
IN TRO DUC TION
De spite con stant prog ress in blood sub sti tutes fab ri ca -

tion, blood and its com po nents are still the most of ten used
life- saving thera peu tic agents [30, 27]. More than 1 mil lion
do na tions per year take place in Po land. [3] Blood col lec tion
is man aged by 21 Blood Do na tion Cen ters with sub jected af -
fili ates [34]. Na tional Blood Cen ter ap pointed by Min is ter of 
Health in 2006 co or di nates ac tions in blood col lec tion or -
gani za tion, blood com po nents sepa ra tion, and blood sup ply
and evalu ates blood col lec tion and hae mothera peu tics.
Blood is col lected in unit of fices or, in creas ingly, by blood
col lec tion mo bile teams, so- called “blood buses” [35]. In de -
pend ently of do na tion place the same strict pro ce dures of
do nors’ quali fi ca tion, blood col lec tion and its prepa ra tion,
ei ther HBV, HCV, HIV and syphi lis mark ers di ag nos tics
must be kept [28]. Blood do na tion in Po land is vol un tary and 
free (hon or ary do na tions) [9, 33].

In con tem po rary hae mothera peu tics in di ca tions to whole
blood us age are sparse. Usu ally se lected blood com po nents
which are de fi cient in pa tients are used. Such an ap proach
per mits to achieve bet ter thera peu tic re sult with out bur den -
ing a re cipi ent with un needed blood com po nents. It is worth
men tion ing that blood and its treat ment com po nents carry
the risk of ad verse re ac tions and com pli ca tions at ap prox.
10% of re cipi ents. They can have im mu no logi cal and non-
 immunological back ground, may be in duced by in fec tious
or non- infectious fac tors or their mani fes ta tion can be early

or de layed [16]. The de vel op ment of vi rus di ag nos tics and
in ac ti va tion meth ods had the main in flu ence on im prove -
ment of safety of blood and its com po nents. In ad di tion,
ro bust qual ity stan dards of col lec tion pro ce dures, prepa ra -
tion meth ods and di ag nos tics were in tro duced [33].

BLOOD- BORNE IN FEC TION FAC TORS
From the point of view of trans fu sion medi cine the most

im por tant are the mi cro or gan isms which can be pres ent in
blood stream with out any evi dent clini cal symp toms [4].
Such pe riod can be vari able and de pend ing on type of a mi -
cro or gan ism (from days to years). The pres ence of mi cro orga-
n isms in in di vid ual blood com po nents also var ies. Mi cro or -
gan isms can be found in sera, lym pho cytes, or red blood
cells (Pro tista). In lym pho cytes, vi ruses may take the form of 
vi rion par ti cles or can be in te grated into the host ge nome
(a latent form). The vi ral la tent form is in ac ces si ble to host
im mu no logi cal sys tem and can be re ac ti vated caus ing acute
in fec tion both in do nor and in re cipi ent [4].

Al though sev eral vi ral spe cies are fairly com mon in the
popu la tion, i.e. HAV and CMV, no rou tine tests to wards
both of these spe cies are per formed in do nors. HAVs are
trans mit ted in fecal- oral route. Its trans mis sion via blood is
mar ginal and the pres ence of neu tral iz ing an ti bod ies in re -
cipi ent or blood is a suf fi cient pro tec tion from in fec tion. On
the other hand, CMV is dan ger ous for im mu no com pro mised 
pa tients but us age of leuko re duc tion in blood prod ucts pre -
pared for this group of re cipi ents pro tects them en tirely. The
most dan ger ous agents are those the in fec tions of which dur -
ing early stage are as ymp to matic, but in fur ther per spec tive
mostly le thal, i.e. HBV, HCV and HIV vi ruses. In fec tious
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fac tors con firmed to be transfusion- transferable are pre -
sented in Ta ble 1.

Ta ble 1. In fec tious fac tors con firmed to be transfusion- transferable [4]

0Viruses

Hepatotropic

Hepatitis A Virus (HAV)
Hepatitis B Virus (HBV)
Hepatitis C Virus (HCV)
Hepatitis D Virus (co-infecting with HBV)
Hepatitis E Virus (HEV)

Retroviruses

human immunodeficiency viruses (HIV1 and HIV2
and their subtypes)
human T-cell leukemia/lymphoma virus (HTLV 1
and 2)

Herpesviruses
Cytomegalovirus (CMV)
Epstein–Barr virus (EBV)
Kaposi’s sarcoma-associated herpesvirus (KSHV)

Erytroviruses parvovirus B19 with subtypes

Other

GB virus C (GBV-C)
Transfusion Transmitted Virus or Torque teno
virus TTV
West Nile Virus (WNV)

Bacteria
Endogenous

Treponema pallidum (syphilis)
Borrelia burgdorferi (Lyme disease)
Brucella melitensis (brucellosis)
Yersinia enterocolitica/Salmonella spp.

Exogenous Staphylococus sp./Pseudomonas spp.
Others Rickettsia spp.

Protista

Plasmodium
Trypanosoma cruzei (Chagas disease)
Toxoplasma gondii (toxoplasmosis)
Babesia microtildivergens (babesiosis)
Leishmania spp. (leishmaniosis), Filaria spp. (filariosis)

Prions

BLOOD- BORNE VI RUSES 
In Po land, blood do nors and blood donor- candidates are

routinely checked to wards hepa ti tis B and C (HBV and HCV),
hu man im mu no de fi ciency vi ruses (HIV1 and HIV2) and
syphi lis in fec tion mark ers [21]. Blood- borne vi ruses can be
di vided into sev eral sub cate go ries:
– patho genic (HBV, HCV, HIV 1/2);
– patho genic un der cer tain con di tions (CMV, HPV, B19,

EBV, HHV-8);
– patho genic in cer tain re gions (HTLV 1/2, WNV);
– non- pathogenic, ac com pa ny ing hepa ti tis in fec tions

(GBV-C/HGV, TTV, SEN-V) [4].
Vi ruses clas si fied as patho genic oc cur quite of ten in the

world. The number of peo ple in fected with HIV-1 is es ti -
mated at 1.1% world wide. HCV in ci dence is not pre cisely
known due to usual as ymp to matic prog ress of the dis ease. It
is es ti mated that the per cent age of peo ple in fected in West -
ern Europe is ap prox. 0.5-2% and up to al most 20% in
Egypt. In Po land, there are ap prox. 750 thou sand of HCV
car ri ers. There are ap prox. 350 mil lion of HBV chronic car -
ri ers world wide. HBV in fec tion in ci dence var ies from 2% in 
West ern Europe and USA, ap prox. 5% in Po land, and up to 
8% in Asian and Af ri can coun tries [2].

RE DUC TION OF RISKS OF BLOOD- BORNE
TRANS MIS SION OF IN FEC TIOUS AGENTS.

The in ci dence of de tected in fec tions is said to be higher
among paid do nors that hon or ary do nors, al though opin ions
among authors are di vided. The ac tions de creas ing blood-
 borne trans mis sion of in fec tious agents in clude:

– se lec tion of do nors com pris ing do nor ques tion naire,
anam ne sis and physi cal ex ami na tion,

– se ro logi cal and mo lecu lar screen ing to wards HBV,
HCV, HIV and syphi lis,

– grace pe riod for blood com po nents with long shelf life,
– lekuo re duc tion by fil tra tion,
– patho gen in ac ti va tion in re spec tive blood com po nents.

Moreo ver, the in crease of safety of blood and its com po -
nents is achieved by auto ma ti za tion and com put eri za tion in
or der to elimi nate hu man er ror from pro ce dures. Ac cord ing
to SHOT (Se ri ous Haz ards of Trans fu sion), hu man er rors
are still most causal fac tors in post- transfusion re ac tions oc -
cur rence, which con sti tutes 64.1% of all com pli ca tions [20].
No ta bly im por tant is the use of single- use blood col lec tion
kits as well as single- use con tain ers for prepa ra tion and stor -
age of blood com po nents. Lastly, it is worth men tion ing that
Na tional Blood Do nors Reg is try ex ist ing in Po land gath ers
con firmed cases of HBV, HCV, HIV, and syphi lis in fec -
tions. It pro vides ac cess to in for ma tion about all in fected
do nors to all blood- care or gani za tion units in Po land.

SE LEC TION OF DO NORS
Se lec tion of do nors is the sim plest way to limit mi cro or -

gan isms spread ing via blood, i.e. not- collecting blood and its 
com po nents from do nors from high- risk groups. Firstly,
each blood do nor fills a ques tion naire with ques tions con -
cern ing in fec tion risk haz ards [17]. Po ten tial risks may
in clude high- risk sex ual be hav ior, drug use, and sex ual in -
ter courses with newly met peo ple or with peo ple who
com mit high- risk sex ual be hav ior or have a con firmed in -
fected status [21]. 

Other dis quali fy ing fac tors in clude: 
– prior in fec tious dis eases (dis quali fi ca tion can be tem po -

rary or per ma nent), 
– pr olonged con tact with in fected in di vid ual (i.e. fam ily

mem ber suf fer ing from hepa ti tis), 
– r esi ding on en demic dis ease ter rains (i.e. ma laria), 
– r esi ding on ter rains with con firmed cases of vi rus trans -

mis sion into hu mans (i.e. WNV), 
– r esi ding in coun tries with high ra tio of car ri ers of anti-

 HIV an ti bod ies or AIDS- sick in di vidu als (dis quali fi ca -
tion for 1 month up to 3 years) [21];

– ex po sure to blood- borne in fec tion risk (tem po rary dis -
quali fi ca tion), i.e.: en do scopic pro ce dures, sur gery, tattoo -
ing, and acu punc ture or jail sen tence.
Af ter wards, a do nor is quali fied bas ing on an anam ne sis

veri fy ing data in cluded in the ques tion naire. Blood do nor is
also sub jected to physi cal ex ami na tion. It is worth men tion ing 
that even though do nor quali fi ca tion pro ce dures are more re -
stric tive, the main ba sis of suc cess in this stage is donor’s high 
self- awareness and edu ca tion level. The re search re sults
show that still donor’s knowl edge con cern ing vi rus trans -
mis sion path ways, ex is tence of se ro logi cal win dow pe riod
and its length and knowl edge on auto- disqualification pro ce -
dure (when do nor states that his/her blood is not ade quate for 
clini cal ap pli ca tions) is lim ited [33].
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SCREEN ING TO WARDS HBV, HCV, HIV
AND SYPHI LIS MARK ERS

In Po land, screen ing is per formed us ing se ro logi cal and
mo lecu lar bi ol ogy meth ods (NAT). The tests are per formed
af ter every do na tion of blood or its com po nent at every do -
nor. The re sult is a ba sis for quali fi ca tion or dis quali fi ca tion
of a re spec tive do nor. 
– HBV car ri ers are de ter mined by de tec tion of HBsAg

and/or HBV DNA,
– HCV car ri ers are de ter mined by de tec tion of anti- HCV

an ti bod ies and/or HCV RNA,
– HIV car ri ers are de ter mined by de tec tion of anti- HIV an -

ti bod ies and/or HIV RNA,
– syphilis- infected in di vidu als are iden ti fied by de tec tion

of an ti bod ies di rected against Try panoma pal li dum epi -
topes.
A re ac tive test re sults must be re con firmed us ing the

same test twice. If a re sult of at least one re peated test is re ac -
tive, the whole do na tion is con sid ered re ac tive. In such a case,
a veri fi ca tion test must be per formed to con firm a posi tive
re sult. Con fir ma tion tests should have a higher speci fic ity
that screen ing tests. When veri fi ca tion test re sult is posi tive,
a sec ond ali quot must be col lected from a do nor and the test
should be re peated in or der to ex clude a hu man er ror. Re gional
Blood Do na tion Cen ters and/or In sti tute of He ma tol ogy and
Trans fu sion Medi cine in War saw [21] per form veri fi ca tion
tests.

Up to 2010, also al anine trans ami nase (ALT) lev els were
de ter mined in do nors of blood sam ples. This test was ceased
to be per formed be cause ALT ac tiv ity is non- specific in di ca -
tion of hepa ti tis [8, 9, 10, 11]. Many coun tries de sisted from
per form ing this test dur ing blood col lec tion pro ce dure af ter
in tro duc tion of sen si tive se ro logi cal tech niques and mo lecu -
lar biology- based tests de tect ing HBV and HCV mark ers.
Over many years in Po land no case was con firmed when in -
crease in ALT ac tiv ity pre ceded ap pear ance of HBV DNA
or se ro logi cal mark ers or HCV RNA [7].

In case of sus pected re cipi ent of post- transfusion HBV,
HCV and HIV in fec tion by whole blood or its com po nent,
a look- back pro ce dure is im ple mented. This pro ce dure ap -
plies to all re peated do nors, who had posi tive veri fi ca tion
test to wards one of de tected vi ruses. Look- back pro ce dure
con sists of moni tor ing the course of all blood com po nents
pre pared dur ing 6 months since the last do na tion with nega -
tive screen ing test re sults. In case of posi tive test re sult at
do nor, a re cipi ent of po ten tially in vec tive blood or its com -
po nents must be de ter mined, and in the event of frac tioned
plasma, pro ceed ac cord ing to frac tiona tors speci fi ca tion
[21]. 

It is worth men tion ing that in sev eral coun tries where dif -
fer ent blood- borne vi ruses ex ist, tests to wards their
de tec tion are per formed. For ex am ple West Nile Vi rus
(WNV) has been de tected in USA and Can ada (since 2002)
and hu man T- cell leu ke mia/lym phoma vi rus type 1 and 2
(HTLV 1 and 2) be ing de tected in USA, Ja pan and sev eral

Euro pean coun tries. In Po land, pro ce dures pre vent ing spread -
ing of the men tioned above vi ruses are lim ited to ade quate
ques tions in do nor ques tion naire and the anam ne sis [4].

PLASMA AND CRYO PRE CIPI TATE 
GRACE PE RIOD

In Po land, grace pe riod for blood com po nents was in tro -
duced in 1994 [1]. At the be gin ning, grace pe riod was 2
months, and in the late 90s, the pe riod was ex tended to 16
weeks [32]. From ob vi ous rea sons grace pe riod en com -
passes only com po nents with long shelf life i.e. plasma and
cryo pre cipi tate (shelf life - 3 years if stored in tem pera ture
-25oC or lower [29]). Grace pe riod con sists in stor age of
a blood com po nent for at least 112 days and as sess ment af ter 
this pe riod of vi rus mark ers at do nor, from whom this com -
po nent was ob tained. “Grace perio ded” com po nent comes
from a do nor, in whose blood sam ples at least two con secu -
tive tests to wards HBV, HCV, HIV and syphi lis mark ers
were nega tive. The first test is per formed on a day of grace-
 perioded do na tion, and the lat ter at least 112 days af ter do na -
tion. The main goal of the grace pe riod is elimi na tion of
se ro logi cal win dow in do nors, i.e. early stages of in fec tion
[22]. For clini cal ap pli ca tion, only com po nents af ter grace
pe riod may be used. In case of their short age, in ac ti vated
plasma may be used in stead. 

LEUKO RE DUC TION
Leuko re duc tion was in tro duced in the 80s as po ten tial

pro tec tion from spread ing of a vari ant of Creutzfeldt- Jakob
Dis ease (vCJD) [4]. Low leu ko cyte agents are ob tained with
the use of anti- leukocyte fil ters. Fil ters de signed for packed
red blood cells, PRBCs, hold leu ko cytes and plate lets; in
turn, fil ters de signed for PRP – platelet- rich plasma – se lec -
tively fil ter out only leu ko cytes. Leu ko cytes turn over is led
by ad sorp tion and/or ad he sion [21, 23]. By re mov ing leu ko -
cytes all in tra cel lu lar in fec tious agents i.e. vi ruses, bac te ria,
para sites, and pri ons are re moved as well [4, 15]. For the lat -
ter spe cial fil ters were de signed, which apart from re mov ing
leu ko cytes, dem on strate high- prion af fin ity [6]. It is worth
men tion ing that bac te ria and some para site forms may be re -
moved by di rect ad he sion to fil ter mem brane [4]. Us age of
fil tra tion ef fec tively pre vents CMV in fec tion, re duc ing in -
fec tion risk to ap prox. 1% [14] and HTLV re spec tively [15].
Leuko re duc tion can also re duce the risk of spread ing:
HLTV, Rik ett sia and sev eral para sites e.g. Leish ma nia or
Try pano soma cruzi. Leuko re duc tion, apart from low er ing
the risk of in fec tious agents spread ing, can also con trib ute to
pre vent ing HLA auto im mu ni za tion, non- hemolytic fe ver re -
ac tions, and Transfusion- Associated Graft Ver sus Host
Dis ease – TA-GVHD [24]. In some Euro pean coun tries,
leuko re duc tion is com monly used; in oth ers like in Po land -
to a lim ited ex tent. This is due to high leuko re duc tion cost
and not suf fi cient evi dence in lim it ing leukocyte- induced
post- transfusion com pli ca tions [4].
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IN AC TI VA TION
For merly, in ac ti va tion meth ods were used only dur ing

sera frac tiona tion, from which blood com po nents were pro -
duced (al bu min, co agu la tion fac tors, im mu no globu lins).
Nowa days much more popu lar are meth ods of patho gen in -
ac ti va tion in blood com po nents es pe cially PRP and FFP.
Clini cal tri als on patho gen in ac ti va tion in PRBCs are on
course. [25]. From among sev eral in ac ti va tion tech niques,
a few are used as rou tine prac tice in sev eral coun tries blood
banks [19]. These meth ods are as fol lows:
– in ac ti va tion meth ods – de stroy ing vi ral en ve lope, cap -

side or ge netic ma te rial, i.e. sol vent/de ter gent (S/D)
method, heat ing, meth ods us ing beta- propiolactone with
UV ra dia tion, method us ing ca prylic acid;

– sepa ra tion meth ods – in fec tious agent turn over (frac -
tiona tion, Cohn’s method, chro ma tog ra phy, us age of
neu tral iz ing an ti bod ies, nan ofil tra tion) [22].
It is nec es sary to men tion that there is no uni ver sal

method. S/D method is ef fec tive against en vel oped vi ruses
(HIV, HBV, HCV, HTLV, EBV, CMV, WNV). Nan ofil tra -
tion is ef fi cient against nonen vel oped spe cies i.e. par vo vi rus
B19, HAV. In turn, heating- pasteurization is ef fec tive
against both en vel oped and nonen vel oped spe cies. There -
fore to maxi mize ac tion spec trum dur ing blood com po nents
pro duc tion at least two in ac ti va tion tech niques must be used
si mul ta ne ously [4, 22]. How ever, in ac ti va tion meth ods are
not flaw less. All of the men tioned meth ods, to some ex tent
cause low er ing of co agu la tion fac tors and al bu min lev els
[26]. It is also nec es sary to re mem ber about emerg ing com -
mu ni ca tions about new in fec tious agents, e.g. QNV, bird flu
vi rus, Denga vi rus, co ro na va rus SARS or ret ro vi rus XMRV
(xe no tropic murine leu ke mia re lated vi rus) [12].

In creas ingly the ap plied meth ods of blood com po nents
in ac ti va tion in crease their safety by in ac ti va tion of patho -
gens not de tected rou tinely at blood do nors. These meth ods
util ize visi ble light and UV (Ta ble 2, 3). Moreo ver, single-
 use patho gen in ac ti va tion kits in sera (us ing meth yl ene blue
method) pos sess anti- leukocyte fil ter pro vid ing even more
safe prepa ra tion [18].

Ta ble 2. Patho gen in ac ti va tion meth ods in blood com po nents [4]

Procedure Packed Red Blood
Cell’s (PRBCs)

Platelet
Concentrates (PC)

Fresh Frozen
Plasma (FFP)

Solvent/Detergent – – +
Methylene blue – – +
Psoralen (S-59) – + +
Riboflavin – + +
Inactin + – +
S-303 + – –

In re cent years, a no ta ble prog ress has been ob served in
pre ven tion of in fec tions spread ing dur ing blood trans fu sions.
The main em pha sis is put on broadly de fined non- specific
pro phy laxis and vac ci na tions. How ever in blood do na tion
a ra pid de vel op ment of tech niques and pro ce dures serv ing
im prove ment of blood heal ing safety re cently emerged, i.e.
do nors se lec tion, se ro logi cal and mo lecu lar screen ing tests
to wards HBV, HCV, HIV and syphi lis mark ers, plasma and

cryo pre cipi tate grace pe ri ods, leuko re duc tion and (in creas -
ingly popu lar) patho gen in ac ti va tion in blood com po nents. 

Ta ble 3. Com pari son of patho gen in ac ti va tion meth ods in blood
com po nents [14]

Riboflavin
Amotosalen

hydrochloride
(S-59)

Methylene
blue
(BM)

Solvent/
Detergent

 (SD)

Active
compound

Riboflavin 
and UV

Poralen (S-59) 
and UVA

Methylene
blue and
visible light

Solvent and
detergent

Primary target Nucleic acids Nucleic acids Nucleic acids Lipid
membranes

Secondary
target

Proteins 
and lipids?

Proteins 
and lipids?

Proteins 
and lipids? None

Compound
toxicity None High Low Low

Compound
turnover Not removed

YES (CAD,
compound
absorbing
device)

YES (Special
filters)

YES (oil extrac-
tion and hydro-
phoblic chroma-
tography)

Amount 
of active
compound

Low amount 
of riboflavin
and its photo-
products – phy-
siologically
present 
in blood

Low amount
of free S-59*
and its photo-
products

Low amount 
of free BM* 
and its photo-
products

Non-determin
able or under
toxic level

Stable linking
to lipids and/
or proteins in
sera

Not
ascertained

13% linking
with lipids,
1-2% linking
with proteins

Proteins links
with phenoti-
zine dyes

Not linking
with proteins
or lipids

Formation of
new antigens
or
autoantibodies

Not
ascertained

Not
ascertained

Not
ascertained

Not
ascertained

* Mutagen activity,  low probable, but not excludable
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