
ISSN 0973-2063 (online) 0973-8894 (print)  

©Biomedical Informatics (2025) Bioinformation 21(8): 2772-2775 (2025) 
 

2772 

 

  

 

www.bioinformation.net 
Research Article 

Volume 21(8) 
Received August 1, 2025; Revised August 31, 2025; Accepted August 31, 2025, Published August 31, 2025 

DOI: 10.6026/973206300212772 
SJIF 2025 (Scientific Journal Impact Factor for 2025) = 8.478 
2022 Impact Factor (2023 Clarivate Inc. release) is 1.9 
 
Declaration on Publication Ethics:  
The author’s state that they adhere with COPE guidelines on publishing ethics as described elsewhere at https://publicationethics.org/. The authors 
also undertake that they are not associated with any other third party (governmental or non-governmental agencies) linking with any form of 
unethical issues connecting to this publication. The authors also declare that they are not withholding any information that is misleading to the 
publisher in regard to this article. 
 
Declaration on official E-mail: 
The corresponding author declares that lifetime official e-mail from their institution is not available for all authors 
 
License statement:  
This is an Open Access article which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly 
credited. This is distributed under the terms of the Creative Commons Attribution License 
 
Comments from readers: 
Articles published in BIOINFORMATION are open for relevant post publication comments and criticisms, which will be published immediately 
linking to the original article without open access charges. Comments should be concise, coherent and critical in less than 1000 words. 
 
Disclaimer: 
Bioinformation provides a platform for scholarly communication of data and information to create knowledge in the Biological/Biomedical domain 
after adequate peer/editorial reviews and editing entertaining revisions where required. The views and opinions expressed are those of the author(s) 
and do not reflect the views or opinions of Bioinformation and (or) its publisher Biomedical Informatics. Biomedical Informatics remains neutral and 
allows authors to specify their address and affiliation details including territory where required. 

Edited by Vini Mehta 
E-mail: vmehta@statsense.in 

Citation: Kulkarni, Bioinformation 21(8): 2772-2775 (2025) 

 

Effect of leukoreduction in preventing febrile 
transfusion reactions 

 

Keshav R Kulkarni* 

 
Department of Pathology, S. Nijalingappa Medical College & H.S.K. Hospital & Research Centre, Nava Nagar, Bagalkote, Karnataka, 
India; *Corresponding author 
 
Affiliation URL:  
https://snmcbgk.in/ 
 
Author contacts:  

Keshav R Kulkarni - E-mail: keshavkulkarni1008@gmail.com  
 



ISSN 0973-2063 (online) 0973-8894 (print)  

©Biomedical Informatics (2025) Bioinformation 21(8): 2772-2775 (2025) 
 

2773 

 

Abstract: 
Febrile non-hemolytic transfusion reactions (FNHTRs) remain one of the most common adverse events associated with packed red 
blood cell (PRBC) transfusions. Therefore, it is of interest to compare the efficacy of leukoreduction in the prevention of febrile 
transfusion reactions in PRBC-transfused patients using the TACE 2 automatic component extractor and Terumo Penpol blood bags. 
600 PRBC transfusions were included in the analysis, of which 300 were leukoreduced and 300 were not leukoreduced. The standard 
operating procedures for leukoreduction were adopted with the help of the TACE 2 device and the rate of FNHTRs was noted and 
compared between the two groups. Leukoreduction greatly minimized the occurrence of febrile non-hemolytic transfusion reactions. 
Its application with automated extraction systems such as TACE 2 and quality blood bags like those of Terumo Penpol provided safe, 
effective and repeatable results. 
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Background: 
Blood transfusion is a pillar of contemporary medicine, a key 
component of anemia, trauma, malignancy, surgical and chronic 
disease management. Although transfusion therapy has become 
safer and more routine, it does not exist without risks [1]. One of 
the most common adverse events is the febrile non-hemolytic 
transfusion reaction (FNHTR), a clinical syndrome defined by an 
unexplained increase in body temperature of ≥1°C (or 1.8°F) 
during or within four hours after transfusion and usually 
associated with chills, rigors, headache, or malaise [2, 3]. While 
usually non-life-threatening, FNHTRs may cause considerable 
patient distress, disruption of needed transfusions, added 
healthcare expenses and, in some instances, unwarranted 
diagnostic evaluation for fever [4]. FNHTRs are mainly due to 
the collection of leukocytes and their byproduct cytokines in the 
transfused blood product. Upon storage, WBCs from packed red 
cells and platelets inside blood bags go through apoptosis and 
necrosis with the release of pro-inflammatory cytokines, which 
include interleukin-1 (IL-1), tumor necrosis factor-alpha (TNF-α) 
and interleukin-6 (IL-6) [5, 6]. FNHTR's pathogenesis involves 
these mediators and renders leukoreduction, WBC removal from 
transfused blood, an efficient prophylaxis strategy. There are 
several ways of leukoreduction, which include pre-storage 
filtration, bedside filtration and apheresis. Among them, pre-
storage leukoreduction has been demonstrated to be most 
effective as it removes leukocytes before significant cytokine 
accumulation can occur [7, 8]. This not only reduces the 
incidence of FNHTRs but also minimizes the risk of 
alloimmunization, transfusion-transmitted infections and 
immunomodulatory effects that can increase susceptibility to 
postoperative infections or cancer recurrence. In the Indian 
context, leukoreduction is not yet uniformly practiced due to 
resource constraints, equipment availability and cost 
considerations [9]. However, the increasing burden of 
transfusion-dependent patients and awareness about transfusion 
safety make an urgent need for evaluating and advocating 
evidence-based strategies such as leukoreduction. The Tace 2 
leukoreduction device, when used with integral filter Terumo 
Penpol blood bags, presents a viable and standardized approach 
to obtaining high-quality pre-storage leukoreduction that can be 
incorporated into current transfusion practice [10]. Therefore, it 
of interest to assess the clinical efficacy of leukoreduction with 
the Tace 2 machine and Terumo Penpol blood bags in the 

prevention of FNHTRs in patients undergoing packed red blood 
cell (PRBC) transfusions in India. 
 
Materials and Methods: 
Study design and setting: 
The research was planned as a prospective observational study 
over 1 year June 2024 to June 2025, in the Department of 
Pathology at S. Nijalingappa Medical College & H.S.K. Hospital 
& Research Centre, Nava Nagar, Bagalkote. The objective was to 
assess the efficacy of leukoreduction in the prevention of febrile 
non-hemolytic transfusion reactions (FNHTRs) among patients 
undergoing packed red blood cell (PRBC) transfusions. The 
study environment consisted of a specific blood component 
separation area with TACE 2 automatic component extractor 
and Terumo Penpol integral filter blood bags for preparation of 
leukoreduced PRBCs. 
 
Selection criteria: 
All age groups and both genders of patients who needed PRBC 
transfusion during the study period were eligible. The inclusion 
criteria included patients receiving either leukoreduced or 
standard (non-leukoreduced) PRBC units with no history of 
febrile illness or active infection at the time of transfusion. 
Patients with known hemolytic reactions, transfusion-related 
acute lung injury (TRALI), or confirmed sepsis were excluded to 
prevent confounding causes of post-transfusion fever. 
Permission was received from all patients or their guardians 
before enrolment. 
 
Sample size calculation: 
Under the assumption of a baseline incidence of FNHTR of 3% 
for non-leukoreduced units and a lower rate of 0.5% for 
leukoreduced units, with 5% significance level and 80% power 
(two-tailed), the minimum required sample size was estimated 
to be 250 patients per group. As a precaution to cover for 
possible dropouts or missing data, a total of 600 transfusion 
episodes (300 leukoreduced, 300 non-leukoreduced) were 
entered into the final analysis. 
 
Data sources and variables: 

Leukoreduced PRBCs were manufactured following institutional 
SOPs with the use of the TACE 2 automatic component 
extractor. The process involved was initiation of the air 
compressor, system self-test, program selection (Program 1 for 
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TAB first separation) and the correct routing of tubes using 
clamps and flow regulators. PRBCs were separated under 
aseptic closed conditions and leukoreduction was done with 
integrated in-line filters on Terumo Penpol bags. For every 
leukoreduced unit, rigorous adherence to operating instructions 
was adhered to, including protocol for centrifugation, placement 
of tubes and positioning of primary bags to guarantee uniform 
separation and filtration. Data were gathered through a 
standardized pro forma that captured patient demographics, 
indication for transfusion, type of PRBC unit transfused 
(leukoreduced or standard) and the development of FNHTR 
within four hours of the transfusion. FNHTR was characterized 
as an increase in temperature ≥1°C from baseline during or 
shortly following transfusion, not due to any other clinical 
etiology and sometimes associated with chills, rigors, or malaise. 
 
Statistical analysis: 
Data were entered and analyzed using SPSS version 25.0 (IBM 
Corp., Armonk, NY). Categorical data were reported as 
frequencies and percentages and continuous data were 
expressed as means ± standard deviation. The Chi-square test or 
Fisher's exact test was used to compare the incidence of FNHTRs 
in leukoreduced and non-leukoreduced groups. A p-value <0.05 
was used to determine statistical significance. Subgroup analysis 
was performed by age, gender and patient number of 
transfusions to examine any modifying effects on the rate of 
FNHTRs. 
 
Results: 
600 transfusion episodes were studied over the study period, 
comprising 300 leukoreduced and 300 non-leukoreduced PRBC 
transfusions. The two groups were demographically similar, 
assisting in ensuring the validity of comparisons of outcomes. 
Table 1 presents the baseline characteristics of the study 
population. The patients' mean age in the leukoreduced group 
was 42.3 ± 16.7 years, whereas it was 41.5 ± 15.9 years in the non-
leukoreduced group. The gender was also comparable in the two 
groups, with male gender constituting 54.3% and 56.0% 

respectively. The primary indication for blood transfusion across 
the two populations was anemia of chronic disease, followed by 
surgical bleeding and anemia secondary to malignancy. The rate 
of febrile non-hemolytic transfusion reactions (FNHTRs) was 
much lower in the leukoreduced group than in the non-
leukoreduced group. As can be seen from Table 2, only 2 
FNHTRs were reported among the 300 leukoreduced 
transfusions (0.67%), while 19 FNHTRs were reported in the 
non-leukoreduced group (6.3%). This difference was significant 
at p < 0.001, which suggests that leukoreduction was very 
effective in decreasing transfusion-related febrile reactions. 
Clinical presentation and timing of the reactions are summarized 
in Table 3. For both groups, FNHTRs generally occurred during 
the first two hours after the transfusion had begun. Within the 
leukoreduced group, two patients had mild fever, with one case 
involving chills. For the non-leukoreduced group, all 19 patients 
had fever and the majority had chills and rigors as well. None of 
the FNHTRs needed invasive therapy or hospitalization. 
Subgroup analysis was also performed to assess the effect of the 
number of units of PRBC transfused on FNHTR incidence. Table 

4 emphasizes that FNHTRs occurred more frequently in patients 
receiving two or more units in the non-leukoreduced group. In 
the recipients of a single unit, FNHTR was 3.6% in the non-
leukoreduced group and 0.4% in the leukoreduced group. The 
rate was significantly greater (11.6%) in recipients who received 
two or more non-leukoreduced units than in the leukoreduced 
group, which accounted for only 0.8%. These observations 
highlight the aggregate immunological effect of leukocyte 
exposure and the preventive function of leukoreduction, 
particularly with multi-unit transfusions. In general, the results 
of the study revealed a decline in FNHTR incidence due to 
leukoreduced PRBC transfusions derived with the TACE 2 
component extractor and Terumo Penpol blood bags. No severe 
adverse events or process challenges were observed while 
performing the leukoreduction process, further supporting the 
practice acceptability of incorporating this protocol as a routine 
procedure in transfusion units. 

 
Table 1: Baseline characteristics of study participants 

Variable Leukoreduced (n=300) Non-Leukoreduced (n=300) p-value 

Mean Age (years ± SD) 42.3 ± 16.7 41.5 ± 15.9 0.56 
Gender (Male: Female) 163:137 168:132 0.68 
Most Common Indication Chronic anemia (42%) Chronic anemia (40%) 0.74 

 
Table 2: Incidence of FNHTR in Leukoreduced versus Non-Leukoreduced PRBC Transfusions 

Transfusion Type FNHTR (n) No FNHTR (n) Total (n) Incidence (%) p-value 

Leukoreduced 2 298 300 0.67% <0.001* 
Non-Leukoreduced 19 281 300 6.3%  

*Statistically significant 
 
Table 3: Clinical Characteristics of FNHTR Cases 

Group Time of Onset (Mean ± SD) Symptoms Observed (n) Severe Reaction (n) 

Leukoreduced (n=2) 1.4 ± 0.3 hours Fever (2), Chills (1) 0 
Non-Leukoreduced (n=19) 1.3 ± 0.6 hours Fever (19), Chills (15), Rigors (10) 0 

 
Table 4: FNHTR Incidence by Number of PRBC Units Transfused 

Units Transfused Leukoreduced FNHTR (%) Non-Leukoreduced FNHTR (%) p-value 

1 Unit (n=420) 0.4% (1/240) 3.6% (5/180) 0.01 
≥2 Units (n=180) 0.8% (1/60) 11.6% (14/120) <0.001 
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Discussion: 

This research evaluated the effectiveness of leukoreduction in 
the prevention of FNHTRs with the use of PRBC units that were 
processed with the TACE 2 automated component extractor and 
Terumo Penpol blood bags. The results firmly endorse the 
theory that leukoreduction significantly reduces the incidence of 
FNHTRs among transfusion recipients, redemonstrating the 
clinical advantage of this therapy [8, 11 and 12]. Our data 
demonstrated a significant decrease in FNHTRs among 
leukoreduced PRBC recipients versus standard (non-
leukoreduced) recipients—0.67% vs 6.3%, respectively. This 
notable decrease is consistent with other studies that have 
pointed out residual leukocytes as major contributors to 
FNHTRs via cytokine accumulation and immune sensitization 
[3, 10]. The reduced frequency of reactions in our leukoreduced 
group favors the function of white cell filtration or buffy coat 
removal in reducing this pathophysiological cascade [10]. 
Moreover, subgroup analysis offered additional information 
regarding the cumulative risk of FNHTRs with multi-unit 
transfusions. In the non-leukoreduced arm, patients receiving 
two or more units had a disproportionately increased rate of 
FNHTR (11.6%) versus those receiving one unit (3.6%). This 
trend highlights the enhanced immunological load presented by 
successive exposures to leukocytes and underlines the need for 
leukoreduction in multi-unit transfusion settings [13, 14]. 
Employment of TACE 2 and Terumo Penpol blood packs 
enabled standardized and effective leukoreduction without any 
functional failures or procedural complications noted. The 
inbuilt SOPs ensured uniformity of component processing and 
reduced variability of the leukocyte depletion step, making the 
results more robust. Importantly, despite automation, residual 
FNHTRs in a minor number of leukoreduced components 
revealed that though leukoreduction is useful, it does not 
eliminate the risk entirely [15]. These results have clinical 
implications for transfusion regimens, especially in high-volume 
institutions or in those patients frequently transfused, such as 
oncology, surgical, or chronic illness populations. Instituting 
leukoreduction can markedly decrease reactions, enhance 
patient compliance and comfort and decrease post-reaction 
assessment or interventions [16, 17]. Universal leukoreduction 
programs have also been linked with other advantages, such as 
decreased mortality and antibiotic use in high-risk patient 
populations. 
 
Strengths and limitations: 
A key strength of this research is the application of an 
automated and standardized method of leukoreduction by using 
the TACE 2 extractor, which maximized reproducibility and 
reduced operator variation. The sample size was adequate and 
the provision of a control non-leukoreduced group provided 

maximum opportunities to assess effect size. The study's real-
world setting enhances the external validity and generalizability 
of the results to everyday clinical practice. But the study was not 
without limitations. It was at a single institution, which might 
restrict the external validity of the findings. FNHTRs were 
diagnosed clinically without confirmation by laboratory tests 
(e.g., cytokine levels or leukocyte count in the final product) and 
this might have introduced observer bias. Moreover, patients 
were not followed up after the acute post-transfusion period, so 
delayed reactions to transfusion could not be evaluated. Finally, 
although FNHTRs were the focus of the current research, 
additional advantages of leukoreduction were not investigated. 
 
Conclusion: 

Leukoreduction of PRBC units with the TACE 2 extractor and 
Penpol Terumo blood bags decreases the incidence of febrile 
non-hemolytic transfusion reaction significantly. The procedure 
proved to be efficient, standardized and practical even for day-
to-day use within standard blood banking settings.  
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