 
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Abstract:

Background: The development of anti-red blood cell antibodies (both allo-and autoantibodies) remains a major problem 
in thalassemia major patients. We studied the frequency of red blood cell (RBC) alloimmunization and autoimmunization 
among thalassemia patients who received regular transfusions at our center and analyzed the factors, which may be 
responsible for development of these antibodies. Materials and Methods: The study was carried out on 319 multiply 
transfused patients with β-thalassemia major registered with thalassemia clinic at our institute. Clinical and transfusion 
records of all the patients were examined for age of patients, age at initiation of transfusion therapy, total number 
of blood units transfused, transfusion interval, status of splenectomy or other interventions. Alloantibody screening 
and identification was done using three cell and 11 cell panel (Diapanel, Bio-rad, Switzerland) respectively. To detect 
autoantibodies, autocontrol was carried out using polyspecific coombs (IgG + C3d) gel cards. Results: Eighteen patients 
out of total 319 patients (5.64%) developed alloantibodies and 90 (28.2%) developed autoantibodies. Nine out of 18 patients 
with alloantibodies also had autoantibodies. Age at first transfusion was significantly higher in alloimmunized than non-
immunized patients (P = 0.042). Out of 23 alloantibodies, 52.17% belonged to Rh blood group system (Anti-E = 17%, 
Anti D = 13%, Anti-C = 13%, Anti-Cw = 9%), 35% belonged to Kell blood group system, 9% of Kidd and 4% of Xg blood 
group system. Conclusion: Alloimmunization was detected in 5.64% of multitransfused thalassemia patients. Rh and Kell 
blood group system antibodies accounted for more than 80% of alloantibodies. This study re-emphasizes the need for 
RBC antigen typing before first transfusion and issue of antigen matched blood (at least for Rh and Kell antigen). Early 
institution of transfusion therapy after diagnosis is another means of decreasing alloimmunization.
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the RBC phenotypes and the extent of alloimmunization among 
Asians. We studied the frequency of RBC alloimmunization and 
autoimmunization among thalassemia patients who received 
regular transfusions at our center and analyzed the factors, which 
may be responsible for development of these antibodies.

Materials and MethodsMaterials and Methods

The study was carried out on 319 multiply transfused patients 
with β-thalassemia major registered with thalassemia clinic at our 
institute. Study was conducted from October 2009 to April 2010. 
Informed consent was obtained from patients or their parents. 
Clinical and transfusion records of all the patients were examined 
for age of patients, age at diagnosis and initiation of transfusion 
therapy, total number of blood units transfused, transfusion 
interval, status of splenectomy or other interventions.

Transfusion protocolTransfusion protocol
All thalassemics were transfused according to institutional 

transfusion policy to keep target Hb level 9-11.5 g/dl with a 
transfusion interval of 2-4 weeks. All patients were transfused 
with ABO and Rh(D) matched, crossmatch compatible blood. In 
case patient was detected to have alloantibodies, antigen matched 
crossmatch compatible blood was issued to the patient.

Antibody detectionAntibody detection
A volume of 2 ml blood was drawn into an ethylene diamine 

tetraacetate containing tube, centrifuged at 3000 ×g for 3 min 
to obtain plasma (for crossmatch and antibody screening) and 
red cells (for detection of autoantibodies) on micro-column 
agglutination system (Bio-rad, Switzerland). Alloantibody 
screening was performed using 3 cell screening panel (Diacell, 
Bio-rad, Switzerland). All alloantibody screening positive samples 
were investigated to identify the antibody specifi city. Antibody 
specifi city detection was performed using a commercial 11 cell 
identification panel (Diapanel, Bio-rad, Cressier sur Morat, 
Switzerland). Autoantibodies were detected by incubating 
patient’s own cell with patient’s plasma at 37°C for 15 min and 
then centrifuging for 10 min on gel card containing polyspecifi c 
antihuman globulin (anti IgG + C3d).

Statistical analysisStatistical analysis
Analysis was conducted using SPSS for Windows (version 15.0; 

SPSS Inc., Chicago, IL, USA). Discrete categorical data were 
presented as n (%). Continuous data were given as mean ± standard 
deviation. Mann-Whitney U-test was used for statistical analysis of 
continuous variables. For categorical data, comparisons were made 
by Pearson Chi-square test or Fisher’s exact test as appropriate. 
All statistical tests were two-sided and performed at a signifi cance 
level of α = 0.05.

ResultsResults

The study included a total of 319 (235 male and 84 female) 
thalassemia major patients. The age of the patients ranged from 
1.5 to 27 years with a mean age of 15.18 years. Eighteen  patients 
out of total 319 patients (5.64%) developed alloantibodies and 
90 (28.2%) developed autoantibodies. Nine out of 18 patients 
with alloantibodies also had autoantibodies. Difference between 
mean age among alloimmunized and non-alloimmunized was 
not statistically significant. Mean age of patients developing 
autoantibodies was 18.35 years, which is signifi cantly higher 
(P = 0.001) than the patients without the presence of autoantibodies 
(13.93 years). There was no statistically significant gender 
difference for the development of allo and autoantibodies. Age at 
fi rst transfusion was signifi cantly higher in alloimmunized (23.28 
months) than non-immunized patients (14.43 months) (P = 0.042). 
Total transfusions received by patients were not correlating with 
development of alloantibodies, but development of autoantibodies 
was statistically signifi cant (P = 0.01) with increased numbers of 
transfusion [Table 1].

It was observed that patients who received their fi rst transfusion 
before 24 months of age had signifi cantly lower prevalence of 
alloantibodies (P = 0.016).

Of the 319 patients, 90 (28.2%) developed autoantibodies as 
determined by positive autocontrol on gel card (IgG + C3d). 
Patients who had undergone splenectomy had significantly 
higher prevalence of autoantibodies [Table 2]. Specifi city of these 
antibodies as IgG or C3d was not determined in the study however 
reaction strength of these autoantibodies varied from weak (wk) to 

Table 1: Frequency of alloantibodies and autoantibodies in patient’s population in relation to mean age of patient, age 
at fi rst transfusion and total number of transfusions
Parameter Alloantibodies (%) P value (a) Autoantibodies (%) P value (c) 

Present (a) Absent (b) versus (b) Present (c) Absent (d) versus (d)
18 (5.6) 301 (94.4) 90 (28.2) 229 (71.8)

Mean age (years) 17 15.07 0.263 18.35 13.93 0.001
Mean age at fi rst transfusion (months) 23.28 14.43 0.042 13.35 15.55 0.836
Mean total transfusions 285.22 232.78 0.176 307.6 207.5 0.001

Table 2: Frequency of alloantibodies and autoantibodies in patient’s population in relation to age at fi rst transfusion 
(less than or more than 24 months) and status of splenectomy
Parameter Alloantibodies (%) P value Autoantibodies (%) P value

Present Absent Present Absent
Age at fi rst transfusion
<24 months 12 (4.4) 262 (95.6) 0.016
>24 months 6 (13.3) 39 (86.7)
Splenectomy
No 15 (6.3) 223 (93.7) 0.381 47 (19.7) 191 (80.3) 0.001
Yes 3 (3.7) 78 (96.3) 43 (53.1) 38 (46.9)
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2+ in most of the cases and these antibodies were not interfering 
with compatibility testing in most cases.

Eighteen patients out of total 319 patients (5.64%) developed 
alloantibodies. A total of 23 alloantibodies were identifi ed in 
patient population [Figure 1]. Out of 23 alloantibodies, 52.17% 
belonged to Rh blood group system (Anti-E = 17%, Anti D = 13%, 
Anti-C = 13%, Anti-Cw = 9%), 35% belonged to Kell blood group 
system, 9% of Kidd and 4% of Xg blood group system. Fourteen 
patients (78%) developed single antibody while 4 (22%) patients 
developed dual alloantibody. All patients who developed dual 
antibodies were having at least one antibody belonging to Rh 
blood group system. Data of patients developing alloantibodies is 
as shown in Table 3.

DiscussionDiscussion

Alloimmunization to red cell antigens is an immune response 
usually stimulated by the transfusion of blood products and is 
one of the complications of RBC transfusions. Other than RBC 
alloimmunization, immunologic complications of repeated RBC 
transfusions include: Diffi culties obtaining compatible blood, 
development of autoantibodies, acute or delayed hemolytic 
transfusion reactions and hemolytic disease of the newborn.[13]

The factors for alloimmunization are complex and involve at least 
three main contributing elements: (1) the RBC antigenic difference 
between the blood donor and the recipient; (2) the recipient’s 
immune status; (3) the immunomodulatory effect of the allogeneic 
blood transfusions on the recipient’s immune system.[6] Overall 
rate of alloimmunization was 5.64% in our study.

The previous studies have reported quite variable rate of 
alloimmunization ranging from 3.1% to 37% in patients of different 
ethnic origin [Table 4]. A low rate of alloimmunization may be 
expected when there is homogeneity of RBC antigens between the 
blood donors and recipients.[6] At our center, most of our patients 
and blood donor population is from Chandigarh and adjoining 
area of states of Punjab and Haryana. This homogeneity between 
the patient and blood donors population may be the reason of low 
rate of alloimmunization in our study.

In our study, rate of alloimmunization was lower in patients who 
received their fi rst transfusion at <2 years of age (P = 0.016). It has 
been previously shown that alloimmunization risk was signifi cantly 
lower in hemoglobinopathy patients who started transfusion 
therapy at a very young age (<3 years) compared with those who 
started later in life, where an immature immune system and some 
form of the acquired immune tolerance to allogeneic RBC antigens 
is held responsible for the reduced alloimmunization risk.[3,14,22,23]

We did not fi nd any association of gender (male/female) with 
rate of alloimmunization. In literature, the studies of Ameen 
et al.,[16] El Danasoury et al.[24] and Hendrickson et al.[25] showed 
that gender was not a signifi cant factor in the development of 
alloimmunization. However, Reisner et al.[26] reported a signifi cant 
association between alloimmunization and gender, as they found 
alloimmunization to be  associated more with female patients 
while on the other hand Saied et al.[27] found more association in 
male patients.

The relationship between the number of units transfused and 
alloimmunization is unknown in thalassemia.[28] However, some 
of the studies reported that alloimmunization is more likely in 
patients who receive more units of blood.[12,22] Schonewille et al.,[29] 
Saied et al.[27] and Ahmed et al.[30] found no signifi cant association 

Table 3: Details of patients who developed alloantibodies
S. No. Age (years) Sex Age at 1st transfusion 

(months)
Total number of 

transfusion
Splenec-tomy Autoimmunization Specifi city of 

alloantibody
Case 1 23 Female 48 312 No Yes Anti-D+anti-C
Case 2 12 Male 8 168 No No Anti-Cw
Case 3 30 Male 48 618 No No Anti-D
Case 4 21 Female 33 330 No No Anti-K
Case 5 27 Female 6 540 Yes Yes Anti-K
Case 6 10 Male 7 132 No No Anti-K
Case 7 23 Female 72 400 No No Anti-D
Case 8 17 Female 3 276 Yes Yes Anti-C
Case 9 21 Male 12 510 No Yes Anti-K
Case 10 18 Male 60 204 No No Anti-Xg
Case 11 13 Male 6 230 No No Anti-E
Case 12 20 Female 54 288 No Yes Anti-E
Case 13 1.5 Male 11 18 No Yes Anti-Cw and E
Case 14 20 Male 6 362 No Yes Anti-K
Case 15 18 Male 18 276 Yes Yes Anti-Jkb
Case 16 15 Male 3 240 No Yes Anti-K
Case 17 6.5 Female 18 80 No No Anti-E, anti-Jkb
Case 18 10 Female 6 150 No No Anti-C and K

Figure 1: Distribution of alloantibodies in alloimmunised patients
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between alloantibodies and autoantibodies formation and the 
number of transfused packed RBCs.

In our study, there was no significant difference between 
patients developing alloimmunization (P = 0.117) with respect to 
the number of transfusions, but development of autoantibodies 
was signifi cantly higher in patients receiving more number of 
transfusions (P = 0.001).

In the present study, the most frequently detected alloantibodies 
belonged to Rh blood group system (52.17%). Individually, most 
frequent alloantibodies were anti-Kell (35%) and anti-E (17%).

These fi ndings were in accordance with most of the reported 
studies, which found that anti-Kell,  anti-E and anti-D being the 
most frequent antibodies in these patients.[1,2,6,16,19,27,30] However, no 
anti-Kell antibodies were reported by Pradhan et al.,[15] (Mumbai, 
India) in their study on thalassemia patients.

In the present study, 90 (28.2%) patients developed autoantibodies. 
Previously Singer et al.[6] and Ameen et al.[16] reported 25% and 
11% rate of autoimmunization in thalassemia patients respectively. 
It is known that splenectomized patients are more prone to 
autoimmunization.[6,31] In our study, out of 90 auto positive patients 43 
(53.1%) had undergone splenectomy (P = 0.001). Possible explanation 
for this is that lymphocytosis associated with blood transfusion is also 
associated with elevated levels of serum immunoglobulins, immune 
complexes and cells expressing surface immunoglobulins,[31-33] 
suggesting the possible role of absence of spleen and autoantibody 
formation. In our study, these antibodies were not interfering 
with compatibility testing in most cases and were not associated 
with increased destruction of RBCs in these patients. The clinical 
importance of autoantibodies in multi-transfused patients is debatable. 
Although some reports found the existence of warm autoantibodies 
to be associated with clinically significant hemolysis[34] others did not 
find this to be always the case.[35]

ConclusionConclusion

Alloimmunization was detected in 5.64% of multitransfused 
thalassemia patients. Rh and Kell blood group system antibodies 

accounted for more than 80% of alloantibodies. This study 
re-emphasizes the need for RBC antigen typing before first 
transfusion and issue of antigen matched blood (at least for Rh 
and Kell antigen). Early institution of transfusion therapy after 
diagnosis is another means of decreasing alloimmunization. Regular 
antibody screening for already alloimmunized patients to check 
for the disappearance of old antibodies or development of new 
alloantibody. These measures will help in decreasing the incidence 
of RBC alloimmunization and delayed hemolytic transfusion 
reactions in these patients.
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