
1 

 

   

 

 

 

Pre-storage leukoreduction of red cells at cold 

and room temperature: comparison of efficacy 

and clinical impact following transfusion 

 

 

 

 

 

A dissertation submitted in partial fulfillment of M.D. Immuno Haematology 

and Blood Transfusion (Branch XXI) Examination of the Tamil Nadu Dr 

M.G.R. UNIVERSITY, CHENNAI to be held in April, 2017. 



2 

 

CERTIFICATE 

This is to certify that the dissertation titled “Pre-storage leukoreduction of red cells at 

cold and room temperature: comparison of efficacy and clinical impact following 

transfusion” is a bonafide work of Dr Siddharth Mittal towards the M.D. (Immuno 

Haematology and Blood Transfusion) Examination of the Tamil Nadu Dr M.G.R. 

University, Chennai to be held in April, 2017. 

 

SIGNATURE: 

 

 

Dr. Mary Purna Chacko 

Associate Professor, Department of Transfusion Medicine & Immunohaematology,  

Christian Medical College, Vellore, 632004, India 

 

 

 

Dr. Joy J. Mammen 

Professor and Head of Department, Transfusion Medicine & Immunohaematology 

Christian Medical College, Vellore, 632004, India 

 

 

 

Principal, Christian Medical College, Vellore, 632004, India 



3 

 

DECLARATION CERTIFICATE 

This is to certify that the dissertation titled “Pre-storage leukoreduction of red cells at cold 

and room temperature: comparison of efficacy and clinical impact following transfusion” 

is submitted by me in partial fulfilment towards M.D. (Immuno Haematology and Blood 

Transfusion) Examination of the Tamil Nadu Dr M.G.R. University, Chennai to be held in 

2017 comprises my original work only and due acknowledgement has been made in text 

to all material used. 

 

SIGNATURE:  

 

 

 

Siddharth Mittal 

PG Registrar, Department of Transfusion Medicine & Immunohaemaology 

Christian Medical College, Vellore, 632004, India 

 

 

 



4 

 

ACKNOWLEDGEMENTS 

 

I would like to express my deepest gratitude to my teacher, Dr. Mary P Chacko for the 

opportunity to complete my post graduate thesis under her able guidance. Her depth of 

knowledge, attention to details and dedication is inspirational, without which the concept 

and execution of this project would have been impossible.  

I am thankful to my Co guide Dr. Dolly Daniel, Professor, Department of Transfusion 

Medicine and Immunohaematology, Christian Medical College and Hospital, Vellore for 

her expert advice, guidance and preparation of this dissertation. Her ideas and support 

were paramount in the execution of this thesis. 

I would like to thank Dr. Joy Mammen, Professor and HOD, Department of Transfusion 

Medicine and Immunohaematology, Christian Medical College and Hospital, Vellore for 

his continuous support and guidance. 

 I would like to thank Dr. Santosh Varughese, Professor and HOD, Department of 

Nephrology, Christian Medical College, Vellore for his guidance and help that I received 

in clinical monitoring of the patients admitted under his department.  

I am thankful to Mr. Amal Raj, Instructor in Blood Bank-Department of Transfusion 

Medicine and Immunohematology, Christian Medical College and Hospital, Vellore for 

the technical support and interpretation of the results. I am also thankful to all the 

technicians and clerical staffs in the blood bank for the help extended by them. 



5 

 

I express my heartfelt gratitude to all my teachers, technical staff and colleagues 

especially Dr. Pragya Kafley, in the Department of Transfusion Medicine & 

Immunohaematology for their invaluable contribution and constant encouragement. 

 I wish to thank Mrs. M. Gowri from the Department of the Biostatics for careful analysis 

of data and interpretations of the results. 

I would like to thank my family for supporting me spiritually throughout this journey 

Most of all, I would like to thank God Almighty for His grace and faithfulness in 

supporting me through the entire process. 

 

 

 

 

 

 

 



6 

 

Registration of trial at Clinical trials registry of India 

(CTRI) 

 



7 

 

 



8 

 

 



9 

 

 



10 

 

PLAGIARISM CERTIFICATE 

 



11 

 

Abbreviations 

WBC – White blood cell 

TA-GVHD – Transfusion associated graft versus host disease 

FNHTR – Febrile non-haemolytic transfusion reaction 

RCC – Red cell concentrate     

LR - Leukoreduction 

LRRC – Leukoreduced red cells 

BC – Buffy coat 

BCRC – Buffy coat depleted red cells 

UPL – Universal pre-storage leukoreduction 

FC - Flowcytometry 

NC – Nageotte chamber 

RT – Room temperature (20-240C) 

CT – Cold temperature (2-60C) 

 

  



12 

 

Table of Contents 

Introduction ..................................................................................................................... 13 

Aims and Objectives ........................................................................................................ 15 

Review of Literature ........................................................................................................ 16 

Materials and Methods ................................................................................................... 41 

Results ............................................................................................................................... 70 

Discussion ......................................................................................................................... 95 

Limitations .................................................................................................................. 102 

Conclusion ...................................................................................................................... 104 

Bibliography ................................................................................................................... 105 

Annexures ....................................................................................................................... 110 

 

 

 



13 

 

Introduction 

Blood transfusion is an indispensable part of patient management. However, like all 

therapeutic procedures it has its share of adverse effects. However, few complications of 

blood transfusion arise due to presence of leukocytes in donor blood. The advancement of 

procedures to reduce the content of donor leukocytes has contributed significantly in 

bringing down related adverse effects. 

Leukoreduction of components is a widely practiced and established strategy for reducing 

the incidence of many transfusion reactions including febrile non- hemolytic transfusion 

reaction, which is the most common one. Patients with history of FNHTR have higher 

chances of its recurrence with next transfusion. Patients with history of FNHTR, those 

requiring regular transfusion therapy and renal transplant recipients are candidates for 

receiving leukoreduced red cells.  

 There are various methods for leukocyte reduction. In our blood bank we practice pre-

storage leukoreduction of buffy coat depleted red cell concentrate using inline filter bags. 

The filtration is effected at ambient temperature (22 + 2 degrees Celsius) within 6 hours 

of collection.  

Many factors influence the reduction of WBC, out of which temperature of filtration is 

one of the main factors. Many studies state that filtration efficacy is improved when the 

procedure is conducted at cold temperature (4+2 degrees Celsius). Our study attempts to 

assess whether efficacy of leukoreduction is higher when performed at 4+2 degrees 
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Celsius as compared to 22+ 2 degrees Celsius and whether the difference, if any, 

translates into an actual decrease in acute transfusion reactions.  

If mere change of temperature can augment leukoreduction, then this would be a cost-

effective measure to improve the quality of the component prepared.  
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Aims and Objectives 

 Aim: To achieve significant decrease in residual white cell count and incidence of 

acute transfusion reaction among patients transfused with leukoreduced bags processed at 

cold temperature (2-6 degrees Celsius) in comparison to bags processed at room 

temperature (20-24 degrees Celsius). 

 

 Primary objective: To assess whether pre-storage leukoreduction of red cell 

concentrate at cold temperature (2-6 degrees Celsius) is superior to the same performed at 

room temperature (20-24 degrees Celsius; our current practice) in reducing residual white 

cell count. 

 Secondary objective: Whether there is decrease in the incidence of febrile non-

haemolytic transfusion reactions among patients transfused with leukoreduced bags 

processed at cold temperature (2-6 degrees Celsius) in comparison to those transfused 

with leukoreduced bags processed at room temperature (20-24 degrees Celsius). 
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Review of Literature 

Introduction 

Leukocytes in bloodstream can be divided into two broad categories, granulocytes 

(Neutrophils, Basophils, Eosinophils) and agranulocytes (Lymphocytes, Monocytes). All 

leukocytes are produced from common pluripotent hematopoietic stem cell under the 

effect of various growth factors known as cytokines. Cytokines act at various stages and 

in coordination so as to induce leukocyte proliferation, maturation, and function. Thus 

cytokines influence development and maintenance of inflammation and immunity. Also, 

cytokine release from leukocytes depends on the type of cellular interactions. Biological 

effects of cytokine release include fever, chills, rigors and increased capillary 

permeability.(1) 

Biologic effects of transfused allogenic leukocytes 

Leukocytes in blood components have been implicated in a variety of adverse reactions 

associated with blood transfusion, notably febrile non-hemolytic reactions, transmission 

of viral infections (CMV, EBV, and HTLV-1), alloimmunization to WBC antigens like 

HLA, leading to refractoriness to platelet transfusion and transplant rejection especially 

renal, and transfusion-induced acute lung injury. Transfusion-Associated GVHD is a 

lethal immunologically mediated disorder due to engraftment of viable 

immunocompetent donor T lymphocytes in the tissues of recipient. Transfusion related 

immunomodulation could be a potential after effect of transfused WBCs and is yet to 
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proven. It has been considered clinically important in two settings: patients undergoing 

renal transplant and women with multiple miscarriages. (1–4) 

Febrile non hemolytic transfusion reaction (FNHTR) is defined as a rise in 

temperature of 1 degree Celsius or more above the pre-transfusion baseline, in the 

absence of any underlying febrile illness. It usually occurs during or within few hours of 

transfusion and can be associated with chills, nausea or vomiting, tachycardia, high blood 

pressure and tachypnea. However, asymptomatic rise in body temperature in a 

hypothermic patient to normal temperature, is not FNHTR.(5)  

Cytokine release is the primary event responsible for symptoms in FNHTR. There are 2 

main mechanisms leading to cytokine release. The first is due to interaction between 

recipient antibodies and antigens on donor leukocytes. These antibodies are directed 

against antigens, both HLA and WBC-specific, found on donor leukocytes.(6) Also the 

severity of reaction is determined by the extent of cytokine release (endogenous 

pyrogens) in response to antigen-antibody interactions. The second mechanism is due to 

infusion of preformed cytokines and inflammatory mediators that accumulate in plasma 

based blood components especially platelet rich concentrate, upon storage. These 

cytokines are released into the plasma from WBCs on storage. The final step in both 

pathways is by increasing the level of cytokines in the recipient like interleukin-1β 

(IL1β), IL6 and tumor necrosis factor α (TNFα). Cytokines induce fever by upregulating 

thermostatic set points in the thermoregulatory center of the hypothalamus.(7) 
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HLA alloimmunization is one of the delayed immune complications of blood 

transfusion, with a potential to impact life of patient drastically. Exposure to HLA class I 

antigens are implicated in primary alloimmunization and they can be present in blood 

component in three forms: on intact cells, on degenerating cells and cell fragments, and in 

soluble form on plasma lipoproteins. Immunogenic potential of soluble HLA antigens 

and on cell fragments is inconclusive as compared to HLA antigens on intact leukocytes. 

Transfusion and transplantation represent unique immunological challenges as MHC 

alloantigens are present as native antigens not only on proteins but also on intact cells in 

association with costimulatory molecules. In such situations, donor immune cells can 

directly stimulate, to some, degree recipient immune cells resulting in direct 

allorecognition.(8) 3 elements are required for direct allorecognition: binding of antigen 

to its receptor, binding of costimulatory molecules and elaboration of cytokines and 

cytokine receptors locally. Recipient cells can recognize intact class I antigens on donor 

leukocytes surface. Alternatively, donor class II positive antigen presenting cells (APCs) 

can carry within their peptide binding groove, HLA class I positive oligopeptides. Either 

way, reduction of class II positive donor APCs will reduce the frequency of direct HLA 

alloimmunization to class I antigens. In indirect allorecognition, recipient donor APCs 

are engulfed by donor cells followed by processing of donor antigen which is then 

presented to the immune system.(7) Development of anti-HLA antibodies following 

alloimmunization is one of the major reason behind platelet refractoriness and failure in 

platelet increment following platelet transfusion, especially in patients with 

hematological malignancies. 
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TA-GVHD (Transfusion associated graft versus host disease) results from donor T-

lymphocytes reacting against proteins on host cells, proliferating and targeting host 

organs primarily the skin, liver, intestinal tract, and marrow.  It is usually seen with 

whole blood or red cell transfusion but can be associated with fresh frozen plasma and 

platelet concentrates also, if there are viable lymphocytes in them. (1) Risk of TA-GVHD 

depends on the immunocompetency of the recipient, number of viable T-lymphocytes in 

the blood product and variation in HLA antigens between donor and recipient. Prevention 

of TA-GVHD can be achieved by altering either the viability or total number of T-

lymphocytes in blood product before transfusion. γ-Irradiation is usually used for 

prevention of TA-GVHD 

Role of leukoreduction in prevention of adverse effects and its cost-effectiveness 

Indications and guidelines for transfusing Leukoreduced (LR) blood components are not 

standardized and not universally accepted.  This is mainly due to high cost of 

leukoreduction procedures. Some countries have opted for universal leukoreduction while 

some consider more research is required to justify its high cost. (7) Tsantes et al. 

conducted a study to find the cost-effectiveness of leukoreduction by estimating the rate 

of FNHTR among patients transfused with leukoreduced or non-leukoreduced red cells, 

additional cost of leukoreduction and cost to treat FNHTR. He found that cost to prevent 

one case of FNHTR is 6,916 euros. According to him cost-effectiveness ratio of 

leukoreduction in relation to FNHTR is not good but many factors which could not be 

assessed might influence the long term cost of transfusion.(9)  
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Lane TA et al. reviewed various methods of preventing or reducing the adverse effects of 

transfused leukocytes and defined patient groups who are at risk. According to them, 

prevention of recurrent FNHTR and alloimmunization to WBC antigens in selected 

patients (patients requiring chronic transfusion and those who are candidates for 

transplantation) are the two established indications for use of leukoreduced blood 

components. Use of leukoreduced blood components for prevention of platelet 

refractoriness, CMV transmission and TRALI is still under review. (10) 

Sharma et al described reducing the risk of FNHTR, CMV transmission and HLA 

alloimmunization and platelet refractoriness as proven indications for leukocyte reduction 

in allogenic blood products.(11) 

As per the UHC (University Health Consortium) consensus recommendations, WBC-

reduced blood components are indicated to decrease the incidence of platelet 

refractoriness, CMV transmission, recurrent FNHTR and HLA alloimmunization. This 

consensus does not recommend use of leukoreduced blood components to prevent 

reactivation of endogenous CMV/HIV infection, to decrease incidence of cancer 

recurrence, postoperative infection and mortality and to prevent TA-GVHD, TRALI, 

bacterial sepsis and transmission of HTLV-1/II, EBV, HHV-8 and Prion diseases. This 

consensus also states that benefit to risk ratio as well as benefit to cost ratio associated 

with WBC reduction is not sufficient to justify switchover to universal 

leukoreduction.(12) 
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Methods of Leukoreduction 

Refrigerated storage of red cells was one of the first methods of preventing complications 

due to transfused leukocytes. In 1980s, red cell washing and red cell freezing and 

deglycerolization were used for leukoreduction. Centrifugation and buffy coat removal 

reduces number of leukocytes to 108 in red cells and use of automated devices has made 

buffy coat removal more reproducible. (7) Use of leukoctye filters is the most widely 

used and accepted method for leukoreduction. Apheresis devices can collect platelets 

with low levels of residual donor leukocytes without the use of filters. Of all these 

methods, leukoreduction by leukofilters (third and fourth generation) and components 

collected through apheresis devices should meet the American association of blood 

banking (AABB) standards of leukocyte reduction, i.e. < 5 × 106 WBCs/unit of 

leukoreduced red cell component, whereas, other methods achieve leukocyte reduction to 

a variable extent like, centrifugation and buffy coat removal achieves 1 log 

leukoreduction (108 WBCs), washed red cell concentrate achieves 1-2 log leukoreduction 

(107 WBCs) and frozen deglycerolized red cells achieve 2-3 log leukoreduction (106-

107WBCs). Thus, to achieve efficient leukoreduction of blood and blood components as 

well as to meet the accepted standards, leukocyte filters and leucacytapheresis devices 

(apheresis machines) are ideal.(11) However, despite the advanced design of apheresis 

systems, it can fail to collect platelets that meet leukoreduction standards.(7) 
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Leukocyte filters 

A typical filter design consists of a fiber material that can be sterilized, upstream layers 

which prevent clotting, a plastic housing and inlet/outlet ports which prevent retention of 

air bubbles and possibility to have a tight seal between filter layers and housing to 

prevent channeling. (13) 

Fleming in 1928 used a cotton wool plug as a filter to remove leukocytes. Greenwalt et 

al. described a column filter with nylon wool fibers which could remove granulocytes 

from heparinized blood. Later Dr. Swank’s work led to the development of micro-

aggregate filters. Cotton wool was soon replaced by cellulose-acetate filters. Later, small 

fibers synthesized from polyester, polyethylene, polypropylene, polymethyl-methacrylate 

or polystyrene were used to manufacture non-woven layers, which led to development of 

many generations of flat-bed filters for removal of WBCs. (14) 

There are two types of filtration mechanisms: surface/screen filtration and depth 

filtration.  Depth filter (non-woven) has filter material in the form of compressed wool 

fibers arranged in an irregular fashion, whereas, screen filters (woven type) have fibers 

arranged in multiple layers in a regular fashion.(11) In screen filtration, separation of 

particles is restricted to filter surface while it is not the same in depth filtration. In depth 

filtration, which is the most highly regarded mechanism for leukocyte reduction, the 

porous structure has wide distribution of pore sizes throughout the filter matrix, which 

allows retention of particles at any place inside the filter. Leukocyte capture in filters 
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occurs by mechanical sieving, direct adhesion and cell-cell interactions.(14) There are 

numerous factors affecting the filter performance like capacity of the filter, input number 

of WBCs, temperature of filtration as well as red cells, flow rate, pressure, priming and 

rinsing, number and function of platelets, holding time between blood collection and 

filtration and plasma content of cell suspension media.(7) 

Filters used in blood transfusion have evolved with time. The first generation filters are 

commonly used in routine blood transfusion sets and have a pore size of 170-240 µm. 

They are able to remove only clots and macro-aggregates. The second generation filters 

have a pore size of 40 µm and are able to filter micro-aggregates (made of fibrin, platelets 

and leukocytes). They are able to reduce leukocytes by 1 magnitude of log (5 X108 

WBCs/unit). The third generation filters are specifically designed for removal of 

leukocytes from blood components. They retain both micro-aggregates and free cells and 

reduce leukocytes by 3 magnitude of log (5 X 106 WBCs/unit) i.e. from 99% to 99.9%, 

meeting certain current standards. (15) Fourth generation filters are very efficient and can 

achieve 4 log reduction of leukocytes (104) i.e. from 99.9% to 99.99%. The ability of 4th 

generation filters to be effective with fresh whole blood also, is the basis of so called in-

line-filter systems.(16) Current generation of leukofilters (third and fourth) have excellent 

leukocyte removal efficiency (99.99%) as compared to the first and second generation 

filters (90-96%). (11) 

The exact mechanism of filtration remains uncertain but it is likely due to a combination 

of both physical and biological processes which are interdependent in nature. Small-pore 
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microfiber webs result in barrier phenomena which permits retention of individual cells 

and increases the total adsorptive area of the filter. Alterations in surface charge can 

increase or decrease cell attraction to the fibers. Barrier retention is a common 

mechanism for all modern leukocyte filters and it is applicable to all subtypes of 

leukocytes. Also barrier retention filters cells of any age or even deformed cells as well, 

because it is not dependent of cell viability. Barrier retention is supplemented by another 

mechanism known as adhesion.(13) In leukocyte filters, there is charge-based adhesion of 

negatively charged leukocytes to the filter material by Vander Waals and electrostatic 

forces. This adhesion is an active process and has the advantage of larger pore size, by 

which a subsequent higher flow rate is possible in the filter. The surface charge of the 

filters can be modified by coating the filter material with methacrylate polymers, to create 

a stronger positive charge and hence increase the efficiency of the filter.(11) In case of 

filtration of fresh RBCs, platelet-leukocyte interaction seems to supplement other 

mechanisms of leukocyte retention.(13) 

Factors affecting leukoreduction, with special mention of temperature 

Because of the complex physical and biologic forces involved in leukocyte retention by 

the filter medium, there are several factors that affect the degree of leukocyte reduction 

like capacity of the filter, input number of leukocytes, temperature of filtration and many 

more.  
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Contribution of each mechanism of filtration of leukocytes depends on 1) Type of fibers 

(surface hydrophilicity, charge and chemistry) 2) Physical properties of blood cells 

(cellular interactions, temperature and age of cells) 3) Composition of blood components 

(Plasma proteins, divalent ions, anticoagulant and type of blood cells) 4) Filtration 

method (Temperature, flow and contact time).(14) Critical points in the process of 

filtration of red cell filters are leukocyte and platelet number and presence of plasma, 

temperature, age of the product, flow, priming and rinsing.(17) 

The temperature of filtration has a dominant effect on the performance of leukocyte 

filtration of RBCs. Nearly all studies have found that the efficiency of filtration improves 

when the procedure is conducted at refrigerated temperatures. 

Beaujean et al. showed that leukocyte proportion was significantly higher in warmed red 

cell units at 37 degrees Celsius than in the corresponding cooled units at 4 degrees 

Celsius (p<0.0001). They mixed stored ABO- and Rh- identical packed red cell 

concentrates on the day of filtration into two equal fractions. One fraction was filtered 

after storage at 4 degrees Celsius for 2 hours while the other was kept in an incubator at 

37 degrees Celsius for 60 minutes before filtration. For both the fractions, filtration was 

done at room temperature. They used Nageotte chamber for counting WBCs in post 

filtration sample after dilution (1:10) with Plaxan lysis solution.(18)  

Improved performance of filtration at refrigerated temperatures has been observed by 

other investigators and is associated with lower rates of hemolysis of stored RBCs. 
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Ledent E et al, P.F. van der Meer et al and S.E. Rogers et al conducted pre-storage 

leukocyte depletion at 4 degrees Celsius and achieved significantly lower residual WBC 

counts in red cell concentrates (<1 X 106/unit) in comparison to filtration at higher 

temperature (p<0.05). (19–21)  

Ledent E et al. studied the influence of plasma factors, temperature and storage time on 

leukocyte reduction by filtration. They compared leukocyte depletion among red cell 

concentrates filtered at 4 degrees Celsius versus 37 degrees Celsius. Red cell concentrates 

filtered at 4 degrees Celsius were stored overnight at same temperature and were not take 

out of the cold room, while for filtration at 37 degree Celsius, red cell concentrates were 

warmed at this temperature of 2 hours. They found that only 64 percent reduction in 

WBCs was achieved when filtration was done at 37 degrees Celsius compared to 99.7 

percent reduction at 4 degrees Celsius (p = 0.006). They used 1:5 dilution of post 

filtration sample and Plaxan solution for Nageotte chamber counting. (19)  

S.E. Rogers et al. compared pre-storage leukocyte reduction between buffy coat depleted 

RBC concentrates filtered immediately at room temperature and those filtered after 72-

hour hold at 4 degrees Celsius. They found a significant difference between residual 

WBC count between the two groups: 0.33 + 0.08 X 106/unit versus 2.57 + 1.35 X 

106/unit. However, Smith et al. have said that temperature has no effect on the efficacy of 

WBC reduction by filtration.(22) Also red cell concentrates filtered at 4 degree Celsius 

were less hemolyzed during storage than nonfiltered concentrates, thus 4 degree Celsius 
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leukoreduction is beneficial for RBCs and does not cause hemolysis or enhance 

fragility.(23) 

Comparison between six filters in their ability of leukoreduction of buffy coat depleted 

red cell concentrates at RT and 4 degrees Celsius was done by P.F. van der Meer et al. 

Cellselect FR, BPF4, and Sepacells filters were tested at both temperatures. Leucoflex 

filter was tested only at 4 degrees Celsius while Cellselect Optima plus and Imugard 

filters were tested only at RT. They used cooled butane plate (2-6 degrees Celsius) to 

cool RBC units to 4 degrees Celsius and time taken for same was 2 hours (confirmed by 

temperature recording). They also performed filtration of cooled units in a refrigerated 

room (2-6 degrees Celsius). Post-filtration residual WBC counts were done using 

Nageotte hemocytometer in a 1-in-5 dilution. They found out that for filters tested at both 

temperatures, number of residual WBCs were twice in RT filtered units than those at 4 

degrees Celsius. They also noted that that except for Optima Plus, in which hematocrit 

post-filtration was lower than pre-filtration hematocrit, RBCs were not generally retained 

by the filters. Therefore, volume loss strongly correlated with the number of RBCs lost 

during filtration (linear regression, r = 0.96) i.e. larger the dead space volume of the filter, 

more is the RBC and hemoglobin loss. However, they also stated that there was no 

significant difference in volume lost with same filter at RT and 4 degrees Celsius 

respectively. Filtration time at 4 degrees Celsius was longer than that at RT (p<0.0001, 

paired t test). According to them, filtration with polyester filters is best achieved at 4 

degrees Celsius. In polyester fibers, WBC capture takes place by 3 mechanisms a) 
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Mechanical sieving, b) Direct adhesion of WBCs to filter material and c) Indirect 

adhesion of WBCs to adhering platelets. The number of platelets present has effect on 

filter performance. As buffy coat depleted red cell concentrates are devoid of platelets, 

few studies have shown that non buffy coat depleted red cell concentrates result in better 

WBC reduction that buffy coat depleted red cell concentrates. P.F. van der Meer et al. 

hypothesized that direct and indirect method of WBC capture operated mainly at RT 

filtration as membrane fluidity of cells enabled WBCs to pass through pores much 

smaller than the actual cell diameter and therefore mechanical sieving plays a relatively 

small role in filtration at RT. However, at 4 degrees Celsius mechanical sieving plays the 

most prominent role in WBC removal as membrane rigidity prevents cells from passing 

through small pores. Also at 4 degrees Celsius, blood viscosity is higher, resulting in a 

decreased flow rate and thus higher probability of WBC capture in the filter material. 

They also acknowledged the importance of Good Manufacturing Practices for filtration at 

4 degrees Celsius i.e. RBC units must be cooled in a controlled manner and filtration 

must be performed in a refrigerated room to comply with strict temperature control. The 

age of RBCs at the time of filtration is also important factor to consider, as WBCs 

fragment quickly after phlebotomy and filters do not remove WBC fragments which can 

cause secondary HLA alloimmunization. (20) 

J.D. Smith and S.F. Leitman studied the influence of time, temperature and rate of 

filtration on the efficacy of leukoreduction of red cell concengtrates. They had 4 groups 

in their study. Group 1 included 9 bags of red cell concentrates stored for 0-2 hours 
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before filtration at 22 degrees Celsius, Group 2 included 8 bags of RCC stored for 7-8 

hours before filtration at 22 degrees Celsius, Group 3 included 10 bags of RCC stored for 

14 days before filtration at 4 degrees Celsius and Group 4 included 10 bags of RCC 

stored for 14 days before filtration at 22 degrees Celsius. According to them, temperature 

of red cell unit does not efficacy of the filter but storage time of unit has significant effect 

on filter performance. Filtration within 0-2 hours after collection (Group 1) results in 

significantly lesser WBC reduction as compared to units stored for 7-8 hours before 

filtration (Group 2) or those stored for 14 days at 4 degrees Celsius before filtration 

(Group 3). They also stated that there was no change in WBC composition of units in 

Group 2 and Group 3. (22) 

M.I.C. Gyongyossy-Issa et al. studied the effect of pre-storage leukoreduction and low 

temperature filtration on hemolysis of stored RCC. They performed filtration using both 

whole-blood in-line leukoreduction filter as well as in-line RBC filter. For whole blood 

in-line filters, filtration was done either at RT or in cold (1-6 degrees Celsius). They 

found that though hemolysis in all the units increased with time during storage, it was 

consistently and significantly lower in leukoreduced units than in non leukoreduced units. 

This might be due to lack of hydrolytic enzymes produced from fragmenting WBCs 

during storage as during leukoreduction, damaged or fragile cells are easily trapped and 

removed. Red cell units filtered in cold ((1-6 degrees Celsius) showed significantly less 

hemolysis than those filtered at RT. (23) 
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Glaser et al. studied the effect of storage time before filtration on the effectiveness of 

filtration with 3log10 WBC filter. They filtered whole blood immediately (6 min) after 

donation and after multiple holding periods (30 min, 2 hours and 12 hours at room 

temperature; 24 and 48 hours at 4 degrees Celsius). They found that WBC reduction 

varied widely (between 1log10 and 3.5log10) when blood was immediately filtered while it 

remained fairly constant (3.5log10) when blood was filtered after minimum 2 hours of 

storage. They recommend to hold blood for at least 2 hours before filtration.(24) 

Studies that provide evidence of the superiority of leukoreduced products are many 

Out of the various adverse reactions caused due to leukocytes, febrile non hemolytic 

transfusion reaction (FNHTR) is the most prevalent one. Several studies have reported on 

the impact of universal prestorage leukoreduction on the frequency of FNHTR. Yazer et 

al. retrospectively studied rates of FNHTR before and after implementation of universal 

prestorage leukoreduction (UPL) at seven hospitals in Canada. For RBC concentrates, a 

significant decline in FNHTR was found, from 0.33% before UPL to 0.19% after UPL 

(p<0.01).(25) Paglino et al. showed significant decrease in the frequency of 

posttransfusion FNHTR. (26) Similar results of significant decline in FNHTR incidence 

rate in leukoreduced red cell concentrates was reported in other studies. (11, 12) In a 

study done in Greece by Tsantes et al. the incidence of FNHTR was found to be 0.047% 

in patients receiving leukoreduced red cells as compared to 0.411% in patients receiving 

non leukoreduced red cells.(9) However, Uhlman et al. showed no significant difference 

in the frequency of FNHTR to RBCs when compared to their pre-UPL phase with those 
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after introduction of UPL. (28) They suggest that this may be attributable to use of 

acetaminophen while transfusing patients at risk and poor reportage of mild reactions.  

 Sniecinski et al. studied the effect of leukofiltration on prevalence of HLA     

alloimmmunization. They found that in the group receiving filtered products, only 3 out 

of 20 developed lymphocytotoxic antibodies while in the control group 10 out of 20 had 

antibodies. They found leukofiltration an effective and economical way  of prevention 

alloimmunization.(4) 

In a prospective randomized trial by Oksanen et al. white cell (WBC)-reduced blood 

components were compared to standard platelet and red cell concentrates with respect to 

alloimmunization, refractoriness, and platelet increments after transfusion. They found 

that HLA alloimmunization and permanent platelet refractoriness were completely 

prevented by the systematic use of WBC reduced platelet and red cell concentrates.(29) 

Hentzen et al. studied the effect of white cell depletion of red cells and platelet 

concentrates on the transmission of cytomegalovirus (CMV) retrospectively in 150 

patients treated intensively for acute leukemia or non-Hodgkin's lymphoma. Their results 

showed that white cell-poor blood products carry a very low risk, if any, of CMV 

transmission and the policy of transfusing white cell-poor blood products provides a 

useful alternative to the selection of CMV seronegative donors.(30) 

Prestorage WBC reduction in RBCs may also reduce the potential for bacterial 

contamination and transmission. (21) Kim et al found that WBC filtration of RBCs on the 
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day of collection reduced the number of units that supported the growth of inoculated 

Yersinia enterocolitica during 4°C storage for 42 days.(31) 

The presence of leukocytes might be detrimental to quality of the stored component.(32) 

Prestorage WBC reduction results in lesser hemolysis, lower potassium, and better 

poststorage ATP values in stored RBCs. (33,34) 

Standards of leukoreduction 

 A major difference exists between the US standards and the Council of Europe’s 

standards regarding the number of residual leukocytes in prestorage LR blood 

components. For RBCs that are leukocyte reduced, the United States requires a residual 

number of less than 5.0 × 106 leukocytes per unit. The Council of Europe requires that the 

residual number be less than 1 × 106 per unit. Prestorage leukoreduction is generally 

performed soon after WB collection in US but in Europe, leukocyte depletion within 48 

hours after donation is standard. Once a red cell component has been cooled to its storage 

temperature (i.e. 4+2°C) prior to leukoreduction, and when leukoreduction by filtration is 

to take place at ambient temperature, the ambient temperature of the room in which 

filtration takes place should not exceed 26°C and that time of removal of the product 

from storage for this purpose should not exceed three hours. Delayed leukocyte depletion 

allows cooling of blood before leukoreduction and thus possibly increases the efficacy of 

leukoreduction. 
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Procedures for enumeration of residual white cell counts on leukoreduced 

components, quality control and evaluation of WBC filters and comparison between 

platforms 

Advancement in leukofilters from 1st to 4th generation has led to use of more 

sophisticated technology to detect low WBC concentrations as well as difficulty in 

standardization of existing quality control procedures.  

Such low levels are not detected by automated hematology analyzer. Automated counters 

cannot be used to monitor filters capable of producing >1.5 log reduction in WBCs while 

current generation of filters can produce > 3 log reduction. (35) 

With decrease in number of residual WBCs in leukoreduced components, counting of 

WBCs can be achieved by either reducing the dilution used or concentration of WBCs 

before counting. (36) 

B.J. Sadoff et al. have proposed a simple and cheap WBC concentration method for 

enumeration of residual WBCs in red cells which takes less than 3 hours to complete and 

can process multiple RBC units in parallel. They used fluorescent hemocytometer or 

modified cytospin technique for cell counting. They state that up to 1000 WBCs can be 

enumerated using their method which corresponds with 6 log 10 reduction.(37) 

TJ Greenwalt and CM allen compared 3 methods of counting residual WBCs in filtered 

blood components (Red cells as well as platelets) using hemocytometers: 1. RBC lysis 

method 2. Percoll method for platelet concentrates 3. Turk’s solution method for both red 
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cells and platelets. For Turk’s solution method, they mixed equal volume of red cells or 

platelets with equal volume of Turk’s solution in a test tube (1:2 dilution) and then 

charged the hemocytometer with the mixture. They found that the Turk’s solution method 

(with 1:2 dilution) is significantly better than the other two. 

There are various methods of counting low concentrations of residual WBCs in 

leukoreduced blood components like Nageotte hemocytometry, flow cytometry and 

microfluorometry. Among these, Nageotte chamber has been the gold standard and most 

accepted method. However, microscopic based counting methods are labor intensive, 

require technical expertise and experience and suffer from inter-observer and thus inter-

laboratory variability.(38) 

In a study by P. Rebulla et al., leukoreduction, RBC recovery and filtration time were 

determined in standard (CPD RBCs) and buffy coat depleted packed red cells (SAGM 

RBCs) after storage for 24 hours at 40C before filtration using six commercial filters. 

Number of residual WBCs were counted using Burker chamber (BC), Nageotte chamber 

(NC), and flow cytometry (FC). They used 1:10 dilution of filtered RBCs and Turk’s 

solution (100 uL of packed RBCs and 900 uL Turk’s solution) in BC and NC for 

counting the number of residual WBCs. They found that BC is very insensitive method 

for detection of residual WBCs as compared to NC and FC. As per the calibration curves 

performed by FC and NC with samples having known concentrations of WBCs from 

1000-1 cell/uL, NC and FC both detected an average of 67% of WBCs in the samples. 

However, FC showed smaller variability (61-70%) with different WBC levels, as 
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compared to NC which showed larger variability (31-91%). Therefore, correction of NC 

using a single factor was not possible due to high variability. Uncorrected NC and FC 

counts were below 2 × 106 WBCs per unit in all the units processed through three of the 

filters and below 5 × 106 WBCs per unit in all the units processed through the other three. 

According to them, removal of buffy coat from RBCs before filtration usually but not 

definitely results in slightly higher leukoreduction as platelets in buffy may interact with 

WBCs in adhesion to some types of filter fibres. They also showed that removal of buffy 

coat resulted in median loss of 12.4 percent haemoglobin from the original donation. This 

caused total RBC recovery in SAGM RBCs (buffy coat depleted) less than the minimum 

requirement of 80% with all filters except one, in contrast to CPD RBCs (with buffy coat) 

which showed more than 90% median RBC recovery with four filters. They also 

compared between NC and FC. FC offers lower limit of detection but requires expensive 

equipment and reagents that may not be available to all. While NC is more convenient 

and cost-effective, it cannot be ideal method of counting residual WBCs as its lower limit 

of detection is too high for filters capable of producing > 3 log10 reduction. Also NC 

takes approximately 30 minutes per assay and therefore its routine use requires rigorous 

standardization. They have suggested improvement in NC method by use of other 

diluents like Plaxan’s solution or by decreasing sample dilution and thus increasing 

number of WBCs counted.(39) 

Propidium iodide staining of nuclei of WBCs for enumeration of residual WBCs in 

random donor platelets and packed red blood cells has been used in the past. The 
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sensitivity for detection was found to be 1 WBC/μl in random donor platelets while only 

11 WBCs/μl in packed red blood cells.(40) 

Nageotte chamber counting should be done with freshly prepared samples and processed 

without any delay to accurately determine residual WBC concentration post filtration. 

Conventional Nageotte chamber counting requires enumeration of WBCs in the whole 

area i.e. 40 rows of the chamber. However, modified methods of Nageotte chamber 

counting has been published by few authors. One of them propose that glutaraldehyde 

treatment of red cell samples prevents deterioration of WBCs for up to 14 days at least 

and 10 row measurement in Nageotte chamber counting is enough for identification of 

leukoreduced units with < 5 x 106 residual WBCs. (41) 

In another study by P. Rebulla et al., they determined the lower limit of detection for FC 

and NC and compared both of them (Study 1). They used calibration samples containing 

known concentrations of WBCs. Samples were diluted with Turk’s solution in a ratio 

1:10. According to study 1, lower limit of detection of FC and NC are 0.1 and 1 WBC/uL 

respectively. FC showed less variation at residual WBC concentration of 0.1-1 WBC/uL 

while both FC and NC performed equally at residual WBC concentration of >1 WBC/uL. 

Their data indicated that lower limit of detection of FC was approximately 1 log below 

that of NC (0.1–1/μl respectively, corresponding to 30,000–300,000 WBC in a 300-ml 

RBC unit). However, they state that this improvement doesn’t justifies the high cost of a 

flow cytometer. Thus, they investigated variations of NC counting methods in Study 2. 

They evaluated 3 protocols for NC counting. In protocol 1, samples were diluted in 1:10 
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ration with Plaxan and Turk’s solution; in protocol 2, mixture of Turk’s solution and Zap-

oglobin was used to dilute the sample 1:5; and in protocol 3, 1 ml sample was initially 

diluted with Plaxan in a 1:10 ratio and then centrifuged to concentrate WBCs. They also 

evaluated role of different stains (Plaxan vs Turk) and inter-observer differences and 

found them to be non-critical to the results. All 3 NC methods were found to be valid for 

counting at concentrations of >1WBC/uL. Protocol 3 showed greatest precision, allowing 

the measurement of WBC at concentrations of 0.1–1/μl with a coefficient of variation of 

approximately 50% or less. Based on these results, the Biomedical Excellence for Safer 

Transfusion (BEST) Working Party considers all three NC protocols adequate for the 

routine evaluation of current leukocyte removal filters, i.e. at levels ≥1 WBC/μl. 

However, for evaluation of more effective filters and validation of filter performance, 

techniques with greater precision (<1WBC/uL) are required like protocol 3. (42) 

Increased use of prestorage leukocyte reduction is causing the component laboratories to 

look at complex technologies such as flow cytometry for performing residual leukocyte 

counts.  

 In a multicenter study, by S. Dzik et al., performance characteristics of flow cytometry 

and microflurometry were evaluated and compared with Nageotte heamocytometry at 10 

centers in US and Europe. They prepared RBC samples containing expected WBC 

concentrations of 15 per µL, 30 per µL, 5 per µ, 30 per µL, 2 per µL and 15 per µL.  For 

Nageotte chamber, samples (both RBC and platelet) were diluted with crystal violet 

solution in a ratio of 1:5 followed by lysis of RBCs using Zap-o-globin. Thereafter 50µL 
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of stained sample i.e. 10µL of neat sample was transferred to NC for counting. For flow 

cytometric evaluation, they used an assay (LeucoCOUNT, BDIS) containing 

LeucoCOUNT reagents and TruCount tubes. They took 100 µL of sample 400 µL of 

reagent tubes for WBCs enumeration. They found out that flow cytometry gave better 

results than the standard Nageotte hemocytometry when freshly prepared samples (within 

24 hours) were tested. The mean results of WBC count/ µL as per NC were less than 

those observed with other methods. In general, Nageotte hemocytometry tends to 

underestimate the number of white cells when compared to flow cytometry and 

microfluorimetry. Accuracy was higher and inter-site CV was lower for automated 

methods as compared to NC respectively (p<0.001). They also stated that results of 

samples tested within 24 hours of sampling were comparable to freshly collected 

samples. According to S. Dzik et al. underestimation bias with NC coupled with 

decreased observed values in case of sample deterioration can lead to non-leukoreduced 

unit to be falsely considered as leukoreduced.(38)  

According to BEST (Biomedical Excellence for Safer Transfusion), process validation of 

WBC reduction and assessment of WBC reduced components requires that a minimum of 

20 units should be monitored by a counting method which can fully enumerate residual 

WBCs, while 60 units should be monitored if only pass-fail type of counting method is in 

place. For quality control of ongoing process, monitoring for the stability of the final 

product is required i.e. full enumeration of residual WBCs and of RBC mass or platelet 

content. Time consuming counting method using nuclear stains and large volume 
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chambers, can be modified to check only for high WBC levels, however, use of counting 

methods for enumeration of very low number of WBCs has distinct advantages. BEST 

guidelines also suggest use of control charts like Levey-Jennings plots to verify stability 

of WBC-reduction processes. (43) 

Process control of leukoreduction requires SOPs, proper equipment, well trained 

personnel, methods to monitor product’s characteristics and documented proof of product 

conformton to local standards. The latter depend upon method of counting residual 

WBCs in leukoreduced blood components. All counting assays are based on two 

fundamental properties: the ability to distinguish signal (recognition of leukocyte) from 

noise (like staining of RNA and mitochondrial DNA in platelets) and volume of neat 

sample analysed. Leukocyte can be recognized by either fluorescent signal amplification 

and multiparameter gating (flow cytometry); computer imaging of size, shape and 

fluorescence characteristics (Imagn 2000); or trained personnel interpretation.  Volume of 

sample analyzed is one of the main determinant for lower limit of detection of a counting 

assay. As variance of a counted value is inversely proportional to the square root of 

number of cells counted, minimum number of cells must be counted for achieving good 

precision. For a concentration of 1WBC/µL, at least 10-20 µL of sample should be 

analyzed. At lower concentrations, more sample is to be assessed. Nageotte chamber and 

Imagn 2000 are limited by the fact that they have fixed volume of sample that can be 

analyzed. One more thing to note is that when red cell samples with normal hematocrit 

are lysed, the specific gravity of the hemolysate is very high. At such high specific 
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gravity, WBCs won’t settle at the bottom of the counting chamber (Nageotte) or capillary 

(Imagn 2000) and therefore won’t be visible for counting. Therefore, these counting 

methods require initial dilution of red cell samples, which effectively decreased the total 

or neat volume of sample available to count and thus raises the lower limit of detection of 

the assay. This limitation is not present with platelet samples as they do not require 

dilution and therefore better lower limit of detection can be achieved with them.(44) 

Blood centers should state results of quality control of leukoreduction in terms of 

‘Confidence intervals’ and should provide a statement of confidence. Also to have good 

precision, larger volume of samples has to be counted.(45)  

Adverse effects attributed to leukoreduction 

Rare side effects have been reported with red cell leukofiltration. Hypotension has been 

reported to occur in patients transfused using bedside filters for poststorage 

leukoreduction. Many, but not all, of these patients were taking angiotensin converting 

enzyme inhibitors.(46) This complication has not been reported, with pre-storage 

leukoreduced red cells.(47) The mechanism is unclear but may possibly be related to the 

generation of bradykinin when blood is exposed to a negative charged surface.  

An unusual red eye syndrome manifested by conjuctival injection, eye pain, edema, 

arthralgias and headaches has been associated with pre-storage leukoreduction, 

predominantly with a filter from one manufacturer. Recent lot numbers from this 

manufacturer have been free of this problem. 
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Materials and Methods 

 The study was conducted in Christian Medical College, Vellore, Tamil Nadu. 

It is a 3000 bed teaching hospital providing tertiary medical care to the 

residents of Vellore and surrounding districts of Tamil Nadu, Andhra Pradesh 

and Kerala. It also serves as a referral center for patients from rest of India and 

South East Asia.  

 The study was approved by the Research and Ethics committee of the 

Institutional Review Board, Christian Medical College, Vellore. 

The entire study has been divided into two parts: 

Part 1: Laboratory based evaluation of leukoreduced units processed at RT and 4 degrees 

simultaneously in terms of residual WBC count. 

Part 2: Evaluation of clinical efficacy of leukoreduced units processed at RT and 4 

degrees Celsius on a 6 monthly basis in terms of incidence of FNHTR among patients. 
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Part 1 

1. Setting:  

 The first part of the study was conducted in its entirety in the department of 

Transfusion Medicine and Immunohaematology.  

 It was a laboratory based prospective observational study in which extent of 

leukoreduction was compared in blood bags processed at 4+2 and 22+2 degree 

Celsius respectively by counting the number of residual WBCs using Nageotte 

chamber and Flow cytometry. 

 

2. Algorithm: 
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                                   Part I algorithm 
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3. Intervention and Comparator agent:  

 Intervention 

 No intervention (Only laboratory based trial as extent of leukoreduction was compared 

in blood bags processed at 4+2 and 22+2 degree Celsius respectively by counting the 

number of residual WBCs using Nageotte chamber and Flow cytometry). 

 Comparator agent 

LDRC bags prepared at 22+2oC and 4+2oC were compared in terms of leukoreduction, 

achieved by counting the number of residual WBCs in each bag. 

 

4. Key Criteria 

 Inclusion Criteria: 

a. First 4, 450ml whole blood bags everyday were processed for 

leukoreduction at 22+2 and 4+2 degree Celsius (2 at each temperature) 

 Exclusion Criteria 

a. For blood bags to be processed at 22+2 degree Celsius, if they were not 

processed within 6 hours of whole blood collection. 

b. For blood bags to be processed at 4+2 degree Celsius, if they were not stored 

for at least 2 hours at 4 degrees Celsius prior to leukoreduction. 
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5. Method of randomization: 

 Block randomization was done for leukoreduction of blood bags at 2 temperatures 

(22+2oC and 4+2oC). 

 

6. Method of allocation concealment: 

 Sealed envelopes were used for allocation concealment. 

 

7.  Blinding and masking 

 Assessors/Evaluators (Principal investigator and Co-investigators) were blinded. 

 

8. Sample size 

The sample size, for evaluating efficacy of leukoreduction (Part 1) in red cell bags at two 

different temperatures (22+2/4+2oC), was calculated based on log reduction of WBCs. The 

mean log reduction of WBC at RT and 4 degree Celsius is 3.83 and 4.62 respectively with 

pooled SD of 1(22). To detect a difference of 0.80 in log WBC reduction, we need a sample 

of 30 in each arm (A total of 60 samples are needed) i.e. minimum of 30 leukoreduced red 

cell units in each arm.  
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The following formula was used to calculate the sample size: 

                               2[Z1-α/2 + Z1-β ]2 X SD2 

                                   [M1 – M2] 

 

Where M1 and M2 are mean reduction of log WBC counts at RT and 4 degrees Celsius. 

The sample size was calculated for 80% power and 5% error.  

9. Methodology in detail: 

 Whole blood donation of minimum 450ml qualifies for leukoreduction. Such first 

four bags collected everyday were randomly assigned for processing at 22 degrees 

Celsius or 4 degrees Celsius using sealed envelope system. 

 For leukoreduction, top and bottom blood bag system with integral leukocyte filter 

for red blood cells (Quadruple bag) manufactured by Terumo Penpol Private 

Limited, Puliyarakonam, Thiruvananthapuram, India.

 

Figure showing top and bottom blood bag system with integral leukocyte filter 

N = 
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 The quadruple bag has one primary bag containing 63 mL CPD (mother bag), a 

secondary bag containing 100 mL SAGM and 3 transfer bags (Transfer bag-1, 2, 

3) with an integral CRC filter (Asahi Sepacell® R-S01 high-efficiency leukocyte 

filter for red blood cells) 

 Figure showing integral CRC filter 

 These bags are made of PVC sheets and have shelf life of 2 years. 

 The filter material is made of micro-porous polyurethane and the filter housing is 

made of soft PVC.   

 Whole blood donation from 71 healthy donors was collected during the study. Of 

which 35 bags were processed for leukoreduction at 22 degrees Celsius and 35 

bags were leukoreduced at 4 degrees Celsius. One bag was discarded and not 

included in the study due to filter clot and failure of filtration. 

 Weight of the bags were measured after whole blood collection. 

 Immediately after collection of whole blood, samples from the tubing segment 

were collected (after stripping at least 2 times) in polypropylene tubes after 
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thorough mixing. Samples were processed on Sysmex XN-9000 automated 

analyzer for PCV and Total WBC count estimation. 

 Thereafter whole blood was processed for manufacturing of leukoreduced red cells 

either at ambient RT (20-220C) or at 40C. 

Procedure for preparation of Leukoreduced red cell bags at ambient temperature 

(20-220C) using the T Ace (Terumo Automatic Component Extractor): 

STEP-I 

1.Collect the blood in CPD / SAGM (TERUMO) quadruple bag with filter 

2. Keep the whole blood bag in room temperature for at least one hour prior to 

processing. Seal the needle line and discard before centrifugation.  

3. Keep the bag straight in the centrifuge bucket (Terumo name should come up) and 

filter should be kept safely. Keep the clamp on the other side of the blood bag. 

4. Balance and centrifuge the bags at high spin of 3300 rpm (3373g). (See table) 

 

5. Mix the bag before centrifugation. 
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STEP-II 

1. Switch on the air compressor. Wait for the pressure on air compressor to reach at least 

6 bars.  

2. Watch the pressure on the gauge provided at the rear side of the TACE also.  

Switch on the T-ACE.  

3. Wait for the completion of SELF CHECK.  

4. Select the required program. (Program –I). 

5. Press MENU. 

6. Press SCROLL till the required program is displayed 

7. Press STOP to enter the selected program. 

8. After the high spin take out the bags from the centrifuge and place it in the equipment 

without any disturbance select program-1 

9. Top tubing should go in to the flow regulator and clamp No.1 

10. Plasma transfer bag tube should be clamped in 2. 

11. Platelet transfer bag tube should be clamped in 4. 



50 

 

12. Bottom tubing should go in to the lower clamp 5 (red cell line). Close the white 

clamp. Hang the plasma bag in plasma hanger and platelet bag in the platelet hanger. 

13. Close the door & press start. The machine performs scales & tubes check.    

The machine will display break the click-tips & press START. 

                       a. Plasma line  

                       b. Red cell line 

       Click-tips and press START. 

14. After processing the machine will seal the bag and automatically opens the door. 

15. Remove the unit. 

16. Disconnect the plasma and red cell bag from the unit.  

17.Invert the SAGM bag, let all the fluid pass through the filter and reach the red cell 

bag. Mix the red cell bag thoroughly. This makes buffy coat depleted red cells (BCRC) 

Note: Weight of the buffy coat depleted red cell bags were measured and samples were 

collected from tubing segment (after stripping at least 3 times) for PCV and total WBC 

count estimation. 

18.Hang the red cell bag, release the clamps and allow the cells to pass through the filter. 
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19.The filtered red cells will be collected in an empty SAGM bag and when the filter 

becomes empty on one side, clamp the bag, seal and discard the filter. 

20. After the filtration process was over, samples were taken from the tubing segment 

(after stripping at least 3 times) of the leukoreduced red cell unit and transferred to 

polypropylene tubes for PCV estimation and total WBC count enumeration using 

Nageotte hemocytometer and flow cytometry.  

Note: Leukoreduced red cells were processed at ambient temperature (20-240C) within 6 

hours of whole blood collection. 

 

Procedure for preparation of Leukoreduced red cell bags at 4 degrees Celsius (using 

the T Ace (Terumo Automatic Component Extractor T-Ace): 

STEP-I 

1.Collect the blood in CPD / SAGM (TERUMO) quadruple bag with filter. 

2. Keep the whole blood bag in room temperature for at least one hour prior to processing 

Seal the needle line and discard before centrifugation.  

3. Keep the bag straight in the centrifuge bucket (Terumo name should come up) and 

filter should be kept safely. Keep the clamp on the other side of the blood bag. 

4. Balance and centrifuge the bags at high spin of 3300 rpm (3373g).  
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5. Mix the bag before centrifugation. 

STEP-II 

1. Switch on the air compressor. Wait for the pressure on air compressor to reach at least 

6 bars.  

2. Watch the pressure on the gauge provided at the rear side of the TACE also.   

Switch on the T-ACE.  

3. Wait for the completion of SELF CHECK.  

4. Select the required program. (Program –I). 

5. Press MENU. 

6. Press SCROLL till the required program is displayed 

7. Press STOP to enter the selected program. 

8. After the high spin take out the bags from the centrifuge and place it in the equipment 

without any disturbance select program-1 
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9. Top tubing should go in to the flow regulator and clamp No.1 

10. Plasma transfer bag tube should be clamped in 2. 

11. Platelet transfer bag tube should be clamped in 4. 

12. Bottom tubing should go in to the lower clamp 5 (red cell line). Close the white 

clamp. Hang the plasma bag in plasma hanger and platelet bag in the platelet hanger. 

13. Close the door & press start. The machine performs scales & tubes check.    

  The machine will display break the click-tips & press START. 

                       a. Plasma line  

                       b. Red cell line 

       Click-tips and press START. 

14. After processing the machine will seal the bag and automatically opens the door. 

15. Remove the unit. 

16. Disconnect the plasma and red cell bag from the unit.  

17. Invert the SAGM bag, let all the fluid pass through the filter and reach the red cell 

bag. Mix the red cell bag thoroughly. This makes buffy coat depleted red cells (BCRC) 
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Note: Weight of the buffy coat depleted red cell bags were measured and samples were 

collected from the tubing segment (after stripping at least 3 times) for PCV and total 

WBC count estimation. 

18. a) Clamp the red cell bag and keep it in walk-in cooler at 2-6 degrees C for a 

minimum of 2 hours.(24) 

     b) After 2 hours, mix the red cell bag well, release the clamps and hang it in the 

walk-in cooler. 

19. The filtered red cells will be collected in an empty SAGM bag and when the filter 

becomes empty on one side, clamp the bag, seal and discard the filter. 

20. After the filtration process was over, sample were taken from the tubing segment 

(after stripping at least 3 times) of the leukoreduced red cell unit and transferred to 

polypropylene tubes for PCV estimation and total WBC count enumeration using 

Nageotte haemocytometer and flow cytometry.  

Note: Leukoreduced red cells were processed at 4 degrees Celsius within 8 hours of 

whole blood collection. 

Rationale behind storage of red cell bags for 2 hours before filtration 

This was based on the recommendation of Glaser et al., who state that constant WBC 

reduction rates were achieved after a minimum storage of 2 hours.(24) Ledent E et al. 

stored the red cell concentrates at 40C overnight followed by filtration at same 
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temperature. (19) Beaujean et al compared leukoreduction in ABO and Rh identical red 

cells stored at 40C for 2 hours and in an incubator at 370C for 60 minutes. However, 

filtration for both the fractions was carried out at room temperature. (18) In one study, 

red cell concentrates to be at filtered at 40C were cooled using a butane plate maintained 

at 2-60C within 2 hours and temperature was confirmed by measurement. Filtration was 

performed in cold room.(20) S.E. Rogers et al. stored RCC at 40C for 72 hours before 

filtration (21) while J.D. Smith et all performed post storage filtration of RCC after 

storage at 40C for 14 days.(22) 

 

Enumeration of leukocytes in red cell components using Nageotte haemocytometer 

 We used Nageotte haemocytometer for counting residual WBCs in leukoreduced 

blood components, manufactured by Marienfeld Superior, Laboratory Glassware, 

Germany (See below). 

 It has a depth of 0.5mm and 2 grids for duplicate counts. 

 

Figure showing Nageotte chamber for enumeration of residual WBCs 
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 For counting residual WBCs in leukoreduced red cell units, samples have to be 

devoid of RBCs, which can be achieved by mixing sample with lysing solution 

(Turk’s solution) in various dilutions. 

 We used 1:2 dilutions of each sample by mixing 500 µL of sample with 500 µL of 

Turk’s solution (Gentian violet + 1-2% acetic acid) instead of the traditional 1:10 

dilution i.e. 100 µL of sample mixed with 900 µL of Turk’s solution.  

 Nageotte chamber counting was done using equal volume of red cells and Turk’s 

solution i.e. 1: 2 dilution instead of the standard 1:10 dilution used by many 

authors. (18,39,42) This was done to improve representation by increasing the 

sample volume used for estimating residual WBCs from 5µL (with 1:10 dilution) 

to 25µL with (1:2 dilution). This counting technique using 1:2 dilution with Turks 

solution has been previously described by Greenwalt et al.(48) Some authors have 

also used 1:5 dilution for counting of WBCs using NC.(19,20) 

 This was done to count very low number of residual WBCs in leukoreduced red 

cell components which is possible with 3rd or 4th generation leukofilters.(48) 

Note: For complete procedure and calculation for enumeration of residual WBC counts in 

leukoreduced red cell units using Nageotte haemocytometer, please refer to annexure 6. 
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Enumeration of leukocytes in red cell components using Flow cytometry 

 We used BD LeucocountTM kit (Becton, Dickinson and Company, BD 

Biosciences, San Jose, CA, USA) for enumeration of residual WBCs in 

leukoreduced red cell units. 

 The kit contains BD leucocount reagent and BD Trucount tubes. 

 BD leucocount reagent contains propidium iodide (nucleic acid dye), sodium 

azide, RNAse, detergent for permealizing the cell membrane and stabilizing buffer 

(See below). 

 Figure showing BD LeucocountTM Reagent 

  BD Trucount tubes contain a lyophilized pellet of 4.2 µm fluorescent beads used 

as internal standard for calculation of the absolute count. 
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 Figure showing BD TrucountTM tubes with pellet 

 The number of beads is predetermined by the manufacturer for each lot. 

Principle of the procedure: The Leucocount reagent contains propidium iodide (PI). PI 

is a nucleic acid dye which, when used with RNAse, stains only cellular DNA. White 

blood cells are nucleated cells that contain DNA and are therefore stained with the dye. 

Non-nucleated particles (including platelets and red cells) do not stain with this reagent. 

Trucount tubes contain beads that act as an internal reference to accurately determine the 

absolute count of residual white cells. Appropriate samples are combined with the 

lyophilized pellet in the Trucount tubes before staining. After staining rWBCs, samples 

are acquired on a flow cytometer (Beckman coulter 'Navios' cytometer). Absolute rWBC 

counts are determined by using a simple calculation based on bead number and sample 

volume. 
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 Sample acquisition was done using Beckman Coulter ‘Navios’ flowcytometer.  

 

Figure showing Beckman coulter ‘Navios’ flowcytometer 

 The events were acquired and analyzed using Kaluza flow cytometry analysis 

software. 

 Acquisition was done at high flow rate until 10,000 events were acquired. FL1 vs 

FL2 dot plot was plotted to acquire data. 

 Before each run of samples, quality control (QC) was done by using BD 

LeucocountTM RBC control kit which consist of Low control and High Control 

samples with their mean and expected range provided with each kit.  

 With each run, QC was done by acquiring either low control or high control 

sample on alternate basis. QC samples were run in the same was as study samples. 
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Please refer to annexure 5 for staining procedure, sample acquisition, data analysis, 

quality control and calculations for enumeration of residual leukocytes in leukoreduced 

red cell units using flow cytometry. 

 

Statistical methods used for Part 1 

Descriptives were given using mean(SD) (normally distributed) and median (IQR) 

(skewed data) for continuous variables, and frequency along with the percentage for 

categorical variables. 

t-test (for normal data) and Ranksum test (skewed data) were used to compare the 

continuous variables among the room temperature and cold temperature group 

respectively. Log transformed WBC values between NC and FC were analyzed using 

paired-t-test and the log reduction among the RT and CT group were compared using 

independent t test. The maximum likely difference between the NC and FC values were 

presented and interpreted using limits of agreement. As the data were skewed the median 

along with 5th and 95th percentile were give as reference limit. 

The significance levels were set to P<0.05 for all the analysis. All the statistical analysis 

was performed using STATA/IC 13.2. 

 

 

 



61 

 

Part 2 

1. Setting 

 The second part of the study is a Non-Randomized Interventional trial which 

assessed the clinical efficacy of leukoreduced red cell units processed at RT and 4 

degrees Celsius on a 6 monthly basis among patients. 

 This part of the study was also approved by the Research and Ethics committee of 

the Institutional Review Board, Christian Medical College, Vellore. 

 This trial was registered with Clinical registry of India on 19th August, 2015 with 

registration number CTRI/2015/08/006116. 

 Waiver of consent was given by Research and Ethics committee of the 

Institutional Review Board in view of feasibility of the study. Red cell transfusion 

requirement for a patient are usually decided by the concerned clinician and 

therefore it is not practical to take consent from each patient. 

 However, Part 2 of the study was only initiated when it was proved in the 

laboratory based evaluation i.e. Part 1 of the study that leukoreduced red cell units 

processed at 4 degrees Celsius are superior in quality to those processed at RT. 

 This trial was done in Department of Transfusion medicine and 

Immunohaematology in conjunction with Department of Cardiothoracic Surgery 

and Department of Nephrology.  

 This was done keeping in mind that majority of leukoreduced red cell units are 

required by patients admitted under these two departments. 
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 It was decided that these departments will provide access to patient records and 

information and will allow the principal investigator to examine the patients for 

any acute transfusion reactions. 

2. Algorithm 
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                                               Part II algorithm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Preparation of 

Leukoreduced red cell 

units at 22+2/4+2oC for 

first 6 months in blood 

bank (approximately 3600 

units) 

 

 

Issue and transfusion of 

leukoreduced red cell 

units processed at either 

temperature to patients 

 

Follow up/observation for 

FNHTR in transfused 

patients in first 6 months 

Change to alternate 
temperature protocol for 

preparation of 

Leukoreduced red cell units 

Issue and transfusion to 

patients of Leukoreduced 

red cells units processed at 

set protocol temperature 

 

Follow up/observation for 

FNHTR in transfused 

patients in next 6 months 

QC for PCV and residual 

WBC count done using 

Sysmex XN-9000 

automated analyzer and 

Nageotte chamber 

respectively 

 

QC for PCV and residual 

WBC count done using 

Sysmex XN-9000 

automated analyzer and 

Nageotte chamber 

respectively 
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3. Intervention and Comparator agent:  

 Intervention 

Transfusion of leukoreduced red cell units prepared at either 4+2 or 22+2 degree Celsius 

for 6 months (Whether 4+2 or 22+2 degree Celsius will be decided with a coin flip). 

These leukoreduced red cell units were transfused to patients and incidence of FNHTR 

was followed up. During the next six months, patients requiring leukoreduced red cell 

units were transfused with bags that underwent leukoreduction at the alternate 

temperature. 

 Comparator agent 

Comparison between incidences of febrile non hemolytic transfusion reaction in patients 

who received Leukoreduced red cell units prepared at 22+2oC and 4+2oC. 

 Criteria for defining FNHTR (Febrile non hemolytic transfusion reaction)(49) 

FNHTR was defined by the presence of any one or more of the following features: 

1. Fever (≥38oC oral or equivalent and a change of ≥1oC from pretransfusion value) 

2. Chills/rigors 

during or within 4 hours following transfusion in the absence of other causes of febrile 

reaction like hemolytic transfusion reaction, bacterial condition or underlying condition. 

It may or may not be accompanied by headache and nausea. 
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              Monitoring of FNHTR was done as follows: 

I. It was done by principal and co-investigators within 24 hours after 

transfusion of leukoreduced red cell units to patients. 

II. Incidence of FNHTR was evaluated from temperature records in the 

transfusion monitoring sheet and patient’s case sheet and by asking the 

patient for any history of chills and rigor during or immediately after 

the transfusion 

III. For patients undergoing cardiothoracic surgery, accurate monitoring of 

any FNHTR during or after transfusion in the operating room, was done 

by the respective co-investigator from Cardiothoracic surgery 

department. 

IV. Similarly, co-investigator from department of Nephrology was actively 

involved in monitoring of FNHTR among patients transfused with 

leukoreduced red cell units. 

4. Key Criteria 

 Inclusion Criteria: 

a. All patients who required Leukoreduced red cell units, these mainly 

constituted patients under department of Nephrology and Cardiothoracic 

surgery. 
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 Exclusion Criteria 

a. Patients who were on antipyretic medication. 

b. Patients who had a co-existing febrile illness/underlying condition. 

5. Method of randomization: 

 Non-randomized Interventional trial (The 6-month period when blood bags were 

leukoreduced at 4+2 or alternatively 22+2 degrees Celsius was randomly decided 

by tossing a coin). 

6. Method of allocation concealment: 

 None (As it is Non-randomized interventional trial, all the patients in the first 6 

months received Leukoreduced red cell units prepared at set temperature (either 

4+2/22+2oC) and in the next 6 months Leukoreduced red cell units prepared at alternate 

temperature protocol.  

 

7.  Blinding and masking 

 Participants (Patients) and Providers (Doctors and nursing staff) were blinded. 

 

8. Sample size 

For evaluation of incidence of any acute transfusion reaction in patients transfused with 

Leukoreduced red cell units processed at two different temperatures (Part 2), we processed 

Leukoreduced red cell units at 22+2 oC and 4+2oC each for 6 months in our blood bank. 
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We observed for any acute transfusion reaction especially FNHTR in patients during each 

6 months’ period and thereby compared the clinical impact of Leukoreduced red cell units 

processed at two different temperatures. 

 

There are no studies comparing the incidence of FNHTRs in patients transfused with 

LDRC bags prepared at 22 degrees and 4 degrees. Instead we used the incidence of 

FNHTRs in studies, from Europe and America. Extending the residual WBC count from 

studies that have compared 4 degrees and 22 degrees we found that they corresponded 

roughly with leukoreduction standards in Europe and America respectively. A pilot study 

in our own institution with leukoreduced units prepared at 22 degrees Celsius showed an 

incidence of FNHTR of 0.2%, comparable to American studies (19/10,000), while a Greek 

(European) study showed an incidence of 5/10,000.  

A difference in incidence of FNHTR of 14/10,000 is expected between Leukoreduced red 

cell units processed at 4oC and 22oC respectively(9,25,27). At the end of first year an 

interim analysis was done and data collection was continued till the sample size is achieved. 

So, α will be adjusted for interim analysis. Thus α will be taken as α/2 = 5/2 = 2.5%. 

Considering a difference of 14/10,000 at 80% power and 5% error and after adjusting for 

one interim analysis in between, a sample size of 9599, approximately 10,000 in each arm 

is needed. The calculation done is one-sided as the incidence of FNHTR at 4 degrees 

Celsius is lower to 22 degrees Celsius as per literature. 
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We are preparing around 7200 LDRCs per year (3600 in each arm) which are being 

transfused to patients. As we need approximately 10,000 LDRC transfusions in each arm, 

a total of 10,000 transfused patients in each arm will be followed up for a period of 3 years 

to achieve the target sample size for Part 2 of the study. 

 

Important definitions(49) 

Adverse event: Undesirable and unintended occurrence before, during or after transfusion 

of blood or blood component which may be related to administration of blood or blood 

component. It could be due to an error or incident and it may or may not result in reaction 

in the recipient. 

 

Incident: It comprises of transfusion errors and deviations from standard operating 

procedures or hospital policies that result in mistransfusions or transfusion of a blood 

component which did not meet all the requirements for a safe transfusion. It may or may 

not result in an adverse reaction. 

 

Near miss: Errors or deviation from standard procedures or policies that were caught before 

the start of transfusion and that could have led to an unsuitable transfusion or adverse 

reaction in the recipient. 

Adverse reaction: Undesirable effect in a patient due to transfusion of blood or blood 

component. 
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FNHTR: Fever (≥38oC oral or equivalent and a change of ≥1oC from pretransfusion value) 

and/or chills or rigors occurring during or within 4 hours following transfusion after 

exclusion of other causes like haemolytic transfusion reaction, bacterial contamination or 

underlying condition. It may or may not be accompanied by headache and nausea. 

 

Transfusion associated dyspnea: It is respiratory distress within 24 hours of transfusion 

that does not meet the criteria of TRALI, TACO, or allergic reaction. Respiratory distress 

is the most prominent clinical feature and should not be due to patient’s underlying 

condition or any other cause. 

 

Hypotensive transfusion reaction: When there is drop in systolic blood pressure of ≥ 30 

mm Hg during or within one hour of completing transfusion a systolic blood pressure of ≤ 

80 mm Hg. 

 

Statistical methods used for Part 2 

The incidence of transfusion reactions among RT and CT group were compared using the 

proportion test. 

The significance levels were set to P<0.05 for all the analysis. All the statistical analysis 

were performed using STATA/IC 13.2. 
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Results 

Part 1 

Part 1 of the study is a laboratory based evaluation and comparison between 

leukoreduced bags processed at RT (20-240C) versus 40C. A total of 71 whole blood 

bags, were collected from healthy donors and processed for leukoreduction. Out of 71, 35 

bags underwent leukofiltration at 22 degrees Celsius and 35 bags underwent 

leukofiltration at 4 degrees Celsius. One bag was excluded from the study due to filter 

clot and filtration failure.  

1. Whole blood volume collected from donors 

Table 1. Number of whole blood bags collected and their mean volume 

Number of bags Mean volume collected (mL) 

70 466.2 (+26.9) 

 

2. Comparison between volume of whole blood bags which underwent 

leukoreduction at 22 and 4 degrees Celsius respectively 

Table 2. Number of whole blood bags collected and their mean volume as a 

function of temperature of filtration 

Number of bags Temperature of 

filtration (0C) 

Mean volume 

collected (mL) 

p value 

35 22 461.9 (+25.5) 0.18 

(Not significant) 35 4 470.5 (+27.9) 
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3. Total volume of blood bags post-donation after mixing with CPD (63mL) 

Table 3. Number of whole blood bags and their total volume after mixing 

with CPD 

Number of bags Mean total volume (mL) 

70 529.2 (+26.9) 

  

4. Comparison between total volume of blood bags post-donation after mixing with 

CPD, which underwent leukoreduction at 22 and 4 degrees Celsius respectively 

Table 4. Number of whole blood bags and their total volume after mixing 

with CPD as a function of temperature of filtration 

Number of bags Temperature of 

filtration (0C) 

Mean total 

volume (mL) 

p value 

35 22 524.9 (+25.5) 0.18 

(Not significant) 35 4 533.5 (+27.9) 

 

5. Mean total WBC count/µL in whole blood bags collected 

Table 5. Number of whole blood bags and their mean total WBC count/ µL 

Number of bags Mean total WBC count/µL 

70 6654.2 (+1888.2) 
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6. Comparison between total WBC count/µL in whole blood bags which underwent 

leukoreduction at 22 and 4 degrees Celsius respectively 

Table 6. Number of whole blood bags and their mean total WBC count/ µL as 

a function of temperature of filtration 

Number of bags Temperature of 

filtration (0C) 

Mean total WBC 

count/µL 

p value 

35 22 6517.4 (+1584.5) 0.54 

(Not significant) 35 4 6719.1 (+2164.8) 

 

7. Mean total WBCs/bag in whole blood bags collected 

Table 7. Number of whole blood bags and their mean total WBC count/ bag 

Number of bags Mean total WBCs/bag 

70 3.5 x 109(+0.9 x 109) 

 

8. Comparison between total WBCs/bag in whole blood bags which underwent 

leukoreduction at 22 and 4 degrees Celsius respectively 

Table 8. Number of whole blood bags and their mean total WBC count/ bag 

as a function of temperature of filtration 

Number of bags Temperature of 

filtration (0C) 

Mean total 

WBCs/bag 

p value 

35 22 3.4 x 109(+0.7 x 109) 0.36 

(Not significant) 35 4 3.6 x 109(+1.2 x 109) 
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9. Mean Hematocrit of whole blood bags collected 

Table 9. Number of whole blood bags and their mean hematocrit 

Number of bags Mean hematocrit 

70 40.2 (+4.1) 

 

10. Comparison between hematocrit of whole blood bags collected which underwent 

leukoreduction at 22 and 4 degrees respectively 

Table 10. Number of whole blood bags and their mean hematocrit as a 

function of temperature of filtration 

Number of bags Temperature of 

filtration (0C) 

Mean hematocrit p value 

35 22 40.4(+4.5) 0.78 

(Not significant) 35 4 40.1(+3.6) 

 

11. Mean volume of buffy coat depleted red cell bags processed from whole blood 

(after mixing 100 mL of SAGM) 

Table 11. Number of BCRC bags and their mean volume 

Number of bags Mean volume collected (mL) 

70 248.8 (+19.9) 
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12. Comparison between volume of buffy coat depleted red cell bags which 

underwent leukoreduction at 22 and 4 degrees Celsius respectively 

Table 12. Number of BCRC bags and their mean volume as a function of 

temperature of filtration 

Number of bags Temperature of 

filtration (0C) 

Mean volume 

collected (mL) 

p value 

35 22 247.4 (+25.5) 0.57 

(Not significant) 35 4 250.1 (+27.9) 

 

13. Mean total WBC count/µL in buffy coat depleted red cell bags  

Table 13. Number of BCRC bags and their mean total WBC count/ µL 

Number of bags Mean total WBC count/µL 

70 7791.1 (+3861.4) 

 

14. Comparison between total WBC count/µL in buffy coat depleted red cell bags 

which underwent leukoreduction at 22 and 4 degrees respectively 

Table 14. Number of BCRC bags and their mean total WBC count/ µL as a 

function of temperature of filtration 

Number of bags Temperature of 

filtration (0C) 

Mean total WBC 

count/µL 

p value 

35 22 7367.4 (+3249.8) 0.36 

(Not significant) 35 4 8214.8 (+4396.4) 
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15. Mean total WBC count/bag in buffy coat depleted red cell bags 

Table 15. Number of BCRC bags and their mean total WBC count/ bag 

Number of bags Mean total WBCs/bag 

70 1.9 x 109(+0.9 x 109) 

 

16. Comparison between total WBCs/bag in buffy coat depleted red cell bags 

collected which underwent leukoreduction at 22 and 4 degrees respectively 

Table 16. Number of BCRC bags and their mean total WBC count/ bag as a 

function of temperature of filtration 

Number of bags Temperature of 

filtration (0C) 

Mean total 

WBCs/bag 

p value 

35 22 1.8 x 109(+0.8 x 109) 0.31 

(Not significant) 35 4 2.0 x 109(+1 x 109) 

 

17. Mean hematocrit of buffy coat depleted red cell bags processed (after mixing 100 

mL of SAGM) 

Table 17. Number of BCRC bags and their mean hematocrit 

Number of bags Mean hematocrit 

70 73.7 (+4.5) 
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18. Comparison between hematocrit of buffy coat depleted red cell bags which 

underwent leukoreduction at 22 and 4 degrees respectively 

Table 18. Number of BCRC bags and their mean hematocrit as a function of 

temperature of filtration 

Number of bags Temperature of 

filtration (0C) 

Mean hematocrit p value 

35 22 73.4(+5.3) 0.78 

(Not significant) 35 4 74.0(+3.7) 

 

19. Mean volume of leukoreduced red cell bags (post-filtration) 

Table 19. Number of LRRC bags and their mean volume 

Number of bags Mean volume collected (mL) 

70 242.9 (+20.9) 

 

20. Comparison between volume of leukoreduced red cell bags which underwent 

leukoreduction at 22 and 4 degrees Celsius respectively 

Table 20. Number of LRRC bags and their mean volume as a function of 

temperature of filtration 

Number of bags Temperature of 

filtration (0C) 

Mean volume 

collected (mL) 

p value 

35 22 239.0 (+19.2) 0.12 

(Not significant) 35 4 246.7 (+22.1) 
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21. WBC events counted using Nageotte haemocytometer in leukoreduced red cell 

bags (post-filtration) 

Table 21. Number of LRRC bags and median WBC events counted using 

Nageotte haemocytometer 

Total number of 

bags 

Median 25th percentile 75th percentile 

70 1 0 3 

 

 

 

22. Comparison between WBC events using Nageotte haemocytometer in 

leukoreduced red cell bags which underwent leukoreduction at 22 and 4 degrees 

Celsius respectively 

Table 22. Number of LRRC bags and median WBC events counted using 

Nageotte haemocytometer as a function of temperature of filtration 

Total 

number 

of bags 

Temperature 

of filtration 

(0C) 

Median 25th 

percentile 

75th 

percentile 

p value 

35 22 3 1 17 <0.0001 

(Significant) 35 4 0 0 1 
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23. Total WBC count/µL in leukoreduced red cell bags using Nageotte 

haemocytometer 

Table 23. Number of LRRC bags and median total WBC count/µL using 

Nageotte haemocytometry 

Total number of 

bags 

Total WBC 

count/µL 

(Median) 

25th percentile 75th percentile 

70 0.04 0 0.12 

 

24. Comparison between total WBC count/µL using Nageotte haemocytometer in 

leukoreduced red cell bags which underwent leukoreduction at 22 and 4 degrees 

Celsius respectively 

Table 24. Number of LRRC bags and median total WBC count/µL using 

Nageotte haemocytometry as a function of temperature of filtration 

Total 

number 

of bags 

Temperature 

of filtration 

(0C) 

Total 

WBC 

count/µL 

(Median) 

25th 

percentile 

75th 

percentile 

p value 

35 22 0.12 0.04 0.68 <0.0001 

(Significant) 35 4 0.00 0.00 0.04 

 

 

 

 



79 

 

25. Total WBC count/bag in leukoreduced red cell bags using Nageotte 

haemocytometer 

Table 25. Number of LRRC bags and median total WBC count/bag using 

Nageotte haemocytometry 

Total number of 

bags 

Total WBC 

count/bag 

(Median) 

25th percentile 75th percentile 

70 0.009 x 106 0 0.03 x 106 

 

26. Comparison between total WBC count/bag using Nageotte haemocytometer in 

leukoreduced red cell bags which underwent leukoreduction at 22 and 4 degrees 

Celsius respectively 

Table 26. Number of LRRC bags and median total WBC count/bag using 

Nageotte haemocytometry as a function of temperature of filtration 

Total 

number 

of bags 

Temperature 

of filtration 

(0C) 

Total 

WBC 

count/bag 

(Median) 

25th 

percentile 

75th 

percentile 

p value 

35 22 0.02 x 106 0.008 x 106 0.1 x 106 0.0001 

(Significant) 35 4 0.00 0.00 0.01 x 106 
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27. WBC events counted using flow cytometry in leukoreduced red cell bags (post-

filtration) 

Table 27. Number of LRRC bags and median WBC events counted using flow 

cytometry 

Total number of 

bags 

Median 25th percentile 75th percentile 

70 5 1 19 

 

28. Comparison between WBC events using flow cytometry in leukoreduced red cell 

bags which underwent leukoreduction at 22 and 4 degrees Celsius respectively 

Table 28. Number of LRRC bags and median WBC events counted using flow 

cytometry as a function of temperature of filtration 

Total 

number 

of bags 

Temperature 

of filtration 

(0C) 

Median 25th 

percentile 

75th 

percentile 

p value 

35 22 11 3 28 <0.0001 

(Significant) 35 4 2 0 6 

 

29. Total WBC count/µL in leukoreduced red cell bags using flow cytometry 

Table 29. Number of LRRC bags and median total WBC count/µL using flow 

cytometry 

Total number of 

bags 

Total WBC 

count/µL 

(Median) 

25th percentile 75th percentile 

70 0.23 0.05 0.89 
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30. Comparison between total WBC count/µL using flow cytometry in leukoreduced 

red cell bags which underwent leukoreduction at 22 and 4 degrees Celsius 

respectively 

Table 30. Number of LRRC bags and median total WBC count/µL using flow 

cytometry as a function of temperature of filtration 

Total 

number 

of bags 

Temperature 

of filtration 

(0C) 

Total 

WBC 

count/µL 

(Median) 

25th 

percentile 

75th 

percentile 

p value 

35 22 0.57 0.17 1.32 0.0001 

(Significant) 35 4 0.09 0 0.34 

 

31. Total WBC count/bag in leukoreduced red cell bags using flow cytometry 

Table 31. Number of LRRC bags and median total WBC count/bag using 

flow cytometry 

Total number of 

bags 

Total WBC 

count/bag 

(Median) 

25th percentile 75th percentile 

70 0.05 x 106 0.01 x 106 0.2 x 106 
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32. Comparison between total WBC count/bag using flow cytometry in leukoreduced 

red cell bags which underwent leukoreduction at 22 and 4 degrees Celsius 

respectively 

Table 32. Number of LRRC bags and median total WBC count/bag using 

flow cytometry as a function of temperature of filtration 

Total 

number 

of bags 

Temperature 

of filtration 

(0C) 

Total 

WBC 

count/bag 

(Median) 

25th 

percentile 

75th 

percentile 

p value 

35 22 0.1 x 106 0.03 x 106 0.3 x 106 0.0001 

(Significant) 35 4 0.02 x 106 0.00 0.09 x 106 

 

33. Comparison between log reduction in WBCs after filtration at 22 and 4 degrees 

Celsius respectively using Flow cytometry. 

Table 33. Comparison between log reduction in WBCs using flow cytometry 

as a function of temperature of filtration 

Total 

number 

of bags 

Temperature 

of filtration 

(0C) 

Prefiltration 

WBCs/bag 

     (x 109) 

     Mean  

(S.D) 

Postfiltration 

WBCs/bag 

(x 106) 

Mean 

(S.D) 

Log 

reduction 

in WBCs 

Mean 

(S.E) 

p value 

(comparison 

between 22 

and 40C log 

reduction) 

35 22 1.8 

 (0.8) 

0.4 

(0.8) 

9.4 

(0.2) 

 

    <0.001 

35 4 2.0 

(1.0) 

0.07 

(0.1) 

13.8 

(0.8) 
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34. Comparison between log reduction in WBCs after filtration at 22 and 4 degrees 

Celsius respectively using Nageotte haemocytometer 

Table 34. Comparison between log reduction in WBCs using nageotte 

haemocytometry as a function of temperature of filtration 

Total 

number 

of bags 

Temperature 

of filtration 

(0C) 

Prefiltration 

WBCs/bag 

     (x 109) 

     Mean  

(S.D) 

Postfiltration 

WBCs/bag 

(x 106) 

Mean 

(S.D) 

Log 

reduction 

in WBCs 

Mean 

(S.E) 

p value 

(comparison 

between 22 

and 40C log 

reduction) 

35 22 1.8 

 (0.8) 

0.2 

(0.7) 

12.1 

(0.7) 

<0.001 

35 4 2.0 

(1.0) 

0.01 

(0.03) 

17.1 

(0.8) 

 

 

Figure 1. Log in reduction in WBCs using NC and FC at RT and CT 
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35. Comparison between log10 reduction in WBCs after filtration at 22 and 4 degrees 

Celsius respectively using flow cytometry. 

Table 35. Comparison between log10 reduction in WBCs using flow cytometry 

as a function of temperature of filtration 

Total 

number 

of bags 

Temperature 

of filtration 

(0C) 

Prefiltration 

WBCs/bag 

     (x 109) 

     Mean  

(S.D) 

Postfiltration 

WBCs/bag 

(x 106) 

Mean 

(S.D) 

Log10 

reduction 

in WBCs 

Mean 

(S.E) 

p value 

(comparison 

between 22 

and 40C log 

reduction) 

35 22 1.8 

 (0.8) 

0.4 

(0.8) 

4.09 

(0.1) 

 

    <0.001 

35 4 2.0 

(1.0) 

0.07 

(0.1) 

4.53 

(0.1) 

 

36. Comparison between log10 reduction in WBCs after filtration at 22 and 4 degrees 

Celsius respectively using Nageotte haemocytometer 

Table 36. Comparison between log10 reduction in WBCs using nageotte 

haemocytometry as a function of temperature of filtration 

 

Total 

number 

of bags 

Temperature 

of filtration 

(0C) 

Prefiltration 

WBCs/bag 

     (x 109) 

     Mean  

(S.D) 

Postfiltration 

WBCs/bag 

(x 106) 

Mean 

(S.D) 

Log10 

reduction 

in WBCs 

Mean 

(S.E) 

p value 

(comparison 

between 22 

and 40C log 

reduction) 

35 22 1.8 

 (0.8) 

0.2 

(0.7) 

4.43 

(0.1) 

 

<0.001 

35 4 2.0 

(1.0) 

0.01 

(0.03) 

4.99 

(0.1) 
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37. Comparison between Flow cytometry versus Nageotte haemocytometer in 

estimation of residual number ofWBCs in leukoreduced red cell units. 

 
Figure 2. Comparison between total residual WBCs/µL using FC and NC 

among LRRC bags 

 

 
Figure 3. Comparison between total residual WBCs/bag using FC and NC 

among LRRC bags 
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Table 37. Difference between FC and NC as a function of total WBCs/µL and 

total WBCs/bag among leukoreduced bags. 

 

Comparison (among 

leukoreduced units) 
Median bias LoA* (5th percentile, 

95th percentile) 

p-value to  

Flowcytometry v/s 

Nageotte 

haemocytometer 
(Total WBCs/µL) 

0.23  0, 1.24 <0.001 

Flowcytometry v/s 

Nageotte 

haemocytometer 
(Total WBCs/bag) 

0.05 x 106 0, 0.3 x 106 <0.001 

*LoA: Limits of Assessment 

 

 0.23 cells/uL is the difference in WBC counts per uL between Flow cytometry v/s 

Nageotte haemocytometer, which is statistically significant. 

 The maximum likelihood difference in WBC counts per uL between flow 

cytometry and Nageotte haemocytometer is from 0 to l.24 cells/uL i.e. Nageotte 

haemocytometer can underestimate total WBCs/uL by up to 1.24 cells/uL. 

 0.05 x 106 cells/bag is the difference in WBC counts per bag between flow 

cytometry v/s Nageotte haemocytometer, which is statistically significant. 

 The maximum likelihood difference in WBC counts per bag between flow 

cytometry and Nageotte haemocytometer is from 0 to 0.3 x 106 cells/bag i.e. 

Nagoette haemocytometer can underestimate total WBCs/bag by up to 0.3 x 106 

cells/bag. 

 

 

38. Dispersion between Flow cytometry and Nageotte haemocytometry  

 

Table 38. Comparison between coefficient of quartile deviation of NC and FC 

 

 

 

      

NC FC 

<1 cells/ 

µL 

>1 cells/ 

µL 

<1 cells/ 

µL 

>1 cells/ 

µL 

Coefficient of quartile 

deviation 

1 0.56 0.8 0.52 

Percentage (%) 100 56 80 52 
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39. Number of leukoreduced bags as a function of temperature of filtration and WBC 

count (as per NC and FC both) 

 

Table 39. Number of LRRC bags filtered at RT and CT as a function of 

residual total WBC count/bag 

 

Residual total WBC 

count/bag 

Number of bags filtered 

at 220C 

Number of bags filtered 

at 40C 

with <5 x 106 WBCs 35 35 

with <1 x 106 WBCs 32 35 

with <0.5 x 106 WBCs 31 35 

 

40. RBC recovery in leukoreduced bags 

Table 40. Number of LRRC bags and mean RBC recovery 

Total number of bags RBC recovery (%) Mean (S.D) 

70 79.8 (6.2) 

 

41. Comparison between RBC recovery in leukoreduced bags filtered at 22 and 4 

degrees Celsius respectively. 

Table 41. Number of LRRC bags and mean RBC recovery as a function of 

temperature of filtration 

Number of bags Temperature of 

filtration (0C) 

RBC recovery 

(%) 

Mean (S.D) 

 

p value 

35 22 79.2 (7.5) 0.41 

(Not significant) 35 4 80.4 (4.5) 
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There is no difference in RBC recovery in leukoreduced bags filtered at 22 and 4 

degrees Celsius respectively. 

 

42. Total RBC recovery in leukoreduced bags 

Table 42. Number of LRRC bags and mean total RBC recovery 

Total number of bags RBC recovery (%) Mean (S.D) 

70 68.9 (6.5) 

 

43. Comparison between total RBC recovery in leukoreduced bags filtered at 22 and 4 

degrees Celsius respectively. 

Table 43. Number of LRRC bags and mean total RBC recovery as a function 

of temperature of filtration 

Number of bags Temperature of 

filtration (0C) 

RBC recovery 

(%) 

Mean (S.D) 

 

p value 

35 22 67.9 (6.0) 0.22 

(Not significant) 35 4 69.8 (6.9) 

There is no difference in total RBC recovery in leukoreduced bags filtered at 22 

and 4 degrees Celsius respectively. 
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44. Percentage of leukoreduction at 22 and 4 degrees Celsius respectively (according 

to both Nageotte haemocytometer and flow cytometry) 

Table 44. Leukoreduction (%) achieved as a function of temperature of 

filtration 

Number of bags Temperature of 

filtration (0C) 

Leukoreduction (%) 

Mean (S.D) 

p value 

35 22 99.99 (0.02) 0.0001 

(Significant) 35 4 100 (0.00) 
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Part II 

 The second part of the study is a Non-randomized interventional trial which 

assessed the clinical efficacy of leukoreduced red cell units processed at RT (20-

240C) and 4 degrees Celsius on a 6 monthly basis among patients. 

 It was initiated only when it was proved in the laboratory based evaluation i.e. Part 

1 of the study that leukoreduced red cell units processed at 4 degrees have 

significantly reduced number of residual WBCs. 

 From June to November, 2015, leukoreduction was performed at RT i.e. 20-220C 

at CMCH blood bank and all patients during this period received leukoreduced red 

cell bags processed at RT. 

 From February to July, 2016 leukoreduction was performed at 40C at CMCH 

blood bank and all patients during this period received leukoreduced red cell bags 

processed at 40C. 

 Reporting of transfusion reactions during each period of trial was done by primary 

investigator as well as co-investigators in department of Nephrology and 

Cardiothoracic surgery. 

 All patients who were transfused leukoreduced bags were followed up within 24 

hours of transfusion for detection of any acute transfusion reaction. 

 Examination of transfused patients as well as access to patient records and 

information by the principal investigator was approved by the respective 

departments. 
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Figure 4. Flow diagram for 6 months’ clinical trial from June to November, 

2015 
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 Figure 5. Flow diagram for 6 months’ clinical trial from February to July, 

2016 
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1. Total number of leukoreduced bags transfused during each period of trial 

Table 45. Total number of leukoreduced bags transfused during each period 

of trial 

 June to November, 

2015 (20-240C) 

February to July, 2016 

(40C) 

Total number of leukoreduced 

bags transfused 

3443 3533 

 

 

 

2. Previous history of sensitization among patients transfused during each period of 

trial 

Table 46. Number of patients with prior history of sensitization (transfusion, 

transplantation and pregnancy) during each period of trial. 

Previous history of  Transfusion Transplantation Pregnancy 

June to November, 2015 (20-

240C) 

977 20 1,103 

February to July, 2016 

(40C) 

882 25 1,182 
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3. Total number and incidence of acute transfusion reactions associated with 

leukoreduced bags during each period of trial 

Table 47. Incidence of acute transfusion reaction among total number of 

LRRC bags transfused during each period of trial. 

Period of trial Number and incidence of 

acute transfusion reaction 

p value 

June to November, 2015 (20-

240C) 

9 (0.0026% or 1 per 384 

transfusions) 

0.4 

(Not 

significant) February to July, 2016 (40C) 6 (0.0016% or 1 per 625 

transfusions)  

 

4. Type and incidence of acute transfusion reaction associated with leukoreduced 

bags during each period of trial 

Table 48. Incidence of each type of transfusion reaction among total number 

of LRRC bags transfused during each period of trial. 

Type of 

transfusion 

reaction 

June to November, 

2015 (20-240C) 

February to July, 

2016 (40C) 

p value 

FNHTR 6 (0.0017% or 1 per 

588 transfusions) 

2 (0.0005% or 1 per 

2000 transfusions) 

0.14  

(Not significant) 

Allergic 3 (0.0008% or 1 per 

1250 transfusions) 

3 (0.0008% or 1 per 

1250 transfusions) 

- 

 

TAD* 0 1 - 

Total 9 6 - 

*TAD: Transfusion associated dyspnea 

 

 

 



95 

 

Discussion 

Leukoreduction is a widely practiced and established strategy for reducing the incidence 

of many transfusion reactions, including the most common febrile non hemolytic 

transfusion reaction.  There are numerous methods of leukoreduction and these have 

improved with technological advancement. The current most accepted and efficient 

method of leukoreduction is through use of leukocyte filters. Efficacy of filtration by 

leukocyte filters is influenced by many factors including type and capacity of the filter, 

initial WBC and platelet counts, and temperature.  

The temperature of filtration has been described to have a significant effect on the 

efficacy of leukoreduction by many authors. RBC units filtered at cold have been found 

to have reduced residual WBCs in comparison to those filtered at warmer temperatures.  

If filtration at CT is superior in efficacy to filtration at RT, application of this knowledge 

would enable a significant improvement in quality in terms of residual WBC counts. 

Therefore, the first part of this study aimed at determining whether pre-storage 

leukoreduction of red cell concentrate at cold temperature (4 degrees Celsius) is superior 

to the same performed at room temperature (20-24 degrees Celsius) in reducing residual 

white cell count. This part involved a laboratory based comparison of red cell bags 

filtered at RT and CT. 

It was also deemed important to know whether this difference if it existed, translated into 

actual clinical benefit in terms of reduced transfusion reactions, which was explored by 
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the second part of the study, which was a non-randomized clinical trial, approved by 

CTRI, in which leukoreduced bags processed at RT were transfused to patients for 6 

months, followed by bags processed at CT for the next 6 months and the incidence of 

acute transfusion reaction especially FNHTR during each period (6 months) was assessed 

and compared.   

We evaluated residual WBC count in leukoreduced bags using both Nageotte chamber 

and flow cytometry. While counting using the Nageotte chamber has been the gold 

standard for assessing residual leukocyte count, flow cytometry has been found to be 

more accurate in assessing lower counts. (38,50–52) For this reason, we included both 

methods in the study. To our knowledge, no previous single study has used flow 

cytometry to compare difference in WBC counts among leukoreduced red cell bags 

filtered at RT and CT. 

The median total WBC count per µL and per bag using both NC and FC in our study at 

RT and CT were found to significantly differ, with CT filtration demonstrating lower 

residual WBC counts than RT filtration (Tables 24, 26, 30, 32). At the same time, RBC 

recovery was not affected by the temperature at which filtration was performed (Table 

41).  

The median total WBC count/bag assessed using NC in our study at RT and CT were 

found to be 0.02 X106 and 0.0 respectively (p=0.0001; Table 30) and using FC were 0.1 

x106 and 0.02 x106 respectively (p=0.0001; table 32).   
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Many previous studies using various types of filters have demonstrated improvement in 

efficacy of filtration at cold temperature. Beaujean et al found a significant difference in 

mean total WBCs/bag between red cell units filtered at 40C versus 370C (11.8+9.9 x 106 

versus 113.9+103.2 x 106) using Sepacell R500 B1 filters. However, they did not perform 

filtration at RT.(18) P.F. van der Meer et al. performed leukofiltration at 20 and 4 degrees 

Celsius using Cellselect FR, BPF4 and Sepacell. Cellselect FR produced residual WBC 

count/bag of 1.79+0.69 x 106 at RT versus 0.86+0.37 x 106 at CT (p<0.001), with BPF4 

and Sepacell producing even higher difference in residual WBC count/bag at RT and 

CT.(20) E. Ledent used RC50 filters and found post filtration median WBCs of 1x 

106/unit and 163x106/unit at 4 and 37 degrees Celsius respectively.(19)  S.E. Rogers et al. 

used a quadruple bag system with integral RBC filter (Sepacell R2000, Asahi) for 

leukofiltration of SAGM units immediately at RT or after 72-hour hold at 40C. 

Differences in median residual WBCs/unit were highly significant in the 2 groups (2.20 x 

106 at RT versus 0.31 x 106 at 40C; p value <0.0005).(21) The higher residual WBC 

counts obtained in these earlier studies as compared to our study may be attributed to the 

material, capacity and generation of filters used. Our study uses a fourth generation filter 

that achieves four log reduction in WBCs, which may explain why our median residual 

WBC counts per bag at both temperatures are much lower than other studies. Irrespective 

of this, it should be noted that filtration at cold temperature achieves even further 

reduction approaching one log.  
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However, J.D. Smith et al. did not find any significant difference in residual WBC 

content of red cell units filtered using a third generation filter in the laboratory at 40C or 

mock bedside at RT after 14 days of storage at 40C. They concluded that temperature of 

filtration has no effect on filtration efficacy and that duration of storage of red cell units 

before filtration affects filter performance. They also found that red cell units filtered 

within 0-2 hours of collection had significantly lesser leukoreduction as compared to 

those with leukofiltration within 7-8 hours after collection.(22) We presume here that the 

duration of storage prior to filtration as well as the technology used in filtration and 

counting (manual hemocytometry using standard Neubauer counting chamber was used) 

may have impacted their findings. Duration of storage prior to filtration is well known to 

affect efficacy of leukoreduction as WBCs undergo fragmentation and/or release of 

cytokines (esp. IL-8) occurs with storage and therefore falsely low residual WBCs may 

be enumerated.(6,53–55) However, the WBC fragments as well as cytokines that escape 

the filter are still capable of inducing transfusion reactions. (53–55)  

Matthes et al measured the efficacy of third and fourth generation filters on fresh and 

stored (1 day at 40C) whole blood and red cell concentrate in SAGM. They found that 

there was no difference in log reduction (using 4th generation filter) between residual 

WBC counts in stored and fresh red cell concentrate (4.0 versus 4.1) using flow 

cytometry. This is in contrast to our findings as we got significant difference in log10 

reduction of WBCs between SAGM red cell units filtered at RT versus CT (Table 35). 

Our log10 reduction at CT was higher than that attained by the authors of this study which 
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may be attributable to improved technology of the filter or storage period prior to 

filtration.(16) Glaser et al recommended that minimum pre-filtration storage time of 2 

hours should be there, to achieve constant WBC reduction rates.(24) 

Comparison of the median bias between flow cytometry and Nageotte chamber for 

estimation of residual WBCs per µL and per bag (Table 37) shows that the median 

difference between both is 0.23 WBCs/µL and 0.05 x 106 WBCs/bag respectively. We 

found that Nageotte could potentially underestimate residual WBCs by up to 1.24 cells/ 

µL as expressed through the maximum likelihood difference. This translated into a 

potential underestimation of residual WBCs/bag by up to 0.3 x 106 WBCs/bag. The 

reason for this could be the difference in volume of neat sample assessed using NC and 

FC (25 µL and 100 µL respectively).  At very low residual counts, assessment of smaller 

volumes has a higher likelihood of finding no events. This could explain the median 

residual WBC of 0 found at CT with NC. 

We also found that dispersion between FC and NC is higher at residual WBC count of <1 

cell/µL in comparison to FC (100% versus 80%; Table 38). However, at WBC count of 

>1 cells/µL, dispersion between FC and NC is nearly the same. 

In a multicenter study comparing NC, FC and microfluorimetry, NC showed an 

underestimation bias, lower accuracy and higher inter-site coefficient of variation as 

compared to the other two methods (>30% versus <20%).(38) Higher coefficient of 

variation associated with NC in comparison to FC has been shown in other studies as 
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well. (38,39,42) Bontadini et al. compared efficacy of leukofiltration among six 

commercial filters using NC and FC, and found that although, NC and FC can be used for 

measuring WBC count from 0.1 to 10 cells/µL, the number of residual WBCs counted 

were higher with FC due to greater volume of sample processed by it. (56).  

These findings suggest that NC may no longer be a suitable method for comparing 

efficacy of current technology that achieves very low counts.  

Although FC is more accurate and has low coefficient of variation with faster throughput, 

it is expensive in terms of both reagent and equipment. NC on the other hand, is an 

inexpensive assay but requires trained and experienced technicians and is labor intensive. 

Inter-observer variability in enumeration of WBC events is very high with NC. This leads 

to difficulties in standardization of quality control procedure (38,39) While reducing the 

dilution used in NC may increase its sensitivity, decreasing the dilution might further 

increase the already high specific gravity of haemolysate and thus leukocytes will take 

more time to settle in the chamber. This will further increase the assay time.  

Recommendation of whether FC or NC should be used for quality control for 

leukoreduced units manufactured in a blood bank is controversial. It depends upon 

number of units manufactured per month, patient population and characteristics, financial 

constraints and resources available. While NC may still be able to reliably assess whether 

bags meet quality standards, even up to 1 x10(6), the maximum likelihood difference we 

noted of 0.3 x 10(6) needs to be kept in mind when performing QC checks by NC. (6) 
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There was no difference in RBC recovery when filtration was performed at either 

temperature (Table 41). Similar observations were found by other authors as well. 

(18,20,21) 

However, RBC recovery in our study was less than the AABB recommendation of 

minimum 85%. This might be due to loss of buffy coat during the manufacturing process. 

P. Rebulla et al. also found decreased RBC recovery in SAGM units due to loss of the 

buffy coat. They reported a median loss of 12.4 percent of hemoglobin from the original 

donation, due to buffy coat removal.(39) 

 

In part 2 of the study, the incidence of acute transfusion reactions especially FNHTR was 

monitored and assessed among patients transfused with leukoreduced units processed at 

either RT or CT on a 6 monthly basis. We excluded patients who were on anti-pyretic 

medications or had a co-existing febrile illness at the time of transfusion. Among 3443 

units manufactured at RT, acute transfusion reaction was found with 9 units (0.0026% or 

1 per 384 transfusions; Table 47, 48). 6 were FNHTR (0.0017% or 1 per 588 

transfusions) and 3 were allergic reactions (0.0008% or 1 per 1250 transfusions). 

Among 3533 units manufactured at CT, acute transfusion reaction was found with 6 units 

(0.0016% or 1 per 625 transfusions; Table 47, 48). Out of which, 2 were FNHTR 

(0.0005% or 1 per 2000 transfusions), 3 were allergic reactions (0.0008% or 1 per 1250 

transfusions) and 1 was TAD (Transfusion associated dyspnea).  
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Although the incidence of FNHTR is noticeably lower with leukoreduced units filtered at 

CT as compared to RT, the difference did not attain significance. This may be because 

the sample size has not been achieved. Approximately 10,000 units have to be transfused 

at each temperature, to achieve a sample size sufficient to assess for significant difference 

between the two. So, the trial will be continued till the required sample size is completed 

or significant difference is achieved. To our knowledge, no single study has compared the 

rate of FNHTR among leukoreduced units filtered at CT versus RT. 

We found no difference in the incidence of allergic reactions between the two time 

periods. Leukocytes are not implicated in allergic transfusion reaction. (26) 

     

 

 

 

 

 

 

 

 



103 

 

Limitations 

 Allo-immunization is a significant transfusion associated complication, and the 

desire to avoid allo-immunization is a major factor in selecting a leukoreduced 

unit over a non-leukoreduced one. However, assessment of HLA allo-

immunization rates among patients transfused with leukoreduced units processed 

at RT versus CT, was not evaluated in our study due to logistical issues. 

 

 Despite having a standard institutional transfusion surveillance protocol, 

availability of transfusion medicine physician at all times for reporting and active 

follow up of transfusion outcome by principal and clinical co-investigators who 

were from clinical units that utilize approximately 40 percentage of leukoreduced 

units, under-reporting of reactions especially FNHTR cannot be excluded. This 

especially holds true for mild reactions which might have been treated with anti-

pyretic medication followed by resumption of transfusion, rather than being 

reported to blood bank.(57) 
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Conclusion 

 Our study shows that the filter used achieves 4 log reduction both at RT and CT, 

with median residual WBCs per bag of 0.1 x 106 and 0.02 x 106 respectively. 

 Leukoreduction at cold temperature is significantly superior to room temperature 

in reducing the number of residual WBCs with no difference in RBC recovery. 

 Log10 reduction in residual WBCs at cold temperature filtration is significantly 

higher than room temperature filtration (4.5 versus 4.0). 

 Nageotte haemocytometry reports less residual WBCs/unit as compared to flow 

cytometry and may not be sensitive enough to accurately define very low WBC 

counts achieved with current technology. 

 The RBC recovery at either temperature did not differ significantly. Yet it failed to 

achieve AABB standards. The effect of buffy coat retention prior to filtration 

requires evaluation in this context. 

 The rate of FNHTR is less with leukoreduced bags filtered at cold temperature in 

comparison to room temperature. However further sampling will be needed to 

confirm this finding.  
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Annexures 

Annexure 1: Institutional Review Board Approval letter 
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Annexure 2: Patient information sheet 

 

Information sheet for leukoreduction of red cell concentrates and clinical impact 

following transfusion.  

Like all therapeutic procedure, blood transfusion carries a risk of adverse events. Some of these 

adverse events like fever during or following transfusion, development of antibodies to the donor 

antigens, and others are linked to the presence of WBCs in the blood. Hence the removal of WBCs 

from blood aims to make blood transfusion safer. This process is called leukoreduction. The blood 

you are being transfused with is leukoreduced.  

Studies suggest that the temperature at which leukoreduction is carried out in the blood bank can 

influence the effectiveness of WBC removal.  

A s part of this study we will compared leukoreduction performed at two different temperatures -  

4 degrees Celsius and 22 degrees Celsius, to see which is better for the patient.  

What will happen if I agree to participate? 

During your transfusion you will receive blood bags that have been leukoreduced at one of 

these temperatures. If you participate in the study, you will be asked about any discomfort 

during the transfusion, and your case records will be studied for any evidence of transfusion 

reactions.  

Are there any adverse effects from participation? 

No. As part of your treatment you require a blood transfusion. Leukoreduced blood is 

considered to be safer in many ways than non leukoreduced blood. The blood you receive 



115 

 

will have undergone leukoreduction with quality checks. Therefore, there is no risk of 

adverse events only due to participation in the study. However, note that all transfusions 

carry a certain risk of adverse events.   

Are there any benefits for participation? 

There are no material benefits.  

Is there any penalty for non-participation? 

Participation is entirely voluntary. Even if you decide not to participate, you will receive a 

leukoreduced product according to our current standard of care. Your treatment will not be 

affected in any way.  

 

If you have any queries about the study, please contact me, (Dr. Siddharth Mittal) on my 

phone 9790292411 or Email- mittalsid101@gmail.com 
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Annexure 3: Consent form (Waiver of consent form was approved by 

IRB) 

 

Format for Informed Consent Form for Subjects 

Informed Consent form to participate in a research study  

Study Title: Pre-storage leukoreduction of red cells at cold and room temperature: 

comparison of efficacy and clinical impact following transfusion 

Study Number: ____________ 

Subject’s Initials: __________________  

Subject’s Name: _________________________________________ 

Date of Birth / Age: ___________________________ 

(Subject) 

(i)  I confirm that I have read and understood the information sheet dated ___________ 

for the above study and have had the opportunity to ask questions. [  ] 

(ii)  I understand that my participation in the study is voluntary and that I am free to 

withdraw at any time, without giving any reason, without my medical care or legal 

rights being affected. [  ] 
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(iii)  I understand that the Sponsor of the clinical trial, others working on the Sponsor’s 

behalf, the Ethics Committee and the regulatory authorities will not need my 

permission to look at my health records both in respect of the current study and any 

further research that may be conducted in relation to it, even if I withdraw from the 

trial. I agree to this access. However, I understand that my identity will not be 

revealed in any information released to third parties or published. [  ] 

(iv)  I agree not to restrict the use of any data or results that arise from this study provided 

such a use is only for scientific purpose(s). [  ] 

(v)  I agree to take part in the above study. [  ] 

Signature (or Thumb impression) of the Subject/Legally Acceptable  

Date: _____/_____/______ 

Signatory’s Name: _________________________________          

Signature:  

Or 

 

 

 



118 

 

Representative: _________________ 

Date: _____/_____/______ 

Signatory’s Name: _________________________________ 

Signature of the Investigator: ________________________ 

Date: _____/_____/______ 

Study Investigator’s Name: _________________________ 

Signature or thumb impression of the Witness: ___________________________ 

Date: _____/_____/_______ 

Name & Address of the Witness: ______________________________ 
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Annexure 4: Clinical Research form 

For Part 1 

For assessment of residual WBC counts in Leukoreduced bags 

Whole blood bag WBC count/unit: 

Buffy coat depleted red cell bag WBC count/unit: 

Leukoreduced bag WBC count/unit using NC:  

Leukoreduced bag WBC count/unit using FC:                                                                   

Calculations:  

 

Reduction in WBC count: 

Reduction in PCV: 

Bag no Whole blood 

bag  

SAGM unit 

after buffy 

coat 

depletion 

(before 

filtration) 

Leukoreduced 

unit (after 

filtration) 

using Nageotte 

chamber  

Leukoreduced 

unit (after 

filtration) using 

Flow cytometry  

PCV (%) Temp. 

of 

filtrati

on 

(0C) 

Vol

ume 

(ml) 

WBC 

count/µ

L 

Vol. 

(ml) 

WBC 

count/

µL 

Vol. 

(ml) 

WBC 

count/µ

L 

Vol. 

(ml) 

WBC 

count/µL 

Whol

e 

blood 

Post 

filtratio

n 
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For Part 2 

For assessing clinical impact following transfusion of LDRC bags processed at different 

temperature on a 6 monthly basis (2o objective) 

1. Bag number: 

2. Temperature of filtration (oC): 22 

3. Age of blood at time of transfusion (in days): 

4. Hospital number: 

5. Unit:  

6. Age: 

7. Gender:  Male/Female 

8. Primary diagnosis: 

9. Any acute transfusion reaction    Yes / No 

If Yes, then select from the below symptoms and/or signs 

 Fever                                     Yes / No 

 Chills/Rigors                         Yes / No 

 Nausea/vomiting                   Yes / No 

 Hypotension                          Yes / No 

 Tachycardia                           Yes / No 

 Tachypnoea/dyspnoea           Yes / No 

 Red eye                                   Yes / No 

 Rash/Urticaria/edema            Yes / No 

 Any other symptoms &/or signs, please specify 

 



121 

 

10.  Mention time of reaction (in minutes or hours) with respect to start   

             of transfusion 

 

11.  Is there any other cause/confounding factor for the above reaction?         

                                                                Yes / No       

              If yes, then please specify the same            

  

12.  Laboratory (Immunological) workup of the transfusion reaction      

                                                         Positive / Negative 

             If positive, give details 

 

13.  Prior history of potential sensitizing events    Yes / No 

              If yes, whether it is Pregnancy / Transfusion / Transplant 

14.       Any antipyretics given up to 6 hours prior to start of transfusion  

                                                                                                Yes / No 

15.      Type of transfusion reaction 
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Annexure 5: Flow cytometry procedure for WBC counting 

Enumeration of residual WBCs in red cell products using Flow cytometry 

 

PRINCIPLE  

The Leucocount reagent contains propidium iodide (PI). PI is a nucleic acid dye which, 

when used with RNAse, stains only cellular DNA. White blood cells are nucleated cells 

that contain DNA and are therefore stained with the dye. Non-nucleated particles 

(including platelets and red cells) do not stain with this reagent. Trucount tubes contain 

beads that act as an internal reference to accurately determine the absolute count of 

residual white cells. Appropriate samples are combined with the lyophilized pellet in the 

Trucount tubes before staining. After staining rWBCs, samples are acquired on a flow 

cytometer (Beckman coulter 'Navios' cytometer). Absolute rWBC counts are determined 

by using a simple calculation based on bead number and sample volume. 

 

PROCEDURE 

-Reagents provided 

BD Leucocount reagent, sufficient for 50 tests, and BD Trucount tubes. 

-Reagents and Materials required but not provided 

1. BD Calibrite™ beads (BD Catalog Nos. 349502 or 340486) 

2. BD Leucocount controls (Catalog Nos. 341001, 341002, 341003) or equivalent. Other 

control materials may be used but will need validation by the user. 
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3. Capped 12 x 75-mm BD Falcon™ polypropylene round-bottom 5-mL tubes (BD 

Catalog No. 352063), or equivalent 

4. Vortex mixer 

5. Micropipettor with tips (BD Electronic Pipette, BD Catalog No.646539), or equivalent 

 

-REAGENTS 

The BD Leucocount kit contains BD Leucocount reagent, sufficient for 50 tests, and BD 

Trucount tubes. BD Leucocount reagent contains: 

• PI, a nucleic acid dye 

• 0.1% sodium azide 

• RNAse, for the enzymatic digestion of RNA in platelets and reticulocytes 

• detergent, which permeabilizes the cell membrane to allow for entry of PI 

• buffers, to stabilize the stained sample 

BD Trucount tubes contain a lyophilized pellet of 4.2-µm fluorescent beads used as an 

internal standard for calculation of the absolute count. 

STAINING PROCEDURE 

1. Carefully dispense 200 to 400 μL ofwell-mixed RBC or platelet samples into clean 12 

x 75-mm polypropylene tubes within 48 hours of leucoreduction. 

2. Remove BD Trucount tubes from foil pouch (reseal pouch immediately) and label 

appropriately. Prepare samples within 1 hour of removal from pouch. 

NOTE Before use, verify that the BD Trucount bead pellet is intact and under the metal 

retainer at the bottom of the tube. If this is not the case, discard the BD Trucount tube and 

replace it with another. 

3. Add 100 μL of well mixed sample (platelet, RBC, control) to the appropriately labeled 

BD Trucount tube. 

4. Add 400 μL of BD Leucocount reagent to each tube. 

5. Cap tubes and gently vortex. Avoid overmixing. Do not vortex longer than 15 seconds. 
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6. Incubate the tubes for 5 minutes in the dark at room temperature. 

7. Store in the dark until ready for acquisition. Fresh to 24-hour old samples  can be 

acquired up to 24 hours after staining. Alternatively, samples stored for 48 hours, and 

then stained, are stable for at least 60 minutes. 

 

INSTRUMENT SETUP 

Prior to performing instrument setup, verify instrument performance using BD software 

and BD Calibrite beads or equivalent. For users of non-BD flow cytometers, follow the 

manufacturer’s recommendations for performance verification. 

For instructions on performing BD Leucocount setup automatically, using BD 

FACSComp™ software (version 4.1 or greater), refer to the BD FACSComp 

Software User’s Guide. 

To perform manual setup: 

1. Prepare an instrument setup tube by adding 500 μL of phosphate-buffered saline (PBS) 

to an appropriately labeled BD Trucount tube. 

2. Run the instrument setup tube in Setup mode and make the following adjustments: 

• Turn all compensation settings to 0.0%. 

• Set FSC to LINEAR amplification. 

• Set FL1, FL2, and SSC to LOG amplification. Use channel values. 

• Adjust FL2 threshold to approximately 300 to eliminate debris. 

• Under Acquisition and Storage, verify that the instrument resolution is 1024. 

3. Adjust the SSC, FL1, and FL2 photomultiplier tube (PMT) voltages to place the BD 

Trucount beads in the appropriate mean channel values as follows. 

• While viewing the SSC histogram (Figure 1), adjust the SSC PMT voltage to place the 

beads in channel 700 ±20. 
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                   Figure 1 SSC histogram 

• While viewing the FL1 histogram (Figure 2), adjust the FL1 PMT voltage to place the 

beads in channel 800 ±20. 1000 
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 While viewing the FL2 histogram (Figure 3), adjust the FL2 PMT voltage so the 

beads are in channel700 ±20. 

 
 

4. Save instrument settings. 

 

SAMPLE ACQUISITION 

1. Create an FL1 vs FL2 dot plot. 

2. Begin acquisition of prepared sample. If using the BD FACS Loader, a 10- 

second start-of-rack mix and a 3- second interim mix after every tube is recommended. 

Vortex the tubes immediately before placing them into the BD FACS Loader racks. For 

complete instructions on the BD FACS Loader, refer to the BD FACS Loader User’s 

Guide. 

3. Without storing data, create regions R1 and R2, which contain BD Trucount beads 

and rWBCs respectively (Figure 4). 
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4. Confirm that the FL2 threshold is set appropriately. 

5. Acquire and store all events. Stop acquisition when 10,000 events have 

been collected in R1 (the bead region). 

DATA ANALYSIS 

1. To begin analysis, create an FL1 vs FL2 dot plot with statistics and regions R1 and R2 

(Figure 4). 

2. Obtain region statistics on sample data. 

3. Perform the calculations as discussed in Section 8, Results. 

 

QUALITY CONTROL 

BD Leucocount controls were run each day of use to provide absolute residual white cell 

counts around laboratory’s critical cut-off values. 

1. Stain controls as samples. 
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2. Acquire the quality control samples using the same procedure described under 
Sample Acquisition in the Procedure section. As a minimum, BD recommends running 
controls each day of use. 

The fluorescence intensity of BD Leucocount control cells might differ slightly from that 

of unpreserved WBCs. See Figures 4 and 5. If necessary, create and save an 

acquistition/analysis template for control samples, with R2 appropriately adjusted. A 

gating aid sample can be useful in defining the expected fluorescence intensity of WBCs 

present in blood products.  

Quality control runs should produce results equivalent to the expected values. 

  

 

 

RESULTS 

The absolute number of rWBCs in the sample is determined by dividing the number of 

WBC events acquired by the number of fluorescent bead events acquired, and 

multiplying this result by the bead concentration. 
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Multiplying this result by the volume of the pack (in µL) results in the total number of 
WBCs in the entire pack. 
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Annexure 6: Nageotte haemocytometry procedure for WBC counting 

Nageotte counting chamber for counting leukocytes in red cell products 

Procedure: 

1. Label test tubes. 

2. Add 500 µL of Turk’s solution to each tube. 

3. Make a 1:2 dilution of each sample by adding 500 µL of each sample to the 

appropriately labeled test tube. Flush pipette tip several times to ensure transfer of 

sample into diluents. 

4. Mix diluted sample well by vortexing and allow to sit for 10 minutes (not longer than 

1 hour) to lyse red cells. 

5. Mix diluted sample again and withdraw 600 µL into a pipettor. Carefully place the 

cover slip on a clean, dry Nageotte chamber. The cover slip must be centered exactly 

on the chamber. Carefully load the Nageotte counting chamber, without disturbing the 

cover slip, until it is full. Load from one side of the chamber only to prevent air from 

being trapped. Do not disturb the cover slip once the chamber is loaded. 

6. Allow the chamber to rest in a moistened petri dish for 15 minutes to allow leukocytes 

to settle. Count the sample within 30 minutes. 

7. Count leukocytes by scanning back and forth across the gridded area. Count all 

leukocytes in the area (i.e. 40 rectangles) including the cells touching all the lines. 

8. Count all 40 rectangles in one gridded area-this is the first count. 

9. Move to second gridded area (either above or below the one already counted) and 

count the similar area as in steps 7 and 8. 

10. This is the duplicate count. 

11. To calculate leukocytes/ µL use the following formula: 

 

                     

                                                             Cells counted X dilution 

                    Leukocytes/ µL 

                                                                         Volume counted (µL) 

 

If one gridded areas is counted, the volume is 50 µL. If both grids are counted the volume 

is 100 µL. 

 

Standard Formulas for Leukoreduction  

a. Leukocytes/bag = WBC count/ µL X 1000 X bag volume (ml) 
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Example: bag weight = 250 grams and WBC count derived from Nageotte chamber 

counting is 0.4/ µL 

 

                    Convert to ml =     250        = 240 ml 

                                                   1.05 

 

                          = 0.4 X 1000 X 240 = 96,000 

                          = 0.96 X 105 cells/bag 

 

b. % Leukoreduction    =        100 –   WBC count / bag (Leukoreduced)          * 100 

                               WBC count / bag (Whole Blood) 

 

Note:  

 For WBC count/ μl: Segment to be taken after 2 times stripping from whole blood 

bag and also from Leukoreduced packed cell. 

 Specific gravity of Whole blood - 1.05, Packed red cells - 1.08-1.09, Packed red 

cells mixed with SAGM – 1.061 

 RBC recovery =      haematocrit X volume after filtration         X   100 

                                haematocrit X volume before filtration 
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Annexure 7: Data Sheet 

For Part 1 
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For Part 2 

 


