RESEARCH AND REPORTS

Posttransfusion Alloimmunization Following

Corticosteroid Treatment

MADELEINE BUI, DANIEL FELIPE MUNOZ GONZALEZ, SARAH BURNETT-GREENUP,
DIANA RIDDLE

ABSTRACT

OBJECTIVE: Researchers investigated whether cortico-
steroid use is associated with decreased alloimmunization
in adults undergoing red cell transfusions.

DESIGN: This was an observational, retrospective cohort
study spanning January 1, 2014, to December 31, 2024.

SETTING: This study was located at a multisite academic
health system along the Texas Gulf Coast.

PARTICIPANTS: Patients 18 years or older with no history
of alloantibodies who received red cell transfusions were
included in this study.

INTERVENTION: Patients received corticosteroid treat-
ment, defined as receiving corticosteroids within 30 days
preceding transfusion.

OUTCOME MEASURE: Repeat antibody detection test
results 28 days after transfusion determined whether an
alloimmunization event occurred.

RESULTS: The Wilcoxon rank-sum test for age (P =.806),
the chi-square test for sex (P=.364) and for ethnicity
(P =.414), and Fisher exact test for race (P = .667) revealed
the population demographics were comparable between
the groups. Fisher exact test revealed no significant
association between treatment and alloimmunization
(P=.098; odds ratio, 0.181; 95% Cl, 0.004-1.149).
Comparison among classes of corticosteroids by Fisher
exact test was not significant (P=.351). An exploratory
Firth's penalized logistic regression was used because of
the rarity of alloimmunization events and yielded similar,
nonsignificant estimates of corticosteroid exposure across
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multiple models, indicating limited model performance in
this sparse-data setting.

CONCLUSION: Corticosteroid exposure within 30 days
before transfusion was not associated with a statistically
significant reduction of first-time alloimmunization.
Class-based and exploratory analyses did not identify a
protective effect. The low event rate and wide Cls suggest
larger studies may clarify whether an association exists.

ABBREVIATIONS: ASH - American Society of Hematology,
ESI - employer-sponsored insurance, HTR - hemolytic
transfusion reaction, OR - odds ratio, PRBC - packed red
blood cell, RBC - red blood cell.

INDEX TERMS: alloimmunization, corticosteroids, transfu-
sion, inflammation.

Clin Lab Sci 2026;38(1):1-5

INTRODUCTION

Blood transfusions are a common medical procedure,
and like any other procedure, they carry risks.
Alloimmunization is a primary concern in transfusion
medicine and is defined as the formation of alloantibodies
in response to foreign antigens encountered during expo-
sure events, including transfusion and pregnancy.'?
Alloimmunization complicates blood provision because
each time an alloantibody is made, it reduces the chances
of finding compatible blood and increases the likelihood
of potential hemolytic transfusion reactions (HTRs).>*
HTRs can range from subclinical to lethal in severity and
account for about 5% of serious transfusion-related
adverse reactions.” As the name implies, HTRs result from
hemolysis of donor red blood cells (RBCs) within the recipi-
ent. This can trigger other mechanisms, such as cytokine
storm, shock, disseminated intravascular coagulation,
and cause death.’

Each time patients are transfused, they are at risk of
becoming alloimmunized. This is especially true for
patients with conditions that require frequent packed
RBC (PRBC) transfusions, such as sickle cell disease."”
There are hundreds of unique antigens present on the sur-
face of RBCs that can induce antibody development, so
mitigating alloimmunization to these antigens in patients
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who are frequently transfused can help minimize the risk
of HTRs#

Antibodies, also known as immunoglobulins, play a
crucial role in the immune system by binding to foreign
antigens.®® Although the exact mechanisms of why some
patients make alloantibodies when others do not are cur-
rently unknown, it is accepted that patients in proinflam-
matory states are more likely to become alloimmunized
than patients in noninflammatory states.>'® Because
inflammation may augment antibody formation, immuno-
suppressive therapy may offer protection against alloanti-
body production.

Because inflammation promotes alloimmunization,
anti-inflammatory agents such as corticosteroids, which
exert immunosuppressive effects, may reduce the risk of
alloimmunization.’® Immunosuppressants are a classifica-
tion of medication that work by inhibiting the immune sys-
tem, and these drugs are commonly used in organ
transplantation to help prevent organ rejection by the
recipient’s body."" In fact, use of immunosuppressive
therapy, primarily rituximab, was recommended by the
American Society of Hematology (ASH) in patients
deemed at high risk for acute HTRs or severe, life-threaten-
ing delayed HTRs; however, these guidelines are condi-
tional because there is little evidence about its effects.”
Among the various immunosuppressive agents, cortico-
steroids represent a widely used class with well-estab-
lished anti-inflammatory mechanisms.

Corticosteroids are used to treat inflammatory disor-
ders and allergies by inhibiting cytokine transcription after
binding to intracellular glucocorticoid receptors. This non-
specific inhibition of cytokine transcription enables a wide
range of applications.’? Corticosteroids bind to glucocorti-
coid receptors in the cytoplasm before entering the
nucleus to exert anti-inflammatory effects.”® Corti-
costeroids can be categorized according to the duration
of action: short acting, intermediate acting, and long act-
ing. The most common short-acting corticosteroid is
hydrocortisone, and the most common long-acting corti-
costeroid is dexamethasone; prednisone, prednisolone,
and methylprednisolone are all common intermediate-
acting corticosteroids.'

If corticosteroids are found to have a protective effect
against first-time alloimmunization, then future research
could be conducted to determine if corticosteroids can
be used to prevent alloimmunization in patients who
are frequently transfused and are at a higher risk of having
been previously alloimmunized. A 2014 study in the
Netherlands by Zalpuri et al is the primary evidence sup-
porting the use of immunosuppressive drugs to reduce
the risk of alloimmunization.””"” The researchers con-
cluded that there was a lower risk of alloimmunization
with immunosuppressant usage in the 30 days preceding
the date of the transfusion, but there have been few
attempts to extend the observation of the protective effect
of immunosuppressants—specifically corticosteroids—in
other settings."”
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The purpose of this study was to investigate the rela-
tionship between corticosteroid use and first-time alloim-
munization in nonpregnant adults undergoing PRBC
transfusions. The relationship was investigated by compar-
ing the demographic characteristics of patients who
received corticosteroid treatment and those who did
not, comparing alloimmunization between these groups,
and evaluating the effects of different corticosteroid treat-
ments on alloimmunization. It was hypothesized that cor-
ticosteroid exposure within 30 days before transfusion
would be associated with a lower risk of first-time
alloimmunization.

METHODS

This was an observational, retrospective cohort study
spanning January 1, 2014, to December 31, 2024. The
study was conducted using data collected from a multisite
academic health system located along the Texas Gulf
Coast. The health system transfuses approximately
12 000 blood products per year. Over the period, 708 eli-
gible patients were identified, and all were included in the
study. This study was reviewed through an expedited
review procedure and approved under protocol 24-0404
by the University of Texas Medical Branch at Galveston
institutional review board in accordance with 45 Code
of Federal Regulations 46.110(a)-(b)(1).

Study Population

Participants included nonpregnant adults who received
PRBC transfusions. These patients had a negative antibody
detection test result in the 2 weeks before receiving a
transfusion and no previously detected alloantibodies in
their records. Patients also had to undergo another anti-
body detection test at least 28 days after the transfusion,
allowing time for alloantibody formation. They had no
additional transfusions between the day of the transfusion
and the antibody detection test. Patients were divided into
4 groups based on whether they received corticosteroid
treatment and whether they developed an alloantibody
(+/+, +/-, =/+, and —/-).

Exclusion Criteria

Recently pregnant individuals (within the past 2 months)
were excluded to ensure that alloimmunization was
caused by transfusion and not pregnancy. Additionally,
patients who received additional transfusions in the 28
days between the initial PRBC transfusion and the repeat
antibody detection test were excluded. Patients without a
repeat antibody detection test at least 28 days after trans-
fusion were excluded. Patients who received immunosup-
pressants other than corticosteroids within the 30-day
window period preceding the transfusion were excluded.
Over the data period, 708 eligible patients were identified,
and all were included in the study.
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Data Collection

Data were collected through the health system’s electronic
medical records system from January 1, 2014, to December
31, 2024. The transfusion service provided a master list of
patients who developed alloantibodies to aid in determin-
ing alloimmunization. All patients who received PRBC trans-
fusions were identified, and then inclusion and exclusion
criteria were applied to determine eligibility. All patients
meeting the criteria during the study period were included.
Data were retrieved by an institutional statistician, eligibility
criteria were applied, and data from eligible patients were
sent to the primary investigator.

Corticosteroid treatment was defined as receiving cor-
ticosteroids within 30 days prior to transfusion, and follow-
up antibody detection results were used to assess anti-
body development. The specific corticosteroid treatment
was noted in the collection form and classified as short,
intermediate, or long acting based on its duration of
action. Short-acting hydrocortisone lasts 8 to 12 hours;
long-acting dexamethasone lasts 36 to 54 hours; and inter-
mediate-acting prednisone, prednisolone, and methyl-
prednisolone last 18 to 36 hours. If a patient were on
more than 1 corticosteroid, then they were classified as
a combination treatment. Age, sex, race, and ethnicity of
patients were collected to determine if the study groups
are comparable.

The Wilcoxon rank-sum test was used for age (nonpara-
metric), the Pearson chi-square test was used for sex and
ethnicity, and Fisher exact test was used for race. Fisher
exact test and odds ratio (OR) were used to assess whether
alloimmunization in the presence of corticosteroids differed
significantly from alloimmunization in the absence of
corticosteroids because of sparse counts. Fisher exact
was also used to evaluate first-time alloimmunization by
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corticosteroid classification. Firth’s penalized logistic regres-
sion was used in an exploratory adjusted analysis to exam-
ine whether alloimmunization differed significantly after
accounting for age and ethnicity.

RESULTS

All statistical analyses were performed using SAS Studio
3.82 on SAS 9.4 (SAS Institute Inc, Cary, NC), with statistical
significance set at P less than .05. Normality assumptions
for age were assessed using the Shapiro-Wilk test to deter-
mine whether to use a parametric or nonparametric test.
Assumptions of multicollinearity and outliers were
checked for the logistic regression models.

The Wilcoxon rank-sum test revealed no significant
difference in age between those who received cortico-
steroid treatment and those who did not (P=.806);
age distributions did not differ significantly (Table 1).
Chi-square revealed no significant association between
sex and treatment (P =.364) or between ethnicity and
treatment (P =.414; Table 1). Fisher exact test indicated
no significant association between race and treatment
(P=.667; Table 1). Fisher exact also revealed no
significant association between treatment and alloim-
munization (P =.098), with an OR indicating imprecision
and no clear evidence of an association between
corticosteroid exposure and first-time alloimmunization
(Table 2).

Sparse outcome data limited class-specific corticoster-
oid analyses. Among patients not receiving corticosteroid
treatment, only 20 developed first-time alloimmunization
(Table 3). Among patients receiving corticosteroid treat-
ment, first-time alloimmunization occurred in only 1
patient, observed in the intermediate-acting corticosteroid
group. Corticosteroid classification was not significantly

Table 1. Baseline characteristics by corticosteroid exposure status

Cohort Overall (N =708), No Corticosteroids Corticosteroids P
Characteristic n (%) (N =558), n (%) (N =150), n (%) Value’
Age, mean (£SD), y 51.73 (£12.60) 51.78 (£12.61) 51.55 (£12.62) .806
Sex
Female 396 (55.93) 317 (44.77) 79 (11.16) 364
Male 312 (44.07) 241 (34.04) 71 (10.03)
Race
White 521 (73.59) 406 (57.34) 115 (16.24) .667
Black 165 (23.31) 135 (19.07) 30 (4.24)
Asian 20 (2.82) 15 (2.12) 5(0.71)
American Indian or Alaskan 2 (0.28) 2 (0.28) 0 (0.0)
Ethnicity
Not Hispanic or Latino 544 (76.84) 425 (60.03) 119 (16.81) 414
Hispanic or Latino 164 (23.16) 133 (18.79) 31 (4.38)

aStatistics tests included Wilcoxon rank-sum for age, chi-square for sex and ethnicity, and Fisher exact for race.
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Table 2. First-time alloimmunization by corticosteroid exposure

Negative Positive Fisher

Alloimmunization, Alloimmunization, Exact Odds Ratio
Exposure Group n (%) n (%) P Value (95% ClI)
No 538 (75.99) 20 (2.82) .098 0.181 (0.004-1.149)
corticosteroids
(n=558)
Corticosteroids 149 (21.05) 1 (0.14)
(n=150)

Table 3. First-time alloimmunization by corticosteroid classification

Alloimmunization, n

Positive

Event Rate, % Fisher Exact P Value

Negative
Corticosteroid Classification Alloimmunization, n
None (n =558) 538
Short acting (n=2) 2
Intermediate acting (n=37) 36
Long acting (n=78) 78
Combination (n=33) 33
Total (n=708) 687

20 3.58 351
0 0.00
1 270
0.00
0.00
21 297

Table 4. Firth’s penalized logistic regression for positive first-time alloimmunization

Exploratory Model Predictors

Corticosteroid Exposure, Odds Ratio

P Value 95% CI

Model 1 Treatment only
Model 2 Treatment and age
Model 3 Treatment, age, and ethnicity

0.264 1182 0.029-1.041
0.264 1144 0.029-1.041
0.266 1136 0.029-1.051

associated with alloimmunization (Table 3). Given the
sparse class-specific event counts, exploratory Firth's
penalized logistic regression was performed using binary
corticosteroid exposure to assess whether the observed
association changed after limited adjustment. All 3 models
converged successfully, and the estimated association was
consistent across the treatment-only; treatment and age;
and treatment, age, and ethnicity models (Table 4). In each
model, the treatment-term Wald P value remained nonsig-
nificant, and the 95% Cls were wide and crossed 1.0,
indicating no statistically significant association between
corticosteroid exposure and first-time alloimmunization in
these exploratory analyses (Table 4).

DISCUSSION

Alloimmunization remains a significant concern in transfu-
sion medicine because it complicates future transfusions
with the possibility of HTRs. Mitigating alloantibody forma-
tion can help minimize the risk of HTRs.? The current study
evaluated whether corticosteroid exposure was associated
with reduced first-time alloimmunization. Overall, the
point estimates suggest a possible reduction of first-time
alloimmunization, but the association was not statistically
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significant. In the 2020 ASH guideline, the use of immuno-
suppressive therapy, primarily rituximab, was recom-
mended for patients with sickle cell disease deemed to
be at high risk for acute HTRs or severe, life-threatening
delayed HTRs.”'® The use of immunosuppressive therapy
to prevent alloimmunization is primarily supported by the
Zalpuri et al 2014 case-referent study, in which researchers
concluded there was a lower risk of alloimmunization with
immunosuppressant usage in the 30 days preceding the
date of the transfusion.*'%1517

This study aimed to further explore the findings of
Zalpuri et al by conducting a similar investigation in a dif-
ferent setting and to extend the original study by examin-
ing the protective effects of corticosteroids specifically in
cases of first-time PRBC alloimmunization.'” If future stud-
ies demonstrate effectiveness, corticosteroids could
present a less costly preventive strategy than monoclonal
immunosuppressive therapy. A comparison between the
unit prices of employer-sponsored insurance (ESI) and
Medicare, based on 2020 pricing, showed rituximab (a
monoclonal antibody immunosuppressant) to be
$1122.90 on ESI and $936.30 on Medicare, whereas dexa-
methasone (a corticosteroid immunosuppressant) was
$0.50 on ESI and $0.10 on Medicare.'®
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The original Zalpuri et al study reported a lower risk of
alloimmunization among patients receiving immuno-
suppressive medications, with an adjusted relative rate
of 0.55."° The current study reported an OR of 0.181
(95% ClI, 0.004-1.149), which is directionally compatible
with the findings in the Zalpuri et al study but imprecise,
with wide Cls.!> The results from the exploratory Firth's
penalized logistic regression yielded stable but not
significant treatment estimates across all the models.
This direction was broadly consistent with the results of
Zalpuri et al, but in the present study, the adjusted findings
remained imprecise and generated only further hypothe-
ses.”” Further studies can be done to investigate the
protective effect of corticosteroids in cases of repeat
alloimmunization.

This study included only patients aged 18 years and
older. It was conducted within a single health care system,
which may limit generalizability to pediatric populations
and to institutions with different transfusion practices or
patient case mix. Additionally, patients without repeat anti-
body testing were excluded because they could not be clas-
sified according to alloantibody development. Excluded
patients were not characterized demographically because
the institutional statistician did not provide these data to
the principal investigator. This method may produce a non-
representative cohort, potentially introducing bias.
Although the point estimate for corticosteroid exposure
(OR) was below 1.0, the wide Cl precluded definitive conclu-
sions about the direction or magnitude of the association.
This uncertainty is likely driven by the low number of alloim-
munization events observed, which reduces statistical
power and yields unstable effect estimates.

Corticosteroid exposure may also be affected by con-
founding by indication because patients receiving cortico-
steroids often differ clinically from those who do not (eg,
inflammatory disease burden, iliness severity, or transfusion
context), and residual confounding may remain despite
adjustment. Exposure misclassification is possible if cortico-
steroids were administered outside the captured record,
and the 30-day exposure window may not fully account
for heterogeneity in dose, route, or timing relative to trans-
fusion, potentially diluting a biologically meaningful effect.
Additional studies are needed with larger cohorts, more
events, and more granular characterization of immuno-
suppression to better define whether corticosteroid expo-
sure influences alloantibody formation after transfusion.

In conclusion, corticosteroid exposure within 30 days
before transfusion was not significantly associated with
first-time alloimmunization in this cohort. Although the
point estimate suggested a possible reduction in risk,
the small number of alloimmunization events resulted in
wide ClIs and limited precision, and exploratory Firth’s
penalized logistic regression likewise failed to identify a
significant adjusted association. These findings suggest
that, if present, any protective effect of corticosteroids
could not be demonstrated in this study and should be
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interpreted cautiously. Larger studies with more events
and more detailed characterization of corticosteroid expo-
sure are needed to better determine whether pretransfu-
sion corticosteroid exposure influences alloantibody
formation.
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