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Fractionation in a nutshell

John Curling, JCC AB, Uppsala, Sweden
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Key figures for fractionated, plasma-derived products

ny

Global use of plasma-derived products, 2022 Global forecasts for 2026

Australian Red Cross Lifeblood

" 16.5 million people received a plasma-derived product “ Plasma for fractionation 90 million litres*
®  Immunoglobulin 360 tonnes 1
= 12.5 million were treated with a hyperimmune product * Albumin 1,400 tonnes-K~>?
(6.5 million in China) ® P-D Factor VIl 14 Billion units |
® 1gG: ~ 1.0 million were prescribed polyvalent IgG
(300,000 in the USA) 90.000 Global plasma for fractionation (litres x 000)
, 80.000 Growth rate 2022 — 2023, CAGR 12-14%
® Albumin: ~ 1.9 million were administered albumin 70.000
(almost 50% in China), mostly for acute conditions 60.000
50.000
® Coagulation factors: ~ 100,000 patients were treated 40.000
with FVIII, FIX, VWF complex or another P-D factor. 30000
20.000
® Other PDMP’s: ~ 1.0 million patients received another PDMP 10000 —Recovered Source —foal
(6% of the total) . T o
2010 2012 2014 2016 2018 2020 2022
* Four fractionators command 75% of the $35 Billion market (2024) 21N
A B
:::z:r:;i‘:r:;z{::grn:z: Robert, 2020, 2024, Statista, 2025
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Eight decades of innovation: integrated fractionation technologies

(1946) Cohn's Method 6 Rivanel(1956)
(1954) Kistler-Nitschmann Aqueous-two-phase-
partitioning-ATRS) (1960]
(1963) lon exchange : Sodium-citrate (1968)

chromatography

(1965) Cryoprecipitation PEG precipitation (1977)

(1972) PEG precipitation Continuous flow
pre-treatment electrophoresis-(1977)
Selid-phase
(1974) Affinity polyelectrolytes (1978)
chromatography
(1976) Ultrafiltration Caseade affinity

fractionation (1991)

Expanded bed

(2003) Caprylic acid, for IgG | adsorption (1997)

| Polyacrylic-acid-(2014)

Dry heat treatment (1983)

(1948) Pasteurisation ment (1985)
Low pH (1994)
IFF\ Nanofiltration (1995)
e 'mr.:z‘: Curling et al., 2025
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Separation and purification: science + technology/technical know-how

®  Cryoprecipitation, coagulation factors
® Ethanol precipitation, bulk products, HSA and IgG
®  Caprylic acid precipitation, IgG

" Depth filtration + filter aid, silica, Diatomaceous earth,
Bentonite, cellulose

®  Centrifugation, cryoprecipitate separation
® lon exchange chromatography, all proteins
® Hydrophobic interaction chromatography, C1H etc

" Affinity chromatography, ceruloplasmin, anti-A/Anti-B,
plasminogen, etc

® Reverse phase chromatography, S/D removal

®  Ultrafiltration, concentration, removal process reagents
® Diafiltration, buffer change

® S/D incubation, lipid envelope virus (LEV) reduction

®  Caprylic acid incubation, lipid envelope virus reduction
®  Pasteurization, virus reduction

®  Dry heat/vapour heat, virus reduction

® Nanofiltration, non-LEV reduction

" Sterile filtration, sterility

® Product hold at elevated temperature, security : J
I__,\ Chromatography Filter press separation

e iopsl pasma 2 Grifols, CSL, Takeda
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Cohn/Kistler-Nitschmann — Generalised hybrid fractionation A e E&

W §
Plasma Plasma
| l Biopharma
Thaw Cryosupernatant DEAE/QAE o %?nz ?;i - IE’/g 321 .
80°C — +1°C — 6°C _+1°C - 6°C -Flow through ! ~ | powin s '
\L A ¢
v v
CryOpI‘ecipitate DEAE-Adsorption 8upernatant | Fraction |
Fibrinogen. FVII] - EtOH  25% pH 69 - FilsHRogen; FVH-
gen, Temp -5°C [72 009 Complement proteins Clg, CTr,
Protein  30% Cls, cold insoluble globulin
I3 1 Fraction I+l1+Il/A+l (K-N)
DEAE-adsorbent Supernatant I+l Fraction I+l I9G, IgA, IgM
Factors II, VII, IX, X EtOH  18% pH 52 I9G, IgA, IgM,
Temp -3°C [72 009 LoagulationfFactorsk Vii-bG X
Protein  1.6% a- and B-Globulins
|
v v
QAE-Adsorption Supernatant V-1 Fraction IV-1
EtOH  40% pH 58 a- and B-Globulins, IgM
Temp -5°C [72 009 a-Antitrypsin, Antithrombin |l
Protein  10% Complement proteins
T
. * ¢ . 0
~ 2,000 — 4,000 litre QAE-adsorbent Supernatant V-4 Fraction IV-4 Final product may be derived
: ibi EtOH  40% H 48 - and B-Globulins, H
batCh size O ililaiier Temp =5%C IE}Z omn Hoptuogcllc?bin, CergIch‘;I)rI]cjsmin, from 50’000 donatlons
~ 20 PDMP’s B JEnsETo 7-10 months: collection to use
v v
Supernatant V Fraction V
Albumin, a- and B-Globulins

Adapted from Curling et al,, 2025
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Ethanol precipitation

Upstream process | 5| cryosupernatant Cryoprecipitation Viru§ and_ prion remgval_capacity of the cold ethanol
Cryopreciptation fractionation/depth filtration process
Adsorption of i
coagulation factors, Fraction | Fibrinogen Supernatant A + | Table 5 Virus and prion removal capacity of the upstream cold ethanol
ATIII precipitation i fractionation/depth filtration process
Fraction I+l Fraction IV Virus/prions pH Reduction factor (log,,)**
recipitation
P P l HIV-1 Min > 52
Fraction V Max >51
lI+11l paste +15 vols BVDV Min 08
1mS/cm, pH 5 i Max 1-9
: - Didafiltration PRV Min >50
Filter aid Max > 48
Depth filtration, 0.45 ym i HAV Regular 39
. EMCV Min 3-8
Anion exchange M 44
25% Ethanol chromatograph o o
Downstream process precipitation graphy B19V Regular 58
Viral inactivation i MMV Min 47
S/D, nanofiltration Max > 51
L i Bulk pasteurization
Purification <] DISSO',Ve I9G ppt P PrP™E (crude brain homogenate) ~ Max >36
Depth filter, 0.2 pym i Max >3.7
: ; e PrPTE (mi | fracti M 221
~ 65% overall yield ~ 75% purity Filling P micosomalfacton) - Max 221
4.5 g IgG/L plasma i _
Assumed starting plasma, 7g/L — Max, maximum; min, minimum.
Immunoglobulin solution Pasteurization 2Viral load determined by infectivity assays all samples except B19V, for

10%

Albumin solution
4-5%, 20-25%

which PCR was used.

®The >' and '>' symbols indicate complete removal.

I \
international plasma and
fractionation associat tion

®JMC/JCC AB

Teschner et al. 2006, Poelsler 2008, Matejtschuk ef a/. 2000
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Downstream purification and viral reduction/inactivation

Product example Plasma Purification sequence o
intermediate
Factor VIII Cryoprecipitate Re-suspend — Al(OH); adsorption — centrifugation — filtration — S/(D treatment — anion exchange
LFB, Factane chromatography — FVIII/VWF dissociation (CaCl,) — 35nm,15nm nanofiltration — re-association — diafiltration
— lyophilization
Fibrinogen Cryoprecipitate Re-suspend — Al(OH); adsorption — glycine precipitation — S/D treatment — depth filtration — anion exchange
Intas, Fibrogen-| chromatography — diafiltration — lyophilization — dry heat treatment, 100°C/30 min.
PCC Cryosupernatant Heparin/pH adjustment — anion exchange adsorption — S/D treatment — anion exchange chromatography —
Octapharma, Octaplex nanofiltration - DF/UF — Heparin/pH adjustment — Iyophilization
Factor IX PCC Anion exchange chromatography — S/D treatment — removal of S/D reagents — heparin affinity
Octapharma, Octanine F chromatography — nanofiltration — UF/DF — Iyophilization
C1 esterase PCC supernatant AmSQO, precipitation — pasteurization — AmSQO, precipitation — hydrophobic interaction chromatography —
CSL nanofiltration - DF/UF — lyophilization
AAT Fraction IV 1,4 Re-suspend — PEG precipitation — S/D treatment — anion exchange chromatography — UF//DF — cation
Grifols, Prolastin exchange chromatography — nanofiltration - UF/DF — lyophilization
IgG Fraction 1+I+I11— 11 Re-suspend — depth filtration — diafiltration — anion exchange chromatography — S/D treatment — depth
GC Biopharma, ALYGLO filtration — cation exchange chromatography — UF/DF — nanofiltration, 20 nm — UF
Albumin Fraction V (Initial plasma pool treated with diatomaceous earth) Re-suspend — diafiltration — anion exchange
Kedrion (BPL) Zenalb chromatography — bulk pasteurization — post-filling pasteurization
Hyperimmune IgG Hyperimmune plasma Thaw and dilute plasma — Lipid precipitation — clarification/dilution — anion exchange chromatography —
(Cangene) ) nanofiltration, 20nm — ultrafiltration — S/D treatment — reverse-phase chromatography — UF/DF— formulation
Il'tg\ Adapted from Curling, 2025
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Virus safety steps

Data from the CDC Hemophilia Surveillance Program
100

® At least two orthogonal viral inactivation steps 4 TE [ G
. . - 3 OO’
iy VIRUS SAFETY TRIPOD . DedlC&’Fed, claimed o0 | HCV A, 0% 1992
[ | | ] Reduction factor ranges from >10 4410 10 >12 10410 3 HIV-1 0, 0% 1984
-_— N . - " Total clearance >14 410 t0 >18 15410 2
- § o "  >10 0410 cONnsidered effective) g 60
55 83 &3 ® <10 virus particles in final product £
= = O] 3
5% $§ 2l &
€ g £ 22 L . g s
g9 5 & A ® S/D, Caprylic acid incubation §
S = ® Nandfiltration &
. . 20 —
[r’ H] [H Hl [H H] ® Pasteurization
¢ > ® Dry heat/Vapour heat
¢ > ®pH 4 forlgG T L L L L
] Partition effeCtS 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94
. . Year of birth
Precipitation Prevalence of blood-borne infections in haemophilic birth
Chromatography cohorts in the United States. Based on the results of laboratory
Depth filtration testing for HBV ('), HCV (4 ), and HIV-1 (o). The proportion
was zero for HIV after 1984, for HCV after 1992, and for HBV
after 1993.

“Overall, the experience gained in the past decades has resulted in an absence of pathogen transmission from the current generation of
plasma derivatives, but maintaining vigilance, and the surveillance of the emergence of infectious agents, is vital to ensure the continued
efficacy of the measures in place and the development of further interventions aimed at obviating safety threats” Farrugia A, 2023

S
Ir—=\ | _ |
e omnon e o Farrugia, 2023, Turecek et al. 2022, DichtelmUller, 2013, Soucie, 2001
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Virus reduction

Solvent/detergent inactivation Sodium caprylate inactivation ,
Inactivation of viruses in labile blood derivatives. |. Disruption of lipid- Example from IVIG manufacturing - NBI
enveloped viruses by tri(n-butyl) phosphate detergent combinations
Horowitz ef a/. New York Blood Center, 1985

Log,, virus reduction

Process step HIV-1 PRV BVDV Reo HAV PPV
Classical combination: TNBP/Triton X-100 coom / o o
g . . . .. aprylate precipitation 24103 21104 26+02 22101
REACH* classification of Triton X-100: ecological toxicity etime
A|ternatlve DeVIrOI’l 1 3'89 (nOI’\-IOI’]IC C1 1 'C1 5 a|COhO|) Caprylate incubation >45 > 46 > 45 ND ND ND
Eliminated in downstream process (ICH Q6B) Depth filtration ND ND ND >43 220 33+03
Biodegradability demonstrated (Sustainability) Column chromatography 230 233 40£03 240 214 42402
Low-pH incubation 265 243103 35104 ND ND ND
*REACH: EU Registration, Evaluation, Authorisation and Restriction of Chemicals Global reduction? >140 >12:2 > 144 > 61 >36 64
Deviron® 13-S9 in Cryo-Poor Plasma with 0.3% Data are expressed as mean * SD log,, virus inactivated or partitioned.
TnBP at 15°C and 22°C 2Depth filtration not included (see ref. 35).
7.0 q BVDV, bovine viral diarrhoea virus; HAV, hepatitis A virus; HIV-1, human immunodeficiency virus 1; ND, not done; PPV, porcine parvovirus; PRV, pseudorabies
6.0 | M virus; Reo, reovirus type 3.
& Virus Size (nm) LRV*
>0 Nanofiltration
E 4.0 Examp|e for Planova 20nm Minute virus of mice, MVM (N) 18-24 >53
>
230 . Porcine parvovirus, PPV (N) 18-24 >58
%% Triton™ X-100. 15°C Virus removal for IgG —
2.0 _:_1-83 T::tz:"" X-100, rec Filtration to 150 L/m? of1 mg/mL h-lgG Pseudorabies virus, PRV (E) 120-200 >54
=o=1.0% - y . .
] 9 iron® 13- ° SO'U“OF‘ in 100 mM NaCl on Planova Encephalomyocarditis virus, EMCV (N 25-30 >59
1.0 _:_i'gof’ g:z:?:@ i: :Z’ ;;g S20N filters at 196 kPa. Process pause P Y ’ (N) =
0.0 . it on o . for 30 min, additional 15 L/m? filtration Bovine diarrrhoea virus, BVDV (E) 50-70 >59
0 60 120 180 240 (Data from Asahi) - — -
Time (min) Human immunodeficiency virus, HIV (E) 80-120 =41
Pseudorabies Virus T No detectable virus * Total pool virus LRV after 30 min process pause. LRV =average of duplicate runs
S
irrs . . o
e omnon e o Banerjee et al. 2025, Antonello 2025, Lebing 2003, Hongo-Hirasaki et a/. 2025

® JMC/JCC AB Plasma Collection and Supply, Leuven, Belgium,11-12 February 2026



Immunoglobulin process example: virus and prion clearance

Pooled donor plasma
~ 4,200 =400 L

Precipitation Fraction /Il | Q

Suspension Fraction /Il |

Ultra-/diafiltration

|
|
| Caprylic acid treatment
I
|

Low pH treatment (pH 4.0) >

Anion exchang
chromatograph

IgM
conc.

Cation exchange chromatography |

I
| Nanofiltration (20 nm)
| Ultra-/diafiltration

Final product
10% formulation/ filling
~ 950 x 200 mL

1. ~21% of protein load
2. ~78% of protein load

) bl

international plasma and
fractionation association

[ Lipid- enveloped I[

Non-enveloped

HIV BVDV HAV EMCV B19V PPV HEV
W) @ o i o o 0
b N
100 65(50) 200 (45) 27 30 18-26 25 27-34
I—) () @ O ° @
| 25.64 25.97 26.21 24.39 2.48 1.01 24.96
26.63 24.31
( o °
2.62 23.95 25.86 3.21 21.15
> 24.72 24.72 24.37 24.93 24.33 6.12
Summary virus inactivation rates (log1o) |
216.99  213.31 26.21 212.71 24.93 212,67  10.34  26.11

Viral clearance for an immunoglobulin process
(EU approval 2022, US approval 2024)

Prion clearance estimate >10.45 419 t0 = 12.59 5410

Prion clearance by ethanol precipitation (relative to supernatant)

7.0
= 6.0 T 056 - T
S 50 | .
= Aa3 o 0 46 A4z
§ 407 —- : 41 ‘
€ 30f @29 33 = ®31
° 1 - 'y ,
& 20 - 2.0 -
1.0 +
0.0
EtOH 10 -12% 10/0.5%FA 14% 17% 19 - 20% 25% 38-40%
pH 48-5.1 4.9 5.1 54 59-6.9 71 59-6.6
Assay BC=10,BA=0 BC=4,BA=0 BC=7,BA=0 BC=3, BA=1 BC=10, BA=3 BC=6,BA=0 BC=13,BA=0
Spike cl, mi, cr, pu, de mi, pu c mi, cr cl, mi, cr, pu, de ca, mi, cr, pu,de ca, cl, mi, cr, pu

Prion clearance by chromatography (target protein bound)

7.0
. 607
[d
o 0 +
2 50 - 0 a6
S 40 Q 4.0 Ao 035 N
£ s - . 34
3 3.0 ® 26 ¥ 30 25 A 30
g 207 819
1.0 +
0.0
Chromt. Anion Aged Anion DEAE/Carbon Cation Heparin Immunoaffinity Hydrophobic
Assay BC=21,BA=3 BC=3,BA=0 BC=2,BA=0 BC=3,BA=0 BC=4,BA=1 BC=2, BA=1 BC=2, BA=0
Spike mi, cr, de de mi, pu mi, de cr, de mi, cr mi, pu

Poelsler et al. 2025, Cai et al. (PPTA) 2013
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Manufacturing scale: an example

Biotest project
VTU Engineering (+ >100 contractors)

® 1.4 Million litres plasma
®  Albumin, IgG, IgM, Fibrinogen

®  Approx.1,000 process devices and equipment units
® 160 tonnes steel construction and brackets

® 35 km of pipes, approx. 41,000 pipe components

® 6,000 valves

® 250 control cabinets

= 241 P&ID

®  Production building:

®  Dimension: 60 x 100 m = 6,000 m2

® Building height: 32 m from ground level

|

Gross floor area (GFA): 31,750 m?
(= 4.5 football pitches)
® 300 new positions

fractionation association

Core engineering: 50
Total project: 180 engineers

Plasma cold storage

Defrosting area incl. cutting area

Filter aids / Weighing

Ultra pure media (AP, WFI, ultra pure steam)
Preparation of CIP solutions

Preparation of buffer solutions

Fractionation

Heating / cooling media, heating steam

Combined Heating and Power units (Sustainability)
Compressed air -
Tank farm incl. tanking (solvent, acid, lye, heating oil)
Waste water collection and treatment (Sustainability)
Process exhaust air -
Support area (cleaning, autoclaving)

Biotest/VTU

®JMC/JCC AB
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Future plasma fractionation

Fractionator 1

S AT Il —> Use of plasma, 2006
Modular fractionation 2" module
18t module, Tested at scale completed First licensed product Licensed product A1PI L
Construction Global regulatory filings  US Filings from US facility
} i } 1 } ! Fx ey
2025 2026 2027 2028 2029 2030 EVII i/
Fractionator 2 Albumin )
Yield improvement over 2023
>5% lgG yield >10% IgG yield >20% IgG yield >30% IgG vield IVIG _ 'f
T T T T T T 2,5 7,5 10 12,5 15 17,5 20@
2025 2026 2027 2028 2029 2030 P'asma Litres, Millions
roatia, Indonesia, Malaysia, Poland, Romania, Turkiye, Ukraine (West), Uzbekistan ............. . . .
| c y y ( ) -~ First/last litre economics, 2013
n
- 500 -
©
- : - . . & 400
® Bioprocessing 4.0 “The realization of Industry 4.0 promises digitally B 300" o
. A . . =
= Digitalization integrated facilities with fully automated manufacturing, T 200 US$ 224
. . . . C |- _ _ _ B _ _ _ _ B _ _ _ B . _ _ _ _ _
real-time traceability, standardized procedures and agile 2 100 Plasma,
B Sustainabilit ” T g : : L 20
y processes. IgG, HSA,  IgG, HSA, lgG, HSA IgG
VI FIX FVIII
m|gG mHSA oF VI oF IX
Irr\ | . .
wionsion esecstion Grifols 2005/6, Goss & Curling 2013, von Bonsdorff et al 2025, Farid et al. 2023
®JMC/JCC AB
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John Curling, JCC AB, Uppsala, Sweden
IPFA/EBA, Leuven 2026, Reference List

Tiselius A. Electrophoresis of serum globulin: Electrophoretic analysis of normal and immune sera. Biochem J.
1937 Sep;31(9):1464-77. doi: 10.1042/bj0311464. PMID: 16746478; PMCID: PMC1267100.

Diagram from: Feldaker M, Brunsting LA, McKenzie BF. Paper electrophoresis of serum proteins in selected
dermatoses. J Invest Dermatol. 1956 Apr;26(4):293-309; discussion, 309-10. doi: 10.1038/jid.1956.40. PMID:
13319817.

Cohn EJ, Hughes Jr WL, Weare JH. Preparation and properties of serum and plasma proteins. XIII.
Crystallization of serum albumins from ethanol-water mixtures. ] Am Chem Soc 69 1947;69: 1753-1761

Robert P. Plasma-derived medicinal products (PDMP’s) and plasma supply into the future. European Blood
Alliance and International Plasma and Fractionation Association. Amsterdam, The Netherlands, 14-15 January
2020.

Robert P. The global demand for PDMPs: current scenario and future trends [Internet]. The supply of plasma-
derived medicinal products in the future of Europe; 2024 Apr 23 [cited 2024 Aug 29]; Rome. Available from:
https://www.centronazionalesangue.it/wp-content/uploads/2024/05/1a.Robert-Final2-1.pdf

Curling J, Farrugia A, von Bonsdorff L. The past, present and future of blood plasma fractionation. Biologicals.
2025 Jun 28;91:101849. doi: 10.1016/j.biologicals.2025.101849. Epub ahead of print. PMID: 40582323.

Teschner W, Butterweck HA, Auer W, Muchitsch EM, Weber A, Liu SL, Wah PS, Schwarz HP. A new liquid,
intravenous immunoglobulin product (IGIV 10%) highly purified by a state-of-the-art process. Vox Sang. 2007
Jan;92(1):42-55. doi: 10.1111/j.1423-0410.2006.00846.x. PMID: 17181590.

Poelsler G, Berting A, Kindermann J, Spruth M, Himmerle T, Teschner W, Schwarz HP, Kreil TR. A new
liquid intravenous immunoglobulin with three dedicated virus reduction steps: virus and prion reduction
capacity. Vox Sang. 2008 Apr;94(3):184-192. doi: 10.1111/j.1423-0410.2007.01016.x. Epub 2007 Dec 19.
PMID: 18167162.

Matejtschuk P, Dash CH, Gascoigne EW. Production of human albumin solution: a continually developing
colloid. Br J Anaesth. 2000;85(6):887-895.

Farrugia A. The Evolution of the Safety of Plasma Products from Pathogen Transmission-A Continuing
Narrative. Pathogens. 2023 Feb 15;12(2):318. doi: 10.3390/pathogens12020318. PMID: 36839590; PMCID:
PMC9967166.

Turecek PL, Hibbett D, Kreil TR. Plasma procurement and plasma product safety in light of the COVID-19
pandemic from the perspective of the plasma industry. Vox Sang. 2022 Jun;117(6):780.

Dichtelmiiller H. Ensuring virus safety of plasma products. In: Bertolini J, Goss N, Curling J, editors.
Production of plasma proteins for therapeutic use”. 2013, p. 361-368.

Soucie JM, Richardson LC, Evatt BL, Linden JV, Ewenstein BM, Stein SF, Leissinger C, Manco-Johnson M,
Sexauer CL; Hemophilia Surveillance System Project Investigators. Risk factors for infection with HBV and
HCV in a large cohort of hemophiliac males. Transfusion. 2001 Mar;41(3):338-43. doi: 10.1046/j.1537-
2995.2001.41030338.x. PMID: 11274587.

Banerjee K, Antonello A, Johnson S, Licht A, Rapp A, Miller C. Demonstrating the Effectiveness of an
Alternative to Triton X-100 for Detergent-Mediated Viral Inactivation in Biomanufacturing. Biotechnol Bioeng.
2025 Feb 5. doi: 10.1002/bit.28940. Epub ahead of print. PMID: 39907238. Last accessed 17.03.25.

Antonello A. From sunset to sunrise: Deviron® detergents elevate efficiency and sustainability for viral
inactivation in plasma processing. 13" International Plasma Product Biotechnology Meeting, Dubrovnik, 7-11
April 2025.

JMC/JCC AB February 2026



Hongo-Hirasaki H, Fukutomi, H. Performance features of virus removal filters with novel regenerated cellulose
hollow fiber membranes. iScience 28, 111701 February 21, 2025 Elsevier Inc.
https://doi.org/10.1016/].is¢1.2024.111701

Poelsler G, Berting A, Kindermann J, Spruth M, Himmerle T, Teschner W, Schwarz HP, Kreil TR. A new liquid
intravenous immunoglobulin with three dedicated virus reduction steps: virus and prion reduction capacity. Vox
Sang. 2008 Apr;94(3):184-192. doi: 10.1111/1.1423-0410.2007.01016.x. Epub 2007 Dec 19. PMID: 18167162.

Poelsler G, Asper M, Liilf S, Zirkel F. Validation of adventitious agent safety in Yimmugo®, a novel IVIG
preparation for human use. Current Research in Biotechnology. 2025 Sep 15:100333.

Cai K, Groner A, Dichtelmiiller HO, Fabbrizzi F, Flechsig E, Gajardo R, von Hoegen I, Jorquera JI, Kempf C,
Kreil TR, Lee DC. Prion removal capacity of plasma protein manufacturing processes: a data collection from
PPTA member companies. Transfusion. 2013 Sep;53(9):1894-905.

Grifols V. Financing plasma proteins: unique challenges. Pharmaceuticals Policy and Law. (Valverde JL, Editor)
2006;7(1):185-198. doi:10.3233/PPL-2006-00118

Goss N, Curling J. The economics of plasma fractionation. In: Bertolini J, Goss N, Curling J, editors. Production
of plasma proteins for therapeutic use. John Wiley & Sons, Hoboken, NJ; 2013, p. 451-460.

von Bonsdorff L, Farrugia A, Candura F, O'Leary P, Vesga MA, De Angelis V. Securing commitment and
control for the supply of plasma derivatives for public health systems. I: A short review of the global landscape.
Vox Sang. 2025 Feb;120(2):114-123. doi: 10.1111/vox.13758. Epub 2024 Oct 30. PMID: 39477346; PMCID:
PMC11839246.

Farid SS, Dikicioglu D, Goldrick S, Lye GJ. Delivering the digital skills needs of the bioprocessing sector:
realizing the vision of Industry 4.0 for your organization. BioProcess International. 2023;21(1-2):20-5.

JMC/JCC AB February 2026



Acknowledgements and thanks: . |

IPFA, PPTA, friends and colleagues of thé

~. 'y

=

“We might be lying in the gutter, but we aré Iookingfét;the stars”

Oscar Wilde




