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ABSTRACT
Background: Thalassemia is a common inherited hemoglobin disorder in Malaysia. Regular trans-
fusions of packed red cells are required to treat transfusion-dependent thalassemia. These trans-
fusions, although lifesaving, may lead to complications such as red blood cell (RBC) alloantibody
formation. This study aimed to determine the incidence of RBC alloantibodies in thalassemia pa-
tients who regularly received blood transfusions at our center. Methods: This study included 33
thalassemia patients who received regular transfusions at Dungun Hospital, Terengganu, Malaysia,
from 2017 to 2023. Laboratory data and clinical presentation information were obtained. Anti-
body screening was conducted to identify potential alloantibodies that could react with donor
blood. All samples that tested positive for alloantibodies were investigated further to determine
antibody specificity. Results: The rate of RBC alloimmunization in the studied thalassemia patients
was 36.4%. Six alloantibodies were detected in the patient cohort, with some individuals develop-
ing antibodies of single or multiple specificities. The most frequently present alloantibodies were
against the Rh blood group system. Conclusion : The development of alloantibodies related to
blood transfusions can create challenges inmanaging transfusion-dependent thalassemia patients.
It is advisable to incorporate extended-matched phenotyping into care protocols to mitigate the
risk of alloimmunization andminimize the chances of these patients developing blood transfusion-
related alloantibodies.
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INTRODUCTION
Thalassemia is a most common autosomal recessive
disorder that affects a significant proportion of the
population in tropical countries like Malaysia. As
per current estimates, around 6.8% of Malaysians are
thalassemia carriers, which puts them at risk of de-
veloping anemia to varying degrees1. Hb E tha-
lassemia and beta thalassemia are the predominant
inherited hematological disorders of beta-globin in
Malaysia2,3.
Patients with severe thalassemia rely on blood trans-
fusions every 3–4 weeks to treat anemia4.According
to the current guidelines of the Thalassemia Inter-
national Federation, blood transfusions are recom-
mended for pre-transfusion Hb levels of 9–10 g/dL
in patients with transfusion-dependent thalassemia5.
Recent studies have shown that the incidence of red
cell alloantibodies is higher among thalassemia pa-
tients than in the general population, which could
be attributed to the frequent blood transfusions re-
quired by thalassemia patients6.Such alloantibodies
arise when the immune system recognizes surface

antigens on donor RBCs as foreign, thereby trigger-
ing the production of antibodies targeting these anti-
gens4.
The existence of alloantibodies can add complexity by
delaying the process of matching blood for transfu-
sion and potentially increasing the risk of hemolytic
transfusion reactions. Managing these risks during
transfusions becomes even more challenging when
autoantibodies coexist with alloantibodies7.
Thalassemia patients need to be closely monitored for
the development of alloantibodies, as this can increase
the risk of transfusion reactions andmake it more dif-
ficult to find compatible blood for future transfusions.
Regular blood tests and screening for alloantibodies
should be performed to ensure the safety and effec-
tiveness of transfusions for thalassemia patients.
Hence, this study aimed to (1) determine the inci-
dence of RBC alloantibodies and (2) identify the types
of alloantibodies among thalassemia patients who re-
ceived regular blood transfusions at our center, Dun-
gunHospital, Terengganu, Malaysia. Knowing the in-
cidence of alloantibodies among thalassemia patients
will assist clinicians and transfusions in predicting the
level of difficulty in searching for compatible blood.
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Table 1: Demographic and clinical characteristics of the patients

Demographic data Frequency Percentage

Gender

Male 14 42.4

Female 19 57.6

Age

< 12 years 12 36.4

12 – 18 years 7 21.2

>18 years 42.4

Diagnosis

Beta thalassemia major 11 33.3

Alpha thalassemia 3 9.1

Hb E Beta thalassemia 15 45.5

Hb Adana Pakse 2 6.1

Beta thalassemia trait with ESRF 1 3.0

Hb H Constant Spring 1 3.0

Numbers of transfusions

< 50 20 60.6

51 - 100 11 33.3

101 - 150 1 3.0

>150 1 3.0

Blood group

A 8 24.2

B 8 24.2

AB 4 12.1

O 13 39.4

Figure 1: Antibody screening result for thalassemia patients who received blood transfusion (n = 33).
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Table 2: The alloantibody specificities in
immunized patients (n=12)

Alloantibody specificities Number (Percentage %)

Anti-E 4 (33.3)

Anti-Jka 1 (8.3)

Anti-Mia 1 (8.3)

Anti-E, anti-c 4 (33.3)

Anti-E, anti-Jka 1 (8.3)

Anti-E, anti-c, anti-Leb 1 (8.3)

Table 3: Frequency of alloantibodies in the studied patients in relation to demographic and clinical data

Parameters Antibody P - value

Positive n (%) Negative n (%)

Gender

Male 6 (42.9) 8 (57.1) 0.506

Female 6 (31.6) 13 (64.8)

Age

<12 years 4 (33.3) 8 (66.7) 0.915

12 – 18 years 3 (42.29) 4 (57.1)

>18 years 5 (35.7) 9 (64.3)

Number of transfusions

<50 6 (30.0) 14 (70.0) 0.382

51-100 5 (45.5) 6 (54.5)

101-150 0 (0.0) 1 (100.0)

>150 1 (100.0) 0 (0.0)

Blood group

A 4 (50.0) 4 (50.0) 0.581

B 3 (37.5) 5 (62.5)

AB 2 (50.0) 2 (50.0)

O 3 (23.1) 10 (76.9)

MATERIALS ANDMETHODS
Study design
This retrospective study was conducted in the Pathol-
ogy Unit of DungunHospital from 2017 to 2023. Sec-
ondary data from thalassemia patients who received
regular transfusions and were screened for alloanti-
body formation were collected. A total of 33 patients
were enrolled, and their demographic data, including
gender, age, blood group, total number of transfusion
units, frequency of transfusion, and clinical diagno-
sis, were extracted from the e-Delphyn Blood Bank

System. The inclusion criteria for this study were pa-
tientswith thalassemiawhohad previously received at
least one blood transfusion. Patients with thalassemia
who had already passed away were excluded. Ap-
proval for this study was obtained from the Medical
Research and Ethics Committee (MREC) of the Min-
istry of Health Malaysia (ID: NMRR ID-22-02377-
NMR). The study was conducted following the prin-
ciples outlined in the Declaration of Helsinki.
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Laboratory procedures
Blood samples were collected from patients in EDTA
tubes for ABO/RhD blood grouping and antibody
screening/identification following standard protocols.
ABO and RhD blood groupings were done using the
ABO-D/reverse grouping system (Bio-Rad Laborato-
ries, DiaMed GmbH, Cressier, Switzerland). Anti-
body screening and identification were performed to
detect alloantibodies thatmay react with donor blood.
The screening was done using a three-cell panel (Di-
acell, Bio-Rad, Switzerland) in three phases: immedi-
ate spin, 37 ◦C, and anti-human globulin. All sam-
ples that tested positive for alloantibodies underwent
further investigation to ascertain antibody specificity
using a commercial 11-cell identification panel (Dia-
panel, Bio-Rad, Cressier sur Morat, Switzerland). Re-
garding the transfusion policy, all patients received
ABO and Rh(D) crossmatch-compatible blood trans-
fusions. If alloantibodies were detected, antigen-
negative crossmatch-compatible blood was given.

Statistical analysis
All data were analyzed using the Statistical Package
for the Social Sciences (SPSS) software version 26.
The prevalence of RBC alloimmunization and the al-
loantibody specificities were described using descrip-
tive statistics. A chi-squared analysis was performed
to evaluate the correlation of gender, age, number of
blood transfusions, and blood group with the devel-
opment of alloantibodies.

RESULTS
As seen inTable 1, our study involved 33 transfusion-
dependent thalassemia patients comprising 14
(42.4%) men and 19 (57.6%) women aged between 4
and 62 years. The majority of patients were 18 years
or older. Of the 33 patients dependent on transfusion,
15 (45.5%) had Hb E beta thalassemia and 11 (33.3%)
had beta thalassemia major. The quantity of packed
cells transfused to patients in this study ranged from
10 to 646 units. Most of the patients (20 [60.6%]) had
received <50 units of packed cells. The frequencies of
the ABO blood groups were as follows: 13 (39.4%)
group O, eight (24.2%) group A, eight (24.2%) group
B, and four (12.1%) group AB. All patients were RhD
antigen positive.
Of the 33 patients screened for alloantibodies, 12
(36.4%) tested positive (Figure 1). The prevalence
of alloimmunization was found to be 36.4% (95% CI:
2.80–5.75%).
Six alloantibodies were detected in this study, with
some individuals developing antibodies of single or

multiple specificities. Among the individuals with
single red-cell antibodies, the most common alloanti-
body was anti-E (33.3%), followed by anti-Jka (8.3%)
and anti-Mia (8.3%). Among those with multiple an-
tibodies, anti-E and anti-c were the most common
combinations (33.3%; Table 2).
There was no significant association between al-
loantibody formation and gender (p=0.506), age at
transfusion (p=0.915), number of blood transfusions
(p=0.382), and blood group (p=0.581); see Table 3.

DISCUSSION
RBC alloimmunization is an immune response
against foreign RBC antigens that can occur after
sensitization through multiple blood transfusions or
pregnancies. It is one of the complications that
patients dependent on RBC transfusions may en-
counter8. The process of alloimmunization is com-
plex and influenced by various factors. Themain con-
tributing elements include differences in RBC anti-
gens between the blood donor and recipient, the re-
cipient’s immune status, and the immunomodulatory
effect of allogeneic blood transfusions on the recipi-
ent’s immune system9.
RBC alloimmunization rates have been examined
in multi-transfused thalassemia patients in several
studies. In a study conducted in Saudi Arabia, the
alloimmunization rate in thalassemia patients was
11.97%10. Another study in Iran reported an alloim-
munization rate of 16.4% in thalassemia patients11.
A study in Iraq found that 5.8% of transfusion-
dependent thalassemia patients experienced alloim-
munization12. Additionally, a study in Malaysia
reported an alloimmunization rate of 8.6% in tha-
lassemia patients13. In our study, the rate of alloim-
munizationwas higher at 36.4%. Among the included
patients, 45.5% had HbE beta thalassemia, while 33%
had beta thalassemia major. These findings highlight
the risk of alloimmunization in multi-transfused tha-
lassemia patients and the need for extended pheno-
typing to prevent complications. This could be at-
tributed to our inability to provide phenotypically
matched blood to transfusion-dependent thalassemia
patients who test negative in antibody screening. In
contrast, in some other developed countries, the prac-
tice is to provide phenotypically matched blood as
soon as a patient is diagnosed with thalassemia, re-
gardless of their antibody screening status.
In addition, the increased alloimmunization rate can
be attributed to several factors: (1) diversity of tha-
lassemia patients: our study included a diverse pop-
ulation of thalassemia patients with varying genetic
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backgrounds, treatment histories, and blood transfu-
sion regimens. This diversity may have contributed
to the observed differences in alloimmunization rates;
(2) genetic factors: thalassemia patients often exhibit
genetic variations that may predispose them to higher
rates of alloimmunization; and (3) duration of ob-
servation and sample size: the duration of our study
might have influenced the observed alloimmuniza-
tion rates. A more extended follow-up period and a
larger sample size could provide a more comprehen-
sive understanding of the temporal dynamics of al-
loimmunization.
RBC alloimmunization is a significant complication
that can occur following a blood transfusion. It can
lead to delays in transfusions, shortened in vivo sur-
vival of donated blood, and difficulties finding com-
patible blood for future transfusions. In addition,
RBC alloimmunization can lead to the development
of autoantibodies and cause hemolytic transfusion re-
actions. In some cases, these reactions can be fatal8.
Over 300 RBC antigens have been identified and cat-
egorized into 36 systems, the better known of which
include ABO, Rh, Kell, Duffy, Kidd, and MNS. This
extensive array of antigens raises the potential for
RBC alloimmunization with various antibody speci-
ficities14. Different studies have reported variable an-
tibody specificities in multi-transfused patients. This
variability can be attributed to differences in antigen
frequencies between populations and the effects of ge-
netics on the response to this antigenic stimulation.
In several studies, the K and Rh system antigens were
predominantly involved in stimulating the produc-
tion of alloantibodies. This is expected, given the
immunogenicity of these antigens15. In our study,
anti-E and anti-c were the most frequently detected
alloantibodies in the Rh blood group system. These
findings align with most other studies, which also
identified anti-E as the most frequent antibody in
these patients15. Most of these antibodies are in the
form of immunoglobulin (Ig) G. The order of im-
munogenicity for different Rh antigens is as follows:
D>c>E>C>e2. Interestingly, no anti-Kell antibod-
ies were detected in this study, in accordance with a
previous study by Dhawan et al 8. This may be be-
cause, inWestern populations, Kell antibodies are fre-
quently detected due to the presence of the K antigen
in approximately 10% of Caucasians. In contrast, in
Malaysia, over 99% of individuals are Kell-negative;
thus, the likelihood of Kell antibody formation is ex-
tremely low 16,17.
Another alloantibody detected in our study was anti-
Jka, which belongs to the Kidd blood group sys-
tem. Anti-Jka antibodies pose a significant risk as

they can be difficult to detect in routine blood cross-
matches because of their amnestic nature. They fre-
quently cause delayed hemolytic transfusion reac-
tions (DHTRs) because they tend to become un-
detectable between transfusions following sensitiza-
tion18. However, a strong anamnestic response is ob-
served upon subsequent re-exposure through blood
transfusion or pregnancy. Studies showed that ap-
proximately 52% of Jka antibodies disappear within
months. Therefore, it is recommended that individu-
als whohave developed alloimmunization carry a spe-
cial immunohematology antibody card to ensure they
receive antigen-negative blood lifelong18.
In our study, we observed the presence of anti-Mia an-
tibodies in one patient. According to Prathiba et al.,
anti-Mia antibodies are the third most commonly oc-
curring antibodies in general and antenatal patients
in Malaysia19. Anti-Mia is most frequently reported
in Chinese patients due to its high prevalence in this
population (15%)20. The significance of the anti-Mia
antibody should not be underestimated as there have
been reports of clinically significant hemolytic trans-
fusion reactions (HTRs) and hemolytic disease of the
fetus and newborn19.
One patient in this study was found to have anti-Leb,
which belongs to the Lewis blood system. These an-
tibodies are categorized as naturally occurring non-
red-cell IgM antibodies with a propensity to react at
lower temperatures. They are typically generated by
individuals possessing the Le (a−b−) phenotype and
are occasionally observed in pregnant women during
specific temporary periods21. Anti-Lewis antibodies
typically exhibit non-reactivity at a temperature of 37
◦C and are commonly considered clinically insignif-
icant. Nonetheless, it is important to note that clini-
cally significant anti-Lewis antibodies capable of in-
ducing HTRs do exist, and such occurrences have
been documented22.
In this study, six out of 12 patients were identified as
having multiple antibodies; five had a mixture of two
antibodies, and one had three antibodies. The com-
bination of anti-E and anti-c was the most common
among patients with multiple alloantibodies23. This
is consistent with the findings of other studies, which
indicate that the probability of developing additional
antibodies is three times higher in alloimmunized pa-
tients19,24. Therefore, patients who have been trans-
fused multiple times with a single alloantibody are at
risk of developing multiple alloantibodies in the fu-
ture. It is worth noting that anti-E is the alloantibody
observed with the highest frequency 19.
Although this study found no correlation between al-
loantibodies and gender, age, number of blood trans-
fusions, or blood group, which is consistent with the
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findings of Kajiyazdi et al., addressing red cell alloim-
munization in multi-transfused thalassemia patients
remains a significant medical concern11. By contin-
ually advancing our understanding and clinical prac-
tices in this area, we can enhance the quality of life
and improve the long-term outcomes for these pa-
tients, allowing them to lead healthier and more ful-
filling lives.
The present study had a small sample size of only 33
patients, which may limit the generalizability of the
findings to a broader population of thalassemia pa-
tients. It is important to note that the specific charac-
teristics and diversity of the patient group included in
the studymay only partially represent the thalassemia
population. Therefore, caution should be exercised
when extrapolating the results to different settings or
demographics. For future studies, it is recommended
that the sample be collected in larger centers, such as
central hospitals, wheremore thalassemia patients are
available.

CONCLUSION
In conclusion, our investigation of alloantibody inci-
dence among thalassemia patients sheds light on im-
portant aspects of the immune response and trans-
fusion outcomes within this population. Despite
the limitations of the small sample size, our study
provides valuable insights into the dynamics of al-
loimmunization in thalassemia patients. Our study
also highlights the importance of tailored transfu-
sion strategies and ongoing vigilance in managing
thalassemia patients to minimize the risks associated
with alloimmunization. Future research with larger
and more diverse cohorts is crucial to validate and
extend our findings, providing a more comprehen-
sive understanding of alloantibody incidence in tha-
lassemia.
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