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Background - Red blood cell (RBC) transfusion remains an essential part of sickle cell 
disease (SCD) management but it can lead to alloimmunisation, with an increased 
incidence in this population. Prevention is based on RBC antigen phenotype matching, 
with complete RH and Kell matching being a standard of care. 
Materials and methods - We performed a retrospective, single-centre study analysing 
alloimmunisation prevalence and risk factors in a cohort of transfused SCD patients.
Results - Eighty-seven patients (96.5% of paediatric age) received 1,781 RBC 
units (RBCu). Complete RH and Kell matched RBCu represented a median of 100% 
among total transfusions per patient. Of the 87 patients, 52 (59.8%) underwent 
chronic transfusion therapy, whereas 35 (40.2%) were only episodically transfused. 
Seven patients were alloimmunised (8.4%) and eleven antibodies were detected 
(alloimmunisation rate: 0.62/100 units transfused). 54.6% of these antibodies 
corresponded to RH-Kell despite the high accomplishment of the RH-Kell matching 
transfusion protocol. Alloimmunised patients had a median of 90.9% RH-Kell matched 
transfusions vs 100% in non-alloimmunised patients, but no statistical differences 
were observed (p=0.127). Number of transfused RBCu (19 vs 7; p=0.023), number of 
episodic RBCu (8 vs 2; p=0.006), episodic to chronic RBCu ratio (0.57 vs 0.09; p=0.045), 
number of vaso-occlusive crises (VOC) (4 vs 2; p=0.011), and autoantibody presence 
(57.1 vs 0%; p<0.001) were all statistically related to alloimmunisation. 
Discussion - We report a low alloimmunisation prevalence (8.4%) related to a high grade 
of RH-Kell matching. However, deviation from 100% translates into alloimmunisation, 
with >50% of alloantibodies corresponding to RH-Kell. Alloimmunisation risk increases 
with transfusion burden, particularly during acute complications, and in patients with 
a higher number of VOC, probably reflecting underlying inflammation and disease 
severity. Further studies will be needed to elucidate additional risk factors and help 
prevent alloimmunisation in these patients.
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pathophysiology of SCD itself and the pro-inf lammatory 
state prior to transfusion seem to be involved in 
alloimmunisation risk13,18. Individual features have 
also been proposed as risk factors, including sex12,32, 
age12,30,32, age at first transfusion13,15, or coexistence of an 
autoantibody12,13,30-32. Most of these studies are based on 
American populations, whereas information on European 
countries is scarce31. 
Our institution is a national reference centre for 
erythropathology, mainly hemoglobinopathies, assisting 
250 SCD patients with 12 new diagnoses each year. In 
this setting, we aimed to determine the prevalence of 
alloimmunisation in our SCD population and to analyse 
the risk factors involved. Another objective was to evaluate 
the accomplishment of our SCD transfusion protocol and 
its contribution to alloimmunisation prevention.

MATERIALS AND METHODS

Study design
This was a single-centre retrospective study performed in 
a Spanish tertiary care centre that is a national point of 
reference for hemoglobinopathies. 
Inclusion criteria were: SCD diagnosis including SS, 
SC, and SB phenotypes; transfused at least once in our 
institution between July 2006 and April 2019, and with an 
available post-transfusion irregular antibody screening test 
(IAT). The selection algorithm used is shown in Figure 1.  
Medical files and transfusion records were systematically 

Figure 1 - Patient selection flow chart
IAT: Irregular antibody screening test.

INTRODUCTION
Sickle cell disease (SCD) is an inherited disorder affecting 
approximately 300,000 newborns annually worldwide. 
Increasing migratory movements from endemic areas have 
conditioned distribution changes making SCD a new health 
challenge in Europe1-3 with an estimated prevalence of 22 
per 100,000. In Spain, this has led to the implementation of 
universal neonatal screening programmes in areas like the 
region of Madrid where the incidence of SCD for 2003 was 
0.16 per 100,000 births4. Posterior data showed a national 
prevalence of 1.34 per 100,000 inhabitants5, confirming a 
rising trend in SCD cases.
Red blood cell (RBC) transfusion remains a cornerstone 
of SCD management, not only for the treatment of acute 
complications, but also as a preventive tool6,7, effective 
both for primary and secondary stroke prevention8. 
However, transfusion can lead to alloimmunisation, 
resulting not only in a higher risk of delayed haemolytic 
transfusion reactions (DHTR)9, but also challenging 
the provision of adequate transfusion support in these 
patients, which may contribute to premature deaths10,11. 
The incidence of red blood cell alloimmunisation is 
higher in SCD compared to the general population with 
reported rates ranging from 20 to 70%12-15. This higher 
rate is partially explained by RBC phenotypic disparity 
conditioned by ethnic differences between donors and 
patients, especially affecting C, E and K antigens13,16.
Matching for complete RH and Kell antigens reduces 
alloimmunisation incidence to 5-14%7,17-20 and has become 
a standard of care21-23. Extended matching (Kidd, Duffy 
and S) is even more effective17, but incurs additional costs 
and increases the difficulty in finding suitable RBC units 
(RBCu)22. Genotyping provides additional information 
and is especially useful in recently transfused patients 
and when RH variants are suspected20,24,25. The latest 
guidelines suggest this approach is to be preferred over 
serology23. Nevertheless, its widespread application is 
currently still limited by its higher costs26-28.
In consideration of all these factors, a deeper 
understanding of alloimmunisation mechanisms and risk 
factors has become a subject of interest. Highly susceptible 
patients need to be identified in order to efficiently prevent 
alloimmunisation15,29.
Besides the established association between transfusion load 
and alloimmunisation13,25,30,31, inflammation underlying the 
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reviewed. All information was obtained according to 
local data protection laws and regulations. The study was 
approved by the hospital ethics committee.
Collected data included demographic variables such as 
sex, date of birth, SCD phenotype and geographic origin, 
as well as clinical data including splenectomy, hydroxyurea 
treatment, iron chelation, complications during  
follow-up, and number of admissions due to complications 
related to the disease. Recorded complications were  
vaso-occlusive crises (VOC), splenic sequestration (SS), 
acute chest syndrome (ACS), stroke, aplastic anaemia, 
dactylitis or febrile episodes. 
Transfusion history was registered, including age at first 
transfusion, number of total RBCu received, and indication 
of each transfusion. Transfusions were defined as (i) 
"episodic": transfused during an acute complication and (ii) 
"chronic": transfused within a chronic transfusion therapy 
programme (CTTP). For each patient, total number of RBCu 
transfused, number of episodic RBCu, and number of 
chronic RBCu were registered. The ratio between episodic 
and chronic RBCu was calculated. Patients were classified 
into two groups depending on whether they had been 
included on a CTTP or had only been episodically transfused.
For every transfused RBCu, antigen information was 
compared to the patient's phenotype. For each patient, we 
calculated the percentage of complete RH and Kell matched 
units among total RBCu received. In case of irregular 
antibody detection, specificity, date of detection and number 
of previously transfused RBCu were registered. 

Transfusion procedures and antibody detection
All transfused RBCu were leukoreduced. Patients 
undergoing stem cell transplantation (SCT) received 
irradiated products. 
Since 2009, we have been applying a protocol of 
phenotypically matched RBC transfusion in SCD 
patients. At diagnosis, RBC serological antigen extended 
phenotype is performed including ABO; complete RH 
(C/c, D, E/e), Kell, Duffy (Fya), Kidd (Jka) and MNS (S). 
Genotyping is only mandatory for patients who have been 
transfused elsewhere. Genotyping is performed at the 
Regional Transfusion Center using BLOODchip® (Grifols 
SA, Barcelona, Spain) molecular genotyping platform 
including 37 RBC antigens corresponding to Rh, Kell, 
Kidd, Duffy, MNS, Diego, Dombrock, Colton, Cartwright 
and Lutheran systems.

Complete RH and Kell matched RBCu are provided to all 
SCD patients, and extended matching (Fy, Jk and S) is 
restricted to alloimmunised patients in which RBCu also 
need to be negative for the corresponding antigen33. 
For IAT, a gel-based test with a 3-cell panel reagent (Ortho 
Clinical Diagnostics, Raritan, NJ, USA) is performed on an 
Ortho Autovue® or Vision® automated analyser. Extended 
11-cell panels and enzyme-treated panels (Immucor, 
Barcelona, Spain and Ortho Clinical Diagnostics) are used 
after positive screening for alloantibody identification. 
Autoantibody detection is made by direct antiglobulin test 
with polyspecific and monospecific reagents for IgG and 
complement. If positive, elution with DiaCidel® (Bio-Rad, 
Hercules, CA, USA) is performed to define specificity. 

Statistical analysis
For the descriptive analysis, quantitative variables are 
expressed as median and interquartile range (IQR). 
Alloimmunisation prevalence was defined as the number 
of alloimmunised patients within the number of patients 
included. Alloimmunisation rate was calculated by 
dividing the number of detected antibodies by the number 
of received transfusions. Non-parametric tests were 
performed due to the absence of normal distribution of 
most of the studied variables. 
To assess alloimmunisation risk factors, clinical and 
transfusion characteristics were statistically compared 
between alloimmunised and non-alloimmunised patients. 
Mann Whitney test was used for continuous variables 
and χ2/Fisher test for categorical variables. Multivariate 
logistic regression analysis could not be performed 
due to the low number of registered events. p<0.05 was 
considered statistically significant. Statistical analysis 
was performed using SPSS statistics 25 software.

RESULTS
Eighty-seven patients were analysed (60.9% male). Eighty-four 
(96.6%) were of paediatric age at the beginning of the study, 
with a median age of 3 years (1-6 years) at first transfusion 
in our hospital. Median follow-up was 3 years (1-7 years).  
Sixty-five (74.7%) were of African origin, 19 (21.8%)  
Latin-American, 2 (2.3%) Caucasian, and one (1.1%) was Asian. 
Regarding HbS phenotype, 83 patients (95.4%) were HbSS, 
3 (3.4%) HbSB, and one (1.1%) was HbSC. Seventy-four 
patients (85.1%) had received hydroxyurea, 23 (26.4%) iron 
chelating agents, and ten (11.8%) had been splenectomised. 
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During follow-up, 32 patients (36.8%) underwent SCT with 
a median age of 6 years (2-9 years). Five patients (5.7%) 
died during follow-up. None of the deaths was related to 
haemolytic complications. 
Patients’ baseline characteristics and RBC antigen frequencies 
are presented in the Online Supplementary Tables SI and SII.

Transfusion analysis
Eighty-seven patients received a total of 1,781 RBCu. 
Median of complete RH and Kell matched units per patient 
was 100% (85-100%). Thirty-nine patients (44.8%) received 
at least one transfusion outside our centre. In most cases, 
these transfusions were prior to receiving transfusion 
support at our centre.
Fifty-two patients (59.8%) were included in CTTP, with 
a median of 12 (IQR 7-21) RBCu per patient (range 3-225). 
Another 35 patients (40.2%) were only episodically transfused 
with a median of 3 (IQR 2-6) RBCu per patient (range 1-22). 
Transfusion load in both groups is shown in Figure 2.
Indications for CTTP were: preparation for SCT (53.9%), 
primary stroke prevention (23.1%), secondary stroke 
prevention (9.6%), VOC prevention (7.7%), pregnancy (1.9%), 
pulmonary hypertension (1.9%), and renal impairment (1.9%). 

Alloimmunisation
We detected 16 antibodies in 11 patients (12.6%). In 4 
patients, all the antibodies were identified before any 
transfusion in our hospital and were,  therefore, excluded 

from the subsequent analysis. The remaining 7 patients, 
presumably alloimmunised in our institution, imply an 
alloimmunisation prevalence of 8.4% with a rate of 0.62 
per 100 units transfused. 
The alloimmunisation rate was higher in the only 
episodically transfused group (1.74 per 100 units) than in 
CTTP patients (0.56 per 100 units), but these differences 
were not statistically significant (p=0.317).
Median age at first antibody detection was 10 years 
(4-22). Median number of RBCu received before 
alloimmunisation was 7 (3-13). Three patients (42.9%) 
had only one alloantibody while the other 4 (57.1%) had 2 
alloantibodies each (Table I).
Out of the 11 identified antibodies, 6 (54.6%) corresponded 
to RH or Kell specificities, 3 anti-E (27.3%), 2 anti-K (18.2%), 
and one anti-C (9%). The remaining corresponded to 2 Fya 
(18.2%), one Kpa (9.1%), and 2 MNS (18.2%).
We only registered one DHTR (1.19%) in a patient 
with 2 previous antibodies against E and K antigens. 
Autoantibodies were detected in 4 patients (4.82%).

Alloimmunisation risk factors
We found a strong association between total number 
of RBCu transfused per patient and alloimmunisation;  
19 (11-22) vs 7 (3-14) (p=0.023) (Table II). Median 
percentage of RH-Kell matched units was 90.9%  
(81.8-98.2) in alloimmunised patients vs 100% (86.2-100) in  

Figure 2 - Transfusion load
RBCu: red blood cell units; n: number.
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Table II - Comparison of clinical and transfusion variables between alloimmunised and non-alloimmunised patients (n=83)

Alloimmunised (n=7) Non-alloimmunised (n=76) p

Female sex 3/7 (42.8%) 28/76 (36.8%) 0.525

HbSS 7/7 (100%) 73/76 (96%) 0.765

Group O 4/7 (57.1%) 35/76 (46%) 0.432

Rh D positive 7/7 (100%) 70/76 (92.1%) 0.579

Age at first transfusion ≥5 y 5/7 (71.4%) 26/76 (34.2%) 0.064

Transfused elsewhere 4/7 (57.1%) 34/76 (44.7%) 0.417

Total RBCu 19 (11-22) 7 (3-14) 0.023

Total episodic RBCu 8 (4-22) 2 (1-4) 0.006

Total chronic RBCu 8 (0-11) 5 (0-11) 0.421

Episodic/chronic RBCu ratio1 0.57 (0.13-0.82) 0.09 (0-0.27) 0.045

RH-K matched RBCu2 90.9% (81.8-98.2) 100% (86.2-100) 0.127

Chronic transfusion therapy 5/7 (71.4%) 45/76 (59.2%) 0.420

Erythropheresis 2/7 (28.6%) 10/76 (13.2%) 0.266

N. of severe events (ACS+Stroke+SS) 2 (1-5) 1 (1-3) 0.230

N. of VOC episodes 6 (1-12) 1 (0-3) 0.011

N. of hospital admissions 4 (1-5) 1 (1-3) 0.236

Autoantibody presence 4/7 (57.1%) 0/78 (0%) <0.001

1Ratio between total number of episodically transfused RBCu and total number of RBCu transfused within chronic transfusion therapy programme.  2Percentage 
of total RBCu matched for RH and Kell. *Four patients were excluded due to alloantibody detection previous to any transfusion in our centre. Bold indicates 
statistical significance. y: years; RBCu: red blood cell units; N: number; ACS: acute chest syndrome; SS: splenic sequestration; VOC: vaso-occlusive crises.

Table I - Summary of alloimmunised patients

Patient Sex Demographic 
origin

Phenotype CTTP RH-K matched 
RBCu1

Antibody Age at first 
antibody 
detection

Previous 
RBCu2

Total 
RBCu

1 M African C- c+ E- e+ K- Fya- Jka+ S+ No 77.8%
Anti-E

22y
8

9
Anti-C 9

2 F Latin-American C- c+ E- e+ K- Kpa- Kpb+ Fya- 
Fyb+ Jka+ Jkb+ S+ s+ No 100% Anti-Fya 17y 13 22

3 M Latin-American C+ c+ E- e+ K- Kpa- Fya- Jka+ 
Lea- S- Yes (VOC) 98.2%

Anti-Kpa
4y

17
225

Anti-K 86

4 F Latin-American C+ c+ E- e+ K- Kpa- Kpb+ Fya+ 
Fyb- Jka+  Jkb+ M+ N+ S+ s+ Yes (VOC) 81.8% Anti-E 27y 2 11

5 F African C+ c+ E- K- Kpa- Fya+ Fyb+ 
Jka+ Jkb- Lua+ Lub+ M- N+ S-

Yes 
(stroke) 90.9%

Anti-M
10y

1
11

Anti-S 7

6 M Latin-American C+ c+ E- e+ K- Fya- Jka+ S+ No 95.5% Anti-Fya 10m 3 22

7 M Latin-American C+ c+ E- e+ K- Fya+ Jka+ S+ Yes 
(stroke) 84.2%

Anti-E
6y

3
19

Anti-K 4
1Percentage of total RBCu matched for RH and Kell. 2Number of transfusions received before antibody detection. M: male, F: female, VOC: vaso-occlusive 
crises; RBCu: red blood cell units; CTTP: chronic transfusion therapy program; y: years; m: months. 

non-alloimmunised patients, but these differences were not 
statistically significant (p=0.127).
Number of episodic RBCu per patient (8 in alloimmunised  

[4-22]) vs 2 in non-alloimmunised [1-4]) and a higher 
episodic to chronic transfusion ratio (0.57 [0.13-0.82] 
vs 0.09 [0-0.27]) were also statistically significant 
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alloimmunisation risk factors (p=0.006 and p=0.045, 
respectively).
Neither CTTP nor erythrocytapheresis were found to 
increase alloimmunisation (p>0.05). Regarding clinical 
features, a higher number of VOC episodes resulted in 
an increased alloimmunisation risk (6 [1-12] vs 1 [0-3]; 
p=0.011). Presence of autoantibodies was more frequent 
in alloimmunised patients (57.1 vs 0%; p<0.001). 

DISCUSSION
We describe a relatively low prevalence of 
alloimmunisation (8.4%)15,25,30,32, probably related to a 
high fulfilment of complete RH-Kell matched transfusion 
protocol. Nevertheless, minor deviation from 100% of 
accomplishment translates into alloimmunisation with 
>50% of detected alloantibodies corresponding to RH 
or Kell. Thus, we confirm the importance and need to 
transfuse RH-Kell matched RBCu to SCD patients.
Alloantibody specificities are consistent with other 
published series and expected antigenic differences 
between predominantly Caucasian donors and patients 
mainly of African descent13,15,18,25,30-32,34. It should be noted 
that donor-receptor differences become even more 
significant in our country where virtually all donors are 
Caucasian.
We verified the relationship between transfusion 
burden and risk of alloimmunisation (p=0.023)13,25,30-32. 
Nevertheless, 72.7% of the antibodies were detected before 
the tenth transfusion proving that highly susceptible 
patients can present early alloimmunisation15 as a result of 
risk factors other than transfusion burden.
Alloimmunisation seems to favour the development of 
subsequent alloantibodies and it is common to find ≥2 
alloantibodies per patient. In our study, 57,1% (4 of 7) of 
alloimmunised patients presented 2 alloantibodies, but 
none of them accumulated more than 2, unlike reports 
from other series15,20,30. We believe extended matching may 
have prevented the development of additional antibodies 
in these highly susceptible patients.
The incidence of delayed haemolytic transfusion 
reactions was low (1.19%)35, and there was no  
alloimmunisation-related mortality.
Our analysis supports the hypothesis of a higher 
alloimmunisation risk when transfusions occur in an 
acute setting, with alloimmunised patients showing a 

higher number of episodic transfusions (p=0.006) and 
a higher episodic to chronic transfusion ratio (p=0.045). 
Related to this, we found a higher alloimmunisation rate 
in only episodically transfused patients compared to the 
CTTP group (1.74 vs 0.56 per 100 units transfused) despite 
higher transfusion load in the latter. However, these 
differences were not statistically significant (p=0.317).
As to individual-specific susceptibility factors, we did 
not find any significant differences regarding sex, unlike 
other published data25,30,32. As previously described in other 
paediatric series31, this may be related to the paediatric age 
of most of our patients since female sex-attributed risk is 
related to history of pregnancy.
Paediatric age may also have contributed to a globally 
lower alloimmunisation prevalence, given that age has 
been reported to be an independent risk factor both in 
the general population and in SCD12,25,30,32. Age at first 
transfusion has been related to alloimmunisation by an 
immune tolerance mechanism affecting transfusions at 
early ages13,15. We did not observe significant differences 
between patients firstly transfused in our institution 
before or after the age of 5. Nevertheless, some patients 
had been transfused elsewhere before, so this variable did 
not homogeneously represent age at first transfusion.
Regarding clinical variables, we found a statistically 
significant relationship between number of VOC and 
alloimmunisation. Number of VOC could be a surrogate 
marker of underlying inf lammation and disease 
severity, and thereby reveal a more pro-inf lammatory 
background which may predispose to the development 
of alloantibodies. This finding supports the role of a 
pro-inf lammatory state, both at baseline and prior to 
transfusion, in alloimmunisation risk18.
Finally, we have shown the relationship between presence of 
autoantibody  and alloimmunisation (p<0.001), highlighting 
the immune dysregulation underlying SCD11-13,30-32.
The main detected cause of RH-Kell matching protocol 
deviation was the inability to identify SCD patients as such 
at blood-bank services, especially in urgent situations.
In our cohort, 42.9% (3 of 7) of alloimmunised patients 
became alloimmunised as a result of their first transfusion 
in our institution, and in all cases, this happened in 
an acute complication setting. This finding points 
out how the first admission of these patients in a new 
institution is a critical moment for transfusion safety and 
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alloimmunisation prevention. SCD patients may present 
with an acute complication that requires urgent transfusion 
support, challenging both the possibility of adequate 
identification and the response capacity from blood 
bank services. Therefore, the ability to perform extended 
RBC antigen phenotyping, having adequate previous 
immunohaematologic records, and the availability of 
matched RBCu become imperative for hospitals dealing with 
this pathology21,23. Moreover, SCD patients are frequently 
assisted in different hospitals. This situation demands the 
creation of centralised records to ensure the availability of 
transfusion history and immunohaematologic information 
to help avoid preventable DHTR22,23.
Despite the proven utility of extended matching17, 
after assessing our results, and having proved a low 
alloimmunisation prevalence, we consider it to be 
reasonable to restrict this procedure to previously 
alloimmunised patients who are at greater risk of 
developing subsequent antibodies.
Our study has several limitations, many of which derive 
from its retrospective nature and the limited number 
of patients. Several patients were followed in different 
hospitals. The resulting heterogeneity and the possible 
loss of  information also ref lect the complex social reality 
of many of these patients.
The inclusion of both adult and paediatric patients 
is another factor compromising the homogeneity of 
our study. However, we believe that including both 
types of patients provides a more realistic vision of our 
SCD population and relevant information regarding 
alloimmunisation.
Finally, the incidence of alloimmunisation may have 
been underestimated in our study, as it is in the general 
population, due to antibody evanescence36 since IAT was 
not systematically performed after each transfusion.

CONCLUSIONS
We report a low alloimmunisation prevalence related to 
a high accomplishment of RH-Kell matched transfusion 
protocol. Nevertheless, >50% of detected alloantibodies 
corresponded to RH or Kell, proving that a slight deviation 
from total fulfilment of this transfusion objective clearly 
translates into alloimmunisation and that RH-Kell 
matching must be respected in SCD patients.
We confirm a higher risk of alloimmunisation in patients 

with higher transfusion burden, mainly when transfusions 
occur during acute complications, and also in patients 
with a higher number of VOC, probably ref lecting an 
underlying pro-inf lammatory state or disease severity. 
Red blood cell alloimmunisation is an important 
complication, and further studies are needed to clarify 
implicated risk factors in order to identify patients at 
higher risk, contributing to more effective and efficient 
prevention. 
To our knowledge, this is the first study describing 
alloimmunisation frequency and risk factors in a Spanish 
cohort, with only one previously reported series in 
Europe31. Considering the progressive increase in SCD 
prevalence in this region, it seems clear that this pathology 
and the specific transfusional approach adopted in its 
management deserve our attention.
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