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ABSTRACT

Background: An analysis of red blood cell alloimmunization in patients with thalassemia can help to devise
specific strategies to decrease the alloimmunization rate. This study explored the frequency and specificity of
alloantibodies and autoantibodies against red blood cell (RBC) antigens in patients with thalassemia referring to
the Iranian Blood Transfusion Organization (IBTO) Immunohematology Reference Laboratory (IRL) in Tehran.
Materials and Methods: This study first examined the laboratory records of 23,113 patients suffering from
different diseases referring to IBTO’s IRL for pretransfusion testing in the 2008-2015 period. ABO and Rh(D)
typing and antibody screening tests were performed for all 23,113 patient records and 685 (2.97%) beta-
thalassemia patients with positive pre-transfusion test results (antibody screening and/or DAT) were selected
for further investigation.

Results: The antibody screening test was positive in 640 out of 685 thalassemic patients (93.4%). DAT was
performed for 529 patients, 226 (33%) of which showed positive results. Meanwhile, 161 out of 685 beta-
thalassemia patients (23.5%) had positive auto control test results, reflecting the possible presence of allo-
and/or autoantibodies. The most common antigen-specific alloantibodies were directed against K and E RBC
antigens with a frequency of 25% (Anti-K) and 11.91% (Anti-E), respectively. The development of two
antibodies (double antibodies) in one patient was observed in 80 individuals (11.46%).

Conclusion: Age, gender, history of pregnancy, and splenectomy were not contributing factors to the antibody
presence in the patient population under study. Extended red blood cell phenotyping should be considered as
an essential procedure for expected multi-transfused thalassemia patients before blood transfusion.
Considering the high frequency of anti-K and anti-E observed in this study, it is recommended that thalassemia
patients in Iran are tested through phenotyping of RBC units for K and E antigens before transfusion.
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INTRODUCTION recipients, triggering the production of alloantibody
Immunization against different antigens in and autoantibody against red blood cell antigens,

transfused blood units (i.e. alloimmunization) is a resulting in red blood cell lysis (1). Alloantibodies

blood transfusion reaction that may complicate are produced more frequently than

transfusion therapy. Repeated and chronic blood autoantibodies?.

transfusion induces immune responses in
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Many studies have investigated alloantibody
production and frequency in multi-transfused
individuals such as thalassemia patients?®.
Thalassemia syndrome is a genetic hematologic
disorder that causes anemia and the most common
treatment procedure is chronic blood transfusion’.
The reported  worldwide  alloimmunization
frequency rate among thalassemia patients varies
from 1.13% to 40.4%. The most common
alloantibodies reported are antibodies against Rh
(C, ¢, & E), Kell (K), Kidd (Jka & Jkb), and Duffy (Fya &
Fyb) RBC antigens®.

This study aimed to investigate the frequency of
antibodies and some possible contributing factors
such as age, gender, and previous pregnancy and/or
abortion in beta-thalassemia patients referring to
IBTO’s IRL in Tehran, Iran during 2008-2015. The
research subject was partly inspired by the research
gap on the common frequency of RBC
alloantibodies in beta-thalassemia major and
intermedia patients. A complete record of each
patient’s antigen typing, most common red cell
antibody frequencies, and transfusion history is
kept in this laboratory to better manage the
thalassemia patients.

MATERIALS AND METHODS

The research population consisted of 685 beta-
thalassemia major and intermedia patients (out of
23,113 patients; 2.97%) with  unexpected
pretransfusion test results. These patients
consented to participate in this study allowing for
their blood samples to be collected and analyzed as
problematic cases. ABO and Rh(D) typing, antibody
screening and antibody identification (ABID) tests,
and direct antiglobulin testing (DAT) were
performed on the patients, according to our
previous report (9). In brief, ABO and Rh(D) blood
typing was done (Anti-A, Anti-B, & Anti-D IBRF
Holding Co., Tehran, Iran) using the automated
technique (Diagast 251/AV.AVINEE-5912 Loos,
France). The antibody screening test was performed
using commercial gel cards (MTC Invetrogel,
Germany) and the standard tube method with a
homemade three-cell (IBTO mini panel) kit. A
homemade 11-cell antibody identification panel
(IBTO 11-cell Kit, Registration No. 63882) was used
to identify antibodies in sera in case of positive
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screening results. Direct antiglobulin test (DAT) was
performed using automated technique DC-Lys EM®
(Diagast 251/AV.AVINEE-59120 Loos, France) and
standard tube methods. Differential DAT was
performed for cases with a positive initial DAT
result. The automated technique of DAT was
followed by a well of antiglobulin anti-IgG, a well of
antiglobulin anti-C3d, and a well of negative control.

RESULTS

Laboratory records of 685 beta-thalassemia
patients (519 thalassemia major and 16 thalassemia
intermedia), including 303 (44.2%) males and 382
(55.8%) females, were selected for analysis. The
mean patient age (£SD) was 24.8+10.6 years (range
1-68 Y). Anti-K (25%) was the most frequent
alloantibody followed by Anti-D (15.9%) and Anti-E
(11.91%) in the Rh system. Anti-E was reported as
the most frequent antibody by several researchers
ranging from 21-50% (15, 16).
Here, 94.4% of males and 92.7% of females had
positive  antibody  screening test  results
encompassing 640 out of 685 patients (93.74%),
with no significant difference between male and
female groups (P=0.36).
Forty patients (10.5%) in the female group declared
a previous pregnancy and/or abortion in their
medical history, with 92.7% of this group showing
positive antibody screening test results in
comparison to 87.5% of females with no previous
history of pregnancy. Pregnancy had no significant
effect on antibody production (P=0.23).
Moreover, 89 patients (13%) were younger than 12
years old (<12Y), 84 patients (12.3%) aged between
12 and 18 (12-18 Y) and 512 (74.7%) were older
than 18 vyears old (>18y). Positive antibody
screening result were 92.1% (<12Y), 95.2% (12-18Y),
and 93.4% (>18Y) for each group, respectively. Age
had no significant effect on antibody production
(P=0.7).
Direct antiglobulin tests (DAT) were positive in 226
(33%) of 685 thalassemic patients (Table 1).
Antibody identification (ABID) test showed positive
results for 213 (94.2%) patients with positive DAT
results, reflecting RBC sensitization (by auto- and/or
alloantibodies). Furthermore, there were 13
patients (5.8%) with positive DAT and negative ABID
results.
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DAT was not performed for 156 patients (22.8%).
Meanwhile, 303 ( 57.3%) of the thalassemia
patients had negative DAT even though 284 (53.7%)
of them had a positive ABID.

In general, positive auto control test results were
found in 161 cases (23.5%), reflecting the possible
presence of allo- and autoantibodies.

Among patients with positive DAT results, the
splenectomy procedure (removal of the spleen) was
performed in 302 patients (44.1%), 290 (42.3%)
were not splenectomized, and there was no
information available for 93 (13.6%) patients.
Antibody screening results were positive among
94% of the splenectomized patients in comparison
to 93.8% of non-splenectomized patients (P=0.42).
The results showed that 47% of splenectomized
patients developed one antibody in comparison to
59.7% of non-splenectomized patients (P<0.19),
indicating that splenectomy has no significant effect
on the antibody presence.

ABO/Rh(D) blood groups of the patients in this
study are shown in Table 2. The ABO or Rh(D)
antigen could not be determined in 36 complicated
cases for various reasons such as the presence of
RBC chimeras due to the transfusion of recent

Table 1: DAT positivity among the thalassemic patients

Immunization in 685 Thalassemia Patients

compatible ABO and Rh(D) type RBC units rather
than type-specific RBCs (ie O blood type RBC
transfused to A blood type) and the presence of
strong autoantibody reactions.

Positive antibody screening results were different
between Rh(D) negative and Rh(D) positive patients
(A-:92.7%; A+:93%; B-:96.8%; B+:92.9%; AB-:95.2%;
AB+:93.3%; 0-:96%; 0+:93.5%), which was
statistically significant (p>0.05). The most common
identified antibodies were Anti-K (25%), Anti-D
(15.9%), Anti-E (11.91%), Anti Kpa (7.85%). Double
antibodies were developed just in 80 patients
(11.46%), mostly anti-C+E (38.8%), anti K+Kpa
(17.5%), and anti E+K (16.25%). Moreover, 109
thalassemic patients (15.9%) developed Anti-D
antibodies. Meanwhile, 60 (8.76%) patients showed
a single antibody, 33 (4.81%) patients had both
Anti-D and Anti-C antibodies, eight patients showed
Anti-D and Anti-K, two patients developed Anti-D
and Anti-E and six other patients developed
multiple antibodies as follow: Anti-D, Anti-C, Anti-E;
Anti-D, Anti-E, Anti-K; Anti-D, Anti-c, Anti-K and
Anti-D,Anti-C, Anti-E and Anti-K.

Disease\ DAT type Polyspecific Monospecific Monospecific AHG
(C3d +1gG) AHG Only C3d Only IgG
N (%) N (%) N (%)
Thalassemia Major 86 (12.6) 79 (11.5) 15 (2.2)
Thalassemia Intermedia 21 (3) 19 (2.8) 6 (0.9)
Total 107 (15.6) 98 (14.3) 21 (3.01)
226 (33)
DAT: Direct immunoglobulin test, N: Total number of patients, AHG: anti-human globulin

Table 2: Blood groups frequency among the Thalassemic patients (N=685)

ABO Number

Blood groups

Percent (%)

A
B
AB
(0]
Unresolved cases
Rh(D)
Rh(D)+
Rh(D)-
Unresolved cases
Total

29.6

234
7.6

36.6
2.8

75.8

21.8
25

100
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DISCUSSION

In this study, 93.4% of thalassemic patients were
alloimmunized to RBC antigens. The most common
alloantibodies were Anti-K, Anti-D, and Anti-
E. Double antibodies were developed in 11.46% of
patients. RBC sensitization happened in 94.2% of
patients with both DAT and ABID positive results
indicating the possible presence of both auto- and
alloantibodies. According to the findings, gender,
history of splenectomy, and history of pregnancy
were not associated with alloimmunization. The
choice of subject was partly inspired by the
unavailability of information on the frequency of
RBC alloantibodies and the contributing factors in
beta-thalassemia major and intermedia patients
referring to IBTO’s IRL. A complete record of each
patient’s antigen typing, most common red cell
antibody frequencies, and transfusion history is
kept in this laboratory to better manage the
thalassemia patients
Al-Riyami et al. reported no association
for alloimmunization with gender and history of
splenectomy, but they found a significant
association between age and alloimmunization,
especially in patients between 19 to 30 years old.
The prevalence of alloimmunization was 9.3% with
anti-E (24%) and anti-K (24%) being the most
common antibodies (10).
A higher alloimmunization frequency was found in
this study compared to previous reports (2, 4, 6, 8,
11-15). This higher rate in our selected patient
population reflects the nature of our laboratory,
which is a national immunohematology referral
laboratory to resolve problematic blood samples
referred from hospital blood banks throughout the
country to identify antibodies and perform
confirmation tests.
One reason for Anti-D alloimmunization may be the
transfusion of Rh(D) incompatible blood due to
human or technical errors or Rh(D) variants in
serologically Rh(D) negative blood units. Transfusion
of Rh(D) positive blood units to patients with weak
D and partial D may also explain Anti-D
immunization (17). DAT positive results reflect RBC
coating by 1gG or complement or both, which may
cause difficulties in RBC phenotyping by serologic
methods and interfere with blood unit matching
(18). Patients with positive DAT may or may not
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have hemolysis. Some normal individuals have
positive DAT without any significant RBC
destruction and hemolysis. Therefore, positive DAT
does not always reflect immune hemolytic anemia
(29).

Thirteen patients (5.8%) had positive DAT and
negative ABID results, reflecting RBC sensitization
with autoantibody in patients’ sera. However, some
patients showed negative DAT and positive ABID
results, showing the absence of cell sensitization
despite the presence of antibody in their sera.
Morawakage et al. reported a 2-year-old boy with 8
thalassemia major with C3d DAT positive and no
RBC antibody results. Arinsburg argued that DAT
has certain limitations in post-transfusion samples
of thalassemia patients. It is said that Rh(D) typing
was difficult in some complicated cases using
routine serologic methods and related antisera. This
may be explained by RBC coating by allo- or
autoantibodies. Sometimes weak D blood grouping
using serologic methods may provide wrong results
and mischaracterize positive types as negative. This
problem can be solved through molecular

genotyping.

CONCLUSION

In summary, age, gender, and history of
pregnancy or splenectomy showed no significant
effect on antibody presence in this study. Extended
red blood cell phenotyping should be considered as
an essential procedure for expected multi-
transfused thalassemia patients. Therefore, it is
recommended that all thalassemia patients in Iran
are transfused with ABO and Rh(D) compatible and
at least E negative and K negative blood to avoid
alloimmunization against these antigens.

ACKNOWLEDGMENTS
The authors wish to thank the staff of the
Immunohematology Department of Diagnostic
Laboratory in the Iranian Blood Transfusion
Organization, Tehran.

Funding details
No funding to declare.

International Journal of Hematology Oncology and Stem Cell Research
ijhoscr.tums.ac.ir


https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Riyami%20AZ%5BAuthor%5D&cauthor=true&cauthor_uid=29399805

[JHOSCR, 1 January 2022. Volume 16, Number 1

REFERENCES

1. Kogyigit C, Eliacik K, Kanik A, et al. Frequency of red
cell allo-and autoimmunization in patients with
transfusion-dependent beta thalassemia and affecting
factors. Turk J Pediatr. 2014;56(5):487-92.

2. Azarkeivan A, Ahmadi MH, Zolfaghari S, et al. RBC
alloimmunization and double alloantibodies in
thalassemic patients. Hematology. 2015;20(4):223-7.

3. Ben Salah N, El Borgi W, Lakhal FB, et al. Anti-
erythrocyte and anti-HLA immunization in
hemoglobinopathies. Transfus Clin Biol. 2014;21(6):314-
9.

4. Obaid JM, El-Nazar SY, Ghanem AM, et al. Red blood
cells alloimmunization and autoimmunization among
transfusion-dependent beta-thalassemia patients in
Alexandria province, Egypt. Transfus Apher Sci. 2015;
53(1):52-7.

5. Jain R, Choudhury N, Chudgar U, et al. Detection and
identification of red cell alloantibodies in multiply
transfused thalassemia major patients: A prospective
study. Indian J Hematol Blood Transfus. 2014;30(4):291-
6.

6. Shamsian B, Arzanian MT, Shamshiri AR, et al.
Frequency of red cell alloimmunization in patients with
beta-major thalassemia in an lIranian referral hospital.
Iran J Pediatr. 2008;18(2):149-53.

7. Azarkeivan A, Karimi G, Shaiegan M, et al. Antibody
titration and immune response of Iranian B-thalassemic
patients to hepatitis B viruse vaccine (Booster effect).
Pediatr Hematol Oncol . 2009;26(4):195-201.

8. Vaziri M, JavadzadehShahshahani H, Moghaddam M,
et al. Prevalence and specificities of red cell
alloantibodies in transfusion-dependent beta
thalassemia patients in Yazd. Iran J Ped Hematol Oncol.
2015;5(2):93-9.

9. Moghaddam M, Anaraki SZ, Shaiegan M, et al.
Hyperhemolysis Syndrome in a Patient With B-
Thalassemia Due to an Anti-Jka Alloantibody. J Hematol.
2015;4(3):210-3.

10. Al-Riyami AZ, Al-Mugbali A, Al-Sudiri S, et al. Risks of
red blood cell alloimmunization in transfusion-dependent
B-thalassemia in Oman: a 25-year experience of a
university tertiary care reference center and a literature
review. Transfusion. 2018;58(4):871-8.

Immunization in 685 Thalassemia Patients

11. Mirzaeian A, Tamaddon G, Naderi M, et al.
Prevalence of alloimmunization against RBC antigens in
thalassemia major patients. Zahedan J Res Med Sci.
2013;15(7):55-8.

12. Keramati MR, Shakibaei H, Kheiyyami M, et al. Blood
group antigens frequencies in the northeast of Iran.
Transfus Apher Sci. 2011;45(2):133-6.

13. Karimi M, Nikrooz P, Kashef S, et al. RBC
alloimmunization in  blood transfusion-dependent
B-thalassemia patients in southern Iran. Int J Lab
Hematol.2007;29(5):321-6.

14. Cheng CK, Lee CK, Lin CK. Clinically significant red
blood cell antibodies in chronically transfused patients: a
survey of Chinese thalassemia major patients and
literature review. Transfusion. 2012;52(10):2220-4.

15. Alkindi 'S, AlMahroogi S, AlHinai S, et al.
Alloimmunization in patients with sickle cell disease and
thalassemia: experience of a single centre in Oman.
Mediterr J Hematol Infect Dis . 2017 15;9(1):e2017013.
16. Dogra A, Sidhu M, Kapoor R, et al. Study of red blood
cell alloimmunization in multitransfused thalassemic
children of Jammu region. Asian J Transfus Sci.
2015;9(1):78-81.

17. Dean L. Blood groups and red cell antigens. Bethesda
(MD): National Center for Biotechnology Information
(US); 2005.

18. Katharia R, Chaudhary RK. Removal of antibodies
from red cells: comparison of three elution methods.
Asian J Transfus Sci. 2013;7(1):29-32.

19. Hill A, Hill QA. Autoimmune hemolytic anemia.
Hematology Am Soc Hematol Educ Program.
2018;2018(1):382-389.

13

International Journal of Hematology Oncology and Stem Cell Research
ijhoscr.tums.ac.ir


https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/

