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Introduction. Plasma transfusion remains an integral component of intensive care for massive hemorrhage, coagulopathies, and disseminat-
ed intravascular coagulation, particularly in emergencies where the recipient’s blood group is unknown or cannot be determined immediately.
In such cases, administering group-specific plasma is impossible, while the supply of group AB plasma is limited to 4-5% of the total donor
pool. In this study, “ABO-universal plasma” is defined as a donor blood component suitable for use in recipients of any ABO blood group
without prior determination of their blood type. This product is designed to expand intravascular volume and restore hemostasis. One promis-
ing approach to creating such a product is the immunoadsorption of anti-A/anti-B antibodies; however, domestic data regarding its effect on
labile hemostatic factors—primarily Factor VIII (FVIll)—are scarce.

Objective. To evaluate the feasibility of using immunoadsorption to prepare a fresh frozen plasma (FFP) component that is free of anti-A/anti-B
antibodies or characterized by ultra-low titres (< 1:8), with preserved activity of labile hemostatic factors. This product is intended for use in
patients regardless of their ABO blood group, including for hemostasis restoration.

Materials and methods. This in vitro study utilized a paired pre-post design to evaluate 90 FFP samples (30 samples from each blood group:
O, A, and B). Anti-A/anti-B antibodies were depleted using immunoadsorbents (POKARD, Russia) in a closed system at 22-25 °C (100-mL
plasma volume; 30-min contact time). IgM antibody titers were determined by direct agglutination in gel cards, while IgG antibodies were
assessed via the indirect antiglobulin test; Factor VI activity (FVII:C) was measured by activated partial thromboplastin time (@PTT) using a
coagulometer. Statistical analysis was performed using the Mann-Whitney U test; differences were considered significant at p < 0.05.
Results. For initial anti-A and anti-B antibody titers of < 1:32, adsorption completely removed the antibodies; for initial titers ranging from
> 1:32 to 1:512, levels decreased to 1:2-1:8, which meets the international criteria for ultra-low titres plasma. FVIII activity decreased in all
groups following adsorption, with technological losses amounting to 18-20%. Baseline FVII activity in group O plasma was significantly lower
than in groups A and B. Following adsorption, all samples from groups A and B retained compliance with the regulatory criterion (FVIIl = 0.7 IU/
mL), whereas up to 50% of group O samples failed to meet the required minimum and could not be labeled as FFP.

Conclusions. Immunoadsorption ensured effective removal of anti-A/anti-B antibodies from FFP; however, it was associated with an 18-20%
loss of FVIII activity, which is critical primarily for group O plasma. The development of an “ABO-universal plasma” production technology us-
ing this method is feasible for special-purpose products — intended for use in emergency prehospital care, military medicine, and strategic
reserve formation — provided that donors with baseline FVIII activity > 95% are prescreened (group O) and/or the product is reformulated into
lyophilized “ABO-universal plasma”.
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TPoccunckni Hay4HO-MCCNeaoBaTENbCKUMA UHCTUTYT FreMaTonorim 1 TpaHcdysmnonorun degepanbHOro Meamko-o1onorn4eckoro
areHTcTBa, CaHkT-MNeTepbypr, Poccus

2 CeBepo-3anafHblil OKPY>KHOW HayYHO-KMHUYeCKUin ueHTp uMm. J1.I. Cokonosa ®efepanbHOro Meanko-610nornieckoro areHTCTea,
CankT-leTtepbypr, Poccus

S depepanbHOe MeanKo-6ronornieckoe areHTcTBo, MockBea, Poccus

BeepaeHune. TpaHcdy3sma nnadmbl OCTAETCA HEOTBEMIIEMbIM KOMMIOHEHTOM UHTEHCUBHOWM Tepanuy MacC1BHOM KPOBOMOTEPHW, KoarynonaTum
1 CMHAOPOMA AMCCEMUHNPOBAHHOMO BHYTPUCOCYAMCTOrO CBEPTbIBAHNS], OCODEHHO B 9KCTPEHHBIX CUTYaUMsX, Korda rpymnna KpoBu peumunm-
€eHTa HeM3BeCTHa U BPeMS Ha ee onpefenieHne OTCYTCTBYET, MCMOMb30BaHMe rpynnocneLmduyeckon nnasmbl HEBO3MOXHO, a pecypc
nnasmbl rpynnbl AB(IV) orpanHuydeH 1 cocTaBnsieT okono 4-5% OoHOpPCKoro pecypca. o «yHrBepcanbHON ninas3mol» B HacTosILLEeN paboTe
MOHMMAETCS KOMMOHEHT JOHOPCKOW KPOBW, MPUrOAHbIM ANS MPUMEHEHNS Y peumnnreHTa ntobon rpynnbl no cucteme ABO 6e3 npeasapu-
TENbHOro onpefeneHnsa ero rpynnoBOV MPUHAANEXHOCTN Kak a5t BOCMOHEHNS 06beMa LIMPKYIMPYIOLLEN KPOBU, Tak 1 019 KOPPEKLN
remocTasa. OfHO 13 NepPCNeKTUBHbIX HaNPaB/IeHWN CO34aHNst Takoro NpoaykTa — UMMyHOCOopPOLMS aHTU-A/aHT-B aHTuTen, ooHako oTe-
4YeCTBEeHHbIE flaHHble O ee BINSHMN Ha nabunbHble hakTopbl remocTasa, npexae Bcero daxtop VI (O.VII), eanHUHHBI.

Llenb. OueHka BO3MOXXHOCTX MCMOb30BAHMA NMMYHOCOPOEHTa AN NONYyYeHUs 13 CBeXXe3amMopoXkeHHoM nna3mbl (C3M1) KOMMNOHeHTa,
€cBOOOAHOMO OT aHTU-A/aHTK-B aHTWUTeN unu cofepyKalllero Ux Ha yAsTPaHN3KoM ypoBHe (< 1:8), C COXpaHHOW aKTMBHOCTbLIO NabumnbHbIX
(hakTopOB remocTasa, NPUrogHoOro AN NPUMEHEHNS y NaLMEHTOB HE3aBUCMO OT UX FPYNMOBOM NpUHaAIEXHOCTH No cucTteme ABO, B TOM
4ycne 4ns Koppekumn remocrasa.

Martepuansl n metopgpl. ViccnegosaHue BeinonHeHo Ha obpasiax C3[1in vitro ¢ napHbIM cpaBHeHEM nokaaaTeneit «4o/nocne» 06paboTku.
ViccneposaHo 90 o6pa3duos C3I1 (no 30 obpasuos B rpynnax 0, A 1 B). Copbuuto aHTu-A/aHTn-B aHTUTEN NpoBOAMAN UMMYHOCOPBEHTaMM
(HM® «MOKAPL», Poccus) B 3akpbITon cucteme npu +22...+25 °C B o6beme nnasmbl 100 mn v BpemeHn koHTakTa 30 MUH. TUTpbl aHTUTen
knacca IgM onpegensnu B peakLm NpsiMon arrioTyHALMW B reneBbIx KapTax, aHTuTen IgG — B HENpsiMoM aHTUroByMMHOBOM TeCTe; aK-
TBHOCTL hakTopa VIII (P.VII:C) — no AHTB (akTBUpOBaHHOE YaCcTM4HOE TPOMBOMNACcTUHOBOE BPEMS]) Ha KoarynomeTpe. CTaTncTnHecKuin
aHanM3 Npou3eBeneH ¢ NoMoLLbo U-kpuTtepusd MaHHa — YUTHK; pasnuung cuntany 3Haq4umbiMmn npu p < 0,05.

Pesynbrathbl. [py nCXxodHbIX TUTPax aHTU-A 1 aHTK-B aHTuTen < 1:32 nocne copbuum aHTuTeNa 3MMMUHNPOBAIMCH MOMHOCTHIO; MPU TU-
Tpax > 1:32-1:512 nx ypoBeHb CHmxanca ao 1:2-1:8, 4To COOTBETCTBYET MeXAyHapOAHbIM KpuTepuam «ultra-low titres» nnasambl. AKTMB-
HocTb OVIII nocne copbunm CHWXXanacb BO BCeX rpynnax, TexHonorndeckme norepu coctasmnm 18-20%. ViexogHas aktnsHoCcTb OV
B nnasme rpynnsl O Bbina JOCTOBEPHO HMKe, Yem B rpynnax A u B. Mocne copbummn Bce obpasLibl nnasmbl rpynn A n B coxpaHsnm cooT-
BeTCTBME perynsaTtopHomMy kKputeputo (VI = 0,7 ME/Mn), Toraa kak o 50% obpasuos rpynnbl 0 He gocTurany TpebyemMoro MMHUMyMa
1 HEe MO MapkupoBaTbes kak C3M.

BbiBogbl. IMMyHOCcop6LMa obecnednna addexkTUBHoe yaaneHne aHtu-A/aHTn-B antuten na C3I1, ogHako Oblna conpsiXeHa ¢ notepen
OVl Ha 18-20%), KPUTUHHOM NPEenMYLLIECTBEHHO AN Mna3mMbl rpynnbl 0. PagpaboTka TEXHONOr M MPOV3BOACTBA «YHMBEPCAIbHOW Na3mbl»
OaHHbIM METOLOM LielecoobpasHa 41 NpoayKTa cneumanbHoro (LeneBoro) HasHadeHns — A 9KCTPEHHOW 4OrOCMUTaIbHOM MOMOLLM, BO-
EHHOW MeauLIMHBI 1 POPMUPOBAHKSA CTPATEMMYECKIMX 3anacoB — NP YCNOBUW MPECKPUHUHIA LOHOPOB rpynnbl O C ICXOOHOW aKTUBHOCTLIO
OV = 95% n/vnn nepedopmaTMpoBaHVs NPOAYKTa B MMOMUANINPOBAHHYIO «yHUBEPCABHYIO Ma3my».

KnioueBble cnosa: yH1BepcanbHas nnasma; MMMyHOCOPOLMS; CBEXE3aMOPOXXEHHas Mna3ma; N30arritoTUHUHBL, aHTU-A n aHTn-B aHTrTena;
daxTop VIII; cuctema rpynn kposu ABO; TpaHcdyans nnasmbl
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INTRODUCTION

Plasma transfusion remains an integral component of
intensive care for massive hemorrhage, coagulopathies,
and disseminated intravascular coagulation'. In plasma
transfusion, clinical significance is determined not by
ABO system antigens, but by antibodies — specifically
anti-A and anti-B — which are present in the donor’s
plasma and can cause hemolysis of the recipient’s
erythrocytes [1]. Consequently, the presence of anti-A
and anti-B antibodies in donor plasma poses a key lo-
gistical problem in transfusion medicine: the inability
to use group-specific plasma in emergency situations
where the recipient’s blood group is unknown or cannot
be determined immediately. Compounding this issue,
the availability of group AB plasma, which lacks isoag-
glutinins, is limited to approximately 4-5% of the total
donor pool [2, 3].

In this study, “ABO-universal plasma” is defined as
a donor blood component suitable for use in recipients
of any ABO blood group without prior determination of
their blood type. This product is designed to expand
intravascular volume and restore hemostasis. Efforts to
develop ABO-universal plasma currently focus on sev-
eral approaches:

1. Pooling technology: This approach pools plasma
from different blood groups to achieve mutual neu-
tralization of anti-A and anti-B antibodies by soluble A
and B antigens. This strategy has been implemented in
commercial solvent/detergent-treated products such as
Octaplas and Uniplas [4, 5].

2. Donor preselection: This involves the preliminary
screening of group O donors to identify individuals with
naturally low agglutinin titers (so-called low-titer group O
plasma). This method is widely used in military medicine
and prehospital care systems worldwide [3, 6].

3. Lyophilization: While this process does not re-
move antibodies, it ensures the long-term storage and
transportation of already prepared ABO-universal plas-
ma at room temperature, providing immediate availabil-
ity under field conditions [7].

4. Direct removal via immunoaffinity: This approach
focuses on the direct removal of anti-A and anti-B anti-
bodies using immunoadsorption techniques. These in-
clude adsorption onto group A and B red blood cells, as
well as the use of specialized adsorption devices, such
as HemoDefend [3, 8, 9].

Russian transfusion medicine has established a
solid foundation for the adoption of alternative plasma
products. Specifically, blood product quality control,
plasma transfusion protocols, and new plasma prod-
ucts — including virus-inactivated plasma — have been
consistently developed? [10, 11]. Additionally, a domestic

initiative for the development and industrial production
of lyophilized plasma (Lioplasma) has been successfully
implemented, demonstrating preserved coagulation fac-
tor activity, clinical efficacy, and cost-effectiveness in the
treatment of massive hemorrhage [12-14].

At the same time, labile hemostatic factors remain
a vulnerability shared by all plasma processing tech-
nologies. This primarily concerns Factor VIII (FVIII), with
reported losses under various treatments ranging from
12% t0 21% [12, 15]. For the immunoadsorption of anti-A/
anti-B antibodies, FVIII preservation becomes particular-
ly critical due to a specific mechanism: FVIII circulates in
plasma as a non-covalent complex with von Willebrand
Factor (vWF), which carries ABO antigenic determinants
on its surface [16, 17]. Consequently, it may be co-elim-
inated by the adsorbent targeted at anti-A/anti-B anti-
bodies. Importantly, individuals with blood group O —
the primary potential donors for ABO-universal plasma
production — exhibit VWF and FVII levels that are physi-
ologically 20-30% lower than the levels in individuals
with other blood groups [16, 17]. Despite this, virtually
no systematic domestic data are available regarding
FVIII during adsorptive removal of isoagglutinins from
fresh frozen plasma (FFP). Furthermore, regulatory re-
quirements for FFP — specifically ABO compatibility
and a minimum FVIII activity of 0.7 IU/mL at expiration,
as established by Government Decree of the Russian
Federation No. 641 dated May 14, 2025° — make this a
critical factor for the technology’s applicability.

This study aimed to evaluate the feasibility of using
immunoadsorption to produce an FFP component that
is either free of anti-A/anti-B antibodies or characterized
by ultra-low titres (< 1:8) while preserving the activity of
labile hemostatic factors. The resulting product is in-
tended for use in patients regardless of their ABO blood
group, including for hemostasis restoration.

MATERIALS AND METHODS

This in vitro study used a paired pre-post compari-
son design to evaluate FFP samples. The research
was conducted at the Russian Research Institute of
Hematology and Transfusiology of the Federal Medical
and Biological Agency (RRIHT FMBA). The FFP samples
were collected in accordance with current regulatory re-
quirements®. The time from blood collection to plasma
freezing complied with established protocols. A total of
90 FFP units were analyzed: group O (n = 30), group A
(n = 30), and group B (n = 30). Group AB plasma was
excluded from the study, as it lacks anti-A/anti-B anti-
bodies by definition [1]. Following standard thawing at
37 °C, a pre-adsorption aliquot was collected from each
sample. Antibody depletion was performed using anti-A

" Zhiburt EB. Rules for plasma transfusion: A guide for physicians. Moscow: Meditsina; 2008.

2 Ibid.

3 Government Decree of the Russian Federation No. 641 dated 14 May 2025 “On Approval of the Rules for the Collection, Storage, Transportation, and Clinical Use
of Donor Blood and its Components”. GOST R 53470-2009 “Donor Blood and its Components: Guidelines for the Use of Donor Blood Components”. Moscow:

Standartinform; 2010.
4 Ibid.
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and anti-B immunoadsorbents (POKARD, Russia) at the
manufacturer-recommended ratio, within a closed sys-
tem at 22-25 °C. The protocol utilized a plasma volume
of 100 mL and a 30-min contact time under constant ag-
itation with an ELMI RM-1L medical rotary mixer (Latvia)
[3, 9]. This 22-25 °C temperature range was selected
because anti-A and anti-B antibodies are classified as
cold agglutinins with an optimal reaction temperature
of 18-20 °C; their adsorption efficiency decreases at
higher temperatures (37 °C). Maintaining a temperature
of 22-25 °C within a closed system during this phase is
technologically feasible and provides a compromise be-
tween adsorption efficiency and the preservation of la-
bile coagulation factors. Following centrifugation, a post-
adsorption aliquot was collected. As a control, plasma
without added adsorbent was used; it was subjected to
constant agitation for 30 min.

The titers of anti-A and anti-B antibodies (IgM) were
determined via direct agglutination in neutral gel cards
(Dia Pro, Turkey) using reagent erythrocytes of groups
A and B (RRIHT FMBA, Russia). The assay utilized se-
rial twofold plasma dilutions (1:2-1:512) following stand-
ard protocols [1]. Anti-A and anti-B antibodies of the IgG
class were detected using an indirect antiglobulin test
(IAT) with gel cards containing monospecific anti-IgG re-
agents (BIO-RAD, Switzerland). This approach ensured
specific detection of IgG-class antibodies without prior
removal of IgM. IgG antibodies were assessed qualita-
tively (detected/not detected).

Factor VIII (FVII:C) activity was determined via the
activated partial thromboplastin time (@PTT) assay on
an ACL Top 300 CTS coagulometer (Instrumentation
Laboratory, USA). The testing system utilized FVIII-
deficient plasma and specific reagents (Instrumentation
Laboratory, USA). The results were expressed as a
percentage of the normalized value of 1 IU/mL (100%).
Product compliance was assessed against the regulato-
ry criterion: FVIIl = 0.7 1U/mL (70%), which represents the
lower limit of the established standards for FFP. Baseline
and post-adsorption samples were analyzed under

identical conditions to exclude the influence of time and
temperature on labile factors.

Statistical analysis was performed using Microsoft
Excel and Statistica 12.0 software. The nonparamet-
ric Mann-Whitney U test was applied to compare in-
dependent groups. Data are presented as M, [Q,; Q.;
paired pre- and post-adsorption samples were com-
pared using the Wilcoxon signed-rank test. Process-
related losses of FVIII were calculated as follows:
[(FVIl, — FVIIL ) / FVIIL ] x 100%. Differences were
considered significant at p < 0.05.

RESULTS
Anti-A/anti-B antibody titers post-adsorption

Following immunoadsorption, anti-A and anti-B antibod-
ies fell below the limit of detection in all samples with
baseline titres < 1:32. In samples with higher initial titres
(ranging from > 1:32 to 1:512), a significant reduction was
observed. Specifically, antibody levels decreased to a
range of 1:2-1:8 in plasma from blood groups O and B
and to undetectable levels (“no agglutination”) or up to
1:2 in group A plasma. Following adsorption, IgG anti-A/
anti-B antibodies were undetectable in group A and B
samples with low baseline titers; however, they persisted
in a subset of samples with high initial titers (see Table).
Across all 90 plasma samples, regardless of baseline
antibody titers, the residual anti-A/B agglutinin levels
(= 1:8) met the criteria for ultra-low titres plasma, as de-
fined in international emergency transfusion practice [3].
The titers of anti-A and anti-B antibodies before and
after immunoadsorption are presented in the table.

Changes in Factor VIII activity

FVIII activity before and after adsorption is presented in
the figure. Following adsorption, FVIII activity decreased
across all plasma groups, with mean process-related
losses amounting to 18-20%. Notably, baseline FVIII

Table. Anti-A/Anti-B antibody titers in plasma before and after adsorption

ABO blood Baseline titer Post-adsorption
group anti-AIgM | anti-B IgM I9G anti-A IgM anti-B IgM I9G

O < 1:32 < 1:32 0 0 0 0

> 1:.32-1:512 > 1:.32-1:5612 + 1:2-1:8 1:2-1:8 +

A - < 1:32 0 - 0 0

- > 1:32-1:512 + - no reaction — 1:2 0

B < 1:32 - 0 no reaction — 1:2 - 0

> 1:.32-1:512 - + 1:2-1:8 - +

Table prepared by the authors using their own data

Note. +, IgG-class antibodies were detected; —, antibodies of this specificity were initially absent from the plasma of the corresponding blood

group.
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Group B
Group A
Group O
I T
0 20
Group O
m FVIIl loss after adsorption, % 18.7
| FVIIl in control sample, % 93.1
m FVIIl post-adsorption, % 76.6
| FVIII baseline, % 94.2

Figure prepared by the authors using their own data

100 120 140

40 60 80
Group A Group B
19.9 20.1
111.6 105.6
92.2 86.62
117.4 108.4

Fig. Factor VIII activity before and after adsorption. FVIII, Factor VIII; * baseline differences in FVIII activity between
groups O and A are statistically significant (p = 0.042108); ** differences in FVIII activity between groups O and B after

adsorption are statistically significant (p = 0.02843)

activity in group O plasma was significantly lower (94.2%
[64.6; 95.2]) than in groups A (117.4% [100.9; 126.5]) and
B (108.4% [IQR: 88.4; 130.7]), which is consistent with
data on physiologically reduced VWF/FVIII levels in indi-
viduals with blood group O [16].

When assessing the compliance of adsorbed plasma
with the regulatory criterion FVIIl = 0.7 IU/mL (i.e., = 70%)
[18], it was established that in group A, final FVIII activity
ranged from 82.5% to 99.9%, and in group B, it reached
80.3-114.3%. In both groups, all samples remained
compliant with the standard. In group O, final FVIII activ-
ity ranged from 54.3% to 78.6%; however, a significant
proportion of samples (up to 50%) failed to reach the re-
quired minimum of 70%, which precluded their labeling
and use as FFP.

Thus, FVIII losses of 18-20% were non-critical for
group A and B plasma but significant for group O units.
This is attributable to the fact that these losses are su-
perimposed on the physiologically lower baseline levels
in the donors of this blood group [17]. Notably, the ob-
served losses are comparable to reported FVIII activity
reductions in other plasma processing technologies:
12.8-21.4% for lyophilization [14].

DISCUSSION

The conducted study demonstrated that immunoaffin-
ity adsorption is a technologically feasible and effective
method for removing anti-A and anti-B antibodies from
FFP: at initial titers of < 1:32, the antibodies were com-
pletely eliminated; for initial titers ranging from > 1:32 to
1:512, their levels decreased to 1:2-1:8 (Table). These re-
sults align with those of other authors who achieved titer
reductions to < 1:4 in the majority of group O plasma
samples during adsorption of anti-A and anti-B antibod-
ies on group A and B erythrocytes [3], as well as with

domestic experience in processing plasma for the re-
moval of immune anti-A/anti-B antibodies [9]. Residual
titers of < 1:8 met the criteria for ultra-low titres plasma,
which is approved for emergency use in several coun-
tries [3, 6]. However, the persistence of IgG anti-A/anti-B
antibodies in some units with initially high titers warrants
attention. While low residual titers present minimal clini-
cal risk, this phenomenon should be taken into account
when developing a product release standard [1, 3.

A key adverse finding of this work was an 18-20%
decrease in FVII activity across all plasma groups
(Figure). Notably, comparable loss magnitudes (12.8—
21.4%) have been described for other plasma process-
ing technologies, specifically lyophilization, which indi-
cates the particular vulnerability of this labile factor to
any technological impact; meanwhile, the mechanism of
losses during immunoaffinity adsorption appears to be
two-component (specific and non-specific). The specific
component is attributable to the fact that FVIII circulates
in plasma as a strong non-covalent complex with VWF,
which protects it from proteolysis [12, 16]; vVWF carries
ABO antigenic determinants on its surface, and the
adsorbent targeted at binding anti-A/anti-B antibodies
partially co-captures vVWF together with bound FVIII. The
non-specific component is associated with hydropho-
bic and electrostatic interactions between proteins and
the polymer matrix: under these conditions, the largest
complexes — fibrinogen and vVWF/FVIIl — are lost first.
Prolonged contact of plasma with the matrix at room
temperature also plays an additional role through the
contact inactivation of labile FVIII [18].

A fundamentally important finding was the differen-
tiated significance of FVIII losses across ABO groups.
For plasma from blood groups A and B, an 18-20%
decrease in activity did not cause the product to fall
outside the regulatory standard®: final values were

5 Government Decree of the Russian Federation No. 641 dated 14 May 2025 “On Approval of the Rules for the Collection, Storage, Transportation, and Clinical Use
of Donor Blood and its Components”. GOST R 53470-2009 Donor Blood and its Components: Guidelines for the Use of Donor Blood Components. Moscow:

Standartinform; 2010.
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80-115% against a requirement of > 70%. Conversely,
group O individuals exhibited 20-30% lower vVWF and
FVIIl levels [16, 17], which was confirmed by the base-
line values of 64-95% observed in this study. Due to
the superimposition of process-related losses, ad-
sorbed group O plasma failed to meet the FFP require-
ments (FVIIl = 0.7 IU/mL at expiration) in the majority of
cases, which precluded its labeling as FFP®. A paradox
emerged: the technology caused the greatest damage
to precisely the donor group that is the primary source
candidate for ABO-universal plasma [3].

The clinical significance of the identified decrease
in hemostatic potential is determined by the specific
clinical scenario. In a patient with massive hemorrhage,
plasma with reduced FVIII content fails to effectively
manage coagulopathy, thereby increasing the risks of
dilutional coagulopathy and transfusion-associated cir-
culatory overload’. This demonstrates that the clinical
utility of these plasma products depends primarily on
the preservation of their hemostatic activity, meaning
that the adoption of new products must not compro-
mise clinical efficacy [10, 11].

Three strategies can be employed to overcome the
identified limitation:

1. Regulatory reclassification: registering adsorbed
group O plasma as an independent component, specifi-
cally “universal plasma for emergency prehospital care.”
This component is primarily designed for intravascular vol-
ume resuscitation and support of primary hemostasis in
situations where recipient blood typing is impossible [7, 14].

2. Lyophilization: Prior domestic experience with
Lioplasma demonstrates that optimizing stabilization
conditions can maintain coagulation factor activity at
levels comparable to those in FFP [12, 15]. Furthermore,
process-related losses can be compensated for by add-
ing a FVII/VWF concentrate before sealing, which is
particularly essential for strategic stockpiles and military
medicine [7, 14].

3. Strict donor prescreening: selecting group O
samples with baseline FVIII activity of at least 95%. This
strategy guarantees regulatory compliance after 18—
20% losses, although at the expense of narrowing the
donor pool.

The feasibility assessment of this technology yields
controversial conclusions. In military and emergency
settings, the arguments in its favor are compelling: a
universal product that eliminates the necessity of blood
typing is critically needed during mass casualty inci-
dents and for building strategic stockpiles [7, 14]. In the
civilian sector, the high cost of the adsorbent increases
the product price, while the loss of labile coagulation
factors reduces clinical efficacy [11]. To address these
limitations, several alternatives to adsorption are cur-
rently under consideration:

e selection of group O donors with naturally low ag-

glutinin titers (< 1:8) [3, 6];

e pooling technology involving mutual antibody neu-

tralization — the Uniplas model [4];

e red blood cell collection without plasma preparation.

The study was performed in vitro on a limited num-
ber of samples; the clinical efficacy and safety of ad-
sorbed plasma were not evaluated. Residual anti-A/
anti-B antibodies of the IgG class require further inves-
tigation using sensitive methods. A comparative evalu-
ation of adsorbents and adsorption regimens (temper-
ature, contact time, flow rate) appears promising for the
purpose of minimizing FVIII losses. The assessment of
other labile coagulation factors (V, XI, proteins C and S)
and integral parameters (@PTT) was not an objective of
the current stage of research and is planned for future
studies.

While immunoaffinity adsorption effectively removed
anti-A/anti-B antibodies, this process was associated
with an 18-20% reduction in FVIIl activity — a loss that is
critically significant primarily for group O plasma. Further
development of this technology is feasible through the
optimization of adsorption regimens, donor prescreen-
ing, and/or reformatting the product into lyophilized uni-
versal emergency-use plasma.

CONCLUSION

Immunoadsorption ensured effective removal of anti-A
and anti-B antibodies from FFP (groups O, A, and B).
At initial titers of < 1:32, the antibodies were completely
eliminated; for initial titers ranging from > 1:32 to 1:512,
levels decreased to 1:2-1:8, meeting the international
criteria for ultra-low titres plasma. Adsorption was ac-
companied by process-related losses of Factor VIII at
a level of 18-20%, values comparable to losses as-
sociated with other plasma processing methods. The
FVIIl losses are regulatorily and clinically non-critical for
plasma from groups A and B (final activity: 80-115%);
however, they are critical for group O units (final ac-
tivity: 54.3-78.6%), which in most cases did not meet
the FFP requirements (FVIIl = 0.7 1U/mL). The devel-
opment of an ABO-universal plasma production tech-
nology using immunoaffinity adsorption is feasible as
a special-purpose product for emergency prehospital
care (including burn injuries), military medicine, and
strategic stockpiling. This is conditional upon the pre-
screening of group O donors with baseline FVIII activ-
ity > 95% and/or the reformatting of the product into
lyophilized “ABO-universal plasma” supplemented with
FVIII. In routine civilian practice, alternative approaches
are preferable: the selection of donors with low anti-A/
anti-B antibody titers and the application of plasma
pooling technology.

6 Government Decree of the Russian Federation No. 641 dated 14 May 2025 “On Approval of the Rules for the Collection, Storage, Transportation, and Clinical Use
of Donor Blood and its Components”. GOST R 53470-2009 Donor Blood and its Components: Guidelines for the Use of Donor Blood Components. Moscow:

Standartinform; 2010.

7 Zhiburt EB. Rules for plasma transfusion: A guide for physicians. Moscow: Meditsina; 2008.
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