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INTRODUCTION

The leukodepletion through specific filters to remove leukocytes
from hemocomponents has been applied as a preventive mea-
sure of transfusion complications (Figure 1). The whole blood
contains about 2x10°-3x10° leukocytes; Brazilian legislation
determines that leukodepleted components should contain
less than 5x10°, meaning the reduction of 99% of leukocytes
after filtration'?,

Blood banks and industries have sought to reduce transfu-
sion risks. In Brazil, tests for Chagas disease, hepatitis B and
C, human T-cell lymphotropic virus (HTLV), human immu-
nodeficiency virus (HIV), syphilis, plasmodium falciparum
research in endemic areas of malaria, and cytomegalovirus in
specific situations are performed®3. The institution of nucleic
acid test for the HIV and hepatitis B and C was introduced to
reduce the immune window?. Besides infectious risks, imme-
diate reactions to the transfusion may be highlighted, which
are currently less controlled>#*.

Blood components undergoing depletion, irradiation, phe-
notyping and washing procedures are called special and used
in various situations, for example: immunosuppressed patients
benefit from irradiated components, polytransfused pheno-
typed erythrocytes and immunoglobulin A (IGA) deficiency
of washed erythrocytes.

This study aims to understand the mechanisms and leuko-
cyte filter applications in hemotherapy and focuses on the use
of leukodepleted hemocomponents in Brazil.

METHODS

This work adopted, as initial criteria, the query to the Index
Medicus Medline concerning the use of the keywords “leu-
kocyte filters,” “hemotherapy,” “filter mechanisms,” “hemo-
component filtering,” “leukodepletion,” and “adverse effects.”
This selection sought articles in English and Portuguese pub-
lished during the past 30 years. A careful analysis of 35 articles
and related national legislations were performed, and filtered
cells’ studies and other types of filtration were not considered.

DISCUSSION

During an allogeneic blood transfusion, the patient receives
the donor’s leukocytes, and these cells are recognized as strange
by the immune system that can result in adverse reactions™®.
The main complications related to the presence of leuko-
cytes in the blood are non-hemolytic febrile transfusion reac-
tions (NHFR), alloimmunization to human leukocyte anti-
gens (HLA), platelet refractoriness, graft-versus-host disease
(GVHD), and immunomodulatory effects. The transmission of
infectious agents such as cytomegalovirus (CMV), HTLV-I/11,
and Epstein—Barr virus (EBV) as well as other viruses and par-
asites may also be associated®.

Another undesirable effect of leukocytes is the increased
incidence of postoperative infections documented in cardiac
surgery; however, factors such as age, previous cardiac surgery,
type of surgery, and platelet counts during the preoperative
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(A) Pre-Filtration; (B) Filtration; (C) Post-Filtration.

Figure 1. Filtration process of the concentrated red blood cell component.

phase related to higher mortality may interfere with the actual
analysis of the effect of leukocytes in these patients®’.

In contrast, therapeutic granulocyte transfusion may be ben-
eficial in patients with neutropenia (<500 neutrophils/mm?)
and infection, which is not responsive to therapy.

Leukocyte filters
The fact that allogeneic leukocytes may promote adverse reac-
tions justifies the reduction of white blood cells>*®. The reduc-
tion of 100-1,000 times (2-3 log) provided by the available
leukocyte filters has shown a decrease in the frequency of many
adverse reactions’.

In order to prevent NHFR, studies demonstrated that the
level of necessary reduction is less than 90%, the transmission of
some infectious agents 99.9%, platelet alloimmunization 99.9%,
and to avoid immunomodulation, this percentage is not known’.

The filtration after the development of microaggregate fil-
ters removes more than 95% of the leukocytes, and the loss of
red blood cells is less than 10%. The filtration of leukocytes
is the most used method to prepare blood poor in leukocytes.

The process is simple, fast, effective, and does not require expen-
sive equipment. Furthermore, it preserves the product’s life®.

Universal leukodepletion (100% of the blood components
produced) has been a transfusion safety policy considered in
some countries. Several authors who discuss the costs consider
that this analysis is complex due to the difficulty in dimensional
long-term morbidity attributed to transfusion. However, they
claim that filter indications should be reserved for specific sit-
uations because of the competition for resources to other seri-
ous public health problems®.

The first filters (first generation) developed with the aim
to reduce leukocytes present in the blood to be transfused had
the capacity to hold approximately 1 log of white blood cells.
With the development of a technique “centrifuge, cool, filter,”
the second generation filters arose promoting retention of about
3 log with verified efficacy to prevent NHER (10). Currently, third
or fourth-generation filters remove more than 99.9-99.99%
(>3 log) of leukocytes originally present in the donated blood.
These filters have pores ranging from 5-50 micrometers and are

able to meet current hemocomponents’ quality standards"'*12,
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Filtering mechanisms
Filters have small pores that allow the retention of indi-
vidual cells and increase adsorption capacity. Two main
mechanisms are involved as follows: the mechanical entrap-
ment (sieving), dependent on the size of the pores and of
deformability of cells, and physical-chemical entrapment
or adhesion®®13,

Different factors may be responsible for adherence of
white cells to surfaces, such as chemical characteristics,
charge, and surface morphology (porosity and roughness).
Filters have several layers with different diameter pores,
which permit depth filtration. The filter pore size then
determines the sieving of particles bigger than 30 m being
the adhesion and depth filtration responsible for retain-
ing particles smaller than 1 um. Particles of size between
1 and 30 um are retained by the simultaneous action of
both processes!*.

The filter surface charge can be adjusted by the coating
with methacrylate polymers to create a strong positive charge
and hence to increase the adhesion surface”’’. Some prop-
erties of the diverse cells such as diameter, density, deform-
ability, and adhesiveness are essential for the filtration pro-

cess success’.

Moment of filtration

The blood filtration may be done at the time of pro-

cessing, post-processing, or at the transfusion moment.

However, the prestorage leukodepletion presents the follow-

ing advantages'*¢'¢;

*  Minor accumulation of leukocyte cytokines during
storage, which ensures greater efficiency in preventing
non-hemolytic transfusion reactions;

* It minimizes HLA alloimmunization risk in multiple
transfusion patients, since it removes leukocytes intact
during filtration. The filtration during transfusion (bed-
side) allows the passage of leukocytes fragments and
may alloimmunize the receptors;

* It minimizes the risk of lymphotropic virus transmis-
sion, which with the degradation of leukocytes and the
release of intracellular organisms after 72 hours of stor-
age are no longer retained.

*  Besides, it allows the performance of laboratory analy-
sis of quality control.

In Brazil, leukodepletion with bench filters for CH has often
been held up to 48 hours after collection, while for platelets,
it is often performed at the bedside. The hemocomponents
produced by apheresis already gone through the reduction of
leukocytes during processing,.

Recommendations on the

use of leukocyte filters in Brazil
The use of leukocyte filters has been recommended for hemo-
globinopathies, hereditary hemolytic anemia, history of two
or more febrile not hemolytic reactions, congenital immuno-
deficiency syndrome, candidates for bone marrow transplan-
tation, aplastic anemia, acute myeloid leukemia, severe onco-
hematological disease till the correct diagnosis and platelet
disease patients with the need of a frequent transfusion. For the
prevention of CMV, filtration has been indicated in the fol-
lowing conditions: HIV-positive patients with negative serol-
ogy for CMV; candidate for organ and bone marrow trans-
plantation if the donor and recipient are negative for CMV;
intrauterine transfusion, pregnant with nonreactive serology
or unknown to CMYV, premature newborn, and of low birth
weight (1,200g); newborns (NB) whose mothers present neg-
ative CMV or unknown serology. The effectiveness of leuko-
cyte filters is equivalent to the realization of serology for the
prevention of CMV2.

Other leukocyte filter applications

Virus Transmission Prevention.

It has been recognized that allogeneic leukocytes from the
donor blood are responsible for the virus transmission, such as
CMYV, human T-lymphotropic virus (HTLV), or EBV!#1>17:18,
Cytomegalovirus, HTLV-I, and HTLV-II are only transmit-
ted by cellular products’ transfusion. If the universal leukore-
duction was adopted, these viruses would be removed by fil-
tration, and the blood test to these potential contaminants is
not necessary®.

Serologic testing for cytomegalovirus in blood banks is rec-
ommended for individuals who underwent stem cell and organ
transplantation with no positive serology for CMV, newborn
children of mothers with CMV negative or unknown serology
and who weigh lower than 1,200 g, and intrauterine transfu-
sion, but deleukotized hemocomponents can replace this serol-
ogy”. The serological screening for HTLV has been routinely
made for all donors, which makes the use of leukocyte filters

deprecated for this purpose?.

Bacteria transmission prevention.

Current studies indicate that a significant percentage of
healthy blood donors carry Chlamydia pnewmoniae in
their blood. The clinical significance of these results is
unknown; however, the eradication of these bacteria was
verified in leukoreduced units through real-time PCR and
immunostaining tests that identified bacteria trapped in
the filter mesh®.
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Prion transmission prevention
Prions are infectious proteins related to a variety of progressive and
fatal neurodegenerative diseases collectively referred to as trans-
missible spongiform encephalopathies®***!. Contamination of
leukocytes in the blood raises the risk of abnormal protein
prion transmission, probable causative agent of the new vari-
ant Creutzfeldt—Jakob disease (CJD)**2!.

Leukoreduction reduces up to 42% of infectivity associated
with the infectious prion. Modifications of the specific affinity
to prion surface have been developed to increase the filtering
efficiency for this end'**. Some countries in Europe and the
UK had the universal leukodepletion implemented under this
risk'". In Brazil, clinical screening eliminates people who were
diagnosed with CJD, family history of CJD, significant stay in
the UK or Republic of Ireland after 1980, who have received
growth hormone or other pituitary origin not recombinant
drugs, use of bovine insulin, corneal transplantation and dura
mater, and those who have received transfusions of hemocom-
ponents in the UK after 1980%.

Parasite transmission prevention

The risk of infection by a parasite associated with transfusion is
mainly determined by the following factors: the prevalence of
infection, the capacity of survivability of parasites stored in the
blood, and the immune competence of the recipient?. There was
an inexplicable decrease in the incidence of malaria transmitted by
transfusion in recent years. This fact parallels the increased use of
leukocyte filters and the fact that Brazil has clearly defined clinical
criteria to prevent transmission, and besides, in endemic areas,
tests for plasmodium or plasmodium antigens are mandatory**%.

There are studies that provide evidence that leukocyte reduc-
tion filters are effective to reduce the number of parasites in the
infected blood such as Trypanosoma cruzi, and this effectiveness
depends in part on the concentration of parasites in the artificially
infected blood®. Fabron Junior evaluated 7rypanosoma cruzi
retention mechanisms by leukocyte filters. Concentrated sam-
ples of red blood cells and platelets were infected with the par-
asite and then filtered to measure the removal capacity, show-
ing the reduction of approximately 3 log. An analysis of the
filter fibers demonstrated that 7. cruzi parasites were removed
by direct adherence to the filter fibers, suggesting a biological

mechanism probably mediated by the surface proteins of the
parasite”. The serology for Chagas™ disease research is part of
blood banks routine, which is the reason why the use of filters
is not necessary for this purpose®.

The prevalence of positive serology for visceral leishmania-
sis in asymptomatic individuals has been observed in endemic
areas®. There are few cases in the literature pointing out to
transfusion as a likely cause of transmission of this disease®.
Cardo (2006) demonstrated, in intentionally contaminated
blood, the substantial reduction of this parasite after filtration®.

TRALI prevention
Acute lung injury related to transfusion (TRALI) has been asso-
ciated with transfusions of anti-leukocyte antibodies from the
donor which react with alloantigen on the receptors’ leukocytes.
This potentially fatal complication occurs more frequently in
the blood donation of multiparous women. The use of leuko-
cyte filters has been described as a way to mitigate this risk’.

CONCLUSION

It is concluded that in view of the diverse applications of leu-
kocyte filters in hemotherapy, the implantation of universal
leukodepletion deserves further studies that determine the cost
and benefit of this measure.
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