
ORIGINAL ARTICLE

Red Blood Cell Antibodies in Thalassemia Patients in Northern
India: Risk Factors and Literature Review

Priti Elhence • Archana Solanki • Anupam Verma

Received: 17 September 2013 / Accepted: 17 December 2013 / Published online: 22 January 2014

� Indian Society of Haematology & Transfusion Medicine 2014

Abstract Study of the factors responsible for red cell al-

loimmunization can help in adopting appropriate strategy to

minimize alloimmunization. However data for thalassemia

patients from our region is limited. Therefore, a study was

conducted to find out the frequency and the factors associ-

ated with red cell allo and autoimmunization in thalassemia

patients at our center so as to enable us to take appropriate

action to reduce alloimmunization. Clinical, demographic,

allo and autoantibody and transfusion records of 280 thal-

assemia patients at our hospital were studied. Patients with

and without alloantibodies were compared to find significant

differences for age, gender, race, age at start of regular

transfusions and splenectomy. Red cell antigen frequencies

in thalassemia patients and published antigen frequencies in

blood donors from the same center were compared to look

antigen differences as a risk factor for alloimmunization.

Twenty four thalassemia patients (8.6 %) developed 28

clinically significant alloantibodies. 18 (65 %) of the al-

loantibodies were of Rh system. The three most common

antibodies detected was anti E (11, 39.3 %) followed by anti

K (6, 21.4 %) and anti c (10.8 %). Five (1.8 %) of the 280

patients developed autoantibodies. Patient age was found to

be significantly higher in alloimmunized patients than in non

alloimmunized patients. Red cell antigen frequencies

between blood donor and recipient populations were found

to be homogenous for most of the relevant RBC antigens.

The frequency of red cell alloimmunization in thalassemia

patients from our center is moderate. In this setting of red cell

phenotype concordant donor–recipient population

requirement of extended phenotype matched transfusions

may not be cost effective.
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Introduction

The beta thalassemia is probably the commonest inherited

hemoglobin disorder in Indian subcontinent; with an

uneven distribution among the different endogamous pop-

ulations [1]. The carrier status in Northern part of India is

estimated to be around 3–4 % [2]. Beta thalassemia major

usually manifests within the first year of life in 95 % of the

patients and these patients are dependent on life long

transfusion therapy for their survival. Transfusion therapy

has been a key intervention in decreasing the thalassemia

disease associated morbidity and mortality and it still

remains a mainstay of treatment for majority of thalassemia

patients despite the successful use of hematopoietic stem

cell transplantation to cure the disease [3]. However, with

multiple intermittent or chronic transfusions these patients

are exposed repeatedly to risks associated with transfusion

therapy i.e., infectious disease transmission, volume over-

load, haemolytic transfusion reactions, iron overload,

increased risk of allo and autoimmunization and clinically

significant delayed haemolytic transfusion reactions

(DHTRs) [3, 4].

The risks of red blood cell (RBC) antigen alloimmuni-

zation in thalassemia patients are considerably greater than

those in general population as evident from alloimmuni-

zation rates of 4–50 % reported in studies from various

centers involved in management of these patients [5–14].
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The alloimmunization can result in clinically significant

DHTRs and also significantly compromise the patient care

by delaying the availability of compatible blood [10].

Factors thought to be responsible for the alloimminization

rates include the differences in RBC antigen frequency

between blood donor and the recipient population, the

immune responsiveness of the patient and the immuno-

modulatory effects of the allogenic transfusions on the

recipient’s immune status [5, 10]. Study of the factors

responsible for alloimmunization can help in adopting

appropriate strategy to minimize alloimmunization fre-

quency. However data for thalassemia patients from our

region is limited [13].

Therefore, a study was conducted to find out the prev-

alence of allo and autoimmunization and to identify the

clinical factors associated with the RBC antibody forma-

tion in thalassemia patients at our center so as to enable us

to take appropriate action to reduce alloimmunization.

Materials and Methods

Patients and Transfusion Records

Clinical, demographic, allo and autoantibody and transfu-

sion records of 280 thalassemia patients who were seen at

our hospital from 1989 to 2012 and continued to be seen

were reviewed. All records were available on computerized

Hospital Information System since year 2001 and earlier as

hard copies of patient case report files. The results of blood

group antibody screening and identification tests were

recorded. These patients had been receiving ABO and RhD

compatible packed red blood cells (PRBCs) transfusions

collected from local voluntary and replacement donors;

since 2004 PRBC transfusions were by buffy coat reduced.

In addition to ABO grouping and Rh D typing, pretrans-

fusion testing consisted of major cross-matching by poly-

specific Anti Human Globulin Gel cards (Diamed AG,

Cressier, Sur Morat, Switzerland). Red cell antibody

screening was done using three-RBC panel (Diamed) and

low-ionic-strength saline (LISS) enhanced antiglobulin

column gel agglutination cards (Diamed) at regular fre-

quent intervals or as and when indicated due to inadequate

response to transfusion. Antibody specificity was identified

by 11 cell identification panel (Diamed) in every screening

positive case. If an alloantibody was identified, the infor-

mation was recorded in the blood bank records and all

subsequent transfusions of RBC were selected to be rele-

vant blood group antigen negative, crossmatch compatible.

If autoantibodies were suspected further investigations

were done as per the standard protocols [15]. Extended

RBC antigen phenotyping was done for all new and un

transfused patients since 2004 to enable or assist in

identification of alloantibodies, should the patient develop

them. The C, c, E and e typing was done by monoclonal

saline reacting antisera (Diamed).Typing for other RBC

antigens i.e. K, k, Jka, Jkb, Fya, Fyb, S, s) was done using

commercially available monoclonal incomplete antisera

and AHG gel cards (Diamed), M, N, Lea, Leb typing was

done using IgM antisera and neutral cards (Diamed) at

room temperature.

Analysis

Prevalance of Allommunization and Autoimmunization

Prevalence of alloimmunization with 95 % confidence

interval was calculated by GraphPad QuickCalcs software.

The cumulative incidence of RBC alloimmunization was

calculated per 1,000 person years of follow up or per 100

RBC units transfused. Frequency of red cell antibody

specificities was calculated.

Risk Factors for Alloimmunization

Patient related risk factors for alloantibody formation

considered for analysis were age, gender, race, age at start

of regular transfusions and splenectomy. Patients with and

without alloantibodies were compared to find significant

differences for relevant variables. t test was used for con-

tinuous variables and Chi Squares test for nominal

variables.

The RBC antigen frequency among patients was cal-

culated as per standard method [16]. The Fischer’s exact

test was used for assessment of statistical significant dif-

ferences between antigen frequencies between patients and

published antigen frequencies in blood donors from the

same center [17] to look for donor patient RBC antigen

differences as a risk factor for alloimmunization. P values

\0.05 were considered statistically significant.

Results

Patient Demographic Characteristics

280 beta thalassemia major patients [187 males (66.7 %)

and 93 females (33.3 %); age mean 11.1 ? 6.61 years

(median age 10 years, range 0.7–32 years] were included

in the present study. All these patients were of Asian

descent and from natives of India. All patients began

transfusion therapy within their first year of life. Median

age at of the time of first transfusion was eight months

(range 5–12 months). Total time under observation at the

time of study was 2,939.6 patient years. The median

number of RBC units transfused per patient was 225 (range
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12–512 units). The total PRBC units transfused to all

patients amounted to 70,560 RBC units in 5,292 transfu-

sion episodes.

RBC Antibodies

Figure 1 summarizes the RBC antibodies ever detected in

the study patients. As seen in Fig. 1. Twenty four thalas-

semia patients (8.6, 95 % confidence interval 5.5–12.8 %)

developed 28 clinically significant alloantibodies. Single

antibody was seen in 20 of these patients and four patients

formed two alloantibodies each. The incidence of RBC

alloantibody formation was 9.52 per 1,000 person years of

follow up or 0.04 per 100 units transfused. Auto antibodies

were also detected in five patients who included one patient

who subsequently formed an alloantibody.

Table 1 shows the details of the 24 alloimmunized

thalassemia patients. As seen in table 1 the alloantibodies

developed 3–21 years after the initiation of transfusion

therapy. These patients had received median 136.5 units

(range 28–482 units; mean ? SD 171.45 ± 129.87 units of

RBC prior to first alloimmunization. Five out of 24

(20.8 %) alloimmunized patients had a prior splenectomy.

Table 2 summarises the specificities of alloantibodies

detected. As seen 18 (65 %) of the alloantibodies were of

Rh system. The three most common antibodies detected

was anti E (11, 39.3 %) followed by anti K (6, 21.4 %) and

anti c (10.8 %). The antibody combinations found were

anti D ? E in two patients, Anti Jka ? c in one patient and

anti K ? C in one patient.

Risk Factors for Alloimmunization

Table 3 summarizes the differences between the alloim-

munized and non alloimmunized patients with respect to

the patient related factors deemed to be associated with

RBC alloantibody formation i.e., gender and age of

patients, age at initiation of therapy, duration of transfusion

therapy and splenectomy status. Of these only patient age

was found to be significantly different (higher) in alloim-

munized patients than in non alloimmunized patients.

Table 4 shows the frequency of RBC antigens in 57

phenotyped thalassemia patients as compared to reported

RBC antigen frequency in local donors for any statistically

significant differences. Only Jka, Jkb, N. Lea, Leb RBC

antigen frequency was found to be significantly lower in

thalassemia patients than among blood donors, they how-

ever, accounted for only 3/28 (0.10 %) of alloantibodies

detected. The commonest Rh phenotype among patients

was DCe in 25 (43.8 %) patients followed by DCce in 14

(24.5 %), DCcEe in 11 (19.5 %), DcE in 1 (1.7 %), Dce in

2 (3.5 %), DcEe in 2 (3.5 %) and ce in 2 (3.5 %) patients.

RBC Autoimmunization

As seen in Fig. 1, five (1.8 %) of the 280 patients devel-

oped autoantibodies as determined by a persistent or tran-

sient positive Direct antiglobulin test (DAT) that ranged

from 1? to 4?. In one (20 %) of these patients autoim-

munization occurred subsequent to alloimmunization.

Three (60 %) of these patients had a prior splenectomy. In

*one patient had both allo and auto antibodies i.e. was common to both the groups

Total thalassemia patients studied

N=280

Patients with negative antibody screen

N=252 (90%)

Patients with alloantibody

N=24* (8.6%)

Patients with autoantibody (AIHA)*

N=5* (1.8%)

Patient with single allo-antibody 

N=20 (83.3%)

Patients with multiple allo-antibody

N=4 (16.7%) 

Fig. 1 Frequency of red cell allo and autoimmunization in thalassemia patients
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all of these patients there were warm IgG alloantibodies

with panaggulination reaction and positive autocontrol. All

these patients developed clinically significant Autoimmune

hemolytic anemia (AIHA) which had to be treated with

steroids.

Discussion

Only a few studies have objectively studied the causes and

risk factors for alloimmunization specifically the pheno-

type differences between the patients and blood donors. In

the present study we studied these elements to look for the

best solutions to reduce alloimmunization in our thalasse-

mia patients.

Frequency of Alloimmunization and Autoimmunization

Table 5 summarises the alloimmunization and autoimmu-

nization rates in thalassemia patients reported from various

populations for comparison. As seen the reported alloim-

munisation rates in thalassemics from other parts of India

vary from 3.79–9.48 % [8, 13, 19]. In our study frequency

of alloimmunization and autoimmunization was 8.6 and

1.8 % respectively which is similar to that reported from

Table 1 Characteristics of alloimmunized b-thalassemia patients

Patient

no.

Gender Age

(years)

RBC

alloantibody

specificity

Age at initiation of

transfusion therapy

(months)

Age at detection of

RBC allo-antibody

(years)

Units of blood received

prior to allo-antibody

formation

Splenectomy

1 Male 17 Anti-JKa 8 12 194 No

2 Male 8 Anti Jka & c 9 3 & 3.5 28 & 33 No

3 Female 13 Anti K & C 7 7 & 10 91 & 141 No

4 Female 22 Anti K 6.5 16 279 No

5 Male 10 Anti K 6 7.9 97 No

6 Female 16 Anti N 5.5 10.1 135 No

7 Male 13 Anti c 6.2 10.2 138 No

8 Male 25 Anti E 7 21.6 482 No

9 Male 6 Anti D & E 8 3.8 & 5.4 37 & 69 No

10 Male 13 Anti E 9 10.4 153 No

11 Male 17 Anti K 8.5 14.3 217 No

12 Female 8 Anti E 9.2 5.2 62 Yes

13 Female 7 Anti E 7 4.3 131 No

14 Male 9 Anti K 6 6.2 81 No

15 Female 23 Anti K 7.6 19.8 439 No

16 Male 16 Anti D & E 10.5 6.4 & 10.6 73 & 141 No

17 Male 19 Anti E 8.5 16.4 293 No

18 Male 22 Anti C 8 20.1 446 Yes

19 Male 10 Anti S 8.8 5.1 59 Yes

20 Male 8 Anti E 6 6.8 96 No

21 Male 15 Anti E 9.5 11.4 179 No

22 Male 13 Anti E 10.2 12.1 195 Yes

23 Male 6 Anti c 8 5.3 67 No

24 Male 14 Anti K 9 10.4 143 Yes

Table 2 RBC-alloantibody specificity in alloimmunized thalassemia

patients

Blood group system Antibody frequency Na (%)

Rh blood group

Anti-E 11 (39.3)

Anti-D 2 (7.1)

Anti-C 2 (7.1)

Anti-c 3 (10.8)

Kell blood group

Anti-K 6 (21,4)

Kidd blood group

Anti-JKa 2 (7.1)

MNS blood group

Anti-N 1 (3.5)

Anti-S 1 (3.5)

a Two patients had anti D ? E, one patient each had anti Jka ? c and

anti K ? C
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other centers in our country. These alloimmunization rates

can be termed as moderate. In contrast, low immunization

rates are reported in blood donors (0.8 %) or other hospital

base patients (1–2 %) [24, 25]; or high alloimmunization

rates of more than 20 % reported in thalassemics from

China [7], USA and UK [6], USA [5], Taiwan [14],

Arab[19] and in Sickle Cell Disease (SCD) patients [10].

The alloimmunization rates in other frequently transfused

patients from our country have also been reported to be

moderate i.e. 3.4 % in multiply transfused patients [26] and

9.8 % in renal failure patients [27].

In our study frequency of autoimmunization was found

to be 1.8 %. In a study by Ahmed et al. the incidence of

autoantibodies in thalassemics was 28.8 % [28]. Their data

was similar to an Asian study which reported autoanti-

bodies in 25 % of their thalassaemia patients [5]. Also a

study from Kuwait observed autoantibodies in 11 % of

their patients [19]. However, a study in Iran found auto-

antibodies in 1.4 % of their thalassemia patients [9].

Another study from Malaysia reported that only one of

their patient developed autoantibodies [22]. We observed a

great variation in reported autoimmunization rates however

why there is so much variation and whether these were also

clinically significant autoantibodies need to be studied.

Alloantibody Specificity

Table 5 also shows the specificity of alloantibodies repor-

ted in various studies. As seen, antibodies are reported

mainly against Rh and K antigens. In our study anti c was

the third most common antibody (10.8 %, 3/28) following

anti E (39.3, 11/28) and anti K (21.4 %, 6/28). Various

studies have reported high prevalence of anti E and anti c

in Asian population [5, 21, 22, 26]. Based on this Chaud-

hari et al. [8] proposed that there is heterogeneous distri-

bution of Rh E and c Antigen in Indian population. Papiha

[29] had reported R1R1 phenotype frequency to be 50 % in

North India to 70 % in Mongoloid population. However in

our study we did not find significant differences in E and c

antigen frequency between thalassemia patients and local

donor population. In our study frequency of R1R1 pheno-

type in thalassemia patients was 43.8 %. Another expla-

nation put forward to explain the antibody specificities

observed is that Rh c and E are known to be potent antigens

with relative potency of 0.041–0.0338 respectively, next to

only potency of RhD and K (Kell) and thus exposure leads

to immunization in antigen negative subjects [30]. The

concurrent antibodies in our study were anti D ? E (two

patients), anti K ? C (one patient) and anti Jka ? c (one

patient). However we did not find anti c ? E as reported by

others. It has been reported that R1R1 subjects who

develop anti E are prone to develop anti c subsequently and

delayed hemolytic transfusion reaction [31]. Anti c/E pair

has been reported to be the third commonest concurrent

antibodies after anti K/E and anti D/C [32].

In most reports from Western countries, RBC antibodies

most commonly associated with alloimmunization in

thalassaemia are directed against C, E and Kell antigens [6,

Table 3 Comparison of

alloimmunized and non

alloimmunized thalassemia

patients

a P value calculated by Chi

Squares test, rest by t test

Alloimmunized

patients (n = 24)

Non alloimmunized

patients (n = 256)

P value

Males 18 (75 %) 169 (66 %) 0.497a (NS)

Age (years) mean ± SD 13.75 ± 5.62 10.9 ± 6.6 0.0419 (NS)

Age at initiation of transfusion

therapy (months) mean ± SD

7.9 ± 1.4 8.1 ± 1.6 0.70 (NS)

Duration of transfusion therapy

(years) mean ± SD

12.9 ± 5.91 10.3 ± 6.55 0.057 (NS)

Splenectomy 5/24 (20.8 %) 27/256 (10.5 %) 0.169a (NS)

Table 4 RBC antigens frequency in thalassemia patients compared

with local blood donor population

RBC

antigen

AF% in thalassemia

patients in present

study (%) (n = 57)

AF% reported in

blood donors from

same center [17]

P calculated by

Fischers exact

test two tailed

D 55 (96.4) 96 NS

C 50 (87.7) 95.19 NS

C 32 (56.1) 69.23 NS

E 14 (24.5) 15.38 NS

E 56 (98.2) 98.07 NS

K 0 (0) 1.92 NS

k 57 (100) 100 NS

Jka* 34 (59.6) 75.96 0.02

Jkb 28 (49.12) 68.26 0.0008

Fya 49 (85.9) 73.07 0.034

Fyb 31 (54.3) 53.84 NS

M 49 (85.9) 77.88 NS

N 30 (52.6) 73.07 0.005

S 40 (70) 63.46 NS

s 50 (87.7) 45.19 0.001

Lea 19 (13.3) 36.53 0.001

Leb 15 (26.3 %) 69.23 0.001
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11, 12]. Anti-D alloantibodies are also frequently reported

even though most patients receive RBC products cross-

matched for ABO and RhD blood groups worldwide.

Unlike SCD, it is not known if variant RH genotypes that

could predispose patients to alloimmunization are more

prevalent in thalassaemia patients. Kell antibodies are

identified less often in Chinese thalassaemia patients

compared to Caucasians [7], however, antibodies against

Mia and Mur antigens occur more frequently in Chinese

and Southeast Asians [7, 14]. Mia and Mur antigens are

part of the Miltenberger subsystem in the MNS blood

group and can be associated with severe haemolytic disease

of the newborn as well as haemolytic transfusion reactions.

Risk Factors for Alloimmunization

RBC Antigenic Differences Between Blood Donor

and Recipient

Differences in alloimmunization rates are often attributed to

the ethnic or racial disparity of the donor recipient popula-

tion. The relative homogeneity of donor and recipient pop-

ulations in Greece and Italy has been shown to contribute to

lower alloimmunization rates for transfused patients with

thalassaemia [11, 12] compared to more heterogeneous

populations in other countries, such as Kuwait [19] and

Taiwan [14]. One study from USA reported an alloimmu-

nization rate of 20.8 % in Asians patients with thalassaemia

where only 5 % of local blood donors were Asian [5]. In a

larger geographically diverse report, 13.3 % of Asians with

thalassaemia in North America and the United Kingdom

were alloimmunized, which was not significantly different

from other races or ethnic groups; the ethnicities of donors

were not noted [6]. Our findings demonstrated objectively

that blood donor and recipient populations are homogenous

in our region for most of the relevant RBC antigens. In this

setting of red cell phenotype concordant donor-recipient

population requirement of extended phenotype matched

transfusions may not be cost effective.

Other Factors

Of the patient related factors deemed to be associated with

RBC alloantibody formation i.e., gender and age of

patients, age at initiation of therapy, duration of transfusion

therapy and splenectomy status only patient age was found

to be significantly different (higher/more) in alloimmu-

nized patients than in non alloimmunized patients. Dura-

tion of transfusion support and older age have been

reported to be associated with increased rates of alloim-

munization in thalassaemia patients. In our study alloanti-

bodies formed 3–21 years after transfusion or after

transfusion of median 136 units of red cells. Although

gender has been identified a risk factor for alloimmuniza-

tion in the general population [33], studies of thalassaemia

have not found higher rates in women [6, 19, 34]. Sple-

nectomy, which is typically performed in thalassaemia

patients to alleviate hypersplenism or stabilize transfusion

requirements, has been reported to be a significant risk

factor for alloimmunization [5, 6, 34]. The mechanism by

Table 5 Red cell immunization in patients with thalassemia

Country

[Reference number]

No. of

patients

Frequency of

autoimmunization (%)

Frequency of

alloimmunization (%)

Comments

India [13] 211 0.47 3.8 Anti E, anti K, anti D

India [18] 116 – 9.48 Anti E followed by anti K

India [8] 32 – 18.8 Anti E followed by anti c

Taiwan [14] 30 – 37 Anti E, anti c, anti Mia, anti D, anti S

Iran [9] 711 1.7 5.3 Anti K, anti D, anti E

Arab [19] 190 11 30 –

Pakistan [20] 97 – 9.2 Anti K, anti D, anti E

Pakistan [21] 161 1.87 5 Anti K, anti Jka, anti Jsb

Malaysia [22] 58 1.7 8.6 Anti E, anti c, anti K, anti Jka, anti N, anti S

China [7] 382 4.7 18.3 Anti E followed by anti Mi/Mur and anti c

Taiwan Chinese [23] 64 – 9.4 66 % anti E, followed by anti Mia. Anti C

Asians in UK and US [6] 335 4.9 % 13.3 Anti C, anti E, anti K

Caucasians in UK and US [6] 328 21.2

Italy [11] 1,435 – 5.2 Anti C, anti E, anti K

Spanos [12] 973 – 22.6 Anti C, anti E, anti K

USA Asians [5] 48 25 20.8 Anti K followed by anti E

Present study 280 1.8 8.6 Most common alloab anti E

followed by anti K and then anti c
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which removal of the spleen increases alloantibody for-

mation is not clear. As reported, when the spleen is absent

or removed, immune responses are altered [35]. It has been

postulated that post-splenectomy conformational changes

in RBC membranes enhance immunomodulation that result

in allosensitization. While splenectomy is performed less

frequently in thalassaemia [6, 36], the significantly

increased risk of alloimmunization in splenectomized

younger patients is concerning and deserves further study.

Allogeneic white blood cells within RBC products have

been implicated in the past with allergic and febrile

transfusion reactions, as well as alloimmunization, [5, 37–

39] and transfusion of leucoreduced blood has been offered

as a solution to reduce alloimmunization. However, the

precise mechanism and the host factors that mediate allo-

sensitization are not clear. CD4? regulatory T cells, which

are prime regulators of immune responses, had reduced

activity in alloimmunized thalassaemia patients compared

to other chronically transfused patients who remain non-

alloimmunized [40]. This suggests that identification of

molecular markers of hosts that predict a propensity to

form alloantibodies could be useful in designing strategies

to mitigate this risk.

The pathogenesis of erythrocyte autoantibody formation

following transfusion is also not well understood, though,

clinical evidence of autoimmune hemolytic anaemia has

been seen with high amounts of RBC-associated IgG [41].

It was also suggested that alloantibody binding to the RBCs

could lead to conformational changes of the antigenic

epitope that ultimately stimulates production of autoanti-

bodies [42]. It is possible that certain people are genetic

responders who have an increased tendency to develop

RBC autoantibodies and the tendency toward autoantibody

formation could reflect an overall dysfunction of the

immune system [43].In study by Ahmed there was a sig-

nificant association of splenectomy with alloimmunization

and auto antibodies (P = 0.03, 0.001 respectively).Wiener

et al. [44], demonstrated significant elevations in RBC

bound IgG in thalassaemia patients which was more

abundant in splenectomized than nonsplenectomized sub-

jects. They found that the absence of a spleen may further

enhance the immune response to the infused foreign anti-

gens which are not effectively filtered. In contrast, in

Malaysia despite a higher rate of patients with splenectomy

only one patient had been reported to have autoantibodies

[22, 41].

In summary, our data shows that frequency of alloim-

munization to minor RBC antigens is moderate in our

transfused thalassemia patients; this finding is commensu-

rate with the homogeneity of our blood donor and recipient

population for clinically significant RBC antigens. To

further reduce the alloimmunization the feasibility and

usefulness of prophylactic extended/limited phenotype

matched and leucopoor PRBC transfusions should be

studied. In patients with poor transfusion outcomes prob-

ability of autoimmunization and AIHA should be

considered.
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