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Abstract

Objective: Regular erythrocyte suspension tran erformed in most patients to prevent anemia.
In recent years, it has been mentioned that pati ed'to multiple allogeneic antigens and this leads to

egulators responsible for alloantibody development
reduction and/or prevention of alloimmunization
unization and immune functions in these patients.
halassemia between the ages of 1-24 were retrospectively

changes in the immune system. Understandmg
in thalassemia patients will provide appre
rate. We aimed to evaluate the associat
Materials and Methods: Fifty-f
analyzed. In these patients, the
characteristics that affect thei
Results: The rate of alloa
of transfusions to alloantib nt. The age of initiation of regular transfusion was significantly late in
patients with alloanti

S d low CD19" B cell numbers. However, no significant difference was found
between the group serum IgG, IgA, IgM and C3 levels, the total lymphocyte count, CD3*, CD4",
CD8", and

1llarda, hastalarin ¢ok sayida allojenik antijene maruz kaldig1 ve bunun immiin sisteminde degisikliklere
yol‘a¢tig1 belirtilmistir. Talasemi hastalarinda alloantikor gelisiminden sorumlu immiin diizenleyicilerini

lamak, alloimmunizasyon oraninin azaltilmasi ve/veya onlenmesi i¢in uygun veriler saglayacaktir. Bu
¢alismada, alloimmunizasyon ile immiin fonksiyonlar1 arasindaki iliskiyi degerlendirmeyi amagladik.
Gerec ve Yontemler: 1-24 yas arasindaki 54 talasemi hastasi retrospektif olarak analiz edilmistir. Bu hastalarda
alloantikorlarin siklig1 ve tiirleri ile bunlarin olusumunu etkileyen immiin fonksiyonlar1 ve demografik 6zellikler
incelenmistir.
Bulgular: Alloantikor tespit orant %29,6 olarak bulundu. Transfiizyon baslangicindan alloantikor gelisimine
kadar gegen siire median 13,7 yil olarak bulundu. Alloantikor gelisen hastalarda diizenli transfiizyona baslama
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yast belirgin olarak ge¢ bulundu. Alloantikor gelisimi ile direkt Coombs pozitifligi, diisiik C4 ve diisik CD19+ B
hiicre sayilar1 arasinda giiglii bir iliski bulunmustur. Ancak, serum IgG, IgA, IgM ve C3 diizeyleri, toplam
lenfosit sayisi, CD3+, CD4+, CD8+ ve NK hiicre sayilar1 agisindan gruplar arasinda anlamli bir fark
bulunmamustir.

Sonug: Alloimmunizasyonun immiin patogenezini aydimlatmak ve erken taniy1 saglayacak belirtegleri
belirlemek i¢in molekiiler diizeyde ¢alismalarin artirilmasi ve daha biiyiik hasta gruplari ile caligmalar yapilmasi
gerektigine inaniyoruz.

Introduction:
Although allogeneic stem cell transplantation is an increasingly used treatment method in patients with beta
thalassemia major (TM), regular erythrocyte suspension transfusions are still performed in most patients to

prevent anemia. Complications due to both anemia and recurrent transfusions are also tried to be prevented

targeting the maintenance of normal growth and development. In recent years, it has been noted that patie
exposed to multiple allogeneic antigens, leading to changes in the immune system and iron accum
repeated transfusions. Alloimmunization resulting from the development of one or more specific e

haemolysis, difficulty cross-matching of blood, and an increased frequency of transfusions
alloimmunization to appear are complex and still poorly understood. However, erythrocyte

allogenic blood transfusions on the recipient’s immune system. An u
responsible for the development of alloantibodies in thalassemia pati i 1de necessary data to limit
and/or prevent the rate of alloimmunization. In the present s Ime aluate the association of
alloimmunization and immune mechanisms in transfusion-d ients with thalassemia.

Material and Methods

The study included 54 B-TM patients aged 1-24 y, ¢ regularly followed at Dr. Behget Uz Children’s
Research and Training Hospital Thalassemia Uit between, J. 2010 and December 2019. Patients who had
missing medical records and who were unwilli icipate in the study were excluded. The study data were

lassemia Unit’s patient follow-up files, and

transfusions, transfusion frequency,.a
development of autoantibodies,
alloantibodies were recorded
lood count, serum C3, C4, IgG, IgA, IgM, and serum ferritin levels, and

s were evaluated according to the age groups, by the results obtained
ymphocyte subgroups (CD3, CD4, CD8, CD16, CD19, CD45, CD56, and
Anti-HLA-DR) we the flow cytometry (FACS CANTO II model of Becton Dickinson).
Lymphocytes sub evels were evaluated according to the age groups, by the results obtained from the
study of Come 6]. According to the percentile values for age, those <5 were considered low, those
s were considered normal, and those >95 were considered high. In addition, the
phocytes subgroups were recorded.

products (with pre-storage leukocyte reduced) are supplied by Turkish Red Crescent

ur patients are to be transfused, appropriate blood products are determined in our hospital’s

ntre by checking ABO blood group, Rh factor, and subgroup compatibilities and cross-matching of
. Antibody screens and identification tests are carried out in every patient before each transfusion. When
ibodies are detected, transfusions are continued with blood products that do not contain the detected

lymphocyte panel. Immun
from the study of A g

ody scanning and identification tests were carried out with the microcolumn agglutination method to search
alloantibodies. Commercial cell sets prepared from erythrocytes obtained from O group donors with known
antigenic properties were studied in gel-containing microcolumns (Across Gel, Diapro, Turkiye). Donor
erythrocytes used in antibody identification test panels with different antigen combinations in various cell lines
were used to observe reactions occurring with antibodies against blood group RHD/RHCE, Kell, Kidd, Lewis,
Lutheran, Duffy, MNS, and P erythrocyte antigens. In patients with indirect Coombs positivity, if the antigen
equivalent to the identified antibody was absent, it was considered an alloantibody. For the investigation of C, c,
E, e, Cw, and K antigens, specific antisera containing microcolumns were used (Across Gel, DiaPro Turkiye).



The detection of Lua and Kpa antigens was performed by using monoclonal antisera (Lorne Laboratories, UK) in
neutral gel microcolumns (Across Gel, DiaPro Turkiye).

Data were analysed using IBM SPSS Statistics for Windows, version 25.0. The results are presented as mean,
standard deviation, median, absolute number, or percentile. Categorical variables were compared with the Chi-
square test and the Fisher test. Mann-Whitney U test and Kruskal-Wallis test were used to compare two and
three groups, respectively, to evaluate inter-group differences of continuous variables. Statistical significance
was set at p<0.05.

This Study protocol was reviewed and approved by the local ethics committee of the Dr. Behget Uz Children's
Research and Training Hospital, approval number 2019/17-13.

Results:
Twenty-seven patients (50%) were male and 27 (50%) were female. The median follow-up duration was 14
(minimum 6 months-maximum 23.1) years. Their median age was 15.8 (minimum 1.1-maximum 24).ye
distribution of patients’ age groups is shown in Table 1. The median age of starting regular transfug
year old (minimum 4 months-maximum 4.5 years old). The median time from the start of regul.

splenectomy at ages 3, 4, 11, 13, and 15. None of them developed alloantibodies during the
numbers of lymphocyte subgroups in patients with and without splenectomy were compa

underwent splenectomy (p=0.047, p=0.020, p=0.013, and p=0.034, respectively). T )
Table 1.

Forty-eight (88.8%) of 54 patients were using deferasirox as an iron che 2% were using the
combination of deferasirox and deferiprone. When the patients were group upy20 (37%) patients
had blood group A; 8 (14.8%) had blood group B, 21 (38.9%) had blog and 5 (9.3%) had blood group
AB.

Findings in patients with alloantibodies
While 38 (70.4%) patients had no alloantibodies, 16 (29. 6% e d alloantibodies; of the latter group, 7
(13%) patients had a single alloantibody and 9 (16.6 more antibodies. The median had a time
from starting transfusions to alloantibody developme . ilmum | month-maximum 22) years. Eleven
(68.8%) of 16 patients with alloantibodies were f 31.2%) were male. Although there was no
significant difference between both genders reg e of alloantibodies (p=0.074), the latter was
three times greater in females than males. The ut alloantibodies had a median age of 14.8
(minimum 1.6-maximum 24) years, and these odies had a median age of 16.6 (minimum 1.1-

[ oantibodies by age groups is shown in Table 2.
A total of 30 alloantibodies were detec ients. The most common alloantibody was anti-E (8 patients),
followed by anti-K (5 patlents) i (4 patients each) were the third most common
alloant1b0d1es whlle the rem; t patients) and anti-c, anti-Kpa, and anti-Lua (2 patients each).
i ies, 4 had dual alloantibodies (anti-C and anti-Lua; anti-E and anti-K;

e; anti-E, anti- K and c, anti-e, and anti-Lua; anti-E, anti-K, and anti-Cw; anti-C, anti-Cw, and anti-e)
When the blood g ith alloantibodies were examined, 8 (50%) of 16 patients had the blood
group O; 3 (18.89 15 (3.2%) had A; no patient had the blood group AB. No significant correlation
was found be ABQ blood group system and the presence of alloantibodies (p=0.35).

ship between the age of starting transfusion and developing alloantibodies showed that
oantlbodles had a median age of 11.5 (mlmmum 4-maximum 32) months. In contrast

S1g iﬁcantly greater in patients with alloimmunization (p=0.03).

antibodies by the frequency of transfusion revealed that 5 (31.3%) of 16 patients with

were transfused more often than every three weeks, and 11 (68.7%) every three weeks. None of
ients who were transfused every four weeks had alloantibodies. Among 38 patients with no alloantibody,
.7%) were transfused every three weeks and 10 (26.3%) every four weeks. An increased need for
fusion, thus being more frequently transfused, was significantly more common in patients with
oantibodies (p<0.001).

Eight patients with alloantibodies had direct Coombs positivity. Five of 38 patients without alloantibodies had
direct Coombs positivity; there was a significant correlation between the presence of alloantibodies and direct
Coombs positivity (p=0.01). Direct Coombs positivity rate was 6.6 times more common in patients with
alloantibodies. The patients with direct Coombs positive + alloantibody positive and direct Coombs negative +
alloantibody positive were compared in terms of lymphocyte subgroups. The two groups did not significantly



differ concerning total lymphocyte count, CD3*, CD4", CD8", CD19, and NK cells absolute numbers (p=0.959,
p=0.798, p=1, p=0.078, p=1.05, p=0.878). These findings are presented in Table 3.

When the relationship between serum ferritin level and the development of alloantibodies was examined,
alloantibodies were found in 1 (6.3%) of 3 patients with a ferritin level below 500ug/L; 5 (31.3%) of 20 patients
with a level of 500-1000pg/L; 6 (37.5%) of 17 patients with a level of 1000-1500pg/L; and 4 (25%) of 14
patients with a level above 1500pg/L. No significant correlation was found between the development of
alloantibodies and serum ferritin level (p=0.920).

Splenectomy was needed in 5 (9%) of our patients; none of them developed alloantibodies during the study.

All of the patients used oral iron chelators due to ease of use. No comparison was made to establish a
relationship between alloimmunization and iron chelator type.

Serum C3, C4, IgG, IgA, IgM levels, and lymphocyte panel were studied for an evaluation of immune functi
Table 4 shows the evaluation of differences in C3, C4, IgG, IgA, and IgM levels between groups. Serum C
level was low in 8 (14.8%) of 54 patients; of these, 6 had alloantibodies. Serum C4 level was significan
in patients with alloantibodies (p=0.006).
Table 5 shows the evaluation of differences in total lymphocyte subgroups' absolute cell numbers
between groups. For patients whose lymphocyte panel was examined, the two groups did not if
concerning total lymphocyte count, CD3*, CD4", CD8", CD19", and NK cells absolute nu .
p=0.703, p=0.755, p=0.397, p=0.076, p=0.11). When lymphocyte subgroup percentiles_ we ated according

Discussion:
In this study, alloantibodies were detected in 16 (29.6%) patients. The 2

protocols of different centres for blood group phenotyping are known
alloimmunization prevalence [7]. We found a median interval o m/the start of transfusions to

i m 1. ears reported in the literature
[8]. We found an alloantibody prevalence of 18.5% in males 4 n females Although alloantlbodles
were three times more common in females, the diffe
series reported so far on the presence of alloantibodie
correlation between gender and alloantibody dev
reported that alloantibodies are more prevalent i
gender-based difference by the exposure of feta
that our patients were in the pediatric age gue

ith'thalassemia have failed to establish any

. However, several other studies have recently
: ough several authors have explained this

s to antigenic stimulation during pregnancy, the fact
history of pregnancy suggests that some other

A total of 30 alloantibodies were detec ients—alloantibodies most commonly developed against the
Rhesus system (70%). Similarly, antibodies identified by previous studies were reported
against the Rhesus and Kell

Thirteen of 16 patients wi dies were older than 10 years old. This finding supported that the rate of

alloimmunization increase

and age, some others hawe 7-13]. The age at which patients started regular transfusions was significantly

greater in those wi

transfus1ons and tion, some others have not [2,7-10]. It has been suggested that this may be due to a
allo , particularly when the immune system's antibody production is still immature [2].

atients who were transfused once every four weeks had alloantibodies. The need for

g more frequently transfused, was significantly increased in patients with alloantibodies.

e with previous observations in the literature [1,2,8-11].

plenectomy, and deferoxamine use are implicated as the leading causes of immunological

atlents with thalassemla Itis suggested that this is caused by the toxic effect of high iron levels on

factor for the development of alloimmunization. Many studies to date have shown that splenectomy causes
munization [1,2,7-9]. An increased prevalence of alloimmunization is a problem that is explained by the
bility to remove antigens and damaged erythrocytes after the removal of the spleen, resulting in the
development of alloantibodies and autoantibodies [1,2]. Although splenectomy was needed in 5 of our patients,
none of them developed alloantibodies during the subsequent follow-up. On the contrary, our findings indicate
that splenectomy does not increase the risk of alloimmunization in thalassemia. Our results are similar to the Lv
et al study [17]. They reported that the total lymphocyte counts and percentages of B-lymphocytes in peripheral
blood were increased after splenectomy when compared with the pre-splenectomy values in patients with
cirrhotic portal hypertension. Although our patients were diagnosed with thalassemia, absolute total lymphocyte,



CDS8, CD19, and NK cell numbers were significantly higher in patients who underwent splenectomy than in
patients who did not undergo splenectomy.

A correlation was found between the presence of alloantibodies and direct Coombs positivity. Among patients
who developed alloantibodies, no significant difference was found when patients with positive and negative
direct Coombs were compared in terms of lymphocyte subgroup numbers. We detected alloantibodies in the
patients. However, we do not know whether there are autoantibodies in patients with direct Coombs (+) because
we did not study elution/absorption tests. Studies investigating the pathophysiology of the co-existence of
autoantibodies and alloantibodies have been mostly conducted on patients with sickle cell anemia. The proposed
mechanisms suggest that alloantibodies binding to transfused erythrocytes may cause conformational changes in
antigenic epitopes, which in turn may stimulate autoantibody production, particularly in splenectomised patien
Another explanation, which was stated in Ofosu et al.’s study [18] on the major histocompatibility complex
patients with sickle cell anemia, is that genetic determination may be involved in autoantibody development
presence of autoantibodies in alloimmunized patients has a concealed effect on alloantibodies in pretramsfusi

transfused patients is still incompletely understood, especially in patients with thalassemia.
It has been known that patients with thalassemia have impaired distribution and function of T

, as increased by 10-
fold by the presence of alloantibodies. Decreased levels of C3 and C4 have be halassaemia

did not find such decreased levels of C3. Currently, the role of comple
hemolysis process remains unclear. Also, the role of complement in B
following exposure to infectious organisms. However, the ro
alloantigens remains unclear [27]. Our study failed to,demo
groups in terms of total lymphocyte, CD3*, CD4", CD8
CD19" B cell count was lower in the alloimmunized S ase was not statistically significant
according to absolute B cell count, but was subst i
lymphocytes in the production of alloantibodie
critical importance in patients with B-TM. It ha
percentage of B-lymphocytes compared wi
normal CD19" B cells in patients with
lymphocytes, they did not specify
decrease in the number of CD19"

7y has been studied generally
immune response to
gnificant difference between the two

erythrocytes and humoral immunity is of
ed that patients with TM have an increased

e previous studies evaluated the percentage of B-
se patients were alloimmunized. In this study, we found a
4 levels in patients with alloimmunization. In recent studies,

[29]. Studies are being co se of FcRn inhibitors in the treatment of alloimmunization [30]. The
standard explanation_fe Is and C4 low levels we found may be through FcRn functions. However,
further studies are i

Study Limitati
ts was a restricting factor. In the laboratory, plasma cell markers such as CD38
in the immunophenotyping panel. In addition, the lack of elution and absorption

, we found the presence of alloantibodies had a strong correlation with direct Coombs positivity, low C4

lgvels, and CD19"* B cell percentage. Alloimmunization occurs as a result of the evolution of one or more

ecific erythrocyte antibodies in patients undergoing repeated transfusions and is an essential complication of
thalassemia treatment. From a clinical perspective, these alloantibodies cause hemolysis, difficulty cross-
matching of blood, an increased frequency of transfusions, and commonly need immunosuppressive treatment.
Therefore, it is essential to prevent the development of alloimmunization. For this reason, antibody screens and
identification tests are carried out in every patient before each transfusion. When alloantibodies are detected,
transfusions should be continued with blood products that do not contain the detected antigen. However, factors



causing alloimmunization to appear are complex and still poorly understood. Further studies are needed to
explain these.
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splenectomy

Cells counts (/mm?) Total patients (n=54) | P Patients with non- p value

splenectomy (n=49)

Lymphocyte counts

mean+SD 2671,53+1691,59
median (min-max) 2165 (780-95

2,76 2518+1562,34 0.047
40-5240) 2130 (780-9500)

CD3* counts

mean+SD 1888, 086 2774,8+1115,92 1797,91+1053,16 0.063
median (min-max) 5 (478-5948) | 2878 (1044-3812) 1595 (478-5948)
CD4" counts
mean+SD 037,75+567,6 1465,8+625,8 994,08+549,6 0.089
median (mi 08 (196-2948) 1806 (463-1995) 901 (196-2948)
CDS8" counts
757,96+531,82 1150,2+463,75 717,93£526,03 0.02
-max) 617(213-3307) 959 (613-1660) 612 (213-3307)
counts
490,87+455,38 863,4+341,49 452,85+450,92 0.013
edian (min-max) 339,5 (90-2965) 986 (296-1122) 333 (90-2965)
NK counts
mean+SD 235,12+161,56 423+248,58 215,95+140,07 0.034
median (min-max) | 176,5 (55-753) 506 (165-753) 170 (55-716)




Table 2- Distribution of the presence of alloantibodies by age groups

Age Range

1-5 years old
5-10 years old
10-15 years old
15-18 years old
18-24 years old
Total

Alloantibody status
Present Absent
n* (%) n (%)
3 (5.4%) 2 (3.6%)
0 (0%) 11 (20%)
4 (7.5%) 5(9.5%)
3 (5.4%) 8 (16.6%)
6 (11.3%) 12 (22.7%
16 (29.6%) 3

*n: Number of patients

ti
ith a

&

T
%

%)
7%)
11 (20%)
18 (34%)
54 (100%)

f differences in lymphocyte subgroups between direct Coombs positive and negative
tibodies

unts (/mm?) Total patients with Patients with d. coombs Patients with d. coombs | p value
alloantibodies (n=16) | positive (n=8) negative (n=8)
mphocyte counts
mean+SD 2583,12+2089,33 3017,5+2817,15 2148,75+993,28 0.959
median (min-max) 2125 (780-9500) 2210 (780-9500) 2125 (970-4230)
CD3" counts
mean+SD 1832,12+1315,59 2005+1768,83 1659,25£715,36 0.798




median (min-max)

1607,5 (478-5948)

1569,5 (478-5948)

1720 (637-3014)

CD4" counts

mean+SD
median (min-max)

978,87+548.13
936 (196-2271)

1007,5+694,67
908 (196-2271)

950,25+399,21
998,5 (303-1642)

CDS8" counts

mean+SD
median (min-max)

754,25+733,71
617 (213-3307)

871,37£1014.47
617 (213-3307)

637,12+305,08
612 (266-1185)

CD19" counts

mean+SD
median (min-max)

510,12+711,07
267 (90-2965)

742,62+954,7
368 (90-2965)

277,624220,1
212 (93-78

NK counts
mean+SD 179,62+106,23 193+131,72 0.878
median (min-max) 147 (80-456) 129 (96-456)
Tablo 4- Evaluation of Differences in C A, IgM Levels Between Groups
Presence of v P
Alloantibodies Value
c3 High Total
n (%) n (%) n (%)
No 31 (81.6%) 0 (0%) 38 (100%) 1.00
Yes (18.8%) 13 (29.5%) 0 (0%) 16 (100%)
C4
No 2 (5.3%) 36 (94.7%) 0 (0%) 38 (100%) 0.006
Yes 6 (37.5%) 10 (62.5%) 0 (0%) 16 (100%)
IgG
0 2 (5.3%) 34 (89.5%) 2 (5.3%) 38 (%100) 0.403
0 (0%) 16 (100%) 0 (0%) 16 (100%)
A
No 0 (0%) 28 (73.7%) 10 (26.3%) 38 (100%) 0.747
Yes 0 (0%) 11 (68.8%) 5(31.2%) 16 (100%)
No 0 (0%) 34 (89.5%) 4 (10.5%) 38 (100%) 0272
Yes 1 (6.3%) 14 (87.5%) 1 (6.3%) 16 (100%)

*n: Number of patients



Table 5-Evaluation of differences in lymphocyte subgroups between Groups

Cells counts (/mm?) Total patients (n=54) | Alloantibody positive Alloantibody negative p value
and percentage patients (n=16) patients (n=38)
according to age (%)
Lymphocyte counts
mean+SD 2671,53£1691,59 2583,12+2089,33 2708,76+1408,15
median (min-max) 2165 (780-9500) 2125 (780-9500) 2235 (980-7070)
Lymphocyte
percentage
Low 2 1
Normal 47 15
High 5 0
CD3" counts
mean+SD 1888,37+£1086 1832,12+1315,59
median (min-max) 1611,5 (478-5948) 1607,5 (478-5948)
CD3" percentage
Low 3 1 0.29
Normal 45 32
High 6 5
CD4" counts
mean+SD 1037,75+£567,6 1062,55+580,99 0.75
median (min-max) 908 (196-2948) 887,5 (365-2948)
CD4" percentage
Low 4 1 0.05
Normal 45 13 32
High 0 5
CD8" counts
mean+SD 96+531,82 754,25+733,71 759,52+432,30 0.39
median (i X (213-3307) 617 (213-3307) 624 (249-2185)
CD8" peteentage
0 0 0 1.00
46 14 32
8 2 6
9" counts
490,87+455,38 510,12+711,07 482,76+303,06 0,076
mean+SD 339,5 (90-2965) 267 (90-2965) 399,5 (114-1160)
median (min-max)
CD19" percentage
Low 5 4 1 0.023
Normal 43 11 32




High 6 1 5
NK counts
mean+SD 235,12+161,56 179,62+106,23 258+175,85 0.11

median (min-max)

1765 (55-753)

147 (80-456)

188.5 (55-753)

NK percentage

Low
Normal
High

N






