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Introduction

Red cell transfusions are a valuable health care 
resource especially for thalassemics, patients 
of myeloproliferative disorders, hematological 
disorders, end stage renal failure, patients of 
leukemia and organ transplant patients. Chronic red 
cell transfusions can cause unwanted complications 
called transfusion reactions in a patient. [1] 
Development of alloantibodies to red cell antigens 
is an important immune mediated delayed hemolytic 
transfusion reaction. It is a matter of great concern 
in multi-transfused patients and in patients who 
have had multiple pregnancies. Alloimmunization 
results from disparity between the donor and 
patient antigens. Prior exposure to donor antigens 
can lead to anamnestic or secondary response where 
even very small amounts of donor antigenic RBCs 
can elicit an alloimmune response resulting in 
increase in antibody production leading to red cell 
destruction since the patient is already immunized.[2]  
Alloimmunization occurs when incompatible 
antigens introduced in an immune-competent host 
evoke an immune response leading to irregular 
antibody formation. Alloimmunization against RBCs 
can result in delayed hemolytic transfusion reactions 
which can range from destruction of RBCs within 

hours or even minutes to decrease of survival by a 
few days or can cause hemolytic disease in newborns. 
Development of alloantibodies thus complicates and 
limits transfusion therapy, contributing not only to 
technical complications but also to morbidity and 
mortality.[1] A number of studies have shown the role 
of leucodepletion in preventing alloimmunization 
and autoimmunization.[3,4]

Materials and Methods

This study was conducted in the Department 
of Transfusion Medicine, Indraprastha Apollo 
Hospitals, New Delhi from February 2008 to 
June 2009. Patients receiving repeat multiple 
transfusions at Indraprastha Apollo Hospital, New 
Delhi ,and with diagnosis of thalassemics, patients 
of myeloproliferative disorders, hematological 
disorders, end stage renal failure, patients of 
leukemia and liver transplant patients whose follow 
up and regular antibody screen test was possible, 
were included in the study. In cases where detailed 
clinical history or data was not available or cases 
where regular antibody screen test and follow up 
was not possible due to unavoidable reasons, were 
excluded from the study. A detailed clinical and 
transfusion history was taken using a set performa 

Department of 
Transfusion Medicine at 

Artemis Health 
Institute, Gurgaon,  

1Department of 
Transfusion Medicine, 
Molecular Biology and 

Transplant Immunology, 
Indraprastha Apollo 

Hospital, New 
Delhi, 2Transfusion 

Medicine, Medanta The 
Medicity,Gurgaon, India

Correspondence to:  
Dr. Rashmi Sood, 

Transfusion Medicine, 
Artemis Health Institute, 

Gurgaon, India.  
E-mail: 

drrashmisood165@gmail.
com

Original Article

Detection of alloimmunization to 
ensure safer transfusion practice
Rashmi Sood, R. N. Makroo1, Vimarsh Riana2, N. L. Rosamma1

Abstract:

Background: Serological safety is an integral part of overall safety for blood banks. Emphasis is on the use of routinue 
Red Blood Cell (RBC) antibody screen test, at set time intervals, to reduce risks related to alloantibodies. Also emphasis 
is on importance of issuing antigen negative blood to alloantibody positive patients. Effect of using leucodepleted blood 
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which mentioned the name, identification number, age and sex, 
diagnosis, blood group, transfusions till date, transfusions in the 
study period, history of pregnancy, abortion, hydrops and recent 
anti D Immunoprophylaxis in case of females, any relevant drug 
history, result of serological testing like DAT and auto control, 
number of antibody screen tests in the study period with results 
and antibody identification results.

Each time a blood requisition for these patients was received, a 
sample for antibody screen testing, 3 to 4 ml in Ethylene Diamine 
Tetraacetic Acid (EDTA) tube, was requested as a protocol. Only 
exception was where second transfusion was scheduled within  
72 hours of the previous transfusion in such cases, repeat antibody 
screen testing was omitted. Patient’s plasma was then screened for 
the presence of any red cell antibodies on a commercial three-cell 
panel of the CAT ( Diamed Switzerland) or using a two cell panel 
of the SPRCAT (Capture, Immunor Inc. Norcross, GA). All cases 
where antibody screen test was positive were subjected to antibody 
identification. Patients’ blood samples, four in EDTA tubes and one 
in plain tube, 3 to 4 ml each, were acquired for this purpose. These 
samples were investigated to identify the detected antibodies using 
commercial cell panels, 11 cell panel of CAT (Diamed, Switzerland) 
and 16 cell panel of SPRCA (Capture, Immucor Inc. Norcross, GA) as 
and when required. The criteria for antibody specificity were based on 
the recommendations of AABB.[5] Once a sample was found positive 
by antibody screen test and antibody further typed by antibody 
identification, the patient was issued corresponding antigen negative 
unit and his/her screen and identification results documented.

Three to four log leuco reduced red blood cells were transfused to 
the patients in the study using blood collection bags with integral 
filters (Optipure RC bag-baxter).

Results

A total of 306 patients who received regular repeat red cell 
transfusions were followed for a period of 17 months from February 
2008 to June 2009. Of these antibody screen was positive in 20 
cases and alloantibodies were identified in 13 cases. This yields 
an alloimmunization rate of 4.24% (13/306).

Patients included in the study ranged from 1 to 85 years in age 
with a mean age of 42.35 years and median age of 46 years. Among 
the alloimmunized cases, the age range was 9 to 61 years with a 
mean age of 41.62 years and median age of 44 years.

A total of 195 men and 111 women were included in the study 
and among the alloimmunized cases,seven were males and six were 
females, rate therefore being 3.6% in men and 5.4% in women.

The total number of samples that were positive for irregular 
alloantibodies from the 109 cases of Chronic Renal failure studied 
was 4 (3.7%). Four out of 26 cases of Chronic Liver Disease 
developed alloantibodies (15.4%), two out of 40 patients of chronic 
anaemia developed alloantibodies (5%). Alloimmunization was 
recorded in one out of 50 (2%) thalassemics and 2 out of 81 (2.5%) 
patients with hematological malignancies [Table 1].

Maximum number of alloimmunizations followed 0-5transfusions 
in the study period, followed by 6-10 and then 11-15 transfusions.

A total of 22 antibodies were detected in 13 alloimmunized 
patients out of the total 306 multiply transfused patients. This 
yields an antibody prevalence of 4.24%, and included seven men 
and six women.

Antibodies identified in the samples reacting positive were as 
follows: Of 22 antibodies identified, the most frequent was anti E, 
which was detected in six out of 13 cases. Anti c was the second 
most frequent antibody, observed in five cases followed by anti Jka 
in four cases and anti K in two cases. Anti D, Anti C, Anti Fya, Anti 
M and Anti S were detected in one case each. A single alloantibody 
was detected in seven patients while 2-3, alloantibodies were 
detected in six patients [Table 2, Figure 1].

Discussion

The development of red cell antibodies (allo-as well as auto-
antibodies) occurs in a variable number of multiply transfused 
patients. In such circumstances, transfusion therapy may become 
significantly complicated. Effects of alloimmunization may include 
difficulty in finding compatible RBC units because of the presence 
of clinically significant RBC antibodies, transfusion reactions, or 
platelet refractoriness.[5] Present study is an effort to characterize 
blood group alloantibody formation in the patient population 
as only a few studies, mostly in non-Asian multiply transfused 
patients, have investigated the frequency and causes of red cell 
alloimmunization in the past.

Habibi and Lecolier[6] reported the incidence of red cell 
alloimmunization to be 1.72% in multi-transfused patients for 
hemodialysis. Blumberg et al,[7] studied patients with disorders 
that often lead to repetitive transfusions and the frequency 
of red cell antibodies was about 3% overall. In a study by 
Domen and Ramirez et al,[1] incidence of alloimmunization in 
chronic renal disease patients on hemodialysis was found to be 
6.1%.In a study by Spanos et al,[8] to detect alloimmunization 
in patients of thalassemia and sickle cell/beta thalassemia, 
the immunization rate was 3.7%.Hmida et al[9] reported 
alloimmunization in 7.76% among the patients of thalassemia 
and sickle cell disease. Shukla and Chaudhary et al,[10] published 
a study where in they investigated the frequency of red cell 
alloimmunization in multi-transfused chronic renal failure 
patients undergoing hemodialysis. An alloimmunization rate of 
9.8% was observed .Murao and Viana in 2005 conducted a study 
in patients with sickle cell disease to determine the frequency 
and risk factors for alloimmunization and found the frequency to  
be 9.9%.[11]

Incidence of alloantibodies in multiply transfused patients in the 
present study

The present study of 306 multiply transfused patients demonstrated 
the rate of alloimmunization of 4.24%.

Table 1: Rate of Alloimmunization according to Diagnosis
Diagnosis Number of Cases Alloimmunized (%)
Thalassemia 50 1(2)
Hematological Malignancies 81 2(2.5)
Chronic Renal Failure 109 4(3.7)
Chronic Anemia’s 40 2(5)
Chronic Liver Disease 26 4(15.4)
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Secondary response depends on the rest stimulation of memory 
cells. Repeated immunization eventually results in sustained clonal 
expansion and clinically significant antibody production.

Patients’ age at the start of transfusion
It has been observed that an earlier start of transfusion may 

impart immune tolerance in some patients.[8,12] Present study shows 
results in accordance to the earlier observations with only one 
patient developing alloimmunization after starting transfusions 
at an early age.

Specificity of RBC alloantibodies detected
The specificity of most alloantibodies detected in the present 

study was against Rh and Kell antigen systems due to their 
high immunogenicity, which is similar to previous reports of 
alloimmunization.[14] Anti E was detected in six patients, Anti c  
in five, Anti Jka in four, Anti K in two and Anti M, Anti S, 
Anti Fya, Anti C and Anti D in one patient each. Hence, the 
transfusion of blood matched for Rh and K antigens could 
prevent alloimmunization resulting in a significant difference 
in the alloimmunization rates, but the potential to form RBC 
alloantibodies to unmatched antigens will exist.[13] 

Stringency levels have been constructed such that antigens 
have been ranked by decreasing relative immunization risk, 
in accordance with clinical observation [Table 3].[18] Level one 
matching requires a selected donor unit to be compatible with 
respect to the prospective recipients ABO and D types and to be 

Factors involved in development of alloimmunization are 
complex and involve at least 3 main contributing elements: RBC 
antigenic difference between the blood donor and the recipient, 
Recipients immune status and Immuno-modulatory effect of the 
allogeneic blood transfusions on the recipient’s immune system.

Previous studies reporting low rate of alloimmunization (5 to 
10%) include those by Chaudhary et al,[10] Blumberg et al,[7] and 
Hmida et al.[9] A high rate of approximately 20% was noted in 
studies by Spanos et al,[8] Michail-Merianou et al,[12] Singer et al,[13] 
and Ameen et al.[14]

Patients medical history
Clinical diagnosis of the study group may lead to a vulnerable 

immune status which may predispose to altered or increased immune 
response to various antigens. However, no significant correlation 
was demonstrated between the number of alloimmunized cases 
and patients diagnosis.

Immunomodulatory effect of allogeneic blood transfusions on 
recipient’s immune system

Alloimmunization reaction involves presentation of the donor 
antigens by antigen-presenting cells (APCs) i.e. monocytes, 
macrophages, dendritic cells, B-cells to recipient T-cells. The Th2 
subset of CD4+T helper cells secrete interleukin IL-4, IL-5,IL-6 
and IL10,activates B cells and initiates the antibody response. This 
is the direct pathway of allorecognition.[15,16] Alloimmunization 
from blood product by indirect pathway involves recognition 
of the alloantigen and activation of recipient CD4+ T cells by 
alloantigen presenting recipient APCs in combination with 
the additional signals generated by costimulatory cell surface 
structures. This process involves initial recognition of alloantigens 
by natural killer cells, which secrete interferon gamma. This 
cytokine in turn activates CD4+ Th2 cells which produce IL-2. 
This leads to proliferation and differentiation into effector-Th, 
memory-Th and suppressor Th cells.[17] Primary immunization with 
blood transfusion reflects the balance between clonal expansion 
and tolerogenic mechanisms (induced by Th2 subset of cells). 

Table 2: Details of Alloimmunized patients
S.No. Age(yr)/Sex Diagnosis Total No. of Transfusions

(Till date) 
No. of allo-antibodies 

identified
Antibody  Specificity

1. 10 yr/M Thalassemia 18 2 Anti E,Anti S
2. 43yr/F  Chronic Anaemia 8 3 Anti E, Anti c, Anti Jka
3. 42yr/F Chronic Anaemia 8 1 Anti E
4. 44yr/F Hematological Malignancy 14 2 Anti D, Anti c
5. 29yr/M Hematological Malignancy 6 1 Anti Jka
6. 9yr/M Chronic Renal Disease 7 1 Anti M
7. 61yr/F Chronic Renal Disease 6 3 Anti E,Antic,Anti Jka
8. 53yr/M Chronic Renal Disease 6 1 Anti Jka
9. 52yr/M Chronic Renal Disease 12 1 Anti C
10. 46yr/M Chronic Renal Disease 20 1 Anti E
11. 55yr/M Chronic Renal Disease 40 3 Anti E, Anti c, Anti K
12. 56yr/F Chronic Renal Disease 6 1 Anti K
13. 41yr/F Chronic Renal Disease 8 2 Anti c, Anti Fya

Table 3: Antigen Matching Stringency Levels
Level Antigen Set Antigen Number
1 AB(O),D PLUS: (Ag-neg) 3 + # Ag-Neg
2 Level 1 PLUS: c,C,e,E; K +5
3 Level 2 PLUS: Fya,Fyb;Jka,Jkb;S,s. +6
4 Level 3 PLUS: k;M,N; 

Doa,Dob,Hy,Joa;Lua,Lub
+9

Figure 1: Specificities of Antibodies Detected



Sood, et al.: Alloimmunization 

138 Asian Journal of Transfusion Science - Vol 7, Issue 2, July - December 2013

antigen-negative with respect to alloantibodies identified in the 
recipients’ plasma. Increasing levels of stringency require further 
matching for C,c,E,e in addition at level two;Fya,Fyb,Jka,Jkb,S,and 
s at level three and k, M, N, Doa, Dob, Hy, Joa, and Lua and Lub 
at level four.

Gender and alloimmunization
Females have been observed to be more prone to development of 

alloimmunization than males,[19] probably due to the fact that females, 
especially in developing countries, are anemic and pregnancy is an 
important risk factor for alloimmunization. In present study, six out 
of 13 alloimmunized patients were women, however gender was not 
a risk factor for alloimmunization (p = 0.557).

Positive direct antiglobulin test and alloimmunization
Nine of the thirteen patients (69.23%) had a positive direct 

antiglobulin test (DAT) without evidence of autoimmune hemolytic 
anemia and the DAT did not interfere in finding compatible blood. 
Postive DAT may indicate alloantibodies in a recipients circulation, 
reacting with antigens on recently transfused donor red cells. 
Also elevated IgG or complement have been noted on red cells 
of patients with sickle cell disease, b-thalassemia, renal disease, 
multiple myeloma, autoimmune disorders(including SLE).[20,21]

Effect of using leucodepleted blood
Another important aspect that has emerged is the role of 

contaminating leucocytes of the allogeneic blood transfusion in 
causing immunomodulatory effects in the recipient. Contaminating 
leucocytes down regulate T-helper cell type 1(Th1) immune 
response and drive the recipient towards a T-helper cell type 
2(Th2) responses. Such skewing towards type 2 immunity may 
enhance alloantibody formation.[22] Leucodeplection also removes 
donor APCs, abrogating the direct pathway of alloimmunization 
by donor-recipient T cell interaction. Donor leucocytes are known 
to readily express activation and co-stimulatory molecules upon 
recognition of recipient antigens.[16] Besides this, both autologous 
and allogeneic non-leucodepleted blood components release 
soluble bioactive mediators during storage which mediate some 
of the Transfusion Related Immunomodulation effects, and the 
Prestorage leucodepletion has been shown to prevent some 
deleterious effects.[23] Majority of the patients in the present 
study had a long-term exposure to leucoreduced blood because of 
collection in optipure RC bags with integral filters.

Number of transfusions received
The risk of developing alloimmunization was not very clearly 

associated with the number of transfusions received, maximum 
number of cases, seven, followed 0-5 transfusions, followed by 
three cases developing alloantibodies after 6-10 transfusions. Some 
of the earlier studies have found a strong correlation between the 
number of blood units transfused and alloantibody formation[24,25] 

while other studies have found no relationship between the 
number of transfusions and alloimmunization rate.[14,26,32]

Monitoring of RBC alloantibody after each Transfusion Episode
Monitoring of patients for RBC antibodies after transfusion and 

repeating this after each transfusion episode[27] ie 72 hours after the 
first transfusion ensures that the transitory antibodies are not missed.

Newer techniques of antibody identification
Antibody screening was performed using column agglutination 

technology with the gel cards and solid phase red cell adherence 

technology. This increased the sensitivity of detection as antibodies 
present in low titres could also be detected as has been proven 
earlier.[28]

Applicability of local cell panels
The screening cells used for screening alloantibodies, presently, 

have to be procured from abroad which incurs high cost when 
used routinely. These cells have short shelf life, get damaged in 
transportation and are expensive when imported to meet the needs 
for typing and screening large patient population. These problems 
can be done away with by using indigenously prepared cell panels[4] 
or screen cells and panels manufactured by some Nationalized 
Blood Transfusion Centers could be another alternative. 

An additional advantage of cells from the local ethnic groups 
would be a better detection of antibodies in local population while 
imported cells may miss certain antibodies against antigens in local 
population.[4] There are certain antigens that are predominantly 
found in the Asian population. One such antigen is the Mi11 
phenotype of the Miltenberger subsystem (or GP Mur), this antigen 
being relatively common in Southeast Asia, especially along the 
south-east coast of China and Taiwan.[29] There is a possibility that 
such antigens may also be present in the Indian population. Since 
the screening cells are made from donors of mainly Caucasian 
descent, they will be lacking such antigens and in that case the 
antibodies, if present, will not be picked up during the antibody 
screening. This may be a hindrance in implementing type and 
screen in countries such as India. In the Peoples’ Republic of China, 
they have included red cells expressing Mi(a) and Di(a) because of 
the relatively high frequency of both these antibodies and antigens 
in their population.[30,31]

Provision of extended red cell phenotying and use of phenotype-
matched blood units

The benefits of extended red cell phenotying to minimize 
alloimmunization have been debated in literature.[32] but cross 
matching for Rh and Kell systems, obtained after doing extended 
red cell phenotyping of patients and donors, from the time of 
initial transfusion, has been reported to lead to significant decrease 
in the alloimmunization incidence rate. Definitive advantages 
of RBC phenotying include identification of the RBC antigenic 
profile among regular repeat donors for the ease of availability of 
compatible blood for multiply transfused patients.[32]

A study was conducted by Hong Kong government[33] as a part 
of planning to introduce an electronic smart identity card for all 
seven million citizens in 2003. Red cell phenotype was determined 
for 407 donor blood units and 493 patients for whom an antibody 
screen had been ordered. Since the genes encoding all major blood 
group antigens have been identified and cloned, it is possible to 
determine red cell phenotype accurately by molecular techniques 
with full automation.[34,35] 

Conclusion

Alloimmunization increases the time required for crossmatching 
and may delay treatment, in addition to increasing the chances 
of transfusion reaction. To avoid the effects of alloimmunization, 
routine RBC antibody screening at set time intervals after transfusion 
i.e. repeat antibody screen of the patient if the time interval between 
two transfusions is more than 72 hours, should be ensured. After 
antibody screen and identification, corresponding antigen negative 
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blood should be given to the patient. The indigenous development 
of local cell panels would be a better option to ensure adequate 
supplies of reagent red cells and introduction of type and screen 
policy for all the patients. Universal type and screen policy would 
help in finding the prevalence of alloantibodies in general patient and 
donor population. Patients with previously identified alloantibodies 
can be flagged in a database and the information shared between 
institutions and shared with the patient. 

Patients from ethnic minorities who receive multiple transfusions, 
phenotyping for commonly involved antigens and using antigen 
negative units can be of much help. A more cost-effective approach 
is to match the ethnic origin of donors and recipients to the extent 
possible and then reserve phenotyped matched transfusion for 
patients who develop one or more alloantibodies. 

Alloimmunized patients benefit from leucodepleted RBCs 
since leuco reduction results in decreased stimulation of Th2 
lymphocytes associated with transfusions.

Reducing alloimmunization definitely ensures safer transfusion.
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