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Abstract

Transfusion of blood and blood components is one of the widely used medical procedures. The responsibility for provi-
sion of blood and blood components lies with Polish blood transfusion centers (CKiK) substantively supervised by the
Institute of Hematology and Transfusion Medicine. Hospital based blood banks, hospital wards, immunohematology
laboratories are supervised by CKiK. Every year approximately 600 thousand people donate blood, more than 75% of
which are regular donors. The annual number of donations is maintained at a constant level of about 1.3 million.

The aim of this position paper is to present the current status, achievements and advancement in collection, prepara-
tion and testing procedures and methods used to obtain the best possible quality blood components dedicated for clin-
ical use. The aim is also to show the structure of blood transfusion service in Poland. Collaboration of all organizational
units involved in transfusion medicine is crucial for providing high quality health care for patients.

Polish transfusiologists and blood transfusion officers have largely contributed to transfusion science with numerous
publications and significant research work. The implementation of novel methods and ongoing research positions Polish
blood transfusion service among those of highly developed countries.
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Introduction

Transfusion of blood and blood components is one of the
commonly used medical procedures particularly import-
ant for patients with hematological disorders who require
multiple transfusions and often specially prepared blood
components. Therefore close collaboration between hema-
tology and transfusion medicine is not only important but
required. Also in other medical specialties the supportive
role of blood component transfusion has been steadily
growing while ongoing research in transfusion medicine
contributes to improved therapeutic outcomes.

To emphasize the significant role of transfusion medi-
cine not only for hematology, in 1975 the Polish Society of
Hematologists changed its name to Polish Society of He-
matologists and Transfusiologists (PTHIT). Professor Halina
Seyfried was the first Chairman of the Transfusion Section
and held the post until 1999 followed by professor Magda-
lena tetowska (1999-2010), professor Ewa Brojer (2010-
-2019) and dr. hab. Jolanta Antoniewicz-Papis (since 2019).

The sequence of national consultants in clinical trans-
fusion was as follows: prof. Halina Seyfried (until 1999),
dr hab. Jan Sablinski (1999-2001), prof. Magdalena
tetowska (2001-2006), prof. Piotr Radziwon (2006-2008),
prof. Ryszard Pogtdd (2008-2015), dr hab. Pawet Laguna
(2015-2016). Since 2016 the function of national con-
sultant has been performed by prof. Piotr Radziwon. The
transfusion medicine consultants for individual provinc-
es are: Jadwiga Hotojda, PhD (Dolnoslaskie and Lubus-
kie province), Katarzyna Btaszkiewicz, PhD (Lubelskie
province), Karolina Trojan-Borczynska (Lodzkie province),
Jolanta Ra$ (Matopolskie province), Monika Grzegorek
(Mazowieckie province), Alicja Wysocka (Podkarpack-
ie province), Dariusz Sredzifski (Podlaskie province),
Izabela Trepka (Slaskie province), Zdzistawa Sitarz-Zelazna
(Swietokrzyskie province), Agnieszka taba (Wielkopolskie
province), Ewa Kfosifska (Zachodniopomorskie province).

It is worth noting that apart from its basic activities the
Transfusion Section of PTHIT is also involved in organizing
and conducting training activities for doctors and labora-
tory diagnosticians involved in blood therapy.

Organization of the Blood Transfusion
Service in Poland

The structure and tasks of the public Blood Transfusion
Service (BTS) in Poland are regulated by the Polish Blood
Transfusion Act of 22™ August 1997 [1]. The activity of
Polish BTS is based on 21 regional blood transfusion cen-
ters [Regionalne Centra Krwiodawstwa i Krwiolecznictwa
(RCKiK)] with their local collection sites (129), the Military
Blood Transfusion Center [Wojskowe Centrum Krwiodawst-
wa i Krwiolecznictwa (WCKIK)] with local military blood
donation stations [Terenowa Stacja (TS)] and the Blood

Transfusion Center of the Ministry of Internal Affairs and
Administration [Centrum Krwiodawstwa i Krwiolecznictwa
Ministerstwa Spraw Wewnetrznych i Administracji (CKiK
MSWiA)]. All blood transfusion centers (CKiK) are accred-
ited by the Minister of Health to perform their activities in
accordance with the Polish Blood Transfusion Act and are
supervised by the Institute of Hematology and Transfusion
Medicine [Instytut Hematologii i Transfuzjologii (IHiT)].
Blood is collected in headquarters of all CKiK as well as in
local collection sites (129) and 7 TSs of WCKIK. Screening
for infectious agents as well as immunohematological tests
and blood component preparation are performed in the
headquarter laboratories of CKiK. The number of CKiK has
been unchanged for many years now while the number of
local collection sites has been decreasing steadily since
1997 with 453 local collection sites discontinuing their
activities prior to 2019. At the same time, the number of
mobile collections has been growing steadily achieving
approximately 13,000 collections annually.

The Minister of Health supervises the public BTS. Apart
from the Minister the role of competent authorities [2] for
blood is also performed by the National Blood Center (NCK)
as well as the IHIT with their respective activities and re-
sponsibilities. The Main Pharmaceutical Inspectorate is also
engaged in BTS activity as the organ inspecting CKiK as pro-
viders of raw material for production of medical products.

The hospital-based blood banks and immunohematol-
ogy laboratories do not belong to the public BTS and are
directly responsible for supplying blood/blood components
to in- and outpatients in their respective facilities.

The consultants in transfusion medicine also partici-
pate in the activities of BTS. The Military Blood Transfusion
Center and the Center of the Ministry of Internal Affairs and
Administration support activities of respective Ministries
according to the recommendations.

Role of the Military Blood Transfusion Service
The Military Blood Transfusion Center (WCKiK) was es-
tablished in 2005 and is the successor of military blood
transfusion service (MBTS). It holds the accreditation of
the Ministry of Health. The MBTS was established by the
Order of the Minister of National Defense No. 6 issued
on January 8, 1961. Initially MBTS consisted of military
blood donation stations located on the premises of mil-
itary hospitals (MHs). Currently WCKIK is independent
from MHs and is supervised by the Ministry of Defence.
WCKIK consist of headquarters (HQ) with a Medical Team
located in Warsaw and 7 TSs (in Bydgoszcz, Etk, Gdansk,
Lublin, Krakéw, Szczecin, Wroctaw). Annually, about 30,000
units of whole blood and blood components are collected
(including units collected by apheresis). TSs supplies blood
and blood components to military hospitals (and civilian
hospitals if necessary) as well as to military medical units
performing medical duties outside the country. WCKiK
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actively cooperates with the blood transfusion services of
other North Atlantic Treaty Organization (NATO) countries
and participates in the development and implementation
of methods/procedures related to the use of blood and
blood components for military purposes. The major achieve-
ments of the WCKiK include implementation of all modern
techniques previously used in the civilian blood transfusion
service as well as methods dedicated mainly to the military
blood transfusion service such as: leukoreduction of red
blood cell concentrates (RBCCs) using in-line filtration,
application of the transcription mediated assay (TMA) for
human immunodeficiency virus (HIV), hepatitis B virus
(HBV), hepatitis C virus (HCV) detection, cryopreservation
of leukoreduced RBCCs, rapid infuser-based fresh whole
blood transfusion and Walking Blood Bank procedures for
patients experiencing a hemorrhagic shock [3-5].

Role of the the Blood Transfusion

Center of the Ministry of Internal Affairs
and Administration (CKiK MSWiA)

The Blood Transfusion Center of the Ministry of Internal
Affairs and Administration (CKiK MSWiA) was established
in July 2004 and its activity began in September 2004.

Just like all other CKiKs, the CKiK MSWIA has the ac-
creditation of the Ministry of Health for collection and
preparation of blood/blood components and annually col-
lects blood and blood components from approximately
10,000 donors.

The specific tasks of CKiK MSWiA involve medical safe-
guard of the defense responsibilities of the Minister of In-
ternal Affairs.

In realization of its duties CKiK MSWiA cooperates
with medical establishments founded by the Minister of
Internal Affairs.

CKiK MSWIA participates in many scientific and research
projects and — among others — collaborates with the Na-
tional Academy of Sciences as well as medical universities.

CKiK MSWIA supervises the organization of blood trans-
fusion in hospitals founded by the Minister of the Internal
Affairs and Administration (currently 18 located through-
out the country).

The role of the National Consultant

in Transfusion Medicine

The National Consultant in Transfusion Medicine (NCTM) is
appointed by the Minister of Health with the duties, rights
and competences regulated by the dedicated act of law [6].
The NCTM forwards opinions, offers advice and provides
expert knowledge for the Minister of Health, the National
Blood Centre and National Health Fund. The person ap-
pointed NCTM is also the president of the National Blood
Transfusion Council. The NCTM exercises supervision over
the professional proficiency and specialization of physi-
cians, nurses, and laboratory staff in the field of transfusion
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medicine, offers advice to the Medical Examinations Centre
as well as oversees and heads state examinations in clin-
ical and laboratory transfusion medicine. The NCTM gives
opinions on drafts of legal acts and suggests actions for
better compliance of practice with recommendations. The
NCTM also has a supportive role in realisation of National
Health Programme and other health policy projects. The
NCTM prepares expert opinions on diagnostic and ther-
apeutic procedures with impact on transfusion of blood/
/blood components as well as on medical equipment and
products. On behalf of the Minister of Health the NCTM vis-
its health service establishments: blood centres, hospitals,
laboratories and blood banks

Role of national consultant in transfusion
medicine for the sector of national defence
As result of the geo-political order Poland is situated at the
front zone of NATO and the European Union. The nature
of the future armed conflict enforces new substantive
and logistic solutions as regards medical safeguard and
health with special emphasis on supply of blood and blood
components. These tasks differ from those of civilian
blood transfusion services. The national consultant is the
member of expert and advisory committee which supports
the Director of the Military Health Service of the Ministry of
National Defense. The consultant’s specific tasks include
supervision over the implementation and strengthening of
vocational training, monitoring of workforce requirements in
transfusion medicine as well as consulting complex clinical
cases and organization challenges. The special role of the
defense consultant lies in the planning and organization of
safeguard measures for military troops as well as develop-
ment of procedures specific for combat situations. The most
important role of the national consultant is establishing
transfusion medicine strategies for the military personnel.

Since 2005 the national consultant has been in collab-
oration with the Medical Blood Advisory Team (MBAT) team
of NATO experts (now Blood Panel), resulting in European
recommendations in military blood service practice — es-
pecially for multi-site injury cases. National consultant in
transfusion medicine also participated in the implementa-
tion of STANAG 2939 5" edition — opinion for the NATO Stan-
dardization Agency, cooperated in creation of STANAG 2939
6" edition and STANAG 2068 (Emergency War Surgery Hand-
book) as well as development of team opinion regarding the
use of tranexamic acid in cases of massive haemorrhage
[7, 8]. The essential role of the consultant is participation
in discussions on development of MBAT strategy.

Statistical data for donors and donations;
Polish register

Polish donors of blood and blood components

In the years 2017-2019 a total of 2,160,751 persons report-
ed to donate blood and blood components at the Polish BTS
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(719809, 721 315, 719 627 respectively). Eligible for donation
were 1 841 680 (85%) of those willing to donate (612 531
in2017,614 570in 2018; 614 579 in 2019), 512 290 (28%)
of whom were women (171 305 in 2017, 171 164 in 2018,
169 821in 2019) and 1 329 390 (72%) were men (441 226
in 2017, 443 406 in 2018, 444 758 in 2019). Voluntary
unremunerated donors were 99.9% (1 839 522).

The majority of donors found eligible for donation of
blood/blood components were regular donors — above
75%, while first time donors were almost 25%. Most nu-
merous were the 25-44 age group (1 045 114, 57%), fol-
lowed by the 18-24 age group (558 570, 30%) and the
45-65 age group (23 106, 13%). The least numerous do-
nor groups were age groups below 18 (151, <0.1%) and
above 65 (739, <0.1%).

Donations were not collected from 15% of persons who
declared willingness to donate blood/blood components.
Almost 54% of them were women and slightly above 46%
were men.

Donations of blood and blood components

For many years now, the most common component col-
lected in Polish BTS was whole blood (WB), while the least
frequently collected components were apheresis red blood
cells (RBCsAph) and granulocyte concentrates (GCs).

The annual number of WB donations has been main-
tained at a constant level of about 1.2 million for the last
several years. In 2017-2019, a total of 3 676 563 units
of WB were collected (1 210 706 in 2017, 1 223 845 in
2018, 1242 012 in 2019) almost 99,9% of which were col-
lected from voluntary unremunerated donors (3 673 140;
1209423in2017,1222752in2018,1240965in2019)in-
cluding over 78% collected from men (2 867 305; 951 297 in
2017,960 969 in 2018, 955 039 in 2019) and almost 22%
from women (805 835; 258 126 in 2017, 261 783 in 2018,
285 926 in 2019).

Blood components were also collected by apheresis; in
2017-2019 a total of 103 RBC donations, 118 125 plas-
ma donations, 65 224 PC donations, 260 GC donations
and donations of two components simultaneously: PC and
plasma — 64 735 and PC and RBC — 160.

A total number of components prepared for clinical
use in 2017-2019 were as follows: 3 615 289 RBC units,
244 219 therapeutic units of pooled PC, 155 460 ther-
apeutic units of apheresis PC, 4 019 081 units of fresh
frozen plasma (FFP), 266 therapeutic units of GC and
114 823 units of cryoprecipitate.

National Blood Donor Register

The European Union Directive 2002/98/EC imposed an
obligation on the Member States to ensure the monitor-
ing of the pathway from donor to recipient and vice versa
(traceability) [2]. The Polish Blood Transfusion Act of 22™
August 1997 requires the IHIT to run an electronic version

of the National Blood Donors Register (Krajowy Rejestr
Dawcow Krwi, KRDK) [1]. The IT solution which ensured
proper management of the KRDK was made possible as
result of the implementation of the 2005-2008 project
entitled “Establishment of the National Blood Donors
Register” under the structural funds of the Sectoral Oper-
ational Program Improvement of the Competitiveness of
Enterprises Measure 1.5: “Development of the system of
entrepreneurs’ access to information and public services
on-line”. The aim was to establish a digital platform for
rapid information flow which would also guarantee security
of the transmitted data. KRDK holds donor data received
electronically and makes it available to CKiK. The KRDK
resources serve to further strengthen the safety of blood
by drawing upon the information on donor registration and
eligibility for donation forwarded by other CKiKs [9].

Currently, the central database holds data on approx-
imately 4 million donors and donor candidates. The IHIiT
verifies the data provided by CKiK on current basis, and
the central database is maintained on the hardware infra-
structure of the e-Health Center (CeZ). The significance of
KRDK became a trigger for CeZ to start the e-blood project,
the aim of which is to support the public BTS as well as to
exercise supervision over optimal use of blood and blood
components in therapy [10].

Supervision over blood transfusion medicine

Substantive supervision over blood transfusion medicine
has been performed by the IHIT since 1951. IHIT is the
entity responsible for supervision of all units of the public
BTS dedicated to collection and issue of blood/blood
components. As such, it is obliged to assemble information
regarding the occurrence of adverse reactions related to the
transfusion chain. The data is then subjected to analysis
and any adverse event that might lead to such reactions is
recorded (and analyzed). Among others, the tasks of IHIT
include external inspections of 23 CKiK (required for Min-
ister of Health accreditation), consultations in transfusion
medicine, development of training programs in transfusion
medicine, provision of suggestions to the Minister of Health
regarding donor qualification, and development of the good
practices for implementation in CKiK, hospital blood banks
and immunohematology laboratories [1].

Direct supervision over blood transfusion is also exer-
cised by individual CKiK. Pursuant to applicable regula-
tions, inspections are scheduled and performed every two
years in CKiK, blood banks, immunohematology laborato-
ries as well as in clinics and hospital wards where trans-
fusion procedures are performed. Inspections in 23 CKiK
are the responsibility of IHiT and the CKiK perform inspec-
tions in the hospitals and laboratories of their region. Oc-
casionally, IHIT becomes involved in hospital inspections.
Each CKiK inspects the laboratories every two years and,
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if necessary, issues appropriate recommendations. Each
CKiK is in turn inspected by IHIT every two years and rec-
ommendations are issued for correction of the detected
non-compliances.

Inspections are performed in over 800 hospital based
blood banks as well as in the hospitals which deal with
blood transfusion. In addition, approximately in 600 im-
munohematology laboratories are inspected.

Quality Control of Testing Procedures

In addition to inspections in CKiK and hospitals there
is also the quality control of testing procedures used in
transfusion medicine.

Quality Assessment Programs in Polish
Immunohematology Laboratories

Participation in External Quality Assessment (EQA) pro-
grams is obligatory for all Polish immunohematology labo-
ratories. The IHiT, which supervises the activities of CKiK
in the field of transfusion immunology, participated at EQAs
organized by ISBT Working Party on Immunohematology
until the commercial EQA programs were launched and
for many years participated in the red blood cell (RBC)
immunology NEQAS (4 times/year). As the Reference Labo-
ratory for Immunohematology in Poland, the IHIiT has been
organizing equivalent local EQAs for CKiK (23 participants
every year). Immunohematology laboratories in hospitals
are also mandated or obligated to participate in External
Quality Assessment Program (EQAP). During the last 10
years almost 400 of these laboratories have participated
in the National EQAP for Immunohematology Laboratories
organized by IHIT (4 times/year) [11].

In the period 2004-2014 IHIT participated in all Inter-
national Workshops on molecular blood group genotyping
organized by ISBT [12]. Since 2015 IHiT has participated
in the commercial EQA for RBC genotyping and in the EQA
program dedicated for RHD NIPT [13].

Quality Control Programs for Platelet

and Leucocyte Immunohematology

Since 1990 IHIT is an active participant of the European
Symposium on Platelet and Granulocyte Immunobiology
(ESPGI) operating under the auspices of International
Society of Blood Transfusion (ISBT) [14, 15] that sets
standards for serological and molecular diagnostics of
antibody-mediated platelet or granulocyte disorders. IHIT
as the Polish Reference Laboratory for immunohema-
tology takes part in all EQAs organized by ESPGI. Since
2014 IHIiT has organized own EQAs for CKiK performing
serological and molecular studies in the field of platelet and
leukocyte immunology [16]. Currently, there are three EQAs
on plateletimmunology: anti-human platelet antigen (HPA)
detection (5 participants), HPA genotyping (2 participants),
HPA-1a phenotyping (1 participant) and two for leukocyte
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immunology: anti-human leukocyte antigen (HLA) detection
(10 participants) and anti-human neutrophil antigens (HNA)
detection (1 participant).

Quality control of screening tests for blood
transmitted pathogens in Polish blood donors
The Quality Control of the screening methods of blood-
borne infectious agents includes many activities ensuring
reliability of procedures.

Prior to implementation of the screening method in CKiK
both the tests and the equipment are carefully evaluated
(for analytical and clinical sensitivity, specificity and correct
identification of infected/contaminated donations). Before
implementation into routine screening and after adaptation
of procedure each CKiK performs validation of the test pro-
cedure using panels prepared by IHiT. Additionally, annual
revalidation is performed for molecular tests. As required by
the manufacturer, all CKiK apply an internal control added
to each sample, positive and negative controls. In addition,
all CKiK participate in periodic and daily EDCNet external
quality control programs. Participation in the EDCNet pro-
gram includes testing of positive control samples. Results
are entered into the electronic system (EDCNet) on ongoing
basis and are presented in the form of Levy-Jennings tables
and charts. The obtained data are compared to previous
CKiK results. The results are compared to those of other
participants taking into consideration the same lot of con-
trols, reagents, and testing strategies [17].

Hemovigilance team

Within the scope of hemovigilance over transfusion medi-
cine the IHIT has established a special hemovigilance team
(Team) which deals with analyses of adverse events and
reactions. The main task of the Team is to evaluate the
documentation on serious adverse events and reactions
in hospitals and blood establishments forwarded to IHiT by
CKiK with regard to compliance with the recommendations of
the Polish Blood Transfusion Act of 22™ August 1997 [1] for:

m completion and conformity with legal acts;

m substantial content, mainly assessment of hospital
and/or CKiK procedures related to serious adverse
events or reactions as well as compliance with appli-
cable regulations including — among others — inspec-
tions, recommendations and control over their imple-
mentation.

The outcomes of these analyses are then used to pre-
pare individual recommendations regarding the forwarded
cases (in written form) and — if necessary — also general
recommendations regarding transfusion safety.

The Team is also mandated to perform analyses of
annual reports from CKiK which must include the re-
ported adverse events and reactions. Following the con-
clusions of these analyses and taking into account the
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recommendations of European Commission experts (Com-
mon Approach for Definition of Reportable Serious Adverse
Events and Reactions as Laid Down in the Blood Directive
2002/98/EC and Commission Directive 2005/61/EC),
the Team prepares an annual report regarding serious ad-
verse events and reactions to be approved by the Ministry
of Health and then sent to the European Commission as
SARE report [2, 18].

Adverse events and reactions

in Polish blood transfusion service

The source of information on adverse events and reac-
tions (AE/AR) (as defined by the Polish Blood Transfusion
Act of 22" August 1997 and the Commission Direc-
tive 2005/61/EC of 30 September 2005 [1, 18]), with
special emphasis on serious AE/AR, are the annual reports
of CKIK as well as the documentation forwarded by CKiK
to the Team.

Between 2015 and 2019 a total of 220 serious adverse
reactions were reported in Polish recipients of blood and
blood components which fulfilled the criteria of European
Commission SARE report. There were two fatal adverse
reactions. Most of the serious adverse reactions (135,
61.36%) were attributed to red blood cell transfusions.
Serious adverse reactions were also reported among
blood donors with 310 related to donation of blood/blood
components.

There were also reports of 102 serious adverse events
which occurred in CKiK and hospitals. Most of them (79,
77.45%) were attributed to human error.

Implementation of novel methods of blood
collection and preparation in Polish BTS

Building up of safety and quality of blood components dedi-
cated for clinical use requires implementation of advanced
technologies for blood collection, preparation and testing.
Due to rapid technological advancement automation in
transfusion medicine has become more common [19].
Whole blood is separated into basic blood components:
red blood cells (RBCs), platelet concentrates (PCs) and
plasma. These components can then be subjected to ad-
ditional preparation procedures to strengthen the safety
of transfused blood components and meet the special
needs of recipients. The same refers to blood components
collected by apheresis [17].

Inthe 1980’s, cell separators were initially used to col-
lect plasma and subsequently for collection of PCs. Cur-
rently, about 40% of PCs issued for clinical purposes are
obtained with cell separators as is approximately 12% of
plasma units for clinical use. The use of apheresis tech-
nique is however limited with regard to red blood cell con-
centrates (RBCCs) due to high cost of the procedure and
special donor requirements [20, 21].

The patients, who are alloimmunized for HLA and/or
HPA antigens, require the use of PCs collected by aphere-
sis. Transfusion of apheresis PCs also has increased the
safety profile due to fewer donor exposures.

Despite this technological progress, WB collection re-
mains the primary method of obtaining blood components
for clinical use due to its logistical simplicity and conve-
nience for the donors. The procedure of preparing blood
components for clinical use requires specialized equip-
ment both at WB collection and preparation. In Polish BTS
many of the new methods are initially tested by IHIiT prior
to country-wide implementation.

Leukoreduction

Leukocytes which are present in blood components are im-
plicated in causing post-transfusion adverse reactions such
as: non-haemolytic febrile transfusion reactions (FNHTR),
anti-HLA alloimmunization, resistance to platelet transfu-
sions and transmission of intra-leukocyte infectious agents
[22].Inthe 1970’s, a significant worldwide research effort
was devoted to removal of leukocytes from blood dedicated
for transfusion. In Poland, an infrequent use of leukocyte
reduced (LR) blood components began at the end of the
1980ies. At first, partially LR components were obtained
by centrifugation, which procedure was eventually replaced
by more efficient leukocyte-removal filters. In the 1990ies,
the obligatory depletion range was set at fewer than 5 x10°
leukocytes/therapeutic unit. This has been changed to
<1 x10° which is now the standard across the EU [17, 23].
LR blood components are primarily reserved for patients
who require multiple transfusions, for multiple recipients,
recipients of PCs, stem cell and organ transplants candi-
dates as well as for intrauterine and neonate transfusions.
For prevention of cytomegalovirus (CMV) transmission,
LR components are considered equivalent to the use of
components from CMV-negative donors. Every year the
number and proportion of transfused LR components are
increasing. Starting on January 1%, 2020, all transfused PCs
need to be leukoreduced, though the change is small con-
sidering that over 97% of PCs were already leukoreduced
prior to that date. The situation is different for red blood
cells, where the percentage of LR red blood cells, though
increasing (2017 — 20.8%, 2018 — 26.1%, and 2019 —
28.2%), still remains below 30%. A portion of LR red blood
cells is also irradiated as patients’ needs overlap between
these two special blood components.

Irradiation

Since 1996, the Polish CKiK have been using gamma and
later X irradiation for cellular blood components (RBCs,
PCs and GCs). Irradiation inactivates immunocompetent
lymphocytes T which —when transfused with cellular blood
components — may induce Transfusion-Associated Graft
versus Host Disease (TA-GvHD). Since there is no effective
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treatment for TA-GvHD, the only way to protect patients
at risk of this serious adverse reaction is irradiation and
some methods of pathogen inactivation (i.e. Intercept and
Mirasol systems) [24, 25]. At present, we record sporadic
use of only irradiation of RBCs and PCs. In 2019, only
0.06% of RBC was irradiated (0.31% in 2018, 0.12% in
2017). In 2019, the irradiated PCs also constituted only
0.04% of all obtained PCs (1.37% in 2018, 2.52% in
2017). In most cases, irradiated and leukoreduced RBC
and PC are used. In 2019, 9.17% of RBC were subjected
to leukoreduction and irradiation (8.94%, in 2018, 8.34%
in 2017). In the same year 54.63% of PCs were subject-
ed to leukoreduction and irradiation (58.07% in 2018,
55.08% in 2017). In 2019 nationwide a total of 9.23% of
RBCs (9.25% in 2018, 8.46% in 2017) — and 54.67% of
PCs (59.44% in 2018, 57.60% in 2017) — were subjected
to irradiation. It should be emphasized that the majority
of irradiated blood components are obtained in CKiK lo-
cated in the regions where there are clinics dedicated to
treatment of patients at an increased risk of developing
TA-GvHD.

Pathogen inactivation

Pathogen inactivation in plasma with the Theraflex MB
system was implemented in Poland already in 2008.
In 2009, the Mirasol PRT system for plasma and PC
was installed in several CKiK. The aim was to obtain
high-safety plasma as alternative to quarantine plasma
[26]. Currently, in Poland, apart from the Mirasol system
(26) and the Theraflex MB Plasma system (12) there is
also the Intercept system in use (6 systems in 1 RCKiK)
for pathogen inactivation in plasma and PCs. Since
2010, countrywide 2.68% of plasma obtained at CKiK
was subjected to inactivation (2.75% in 2011, 3.53 in
2012). The recent years have not reported any significant
increase in the percentage of inactivated plasma. In the
period 2017-2019, countrywide 4-6% of plasma was
subjected to inactivation. In 2019 however there was
a slight increase in the percentage of inactivated plasma
issued for clinical use. In 2019, 11.97% of inactivated
plasma was issued to hospitals as compared to 10.23%
in 2018 and 8.0% in 2017. In the same years, the mean
percentage of inactivated pooled PCs did not exceed 5%;
for apheresis PCs it was about 20%. On the other hand,
in the years 2017-2019 the percentage of inactivated
PCs for clinical use did not exceed 12% (11.87% in 2019,
11.74% in 2018, 11.41% in 2017). It can therefore be con-
cluded that the pathogen inactivation systems installed in
the Polish CKiK are underutilized. This may be explained
by higher cost of inactivated blood components, lack of
physicians’ awareness of the advantage of using higher
safety components as well as no yet available method
for pathogen inactivation of red blood cells which are the
most frequently transfused blood component.
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Freezing and cryopreservation

Freezing of plasma dedicated for clinical use is the only way
to secure the needs of patients for this blood component.
At present, approximately 20-25% of the plasma obtained
at CKiK is dedicated for clinical use as fresh frozen plasma
(FFP). The remaining amount is intended for fractionation
into blood derived biological products such as albumin,
immunoglobulins and clotting factor concentrates. The
only equipment required for freezing of plasma are special
freezers that ensure component temperature of -30°C
within 60 minutes.

Cryopreservation of cellular blood components re-
quires, appropriate cryoprotective techniques and agents
on top of high-tech freezing equipment. At the turn of the
1940’s and 50’s techniques for freezing living cells were
applied using at first glycerol as cryoprotective agent and
then DMSO. In Poland, the first studies related to cell freez-
ing were performed in the 1960’s [27-29]. It should be
recognized that frozen blood components are indicated
under limited and defined circumstances which also in-
clude military purposes. Frozen blood components should
be primarily treated as a security reserve of RBCs for rare
blood groups in the red cell antigen system and specific
HLA and/or HPA antigens. RBCs freezing is currently rath-
er sporadic; only 4 CKiK have this procedure in use, main-
ly WCKIK. In the consecutive years the following amounts
of RBCs were frozen; 34 units in 2017, 28 in 2018 and
36 units in 2019.

The countrywide percentage of frozen PCs amounted
to approx. 3% in 2019 but in some RCKiK it was signifi-
cantly higher — even up to approximately 35% [21]. How-
ever, a downward trend is observed every year; 4.64%, in
2017 and 3.7% in 2018.

Automation of preparation processes

The safety and quality of blood components dedicated for
clinical use must be secured to the highest possible degree.
Automation of procedures is one of the factors that con-
tributes to improvement of blood component parameters.
Automation applies both to collection and testing, but also
to preparation. In Poland, the first step to implementation
of automated methods was made in the 1990’s with the
introduction of automatic presses for separation of blood
into components which are nowadays used by all CKiK.
Along with technological advancement a growing number
of IT-controlled equipment is implemented to markedly
eliminate the operator’s interference into the process and
to ensure its stability. Special plasma freezing devices guar-
antee high quality parameters, in particular, high content of
factor VIII. In 2005, the first automated devices for obtain-
ing pooled PCs appeared in Poland [30] and they were used
to obtain 40.5% of pooled PCs in 2017 followed by 36.3% in
2018 and then 30.6% in 2019. The decreasing percentage
is primarily due to the high cost of specialized disposable
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kits. It should be remembered however, that automation
allows to reduce the number of qualified personnel involved
in the process of blood component preparation.

Tests for transfusion medicine

Preparing blood for transfusion requires immunohema-
tology tests as well as testing for infectious markers. Rou-
tine immunohematology tests are performed in hospital
immunohematology laboratories (HIL) and indeterminate
results are consulted in CKiK laboratories or — in more
complicated cases — with IHiT which acts as the reference
laboratory. Donor testing for infectious disease markers is
a prerequisite to obtaining safe blood components. This is
the responsibility of CKiK and the IHiT becomes involved
when the results are complex and require verification and
confirmation of initial test results.

Obligatory screening of Polish blood donors
for pathogens transmitted by blood/blood
components — range and methodology
Panel of molecular (HCV RNA since 2002, HIV RNA and
HBV DNA since 2005) and serological (HBsAg, anti-HCV,
anti-HIV and antibodies to Treponema Pallidum) markers
of blood-borne infectious agents are tested in all blood
donors. Screening for antigens: HIV p24 and core HCV Ag
are recommended, but not obligatory [17, 31].

At the beginning of 2021, 23 CKiK performed sero-
logical tests and 18 of them also used molecular biolo-
gy methods. The entire process of testing for screening
markers is fully automated. All methods are CE-marked
and meet requirements of Directive 2002/98 EU and rec-
ommendations of the Council of Europe [2, 32]. Screen-
ing with molecular techniques is carried out using re-
al-time polymerase chain reaction (RT-PCR) on the Co-
bas 6800 (Roche) in plasma minipools from 6 donations
(MP6) in 10 CKiKs, and transcription mediated assay
(TMA) on the Panther (Grifols) in individual donations in
4 CKiKs and in MP4 in 4 CKiKs. The sensitivity of nucle-
ic acid detection depends on assay sensitivity and the
number of donations in MP: for HCV RNA it is estimated
at 3-42 IU/mL, HIV RNA at 18-154.2 IU/mL and HBV
DNA at 4.5-17.2 IU/mL. Clinical sensitivity and specifici-
ty of serological tests is >99.1% and >99.6% respective-
ly and it is based on chemiluminescence (Abbott: Alini-
ty i — 3 CKiKs, Alinity s — 1 CKiK, Architect — 5 CKiKs),
electrochemiluminescence (Roche, Cobas €602 — 9 CKiKs)
and ELISA (BioRad, Evolis — 5 CKiKs) [33-35].

Blood borne infectious agents not obligatory
for all Polish donors; epidemiology

Parvovirus B19 (B19V) DNA and hepatitis A virus (HAV)
RNA screening is performed in plasma for fractionation
according to fractionators requirements [17]. For B19V it

is also based on European Pharmacopeia which recom-
mends the deferral of only high viral load donations that
may contaminate the production pool >10* IU/mL. Until
2020, tests for B19V DNA and HAV RNA were performed
in CKiK laboratories, recently however testing was moved
to fractionation facilities.

High viral load B19V infected donors are deferred for
a minimum of 12 months and for HAV initial deferral is
4 months.

The incidence of high viral load B19V depends on the
year and is generally higher in epidemic years; the range is
from 23 to 47 per 100 000 donors. HAV infections were not
detected until outbreak. In the period 2017-18, 17 infected
donors [frequency: 2.6/100 000 donors, 95% confidence
interval (Cl): 1.4-3.7/100 000] and two likely transfusion
related transmissions were identified [36].

In Poland there is no recommendation to screen HEV RNA
like in other European countries. Based on a 2015 study,
the frequency of HEV RNA was 47.4 (95% Cl: 21.7-
-103.3)/100 000 first-time donors, and anti-HEV IgG antibod-
ies were found in 43.5% (95% Cl: 41.8-45.3%) donors [37].

Epidemiology of HBV, HCV

and HIV infections; 2005-2018

The frequency (95% Cl) of anti-HCV antibodies decreased
significantly from 368 (95% Cl: 342-394) in 2010 to 105
(95% Cl: 89-121) in 2018 per 100 000 first-time donors
(FTD) and from 12.9 (95% CI: 8.7-17.1) in 2006 to 5.2
(95% Cl: 3.1-7.3) in 2018 per 100 000 repeat donors
(RD). In FTD a significant decrease was noted in the
>50 age groups [38].

The decreased frequency for HBsAg positive infec-
tions was found among both FTD: from 601 (95% Cl:
567-635) to 126 (95% Cl: 109-145) per 100 000 and
RD: from 7.6 (95% Cl: 4.9-11.7) to 0.2 (95% CI: 0-1.2)
per 100 000 between 2005 and 2018. The most significant
decrease of HBsAg detection among FTD was recorded in
the age group <20, significant changes were not observed
in donors >50 years of age [38].

75 HCV window period cases (WP) (9.3,95% Cl: 7.4-11.6/
/100 000 donors) were identified during 14 years, the
majority of seronegative infections were detected for HBV:
184 occult infections (0BI), [frequency/1 million donors
— 22.7 (95% CI: 19.7-26.3)] and 47 in serological WP
(5.8, 95% Cl: 4.4-7.7/1 million donors) [38].

In the 2005-2018 period, 542 HIV infected donors
were identified, 519 of whom were found seropositive —
6.26 (95% Cl: 5.77-6.85)/1 million donors and 23 sero-
negative — 0.28 (95% Cl: 0.19-0.42)/1 million donors.
Higher HIV detection rate was observed in FTD than RD as
well as among men than women. In 2018 the first West-
ern blot positive and HIV-RNA nonreactive donor was iden-
tified. During the study period a slight increase trend in
HIV infection rate was observed ranging from 4.9 (95% Cl:
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2.90-6.91)in 200510 9.16 (95% Cl: 6.72-11.61)/1 million
donors in 2009 [39]. This may be explained by epidemio-
logical changes in the general population as well as grow-
ing number of test seekers anxious for information on their
serological status but also on the viral RNA in their blood.

Red blood cell immunohematology tests:
organization and scope
Immunological tests performed in blood donors including
all ABO and RhD blood group tests as well as detection of
irregular antibodies are performed in the headquarters
of the CKiK and indeterminate cases are referred to IHiT.
Itis recommended to determine K antigen in all donors
and Rh phenotype in all regular donors. If possible, k anti-
gen should be determined in K antigen positive donors and
the clinically significant antigens of other group systems
(Duffy, Kidd, MNS) should be determined in regular donors
especially group O. For rare blood types it is recommended
to use molecular biology methods to identify donors without
high prevalence antigens [40-43]. In identified donors, the
results should be confirmed by serological methods. The
tests are also performed at IHIT as consultations.
Hospital immunohematology laboratories (HIL) perform
ABO and RhD typing, screening for red blood cell alloanti-
bodies, compatibility testing and qualification tests for Ig
anti-D immunoglobulin administration during pregnancy
and following delivery in RhD negative women. The scope
of pre-transfusion tests, requirements for personnel quali-
fications and quality control criteria for HIL must follow the
legal acts [44, 45]. According to 2018 survey there were
583 HIL and the number decreased by 17 (30% managed
by external companies) as compared to the 2015 survey
[46, 4T]. The total number of tests performed in Poland
was 396 216/month. Approximately 4 000 people are em-
ployed in HILs; ~59% are higher education staff; 67% of
laboratories were headed by laboratory diagnostician or
medical doctor (MD) specialized in transfusion medicine.
In 42% of laboratories blood group and compatibility test-
ing is performed with automated or semi-automated tech-
niques. Test results are approved by diagnosticians or MD
in 89% of laboratories. All but one HIL participated in ex-
ternal quality assessment (EQA) programs.

Immunohematological testing in patients
with auto- and allo antibodies

against red blood cell antigens
Immunohematological testing in patients with auto- and
allo-antibodies is performed in the reference laboratories
at CKiK and IHiT. They include alloantibody identification,
determination of phenotypes, diagnostics of autoimmune
hemolytic anemia (AIHA) and hemolytic disease of the
newborn (HDFN), immunohematological tests before and
after stem cells transplantation and pre-transfusion testing
in daratumumab (DARA) treated patients. The suitable
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procedures for DARA patients were introduced as soon as
this treatment became available in Poland [48]. Highly spe-
cialized tests with the use of rare RBC and rare sera (from
the international exchange) and molecular techniques
are performed in IHiT for patients with antibodies against
high or low frequency antigens [49]. Between the years
2000-2017, alloantibodies against 24 different high fre-
quency antigens (HFA) were detected in 316 patients. 11%
of these 24 alloantibodies were of clinically significant, 50%
sometimes destroyed incompatible RBCs and 39% were
insignificant [50]. The modern methods of serological and
molecular testing are introduced in consultation testing in
line with the progress of knowledge and availability of tests
[e.g. tests with recombinant blood group antigens (rBGA)].

Medical care for pregnant women

with red blood cell alloimmunization
during pregnancy

Red blood cell (RBC) alloantibodies detected in ~1/300-
-600 pregnancies, in ~50% of such cases may lead to
hemolytic disease of fetus and newborns (HDFN). The pres-
ence of RBC antibodies also increases transfusion risks in
both mother and fetus/newborn. To identify this risk blood
typing (ABO and D) and screening for red cell antibodies
in pregnant women are necessary; paternal phenotyping/
/genotyping, fetal genotyping (non-invasive prenatal testing
i.e. NIPT or amniocentesis) may be recommended. The
mother with alloantibodies should undergo extended phe-
notyping of the Rh (including C" antigen), Duffy, Kidd and
MNS systems. The third trimester screening may detect RBC
antibodies not present or undetected in the first trimester
screening and cause HDFN. Anti-D Ig prophylaxis has been
remarkably successful in reducing the number of sensitiza-
tions to D antigen (from 7-13% to 0,5% after post-delivery
and to 0.1-0.3% after antenatal immunoprophylaxis);
special attention should be paid to immunization against
non-D antigens including Rhc, RhE, K (non-D antibodies
in 0.37% of RhD positive pregnant women) [51, 52]. Any
suspected cases with antibodies against common (HFA),
rare (LFA) or multispecific antigens are consulted at the [HiT.
The number of such cases remains unchanged at ~40/year.
All the tests, especially genetic typing (confirmation of ma-
ternal D status, NIPT for D, ¢, E, K antigens) are performed
in the IHIT [52].

Diagnostics of fetal/neonatal alloimmune
thrombocytopenia (FNAIT) in Poland
Fetal/neonatal alloimmune thrombocytopenia (FNAIT)
is a rare disease (~1/1,000) [53], which occurs when
maternal antibodies destroy fetal/neonatal platelets
presenting incompatible HPA. Since 1980s IHiT has been
conducting FNAIT diagnostics, initially using platelet im-
munofluorescence assay and then monoclonal antibody
immobilization of platelet antigens (MAIPA) test and HPA
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genotyping [53]. Until 2000 the number of diagnosed
FNAIT cases was ~20/year (~8/year were confirmed
as FNAIT). In the PREVFNAIT program performed in the
2013-2017 period HPA-1la was tested in 24 236 preg-
nant women and 2.4% HPA-la negative women were
identified. In 9.1% of them anti-HPA-1a were detected
and FNAIT was observed in 40.6% of immunized women
[54, 55]. PREVFNAIT experience improved diagnostic al-
gorithm for FNAIT caused by anti-HPA-1a which includes
identification of HPA-1a phenotype/genotype in mother
and father and monitoring of HPA-1a antibodies by PAKLx
test and quantitative MAIPA during pregnancy. HLA
DRB3#*01:01 genotyping of HPA-1a negative pregnant
women is performed to determine the risk of alloimmu-
nization. Non-invasive diagnostics of HPA-1a genotype
in the fetus (NIPT) from plasma of immunized women to
confirm/exclude the risk of fetal disease in mothers with
anti-HPA-1a is also available [55, 56]. During the time
the routine number of cases diagnosed toward FNAIT
increased to ~60/year (~25/year ultimately confirmed
as FNAIT).

Selection of platelet donors

for platelet refractory patients

Platelet transfusions became available in Poland in the
late 1970’s and since then immunological background of
platelet refractoriness was studied using lymphocytoxicity
test (LCT) at IHiT and several CKiK. The LCT cross-match for
choosing the donors to achieve adequate post-transfusion
platelet count increments was introduced and it is used
until now [57]. In the early 1980’s the registry of donors
tested for HLA class | antigens was organized at the IHiT.
In the early 1990’s the donors were also typed for HPA to
provide the HPA compatible PC for patients with anti-HPA-1a
antibodies — mainly for newborns with alloimmune throm-
bocytopenia [58]. According to the survey performed
between January 2015-July 2016, the demand for com-
patible PCs was as follows: 1 788 PCs for patients with
anti-HLA, 63 with anti-HPA and 58 with anti-HLA/anti-HPA
antibodies. FNAIT neonates were transfused with 35 PCs
from HPA compatible donors and with 176 PCs from ran-
dom donors. Currently 13/21 CKiK are involved in such
activity and perform HLA and HPA typing to expand the
donor pool which size and diversity is still smaller than in
other countries. Until December 2018 the CKiK registers
reported 12 885 donors typed for HLA class | antigens in-
cluding 417 donors typed for HPA and 5 872 donors tested
minimum for HPA-1a phenotype/genotype including 133
HPA-1a negative donors [59]. Several modern methods
for anti-HLA antibody detection have been implemented
in Polish laboratories (Lambda Antigen Tray — Mixed Class
| & Il — ELISA, MAIPA-HLA, Luminex assays e.g. LABScreen
Mixed Class | &Il, LABScreen Single Antigen HLA Class | or
I for determination of specificity.

Transfusion-related acute lung injury
diagnostics

Transfusion-related acute lung injury (TRALI) is recog-
nized as one of the most severe adverse post-transfusion
reactions, with acute respiratory failure within 6 hours
after transfusion in the absence of circulatory overload.
The incidence of TRALI is estimated at ~0.02%/blood
unit. Serological and genetic diagnosis of TRALI has been
performed at IHiT since the 1990’s [60] and includes
anti-HNA and anti-HLA tests as well as HNA and HLA geno-
typing in both blood donors and recipients [61]. Between
2006 and 2012, 271 cases of post transfusion reactions
(PTR) with dyspnoea were analyzed in the IHiT; 464 blood
components were transfused; among them there were 33
diagnosed TRALI. Anti-leukocyte antibodies were detected
in 18.2% of blood components (3 RBCCs, 3 FFP) [62].
Recently, Luminex anti-HNA and anti-HLA antibody tests
have been implemented to complement the MAIGA, GAT
and GIFT tests. In 2014-2019, 113 patients with PTR and
115 blood components were analyzed in IHIT: 36 cases
of TRALI induced by anti-leukocyte antibodies were diag-
nosed. Anti-leukocyte antibodies were detected in 17% of
blood components (13 FFP, 1-LR PCs, 1-LR PCs pooled,
4 RBCCs [63]. IHIT follows the international guidelines for
the diagnosis of TRALI and recommends the successive
implementation of TRALI preventive measures in Poland,;
plasma from donors with a history of transfusion and
screening for the presence of antibodies in blood donors
implicated in TRALI are not issued for clinical use [17].

Molecular diagnostics of red blood cell,
platelet and granulocyte antigens

Molecular diagnostics of blood cell antigens began at IHIT
in the 1990’s with human platelet (HPA) and granulocyte
(HNA) antigen genotyping for diagnostics of fetal/neonatal
alloimmune thrombocytopenia (FNAIT) and granulocytope-
nia (NAIG) [64, 65] as well as for development of HPA-deter-
mined panels for diagnostics of anti-HPA specificity and also
for providing HPA compatible donors for FNAIT and platelet
refractory patients. In the 2000’s red blood cell antigen
genotyping started from non-invasive prenatal testing of
fetal RhD and other antigens forimmunized pregnant wom-
en. Then research was focused on RHD alleles. D variants
were detected in 0.2% RhD-negative blood donors: 60% of
alleles encoded potentially immunogenic RhD [66]. In blood
donors/recipients with discrepant results of RhD in 79% of
cases RHD*01W.1, *01W.2 and *01W.3 were identified as
not leading to alloimmunization [67]. Genotyping of RBC
antigens has also been used in the diagnostics of antibod-
ies in recently transfused or AIHA patients, alloimmunized
patients with antibodies against HFA and in screening
compatible donors for such blood recipients [41-43].
Currently, a large spectrum of methods [i.e. digital PCR,
Sanger and next generation sequencing (NGS)] is used at
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the IHIT to resolve discrepant results of serological cases
from all over Poland which leads to determination of new
alleles encoding blood group antigens [66, 68-70].

Non-invasive prenatal testing of fetal blood

group and platelet antigen genotypes

In 2000 non-invasive prenatal testing (NIPT) based on cell-
free fetal DNA circulating in plasma of pregnant women
was introduced for diagnostics of feto-maternal incompat-
ibilities at the IHiT. For 18 years NIPT based on real-time
PCR technique has been implemented at first for prediction
of fetal D antigen in RhD-negative pregnant women with
anti-D and then in 2008, for pregnant women with anti-c,
anti-E, anti-K and recently with anti-HPA-1a antibodies, de-
tecting fetal compatible genotype in 24-51% of cases [71].
Since 2015 NIPT has been used for fetal RHD screening
in non-immunized RhD-negative pregnant women for tar-
geted antenatal anti-D immunoprophylaxis predicting fetal
RhD-negative status in 34% of tested pregnancies [72].
Modern technologies (NGS and digital PCR) are currently
analyzed for NIPT at the [HiT [73].

New methods of studying the mechanisms
of red blood cells (RBCs) destruction

In addition to research activities which are fundamental for
the current needs of transfusion medicine, other studies
are also ongoing such as investigation of mechanisms of
red cell destruction.

Antibody-coated RBCs are destroyed by macrophages.
Assessment of phagocytosis by monocytes (precursors of
macrophages) can be used in predicting the clinical signif-
icance of antibodies in vivo. So far, this process was evalu-
ated by microscopic monocyte monolayer assay. Application
of flow cytometry (FC) with antibodies specific to RBCs (an-
ti-CD235a) and monocytes (anti-CD14) enabled their clear
separation from monocytes with engulfed erythrocytes. The
quantitative evaluation was supplemented with microscopic
sequential erythrophagocytosis registration and confocal
microscopy studies that allowed the construction of a spa-
tial model of erythrophagocytosis.

Senescence of RBCs under routine storage conditions
was also considered among mechanisms of RBCs destruc-
tion. This is called erythrocyte storage lesion which may in-
duce adverse clinical outcomes. FC was useful for measure-
ment of expression level of surface CD molecules: CD44,
CD47,CD55, CD59, CD235a, which are important for phys-
iological function as well as removal of erythrocytes. These
markers were compared between fresh and stored RBCs.
In addition, phagocytosis was also evaluated.

During RBCs senescence and storage microvesicles are
released. Their accumulation in the stored RBCs units may
be responsible for inflammation and/or thrombotic events
in transfusion recipients. Qualitative and quantitative
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analysis of the microvesicles, their release and phagocy-
tosis were assessed using FC evaluation and confocal mi-
croscopy [74-76].

Other activities of blood establishments

CKiK activities are related not solely to the collection, test-
ing, preparation and issue of blood/blood components for
clinical use but also to other important task such as consul-
tations for transfusion medicine and special consultation
tests for donors (CKiK and IHiT). This activity also relates
to other branches of medicine such as transplantology.
There are 2 tissue banks (in Katowice and Kielce) and
4 hematopoietic cell banks (in Bydgoszcz, Kielce, Poznan,
IHIT). Six bone marrow donor centers were organized (in
Biatystok, Katowice, Kielce, Lublin, Poznan, IHIT) and the
CKiK in Bydgoszcz and IHiT are also centers where hema-
topoietic cells are collected. Other medical procedures are
also performed at IHIT and CKiK.

For many years now, the IHIiT has also been involved
in the preparation of components intended for patients
needing highly sophisticated treatment options such as:
platelet gel and platelet glue, fibrin glue and artificial tears
[77, 78]. The procedures developed at the IHIT have been
made accessible to CKiKs to ensure easier availability for
patients in their region.

Moreover, the Polish blood transfusion service is in-
volved in activities related to the manufacturing of medi-
cal products.

Therapeutic apheresis

Typically the aim of therapeutic apheresis (TA) is to remove
or reduce the concentration of pathological agents present
in the patient’s blood (blood cells, plasma components);
in some cases the goal is supplementation of blood com-
ponents or extracorporeal modification.

In the 20" century IHIT was one of the first Polish med-
ical facilities to use TA and in the 21% century, the proce-
dure has already become routine. Between 2000-2020,
a total of 4,166 TA procedures were performed at the
IHIT (3,012 plasma exchanges, 789 leukocytapheresis,
276 photopheresis and 89 thrombocytapheresis). Cur-
rently, these procedures are also performed in some oth-
er hospitals and CKiK [79]. As example RCKIiK in Bialys-
tok performed over 3,800 TA in the last 20 years ( mainly
plasmapheresis (2,611), erythrapheresis (1,071), leuka-
pheresis (149).

At the IHIT, the TA procedures were mainly used in hae-
moproliferative disorders. Most plasma exchange proce-
dures were performed to eliminate excessive pathogenic
proteins in multiple myeloma patients. Since 2007 however
the number of procedures for such causes has gradually de-
creased as new treatment options were implemented. The
second most frequent indication for plasma exchange was
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thrombotic thrombocytopenic purpura (TTP). Other medi-
cal entities/hospitals performed TA procedures mainly for
neurological indications, including Guillain-Barré syndrome.
In most cases TA procedures were performed following
recommendations of the American Society for Apheresis
(ASFA), although not always for category | indications [80].

In general, the procedures were well tolerated; vaso-
vagal reactions, mild symptoms of hypocalcaemia and
problems with venous access were sporadically observed.
TA was primarily used as a supportive and palliative proce-
dure for the rapid elimination of pathogens from circulation.

Donor recruitment and donor-recipient
matching in Polish Blood Transfusion
Service

Until 1997 only autotransplantations and hematopoietic
cell transplantations from a matched sibling donor (MSD)
were performed in Poland [81]. At the beginning of the
21% century first registries of unrelated bone marrow
donors were established in Poland and from the very
beginning blood transfusion service was involved in donor
recruitment. The number of unrelated bone marrow donors
recruited by the CKiK and the IHiT increased from 4 160
in 2002 to 171 513 in 2019 [82, 83]. The recruited bone
marrow donors are a significant contribution to the overall
pool of Polish unrelated bone marrow donors (2019 —
1 774 285). From the point of view of immunogenetics,
ethnicity and logistics Polish donors are best suited for
treatment of patients in national bone marrow transplant
centers. Altruism of potential donors and efforts of the staff
in centers for recruitment, matching and transplantation
have raised the number of unrelated HSC transplants in
Poland from 64 in 2001 to 423 in 2019, including 265
(63%) from Polish donors. Currently 93% of matching
procedures end with the selection of an acceptable bone
marrow donor, as compared with 51% in 2006. The qual-
ity and safety of transplant procedures was improved by
increasing the percentage of transplants from fully HLA-
-matched unrelated donor; 54% in 2007 to 84% in 2019.
When no fully compatible donor of hematopoietic cells is
available measures have been implemented to reduce the
incidence of severe and chronic graft-versus-host disease
and to improve recipient survival through population-based
methods of precise selection of extended HLA haplotypes
in donors [84]. The selection of beneficial donor in terms
of the number of HLA-KIR cognate pairs has contributed
to significant reduction of relapse rate for leukemias and
other cancers [85, 86]. For the last 20 years, a shift was
made from the unreliable serological method of tissue typ-
ing of donors and recipients to molecular methods based
on SSP and SSOP techniques. More and more centers use
modern methods of direct gene sequencing (Sanger, NGS)
for tissue typing, which only improves the safety of patients
undergoing hematopoietic cell transplantation.

Immunoglobulin anti-D and anti-HBs

Inthe early 1980’s, the IHIT together with “Biomed” Serum
and Vaccine Production Plant (PLC in Lublin) developed
the technology for production of anti-D and anti-HBs im-
munoglobulins (based on the Cohn fractionation method)
which was finalized by registration of these medical blood
products and implementation for routine use of Gamma
anti-D 150 since 1986 (Gamma anti-D 50 since 1989) and
Gamma anti HBs (200 and 1000) since 1990 [87-89].

Gamma anti-D prevents alloimmunization in RhD-
-negative women. It is administered after childbirth, during
pregnancy, following miscarriage and after diagnostic am-
niocentesis beyond 12" week of pregnancy. Plasma for
Gamma anti-D production is collected in CKiK from RhD-
-negative donors previously immunized to produce anti-
bodies. Currently, the main source are donors who were
immunized many years ago. Some CKiK however plan to
return to immunization procedures.

Gamma anti-HBs is used in immunoprophylaxis of hep-
atitis B, in newborns of hepatitis B mothers, in children
with body weight <50 kg at particular risk of hospital HBV
infection.

According to national guidelines Gamma anti-D and
Gamma anti-HBs are produced from plasma collected in
CKiK from donors with high titer antibodies. The risk of
transmission of infectious agents is reduced by screening
plasma pools for infectious markers (HCV, HBV, HIV, HAV,
B19V) and by pathogen inactivation during the production
process. In the years 2018-2020, the “Biomed” produced
33 368 vials of Gamma anti-HBs 50, 73 563 vials of Gam-
ma anti D 150 (not sufficient to meet 100% of the demand)
as well as 9 736 vials of Gamma anti-HBs 200. Medical
product batch release for Gamma anti-D is performed at
the IHIT and for Gamma anti-HBs — at the National Insti-
tute of Public Health — National Institute of Hygiene (PZH).

As mentioned earlier, the implementation of non-inva-
sive prenatal testing (NIPT) with respect to all RhD-negative
women during pregnancy would limit the need for anti-D
immunoglobulin administration.

Convalescent plasma, anti-SARS-Co2-V
immunoglobulin

Polish BTS has been collecting COVID-19 convalescent
plasma (CCP) since April 2020. Donors qualified for CCP
donation must provide proof of being infected with SARS-
-CoV-2 and fulfil the eligibility criteria for regular blood do-
nors. Only about a third of convalescent donors have high
titer antibodies. More than a half of CCP donors have low
titer antibodies or no antibodies at all which renders their
plasma unacceptable for treatment of COVID-19 patients.
Until April 2021, 49 715 CCP donations were collected
(mainly by apheresis) and 66 334 units were transfused to
infected patients. All transfused CCP units were pathogen
inactivated.
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At the same time, the IHIT in cooperation with the De-
partment and Clinic of Infectious Diseases of the Medical
University of Lublin and the “Biomed” participates in the proj-
ect of the Medical Research Agency entitled “Studies on the
production of specific human immunoglobulin from plasma
of donors with history of SARS-CoV-2 and its use for treat-
ment of COVID-19 patients”. The project involves research
on the process of producing anti-SARS-CoV-2 immunoglobu-
lin and conducting clinical trials on the use of the product in
COVID-19 patients. Laboratory testing of plasma, the interme-
diates and the anti-SARS-CoV-2 immunoglobulin-final product
were performed. The tests concerned qualitative methods of
determining IgG antibody level and anti-SARS-CoV-2 neutral-
izing antibody titer. The stability of anti-SARS-CoV-2 immuno-
globulin was confirmed and clinical trials are underway. Anti-
-SARS-CoV-2 immunoglobulin is administered to hospitalized
patients with RT-PCR confirmed SARS-CoV-2 infection to en-
sure the safety and efficacy of this medical product. The end-
point of the project is to evaluate the impact of the therapy
on disease progression, survival as well as on the demand
for mechanical ventilation and hospitalization.

Summary

For many years now the BTS in our country has played
a significant role in the management and health care of
Polish patients. The implementation of novel methods and
ongoing research positions our BTS among those of highly
developed countries. Nevertheless in some hospitals the
awareness of the importance of proper management of
blood therapy is still insufficient [90].

It should also be emphasized that the Polish BTS is
engaged in activities related to other fields of medicine
and largely contributes to creating additional treatment
options.
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