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Prevalence of erythrocyte alloimmunization

In polytransfused patients
Incidéncia de aloimunizacao eritrocitaria em pacientes politransfundidos

Roberto de Oliveira Cruz!, Mariza Aparecida Mota!, Fabiana Mendes Conti!, Ricardo Antdnio d’Almeida Pereira!,
Jose Mauro Kutner?, Maria Giselda Aravechia!, Lilian Castilho?

ABSTRACT

Objective: To determine the incidence and the rate of red blood cell
alloimmunization in polytransfused patients. Methods: A polytransfused
patient was defined as having received at least 6 units of red cell
concentrates during a 3-month period. The records of all patients
(n = 12,904) who had received red blood cell units were examined
retrospectively by searching the computer database at Hospital Israelita
Albert Einstein in Sao Paulo, Brazil, over a 6-year period, between
2003 and 2009. Results: During this time, 77,049 red cell concentrate
transfusions were performed in 12,904 patients. There were 3,044
polytransfused patients, 227 of whom (7.5%) presented with irregular
erythrocyte antibodies. The prevalence of alloantibody specificity was:
Anti-E>anti-D > anti-K>anti-C >anti-Di*>anti-c>anti-Jk®*>anti-S  in
227 polytransfused patients. We found combinations of alloantibodies in
79 patients (34.8%), and the most common specificities were against
the Rh and/or Kell systems. These antibodies show clinical significance,
as they can cause delayed hemolytic transfusion reactions and perinatal
hemolytic disease. About 20% of the patients showed an IgG autoantibody
isolated or combined with alloantibodies. Interestingly, a high incidence
of antibodies against low frequency antigens was detected in this
study, mainly anti-Di®. Conelusion: Polytransfused patients have a high
probability of developing alloantibodies whether alone or combined
with autoantibodies and antibodies against low frequency antigens.
Transfusion of red blood cells with a phenotype-compatible with RH (C, E,
c), K, Fy?, and Jk? antigens is recommended for polytransfused patients in
order to prevent alloimmunization and hemolytic transfusion reactions.
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RESUMO

Objetivo: Determinar a incidéncia e a taxa de aloimunizagéo eritrocitéria
em pacientes politransfundidos. Métodos: Foram classificados como
politransfundidos todos os pacientes que receberam no minimo 6

unidades de concentrado de hemécias no periodo de 3 meses. Foram
examinados retrospectivamente os prontuérios de todos os pacientes
(n = 12.904) que receberam transfusdes de unidades de hemdcias
procurados nas bases de dados computadorizados do Hospital Israelita
Albert Einstein, em Sao Paulo (SP), no periodo de 6 anos, entre 2003 e
2009. Resultados: Nesse periodo foram realizadas 77.049 transfusoes
de concentrado de hemdacias em 12.904 pacientes. Os pacientes
politransfundidos totalizaram 3.044, sendo que 227 (7,5%) apresentam
anticorpos eritrocitarios irregulares. A prevaléncia da especificidade dos
aloanticorpos encontrados nos 227 pacientes politransfundidos foi: Anti-
E>anti-D> anti-K>anti-C>anti-Di*>anti-c>anti-Jk*>anti-S. Em 79
pacientes (34,8%) foram encontradas associagdes de aloanticorpos e
as combinagdes mais frequentes foram dos anticorpos dos sistemas Rh
e/ou Kell. Esses anticorpos tém importancia clinica, pois podem causar
reacoes transfusionais hemoliticas tardias e doenga hemolitica perinatal.
Cerca de 20% dos pacientes apresentavam autoanticorpo IgG isolado ou
em associacéo com aloanticorpos. Um achado interessante neste estudo
foi a alta incidéncia de anticorpos contra antigenos de baixa frequéncia,
com predominio anti-Di®. Conclusao: Pacientes politransfundidos tém alta
probabilidade de desenvolver aloanticorpos isolados ou em associagao
com autoanticorpos e anticorpos contra antigenos de baixa frequéncia. A
transfusao de concentrado de hemécias com fenétipo compativel para os
antigenos RH (C, E, c), K, Fy?, e Jk* deve ser recomendada para o grupo
de pacientes politransfundidos, com objetivo de evitar a aloimunizagéo e
a reacdo transfusional hemolitica.

Descritores: Transfusdo de sangue/efeitos adversos; Eritroblastose
fetal; Eritrécitos/imunologia

INTRODUCTION

One of the risks of blood transfusion is the formation
of antibodies against one or more erythrocyte antigens
resulting from genetic disparities between donor and
recipient®. The risk depends on the recipient exposure
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to the foreign antigen and its immunogenicity®, defined
as the ability of a given antigen to stimulate antibody
productioninapatientlackingthe antigen®. Whether the
recipient immune system will react depends on genetic
or acquired factors related to the patient, dose, number,
and frequency of transfusions®®. Clinically significant
red blood cell (RBC) alloantibodies are developed
in more than 30% of patients receiving multiple
transfusions, a situation that can pose major problems
in the case of long-term transfusion therapy. Several
authors found that erythrocyte alloimmunization occurs
mainly after the first transfusions”®. Knowledge of
clinical conditions that predispose to alloimmunization
is important in two ways: it may influence patient
management and may lead to a better understanding of
the etiology of the transfusion reaction®.

When clinically significant non-ABO antibodies
are detected in the plasma of patients requiring
RBC transfusions, transfusion services must find and
administer RBCs lacking the corresponding antigens.
Thus, in transfusion medicine, much time and effort
are spent in detecting and identifying blood group
antibodies. Besides ABO, the most clinically significant
antibodies are those in Rh, Kell, Duffy, and Kidd blood
group systems?.

When non-ABO blood group antibodies disappear,
patientsare atriskofunknowingly receivingincompatible
RBC transfusions and developing delayed hemolytic
transfusion reactions (DHTRs). DHTRs are probably
the least recognized and most underreported type of
transfusion reactions, partly due to their temporal
dissociation from the causative transfusion?.

The prevalence of blood group alloantibodies
was reported in several study populations, including
hospital-based patients, patients with hematological
disorders requiring chronic transfusion therapy, and
blood donors® 2.

Giblett calculated the relative immunogenicity of a
number of RBC antigens compared to the K antigen.
The author compared the frequency that certain
particular antibodies are encountered with the calculated
probability of exposure. Based on her calculations, the
relative likelihoods of non-D blood group formation
are K(0.05) > ¢(0.0205) > E(0.0169) > Fy*(0.0023) >
Jk*(0.0007)®.

This retrospective study reports the prevalence and
rate of alloimmunization in polytransfused patients at
Hospital Israelita Albert Einstein (HIAE), Sao Paulo,
Brazil.

OBJECTIVE

To determine the incidence and the rate of red blood
cell alloimmunization in polytransfused patients.
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METHODS

The records of all patients (n = 12,904) who received
RBC units were examined retrospectively by searching
the computer database from HIAE, a 530-bed general
hospital in Sdo Paulo (SP), over a 6-year period, between
2003 and 2009.

A polytransfused patient was defined as that
receiving at least 6 RBCs units in 3 months. We
selected all patients with detected RBC auto- and/or
alloantibodies. The data collected included patient
age, sex, history of RBC transfusion and pregnancy,
RBC extended typing, and RBC antibody detection
results.

Immunohematology testing

Blood samples from patients submitted to blood
transfusions were screened for RBC alloantibodies
using a selected three-cell set of reagent RBCs for
antibody detection. The technique for antibody
detection involved the use of 25 uLL of serum and 50
uL of 0.8-percent RBCs in low ionic-strength solution
gel tests (DiaMed AG, Cressier Switzerland, and
Grifols, Barcelona, Spain.) Antibody identification was
accomplished with commercial panels of cells tested
by similar methods or additional techniques (e.g.,
polyethylene glycol and enzyme) whenever needed. If
specificity could not be clearly determined, the blood
sample was sent to our reference immunohematology
laboratory for further analysis. The results of both
antibody screening and antibody identification were
valid for 72 hours (a transfusion episode). Complete
crossmatching, including an indirect antiglobulin
phase, was performed.

Statistical analysis

Data were analyzed using descriptive statistical analysis
by means of absolute frequencies and percentages, and
the results were organized in tables.

RESULTS
Patient characteristics

During the study period, we examined 12,904 patients
who received 77,049 RBC units. Of these, 3,044 belonged
to the selected polytransfused patient category, 227
(7.5%) of whom developed alloantibodies and/or
autoantibodies. We found more alloantibodies in men
than in women in that population, including patients
who already had a RBC antibody before their first
transfusion in this hospital. The risk of alloimmunization,
defined as the total number of alloantibodies divided by
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the total number of units transfused, was 0.3%. Patient Table 1. Antibody specificity and frequency in 227 alloimmunized patients

age did not influence the alloimmunization rate. Anti e Frequency
ntibody specificity
Number Percent
E 7 22,06
RBC antibodies D 46 13,18
The incidence rates of antibody formation and E ;1; 191 ’1775
antibody specificities are presented in table 1. The D 91 6:02
prevalent antibody specificities found in those 227 19 5.44
polytransfused patients were anti-E > anti-D > anti-K = e 15 43
> anti-C > anti-Di* > anti-c > anti-Jk* > anti-S. The S 11 3,15
most prevalent single antibodies found were: anti-E Kp? 10 2.86
(20%), anti-D (12%), anti-K (11%), and anti-C (8%) " 10 286
(Figure 1). Combinations of antibodies were present L“: / 2
in 79 (34.8%) patients. Forty-four patients (19.4%) “'\I/T g 1;5
had 2 antibodies; 20 (8.8%) had 3; 6 (2.6%) had 4; 5 i 6 172
(2.2%) had 5; and 4 (1.7%) had more than 5 antibodies | 5 143
(Figure 2). The most frequent combinations were Fy? 5 143
found within the Rh system and/or anti-K specificities G 5 1,43
and accounted for 20% of antibody combinations P, 5 143
(Table 2). Forty-nine (21.6%) patients presented with L&’ 4 1
an IgG autoantibody alone or in combination with eb 3 0.86
alloantibodies. Ct 2 g:g
In this retrospective study, we observed 57 (3.1%) |, ) 057
antibodies to low-incidence antigens (LIA-Ab) alone or 2 057
in combination, and the anti-Di* was the most prevalent Cob ) 0,57
antibody found (Table 3). The single LIA-Abs found  Go 1 0,29
was developed after the patient’s first transfusion. H 1 0,29
f 1 0,29
Total 349 100

Antics Table 2. Antibody specificities combinations found in 28 patients

3%

Antibody specificity Patients
Anti-E, -C* 1
Anti-E, K
Anti-E, -Jk?
Anti-E, -Le?
Anti-D, -C
Anti-C, -e
Anti-C, -Le?
Anti-c, -Kp?
Anti-D, -C, -E

Fi . I . . . Anti- E, K, -Lu?
igure 1. Incidence of red cell antibodies in patients with multiple transfusuons

in HIAE the period 2003 to 2009 Anti-E, - C*, -Dif
Anti- g, -K, -Fy?

Anti-D, -C, -E, -S
Anti-E, -c, -Jk?, -Fy?
Anti-D, -C, -E, -Jk
Anti-E, -c, -Cv, -Di?
mdspatients ANt -Jke, DF, Y
B 20 patients Anti- E, -, -S, -P1, -Co®
H 6 patients Anti- D, -E, -C*, -Kp?, -Js?
B 5 patients Anti- E, -c, K, -Kp?, -H
= 3 patients Anti- E, K, -Jke, -S, -Di
u 1 patient Anti-D, -C, -E, -Le?, -Co®
Anti-E, -C", -K, -Kp?, -Lu?, -I
Anti-C, -E, -K, -Jk?, -S, -Di?
Anti-D, -C, -E, -K, -Jk, -V
Figure 2. Associated antibodies in polytransfused patients Anti-C, -Kp?, -Js*, -Di°, -Lu®, -Go?, V

Anti-Jk*
4%

Anti-c
5%

Anti-Di?
6%

QUGG O N U N U O
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Table 3. Low incidence antibody (LIA-Ab) specificities found alone or in
combination in 44 patients

LIA-Ab specificities

LIA-Ab Associated antibodies Patients
Cv 1
Cv E 2
Cv E+K 1
Cv E+c 1
cv E+c+ D 1
cv E + Di* + auto IgG 1
cv D+ E + Kp® + Js? 1
Cv E+ K+ Kp* + Lue + | 1
cv ¢ + JKk® + auto IgG 1
Die 4
Die E 2
Die C 1
Die G 1
Die S 1
Die Lu? 1
Die Fya 1
Die E + Kp? 1
Die C+S 1
Die C+E 1
Die E+K+Jka+S 1
Di® E + Jk* + Yt + auto IgG 1
Die C+E+K+Jka+S 1
Die C+ Kp* + Js? + Lu* + Go* + V 1
Kp? c 1
Kp? K 1
Kp? E+K 1
Kp? E+V 1
Kp? E + K + auto IgG 1
Kp? E+c+K+H 1
Lue 3
Lue E -+ K + auto IgG 1
Js? 1
Js? E 1
Js? E+K 1
Js? E + auto IgG 1
Yt 2
LIA-Ab: low incidence antibody.

DISCUSSION

This retrospective study was undertaken to determine
the incidence of antibody formation after RBC
transfusion. We demonstrated 349 unexpected
antibodies in 3,044 patients characterized as
polytransfused.

No influence of age was demonstrated; however,
a greater prevalence of alloimmunization among
males was found, with a male:female ratio of 1.5:1.
The high prevalence of antibodies within the male
population was unexpected given that pregnancy as
an alloimmunization stimulus was not a factor-9,
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As noted above, the majority of antibodies detected
among males were preexisting antibodies, and
most patients had a prior history of surgery. Of all
patients 7.5% formed antibodies after consecutive
transfusions and 35% of those showed a combination
of two or more antibodies. Antibodies within the
Rh system (anti-E, -D, -C) combined with anti-K
were the most common specificities found. Anti-E
was implicated in 16/20 patients with multiple
antibodies.

Kidd antibodies represented 5% of the antibodies
(17 patients) found and were more frequent than
anti-Fy* (5 patients). Fifteen patients developed
anti-Jk* shortly after transfusion, suggesting a rapid
primary immune response. In two patients, anti-Jk*
was demonstrated in the eluate, indicating that these
patients probably experienced hemolysis. Heddle
et al. prospectively studied alloimmunization after
transfusion in 2,082 patients and found 32 new RH,
K, FY, JK, or MNS antibody specificities, 9 (28%) of
which were anti-Jk?* detected after a median period
of 4 days (range, 1 to 94 days) after transfusion. A
positive antiglobulin test was found in 31% of the
newly alloimmunized patients. Only three patients
showed hemolysis, one of which was an anti-Jk*
case(™. Schonewille et al. found 2.8% of anti-Kidd
in 1,795 patients with 2,257 antibodies¥.

These findings differ from those found by
Schonewille et al. regarding alloimmunization to the
Fy* antigen. A prevalence of 1% of anti-Fy*was found
while these authors reported 7.3% of anti- Duffy in
their study®.

Twenty patients (8.8%) developed multiple
antibodies. Several studies reported on the presence
of multiple RBC antibodies in chronically transfused
patients, with up to a fourfold increased risk of
multiple antibodies as compared to the general risk
of antibody formation-2%,

The high incidence of RBC alloimmunization
found by different authors has posed the question as
to whether patients who are transfusion-dependent
over a long period, such as those with sickle cell
disease or thalassemia, should receive blood matched
for antigens other than ABO and D in an attempt
to prevent the formation of RBC alloantibodies®"
24, The incidence of alloimmunization in patients
receiving  extended antigen-matched RBC
transfusions was quoted as 0 to 6.4%. Extended
antigen matching (e.g., ¢, E, and K) to prevent the
formation of the majority of RBC antibodies in
chronically transfused patients has been advocated
for selected patient populations. Some reports
applying this policy showed a significant drop in



the alloimmunization rate and delayed hemolytic
transfusion reactions®-29.

In this study, we had a high incidence of
IgG autoantibodies (22% patients) alone or in
combination with alloantibodies. One female
patient developed a RBC autoantibody after an
allogeneic blood transfusion and alloimmunization
leading to temporary bystander immune hemolysis.
She had a history of two pregnancies a long time
prior and her antibody screening was negative.
Anti-c was identified in her serum and eluate.
At that time, she received another two units of
compatible blood according to her phenotype.
The direct antiglobulin test was positive and an
IgG autoantibody was detected in the eluate®?.
Vichinsky et al. recognized a bystander hemolysis
effect in patients with hemoglobinopathies, sickle
cell disease, and thalassemia®®,

Fifty-seven (3.1%) cases of LIA-Ab alone or
in combination were observed. Interestingly, anti-
Di* (6%) was the most prevalent antibody in our
population. The Di* antigen is a low-incidence antigen
found predominantly in Indians and Asians. Anti-Di*
has been implicated in severe immediate or delayed
transfusion reactions; however, finding compatible
blood in cases where this antibody is present is not a
problem®.1n 16 patients, anti-Di*was found associated
with other antibodies. According to Schonewille et al.,
the prevalence of LIA-Ab varied between 0.3% and
10% and they found no anti-Di*. Anti-Wr* was the
most frequent antibody found in this study.

CONCLUSION

Polytransfused patients have a high probability of
forming RBC alloantibodies alone or in combination,
autoantibodies, and antibodies against low-incidence
antigens, and our findings are consistent with many
studies published previously. Extended matching
for RH (C, E, c), K, Fy?, and Jk* antigens should be
considered for this group of patients in order to avoid
alloimmunization and hemolytic transfusion reactions.

REFERENCES

1. Fluit CRMG, Kunst VAJM, Drenthe-Schonk AM. Incidence of
red cell antibodies after multiple blood transfusion. Transfusion.
1990;30(6):532-5.

2. Schonewille H, Haak HL, van Zijl AM. Alloimmunization after blood
transfusion in patients with hematologic and oncologic diseases.
Transfusion. 1999;39(7):763-71.

3. Schonewille H, van de Watering LMG, Loomans DSE, Brand A. Red blood

cell alloantibodies after transfusion: factors influencing incidence and
specificity. Transfusion. 2006;46(2):250-6.

RBC alloimmunization in polytransfused patients 177

4. Bauer MP, Wiersum-Osselton J, Schipperus M, Vandenbroucke JP. Briét
E. Clinical predictors of alloimmunization after red blood cell transfusion.
Transfusion. 2007;47(11):2066-71.

5. Reid ME. Applications of DNA-based assays in blood group antigen and
antibody identification. Transfusion. 2003;43(12):1748-57.

6. Tormey CA, Stack G. The persistence and evanescence of blood group
alloantibodies in men. Transfusion. 2009;49(3):505-12.

7. Rosse WF, Gallagher D, Kinney TR, Castro O, Dosik H, Moohr J, et
al. Transfusion and alloimmunization in sickle cell disease. Blood.
1990;76(7):1431-7.

8. Giblet ER. A critique of the theoretical hazard of inter vs. intra-racial
transfusion. Transfusion. 1961;1:233-8.

9. Tormey CA, Fisk J, Stack G. Red blood cell alloantibody frequency,
specificity and properties in a population of male military veterans.
Transfusion. 2008;48(10):2069-76.

10.Blumberg N. Beyond ABO and D antigen matching: how far and for
whom. Transfusion. 1990;30(6):482-4.

11.Vamvakas EC, Blajchman MA. Blood still kills: six strategies to further
reduce allogeneic blood transfusion related mortality. Transfus Med Rev.
2010;24(2):77-124.

12.Brand A, Schonewille H. Does an alloimmune response to strong
immunogenic red blood cell antigens enhance a response to weaker
antigens. Transfusion. 2008;48(5):958-63.

13.Heddle NM, Soutar RL, O "Hoski PL, Singer J, McBride JA, Ali MA, et al.
A prospective study to determine the frequency and clinical significance
of alloimmunization post transfusion. Br J Hematol. 1995;91(4):1000-5.

14.Schonewille H, van Zijl AM, Wijermans PW. The importance of antibodies
against low incidence RBC antigens in complete and abbreviated cross-
matching. Transfusion. 2003;43(7):939-44.

15.Redman M, Reagn F Contreras M. A prospective study of the
incidence of red cell alloimmunization following transfusion. Vox Sang.
1996;71(4):216-20

16.Brantley SG, Ramsey G. Red cell alloimmunization in multitransfused
HLA-typed patients. Transfusion. 1988;28(5):463-6.

17.Blumberg N, Peck K, Avila E. Immune response to chronic red blood cell
transfusion. Vox Sang. 1983;44(4):212-7.

18.Fluit CR, Kunst VA, Drenthe-Schonk AM, Incidence of red cell antibodies
after multiple blood transfusion. Transfusion. 1990;30(6):532-5

19.Schonewille H, Haak HL, van Zijl AM. Alloimmunization after blood
transfusion in patients with hematologic and oncologic diseases.
Transfusion. 1999;39(7):763-71.

20.Vichinsky EP Earles A, Johnson RA, Hoag MS, Williams A, Lubin
B. Alloimmunization in sickle cell anemia and transfusion of racial
unmatched blood. N Engl J Med. 1990;322(23):1617-22.

21.Blumberg N, Ross K, Avilla E, Peck K. Should chronic transfusion
be matched for antigen other than ABO and Rh0(D)? Vox Sang.
1984,47(3):205-8.

22.Spanos T, Karageorga M, Ladis V, Peristeri J, Hatziliami A, Kattamis
C. Red cell alloantibodies in patients with thalassemia. Vox Sang.
1990;58(1):50-5.

23.Moreira G Jr, Bordin JO, Kuroda A, Kerbauy J. Red blood cell
alloimmunization in sickle cell disease; the influence of racial and
antigenic pattern differences between donors and recipients in Brazil.
Am J Hematol. 1996;52(3):197-200.

24.Tahhan HR, Holbrook CT, Braddy LR, Brewer LD, Christie JD. Antigen-
matched donor blood in the transfusion management of patients with
sickle cell disease. Transfusion. 1994;34(7):562-9.

25.Vichinsky EP. Luban NL, Wright E, Qlivieri N, Driscoll C, Pegelow CH,
Adams RJ; Stroke Prevention Trail in Sickle Cell Anemia. Prospective RBC

einstein. 2011; 9(2 Pt 1):173-8



178 Cruz RO, Mota MA, Conti FM, Pereira RAD, Kutner JM, Aravechia MG, Castilho L

phenotype matching in a stroke prevention trial in sickle cell anemia: a
multicenter transfusion trial. Transfusion. 2001;41(9):1086-92.

26.Young PP, Uzielo A, Trulock E, Lublin DM, Goodnough LT. Autoantibody
formation after alloimmunization: are blood transfusions a risk factor for
autoimmune hemolytic anemia? Transfusion. 2004;44(1):67-72.

einstein. 2011; 9(2 Pt 1):173-8

27.Mota M, Bley C, Aravechia AG, Hamerschlak N, Sakashita A, Kutner JM,
et al. Autoantibody formation after alloimmunization inducing bystander
immune hemolysis. Immunohematology. 2009;25(1):9-12.

28.Poole J. The Diego blood group system — an update. Immunohematology.
1999;15(4):135-41.



