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Abstract
Background: Red cell alloimmunization is a clinically significant complication of repeated transfusions in sickle
haemoglobinopathies. Comparative data from eastern India remain limited.
Objectives: To determine the frequency of alloimmunization in transfused patients with sickle cell disease (SCD) and SCD with
β-thalassemia, and to identify associated demographic and transfusion-related risk factors.
Materials and Methods: A retrospective observational study was conducted at KIMS, Bhubaneswar, from October 2022 to
October 2025. A total of 148 patients (131 SCD, 17 SCD+β-thalassemia) with a clearly recorded indirect Coombs test (ICT)
result were analysed. Demographic and transfusion data were retrieved from blood bank registers. Statistical analysis included
chi-square, Fisher’s exact, Mann-Whitney U tests, and binary logistic regression.
Results: The overall alloimmunization frequency was 12.2% (18/148). Rates were 11.5% in SCD and 17.6% in SCD+β-
thalassemia (p = 0.437). Alloimmunization increased significantly with transfusion burden, from 2.3% after one transfusion to
31.6% beyond ten transfusions (χ2 = 10.23, p = 0.017). On multivariable regression, age was the only independent predictor
(OR = 1.045/year, 95% CI 1.008–1.085, p = 0.018).
Conclusion: Alloimmunization affects approximately one in eight transfused patients with sickle haemoglobinopathies at this
centre. Transfusion burden and age are the principal determinants. Extended antigen phenotyping and prophylactic Rh/Kell
matching are strongly recommended, particularly for patients anticipated to receive more than five lifetime transfusions.
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1 INTRODUCTION

S ickle cell disease (SCD) and sickle cell–
β thalassemia are autosomal recessive
haemoglobinopathies characterised by struc-

turally abnormal or quantitatively deficient
haemoglobin, resulting in chronic haemolytic

anaemia, vaso-occlusive crises, and progressive end-
organ injury. India bears a disproportionate share of
the global burden, with an estimated prevalence of
approximately 1.17% (nearly 1.2 million affected
individuals), concentrated predominantly among
tribal communities of central, eastern, and penin-
sular India. Odisha ranks among the states with the
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Frequency and Risk Factors of Red Cell Alloimmunization in Transfused Patients
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highest disease prevalence in the country, making
it a region of particular clinical and public health
relevance for haemoglobinopathy research (1, 2).
Recurrent red blood cell (RBC) transfusions remain
a cornerstone of management in both SCD and
SCD–β thalassemia, indicated for acute anaemia,
splenic sequestration, stroke prevention, and peri-
operative cover. However, repeated exposure to
donor erythrocyte surface antigens that differ from
those of the recipient carries a well-recognised risk
of red cell alloimmunization — the formation of
antibodies directed against foreign blood group anti-
gens (3). Once developed, alloantibodies can ren-
der future crossmatching difficult, prolong time to
compatible blood provision, precipitate acute or
delayed haemolytic transfusion reactions, and, in
the most severe cases, prove life-threatening. Pub-
lished alloimmunization rates in multi-transfused
SCD patients vary widely across settings — from
below 5% in some Indian centres to more than 30%
in highly transfused Western cohorts — differences
attributable to transfusion burden, recipient–donor
antigen disparity, and the extent of pre-transfusion
phenotype matching employed (4–8).
Despite its clinical significance, comparative data
on alloimmunization between SCD and SCD–β tha-
lassemia patients from eastern India remain sparse.
The present study was therefore designed with three
primary objectives: to determine the overall fre-
quency of red cell alloimmunization among trans-
fused patients with SCD and SCD–β thalassemia at a
tertiary referral centre in Odisha, to compare alloim-
munization rates between the two disease subgroups;
and to identify demographic and transfusion-related
risk factors independently associated with alloimmu-
nization, with a view to informing institutional trans-
fusion safety protocols.

2 MATERIALS AND METHODS

Study Design and Setting
This was a retrospective observational study con-
ducted at the Department of Transfusion Medicine,
Kalinga Institute of Medical Sciences (KIMS),
Bhubaneswar, Odisha, India, over a three-year
period from October 2022 to October 2025. KIMS
is a tertiary care multispeciality hospital serving a

large catchment area of tribal and semi-urban pop-
ulations in Odisha and neighbouring states, regions
with a well-documented high burden of sickle
haemoglobinopathies. Hospital transfusion records,
blood bank registers, and electronic patient files were
reviewed systematically to identify eligible cases.
The study was carried out in accordance with insti-
tutional ethical guidelines and the Declaration of
Helsinki; patient identifiers were anonymised prior
to analysis.
Study Population
Inclusion Criteria
Patients were considered eligible if they had a
confirmed diagnosis of sickle cell disease (HbS)
or sickle cell disease with β-thalassemia (HbS/β-
thalassemia), had received at least one packed red
blood cell transfusion at KIMS during the study
period, and had a documented indirect Coombs
test (ICT) result in the transfusion database. The
diagnosis was established using haemoglobin elec-
trophoresis (at both alkaline and acid pH) or high-
performance liquid chromatography (HPLC), with
genetic testing used for confirmation where avail-
able, as recorded in the medical records.
Exclusion Criteria
Patients with sickle cell trait (HbAS), other
haemoglobinopathies unrelated to HbS, or those
whose ICT result was absent, unclear, or techni-
cally invalid were excluded from the primary anal-
ysis. Records with incomplete demographic data
were flagged separately and excluded from multi-
variate modelling. Applying these criteria, 159 non-
blank records were initially retrieved; seven patients
with sickle cell trait or a non-qualifying diagnosis
and four with missing or equivocal ICT results were
excluded, yielding a final primary analysis cohort
of 148 patients.
Data Collection
A standardised data extraction sheet was used to col-
lect the following variables from the transfusion reg-
ister and clinical case notes: (i) patient demograph-
ics — age at time of transfusion and biological sex;
(ii) haematological diagnosis — SCD or SCD with
β-thalassemia; (iii) transfusion history — total num-
ber of red cell units received (cumulative lifetime
count) and dates of transfusion episodes; and (iv)
antibody screening status— result of the most recent
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pre-transfusion ICT recorded during the study win-
dow. Transfusion counts were subsequently cate-
gorised into four exposure groups: 1 transfusion, 2–
5 transfusions, 6–10 transfusions, and more than 10
transfusions; records with no retrievable transfusion
count were classified as unknown and excluded from
exposure-specific analyses.
Alloimmunization Assessment— Indirect Antiglob-
ulin (Coombs) Test
Antibody screening was performed in the blood bank
laboratory prior to each transfusion episode using
the indirect antiglobulin test (IAT), in accordance
with standard operating procedures. Briefly, patient
serum was incubated with group O reagent red cells
at 37 ◦C, followed by the addition of polyspecific
anti-human globulin (anti-IgG/anti-C3d). Visible
agglutination after centrifugation was recorded as a
positive result. Any patient with at least one posi-
tive ICT result during the study period was classified
as alloimmunized (ICT-positive). Where antibody
identification panels were performed, specificities
were recorded; however, antibody identification was
not available for all positive cases and its systematic
analysis fell outside the scope of this study (9, 10).
Statistical Analysis
All analyses were performed using IBMSPSS Statis-
tics version 25.0 (IBM Corp., Armonk, NY, USA).
Age and transfusion count were tested for normal-
ity using the Shapiro-Wilk test; both were non-
normally distributed and are therefore summarised as
median (interquartile range, IQR) alongside mean±
standard deviation (SD). Categorical variables were
compared between ICT-positive and ICT-negative
groups using Pearson’s chi-square test or Fisher’s
exact test, as appropriate (expected cell count <
5). Continuous variables were compared using the
Mann-Whitney U test. Odds ratios (OR) with 95%
confidence intervals (CI) were calculated for cate-
gorical predictors. To identify independent predic-
tors of alloimmunization, binary logistic regression
was performed incorporating age (continuous), dis-
ease group, and gender as covariates; model fit was
assessed by McFadden’s pseudo R2, Akaike Infor-
mation Criterion (AIC), and the log-likelihood ratio
(LLR) test. A two-tailed p-value of less than 0.05
was considered statistically significant throughout.
No correction for multiple comparisons was applied,

as all analyses were pre-specified and exploratory in
nature.

3 RESULTS

Study Population and Demographic Profile
After excluding seven patients with sickle cell
trait/other haemoglobinopathies and four with miss-
ing indirect Coombs test (ICT) results, the final anal-
ysis included 148 patients with a confirmed diag-
nosis of sickle cell disease (SCD) or SCD with β-
thalassemia. The demographic and baseline clinical
characteristics are summarised in Table 1 and Fig-
ure 1 . Age was non-normally distributed (Shapiro-
Wilk W = 0.933, p < 0.001); median (IQR) is there-
fore reported as the primary measure of central ten-
dency alongside mean ± SD. The cohort was pre-
dominantly young and male, with a mean age of 23.5
± 13.3 years (median 20, IQR 15–30; range 1–64
years). Males constituted 60.1% of participants and
the 11–20 year age group was the largest age stratum
(n = 52, 35.1%), consistent with the predominance
of paediatric and young adult presentations of sickle
haemoglobinopathies at a tertiary referral centre.
Age was non-normally distributed (Shapiro-Wilk p
< 0.001); median (IQR) is the primary central ten-
dency measure. Patients with sickle cell trait (n = 7)
and unclear ICT results (n = 4) were excluded from
the primary analysis.
Patients with SCD+β-thalassemia were notably
younger than those with SCD (mean 14.1 ± 6.2
vs. 24.8 ± 13.4 years), reflecting the earlier onset
and greater frequency of transfusion requirements in
compound heterozygous disease. The disease group
distribution is illustrated below.
Distribution of Transfusion Exposure
The distribution of cumulative transfusion exposure
is presented in Table 2. Transfusion counts were
highly right-skewed, with a median of 2.5 (IQR 1–6)
and a range extending to 1,012 transfusions in a sin-
gle SCD+β-thalassemia patient on regular exchange
transfusion therapy; mean ± SD (21.0 ± 98.1) is
therefore of limited descriptive value, and median
is reported preferentially. The single-transfusion
group was the largest (29.1%), followed by the 2–
5 group (33.8%), collectively accounting for 63% of
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the cohort. Patients with >10 transfusions, though
fewer in number (n = 19), exhibited the highest

alloimmunization rate (31.6%).

Table 1. Baseline Demographic and Clinical CharacterisƟcs of Study ParƟcipants (N = 148)
CharacterisƟc Category n (%) Mean± SD (years) Median (IQR) Range
Total — 148 (100%) 23.5± 13.3 20 (15–30) 1–64
Age Group 0–10 years 22 (14.9%) — — —

11–20 years 52 (35.1%) — — —
21–30 years 37 (25.0%) — — —
31–40 years 22 (14.9%) — — —
41–50 years 6 (4.1%) — — —
>50 years 9 (6.1%) — — —

Gender Male 89 (60.1%) 22.7± 13.9 19 (13–30) —
Female 58 (39.2%) 24.9± 12.3 23 (16–32) —
Unknown 1 (0.7%) — — —

Disease Group Sickle Cell Disease 131 (88.5%) 24.8± 13.4 22 (17–32) 1–64
SCD + β-Thalassemia 17 (11.5%) 14.1± 6.2 15 (11–19) 3–27

Fig. 1: DistribuƟon of study parƟcipants by disease group (N
= 148)

Table 2. DistribuƟon of ParƟcipants by Transfusion Exposure Group
Transfusion Exposure Group n (%) ICT-PosiƟve ICT-NegaƟve AlloimmunizaƟon (%)
1 transfusion 43 (29.1%) 1 42 2.3%
2–5 transfusions 50 (33.8%) 9 41 18.0%
6–10 transfusions 14 (9.5%) 2 12 14.3%
>10 transfusions 19 (12.8%) 6 13 31.6%
Unknown/Not recorded 22 (14.9%) 0 22 0.0%†
Total 148 (100%) 18 130 12.2%
†The unknown group was excluded from chi-square tesƟng of the exposure–alloimmunizaƟon
associaƟon. Transfusion count (conƟnuous): median 2.5 (IQR 1–6), range 1–1,012.

Overall Frequency of Alloimmunization

Of 148 patients with a clearly recorded ICT result,
18 were alloimmunized (ICT-positive), yielding
an overall alloimmunization frequency of 18/148

(12.2%). The overall frequency and descriptive
comparison between ICT-positive and ICT-negative
groups are presented in Table 3. ICT-positive
patients were older (mean 29.8± 14.7 years) and had
a significantly higher cumulative transfusion burden
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(median 5, IQR 3–15) compared to ICT-negative
patients (mean 22.7 ± 12.9 years; median transfu-
sion count 2, IQR 1–5). Transfusion count was the
only continuous variable that differed significantly

between the two groups (Mann-WhitneyU= 1,405, p
= 0.002), underscoring cumulative antigen exposure
as the principal driver of sensitisation.

Table 3. Overall Frequency of AlloimmunizaƟon and DescripƟve Comparison by ICT Status
Parameter ICT-PosiƟve (n = 18) ICT-NegaƟve (n = 130) Total (n = 148) p-

value
Frequency, n (%) 18 (12.2%) 130 (87.8%) 148 —
Age, mean± SD 29.8± 14.7 22.7± 12.9 23.5± 13.3 0.065†
Age, median (IQR) 26 (18–38) 20 (15–29) 20 (15–30) —
Transfusion count, median (IQR) 5.0 (3.0–15.0) 2.0 (1.0–5.0) 2.5 (1.0–6.0) 0.002†
Gender: Male, n (%) 9 (50.0%) 80 (61.5%) 89 (60.1%) 0.441‡
Gender: Female, n (%) 9 (50.0%) 49 (37.7%) 58 (39.2%) —
SCD, n (%) 15 (83.3%) 116 (89.2%) 131 (88.5%) 0.437‡
SCD + β-Thal, n (%) 3 (16.7%) 14 (10.8%) 17 (11.5%) —

†Mann-Whitney U test (non-parametric; age non-normally distributed by Shapiro-Wilk). ‡Fisher's exact test.
Bold values indicate staƟsƟcal significance (p < 0.05). Age difference between ICT+ and ICT− groups approached
but did not reach significance (p = 0.065).

Alloimmunization Frequency by Disease Group
The alloimmunization rate was 11.5% among
patients with SCD and 17.6% among those
with SCD+β-thalassemia, as shown in Table 4.
Despite the numerically higher rate in the SCD+β-
thalassemia subgroup, Fisher’s exact test revealed

no statistically significant difference (OR = 0.60,
95% CI 0.15–2.41, p = 0.437). The absence of sig-
nificance is likely attributable to the small SCD+β-
thalassemia sample (n = 17), which limits statisti-
cal power. The comparison is illustrated in Figure
2 below.

Table 4. AlloimmunizaƟon by Disease Group
Disease Group Total (n) ICT-PosiƟve ICT-NegaƟve AlloimmunizaƟon (%) OR (95% CI) p-

value
Sickle Cell Disease 131 15 116 11.5% —
SCD + β-Thalassemia 17 3 14 17.6% 0.60 (0.15–2.41) 0.437
Total 148 18 130 12.2% — —

Fisher’s exact test; two-tailed. OR < 1 indicates
lower odds in SCD+β-thalassemia vs. SCD (ref-
erence); confidence interval crosses 1.0, confirm-
ing non-significance. The small SCD+β-thalassemia
sample (n = 17) limits statistical power.
Association of Alloimmunization with Demo-
graphic Variables
The associations of alloimmunization with age group
and gender are presented in Table 5. A descriptive
trend of increasing alloimmunization frequency with
advancing age was observed — rising from 4.5% in
the 0–10 year group to 33.3% in the 41–50 year group
— but the chi-square test was not statistically signif-
icant (χ2 = 5.90, df = 5, p = 0.316). Similarly, female

patients had a higher alloimmunization rate (15.5%)

than males (10.1%), but this difference did not

achieve significance (Fisher’s exact, OR = 0.61, 95%

CI 0.23–1.63, p = 0.441). Although neither variable

achieved statistical significance, the consistent pat-

tern of higher rates in older patients and females sug-

gests biological plausibility — older patients accu-

mulate more heterologous antigen exposures, while

females may be sensitised via pregnancy in addition

to transfusion.
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Fig. 2: Comparison of alloimmunizaƟon frequency by disease
group

Chi-square for age group had≥2 cells with expected
count < 5; interpret with caution. Mann-Whitney
U used for age as a continuous variable. OR for gen-
der: female vs. male as reference.

3.1 AlloimmunizaƟon Trend with Increasing
Transfusion Exposure

A clear and statistically significant dose-response
relationship was identified between transfusion
exposure and alloimmunization, as detailed in Table
6 and illustrated in Figure 3 below. Alloimmu-

nization frequency increased from 2.3% after a sin-
gle transfusion to 18.0% after 2–5, 14.3% after 6–
10, and 31.6% after more than 10 transfusions (chi-
square = 10.23, df = 3, p = 0.017), representing
a 13.7-fold higher alloimmunization rate in heav-
ily transfused patients (>10 units) compared to first-
time recipients. This significant associationwas con-
firmed by both categorical (p = 0.017) and contin-
uous (Mann-Whitney U, p = 0.002) analyses, pro-
viding robust, converging evidence that cumulative
transfusion burden is the strongest modifiable risk
factor for red cell alloimmunization in this cohort.

Chi-square excludes the unknown/unrecorded group

(n = 22). Fold-increase calculated relative to the

single-transfusion reference group. Both categorical

and continuous analyses confirm a significant asso-

ciation.

Fig. 3: Trend of alloimmunizaƟon frequency with increasing
transfusion exposure
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Table 5. AssociaƟon of AlloimmunizaƟon with Demographic Variables
Variable Category ICT+ (n) ICT− (n) Total %

PosiƟve
Test (StaƟsƟc) p-

value
Age Group
(years)

Chi-square (χ2=5.90,
df=5)

0.316

0–10 1 21 22 4.5%
11–20 6 46 52 11.5%
21–30 3 34 37 8.1%
31–40 4 18 22 18.2%
41–50 2 4 6 33.3%
>50 2 7 9 22.2%
ICT+ age: mean±
SD

29.8±
14.7

— — — Mann-Whitney U =
1,485

0.065

ICT− age: mean±
SD

— 22.7±
12.9

— —

Gender Fisher's exact 0.441
Male 9 80 89 10.1% OR = 0.61 (0.23–1.63)
Female 9 49 58 15.5%

Table 6. AssociaƟon Between Transfusion Exposure and AlloimmunizaƟon
Transfusion Exposure ICT+ (n) ICT− (n) Total % PosiƟve Fold-Increase vs. "1"
1 (reference) 1 42 43 2.3% 1.0×
2–5 9 41 50 18.0% 7.8×
6–10 2 12 14 14.3% 6.2×
>10 6 13 19 31.6% 13.7×
Unknown (excluded) 0 22 22 0.0% —
Overall (known groups) 18 108 126 14.3% —
Chi-square χ2 = 10.23 df = 3 — — p = 0.017
Mann-Whitney U (conƟnuous) Median 5 (IQR 3–15) Median 2 (IQR 1–5) — U = 1,405 p = 0.002

Multivariable Logistic Regression — Indepen-
dent Predictors of Alloimmunization
To identify independent predictors of alloimmuniza-
tion, binary logistic regression was performed incor-
porating age (continuous), disease group, and gen-
der as covariates (Table 7 and figure 4 ). After
multivariable adjustment, age was the only statisti-
cally significant independent predictor (OR = 1.045
per year, 95% CI 1.008–1.085, p = 0.018), indi-

cating a 4.5% incremental increase in the odds of
alloimmunization for each additional year of age.
Disease group (SCD+β-thalassemia vs. SCD) and
gender (female vs. male) did not achieve statisti-
cal significance after adjustment (p = 0.108 and p =
0.257, respectively). The wide confidence interval
for disease group (OR = 3.52, 95% CI 0.76–16.29)
reflects insufficient power from the small SCD+β-
thalassemia sample (n = 17).

Binary logistic regression, maximum likelihood esti-
mation; n = 148. Bold row = statistically significant
predictor (p < 0.05). Pseudo R2 (McFadden) = 0.066

indicates modest but detectable model fit. OR > 1
= increased odds of alloimmunization; 95% CI not
crossing 1.0 confirms significance for age only.

Each dot represents one patient, jittered slightly to
prevent overplotting. The blue S-curve is the logistic
regression fit and the shaded band is the 95% confi-
dence interval. The probability of alloimmunization
rises steadily with age, consistent with the significant
independent age effect in multivariable regression
(OR = 1.045/year, 95% CI 1.008–1.085, p = 0.018).

Alloimmunized patients (clustered at y = 1.0) are vis-
ibly more common at older ages, while the 0–10 year
group sits almost entirely at y = 0.

Panel B— Age vs. Transfusion Count by Alloim-
munization Status

ICT-positive (alloimmunized) patients are shown as
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Table 7. Binary LogisƟc Regression — Predictors of AlloimmunizaƟon (N = 148)

Predictor β Coefficient Odds RaƟo (OR) 95% CI Wald z p-
value

Constant −3.575 — — −4.95 <0.001
Age (per 1 year) +0.044 1.045 1.008–1.085 2.36 0.018
Disease (SCD+β-Thal vs. SCD) +1.258 3.519 0.760–16.292 1.61 0.108
Gender (Female vs. Male) +0.602 1.825 0.645–5.165 1.13 0.257
Model fit Pseudo R2 = 0.066 AIC = 110.3 BIC = 122.3 LLR p = 0.064 —

Fig. 4: ScaƩer Analysis — Predictors of Red Cell AlloimmunizaƟon (N = 148)

red diamonds; ICT-negative patients as blue cir-
cles. The dashed red trend line through alloimmu-
nized patients shows a positive association between
older age and higher transfusion burden. The median
transfusion count was 5 (IQR 3–15) in alloimmu-
nized vs. 2 (IQR 1–5) in non-alloimmunized patients
(Mann-Whitney U = 1,405, p = 0.002), confirming
transfusion exposure as the strongest single predic-
tor of red cell alloimmunization in this cohort. One
extreme outlier (1,012 transfusions in an SCD+β-
thalassemia patient on exchange transfusion) was
excluded from the plot for visual clarity but retained
in all statistical analyses.

4 DISCUSSION

The present study recorded an overall red cell alloim-
munization frequency of 12.2% (18/148) among
transfused patients with sickle cell disease (SCD) or
SCD with β-thalassemia at a tertiary centre in south-

ern India. This figure falls within the broad range
reported from comparable Indian settings. Jariwala
et al., in a retrospective analysis from Gujarat, docu-
mented alloimmunization rates of approximately 7–
10% in multiply transfused SCD and β-thalassemia
patients, while a study fromwestern Odisha recorded
13.64% in SCD alone (11, 12). At the global
level, a recent systematic review encompassing 19
SCD studies (3,867 patients) reported a pooled
mean alloimmunization prevalence of 14% (95%
CI 10–19%), and an equivalent meta-analysis for
thalassemia yielded 13% (95% CI 10–15%). The
current finding of 12.2% therefore aligns reason-
ably well with both Indian benchmarks and the
broader international literature, suggesting that the
immunological burden of alloimmunization in this
population is neither trivially low nor exceptionally
high (13, 14).
The numerically higher alloimmunization rate
observed in the SCD+β-thalassemia subgroup
(17.6% vs. 11.5% in pure SCD) did not achieve sta-
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tistical significance (p = 0.437), a result attributable
primarily to the small size of the compound heterozy-
gous cohort (n = 17). A comparative study from
Gujarat similarly found that β-thalassemia patients
carried a modestly greater sensitisation risk than
SCD patients, an observation linked to their typi-
cally earlier onset of regular transfusion and higher
lifetime unit exposure. The inability to confirm this
difference statistically in the current data underlines
the need for a larger multicentre cohort that recruits
sufficient numbers of SCD+β-thalassemia cases to
achieve adequate power (15, 16).
The most robust finding in this study was the dose-
response relationship between cumulative transfu-
sion burden and alloimmunization, with rates ris-
ing from 2.3% after a single transfusion to 31.6% in
patients who had received more than ten units (χ2

= 10.23, p = 0.017; Mann-Whitney U, p = 0.002).
This gradient closely mirrors observations from Sip-
pert et al. in Brazil, who demonstrated a stepwise
increase in alloimmunization proportional to life-
time transfusion count in SCD patients, and from the
Blood journal review by Yazdanbakhsh et al., which
noted that cumulative transfusion number is one of
the most consistently replicated risk factors across
diverse populations (17, 18). A study from Pakistan
on multiply transfused thalassemia patients similarly
identified number of red cell units transfused per year
as the dominant predictor in multivariate analysis
(OR 0.927, 95% CI 0.888–0.968) (19).
Age emerged as the only independent predictor in
multivariable logistic regression (OR 1.045/year, p
= 0.018), likely acting as a surrogate for cumula-
tive antigenic exposure over a longer transfusion his-
tory rather than reflecting an intrinsic age-related
immunological susceptibility. Gender did not inde-
pendently predict alloimmunization after adjustment
(p = 0.257), though the directionally higher rate in
females (15.5% vs. 10.1% in males) is consistent
with published literature attributing additional sen-
sitisation risk in women to pregnancy-related alloex-
posure. A large Brazilian cohort and the recent 2025
meta-analysis both identified female sex as a signifi-
cant risk factor in several included studies, reinforc-
ing this biological plausibility even where individual
studies lack power to confirm it (20, 21).
Taken together, these data reinforce the clinical
imperative of extended red cell phenotyping at first

presentation and prophylactic antigen matching —
at minimum for Rh (C, c, E, e) and Kell systems
— particularly for patients anticipated to require
more than five lifetime transfusions. The finding
that alloimmunization risk exceeds 30% beyond ten
transfusions provides a pragmatic, evidence-based
threshold to guide institutional policy at centres
where comprehensive phenotype matching remains
resource-constrained.

5 CONCLUSION

This study established a red cell alloimmunization
frequency of 12.2% among transfused patients with
sickle cell disease or SCD with β-thalassemia at a
tertiary centre in southern India. Cumulative trans-
fusion burden was the single most significant pre-
dictor, with alloimmunization exceeding 31% in
patients receiving more than ten units — a 13.7-
fold increase over first-time recipients. Age indepen-
dently predicted alloimmunization on multivariable
analysis, likely reflecting lifetime antigen accumula-
tion. These findings advocate for pre-transfusion red
cell phenotyping and prophylactic antigen matching,
particularly for Rh and Kell systems, in all patients
anticipated to require repeated transfusions, as a
cost-effective institutional strategy to reduce sensiti-
sation and future transfusion-related complications.
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