
Trans mis si ble spon gi form en ceph al op a ties (TSEs), also known 

as prion dis eases, are a group of fatal neu ro de gen er a tive dis or-

ders affect ing sev eral mam ma lian spe cies [1]. The main fea tures 

of these dis eases include the spon gi form degen er a tion of the brain 

and the accu mu la tion of an abnor mal iso form of the prion pro tein, 

termed PrPSc [2]. PrPSc appear to be the main (or sole) com po nent 

of the infec tious agent [2,3]. Although prion dis eases are rare in 

humans, the estab lished link between the new var i ant form of   

Cre utz feldt–Ja kob dis ease (vCJD) and the con sump tion of cat tle 

meat con tam i nated by bovine spon gi form enceph a lop a thy (BSE) 

have raised con cern about a pos si ble out break of a large epi demic 

in the human pop u la tion. Over the past few years, BSE has become 

a sig nif  cant health and eco nomic prob lem affect ing many coun-

tries, prin ci pally in Europe. In addi tion to BSE epi dem ics, the inci-

dence of other pri on op a ties in eco nom i cally rel e vant spe cies such 

as sheep, goats, and cer vids presents an alarm ing sce nario to the 

ani mal farm ing indus try. More over, the pos si ble spread of BSE in 

other spe cies (i.e., sheep, goats, and por cine) has raised a con cern 

about the emer gence of multiple new sources of pri ons that may 

pos si bly affect human pop u la tion [4].

The iden ti f ca tion of PrPSc and infec tiv ity in blood opens a 

new source of pub lic health con cern [5–9]. This alarm ing infor-

ma tion urge the devel op ment of meth od ol o gies able to remove 

pri ons from organs and flu ids des ig nated for trans plant or trans-

fu sion. Exac er bat ing this state of affairs is the lack of a reli able 

test to iden tify indi vid u als incu bat ing the dis ease dur ing the long 

and silent period from the infec tion to the appear ance of clin i cal 

symp toms [10]. Recent stud ies had dem on strated that vCJD can 

be iat ro gen i cally trans mit ted from human to human by blood 

trans fu sion [11,12]. Trans mis sion of prion dis ease through blood 

trans fu sion has also been described in sheep and exper i men tal 

rodents [8,9]. Since blood used for trans fu sion was taken from 

ani mals and humans months or years before the onset of clin i cal 

dis ease, and because mil lions of people have been exposed to BSE 

infected mate rial, there is a large con cern that a portion of donated 

blood units might be con tam i nated with pri ons. The lack of rou-

tine meth od ol o gies approved to detect infec tious pri ons in blood 

 cre ates a need for prion elim i na tion devices, which must be suit-

able for high through put and effec tive ness with out affect ing the 

qual ity of blood com po nents.

The dynamic and dis tri bu tion of PrPSc and infec tiv ity in dif fer-

ent blood frac tions is unknown, but recent stud ies sug gest that 

at pre-symp tom atic stages of the dis ease PrPSc may be mostly 

attached to white blood cells (WBCs) orig i nat ing from early 

periph e ral prion rep li ca tion in lym phoid tis sues [6]. Later in the 

dis ease, a substantial amount of PrPSc is pres ent in plasma and 

red blood cells (RBCs) where it seems to be mostly not cell asso ci-

ated and com ing from brain leak age [6,13] (Mar ce lo Bar ria and CS, 

unpub lished data). These fnd ings sug gest that there are two pools 

of infec tious PrPSc in blood; one that is cell asso ci ated that can be 

mostly elim i nated by effi cient leu ko re duc tion and a sec ond pool 

freely cir cu lat ing in plasma and con tam i nat ing RBC prep a ra tions. 

Indeed, it was reported that leu co fl tra tion removed 42% of the 
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total TSE infec tiv ity in endog e nously infected blood [14]. Leu co re-

duc tion is effi cient for the removal of WBC-asso ci ated TSE infec tiv-

ity from blood; how ever, it is not, by itself, suffi  cient to remove all 

blood-borne TSE infec tiv ity [14].

Every year, about 75 mil lion units of blood are col lected world-

wide [15]. RBC trans fu sion is one of the treat ments most exten-

sively used in clin i cal practice. To reduce the risk for infec tion, RBCs 

can be fl tered, washed, fro zen, or irra di ated for spe cifc indi ca tions 

[15]. It has been sug gested that PrPSc in RBCs can be depleted with 

spe cifc adsorp tive ligand res ins. Indeed, a recent study reported 

that PrP-bind ing res ins were able to reduce infec tiv ity titer by 3 

to more than 4 ID50 units [16]. We hypoth e size that PrPSc in RBCs 

prep a ra tions can be removed by a sim ple wash ing of this frac tion, 

since the infec tious agent appears not to be tightly bound to RBCs. 

Var i ous pro ce dures to wash RBC prep a ra tions are cur rently being 

used to purify the cells before use for blood trans fu sion [15]. In 

order to assess PrPSc removal from the fnal pRBC frac tion we used 

a ham ster exper i men tal model of prion dis eases. We assessed the 

removal of pri ons by infec tiv ity bio as says as well as by study ing 

the lev els of PrPSc using Western blot and pro tein mis fold ing cyclic 

ampli f ca tion (PMCA) tech nol ogy.

Mate rials and meth ods

Prep a ra tion of PrPSc sam ples. Symp tom atic 263K infected 

ham sters were sac ri fced by CO2 inha la tion and brains were 

col lected. Ten percent brain homog e nates (w/v) were prepared 

in phos phate-buf fered saline (PBS) plus Com plete™ cock tail 

of pro te ase inhib i tors (PI) (Bo eh rin ger Mann heim, Mann heim, 

Ger many). The sam ples were clar i fed by a brief, low-speed cen-

tri fu ga tion (1500 rpm for 30 s). Brain homog e nates were mixed 

with 1 vol ume of 20% sarko syl and the mix ture was homog e-

nized and son i cated using a Ban de lin So no plus so ni ca tor. This 

sam ple was cen tri fuged at 100,000g for 1 h at 4 °C. Super na tant 

was dis carded and 2 vol umes of PBS plus PI were added to pel-

lets. Ultra cen tri fu ga tion step was repeated. Super na tants were 

dis carded and pel lets were resus pended in 1 vol ume of PBS by 

pipet ting and son i ca tion. The sam ple was stored at ¡80 °C until 

use.

Treat ment of spiked blood sam ples with the pro to type cell sep a-

ra tion and wash ing device. The cell sep a ra tion and wash ing device 

was capa ble of pro cess ing two partial units of whole blood at 

one time. Three units of whole blood from Inter state Blood Bank 

(in Ten nes see) were used in this study. Each unit was leu ko re-

duced using a Pall™ Leu ko trap Fil ter. Two hun dred and thirty-fve 

milliliters of each unit was trans ferred into a cen tri fu ga tion bag. 

Five mil li li ters of the remain ing whole blood from each unit was 

trans ferred into a 15 mL con i cal tube to serve as a neg a tive con trol. 

Each of the three cen tri fu ga tion bags was spiked with 5 £ 106 LD50/

mL of PrPSc. Five mil li li ters of the mix ture were removed from each 

bag and trans ferred to a 15 mL con i cal tube to serve as a positive 

con trol. Two units of prion spiked whole blood were loaded into 

the cen tri fuge (Fig. 1). Plasma was expressed by cen tri fu ga tion 

of the whole blood for approx i mately 15 min at 3000 rpm bring-

ing the pRBC hemat o crit to 795%. Each pRBC unit was washed 

with 120 mL of nor mal saline solu tion. Saline was expressed by 

cen tri fu ga tion of the RBCs for approx i mately 15 min at 3000 rpm 

bring ing the pRBC hemat o crit to 795%. Five mil li li ters of pRBCs 

fnal frac tion were removed from each bag and trans ferred to a 

15 mL con i cal tube to serve as a post-treat ment sam ple (Fig. 1). 

The entire pro cess can be per formed in approx i mately 30 min.

Anal y sis of the qual ity of packed red blood cells. To assess RBC 

qual ity after wash ing, whole blood was washed as pre vi ously 

described with out a PrPSc spike. After, the saline was expressed 

and dis carded, and a full vol ume bag of AS-3 (GNI AS-3 Stor age 

Solu tion, Lar ne, UK), approx i mately 107 mL, was added for stor age 

at 4 °C. Stored RBCs were mon i tored on days 35 and 42 of stor age to 

assess blood gases (pO2, pCO2), CBC (Bec ton–Dick in son Coul ter AcT 

Diff, Ful ler ton, CA), and bio chem is try; pH with Acc umet research 

AR20 meter, lactate, glu cose, Na+, K+, met he mo glo bin, plasma free 

hemo glo bin, and hemo ly sis (cal cu lated: % Hemo ly sis = [(hemo glo-

binfree mg/dL) £ (1 ¡ Hct)/(hemo glo binTotal g/dL)] £ 100).

PrPSc con cen tra tion by sarko syl pre cip i ta tion. For detec tion of 

PrPSc in blood frac tions, it was frst nec es sary to con cen trate diluted 

sam ples, which can not be loaded directly into a gel or that inter fere 

with elec tro pho re sis and blot ting. The con cen tra tion pro ce dure 

con sists in add ing 1 vol ume of 20% sarko syl, incu bate the mix ture 

for 10 min at room tem per a ture and cen tri fuge it at 100,000g for 

Fig. 1. Schematic rep re sen ta tion of the RBC wash ing pro ce dure. Dif fer ent units of human whole blood were spiked with par tially puri fed 263K PrPSc and sam ples were 

treated using the pro to type device to sep a rate and wash RBCs. From this puri f ca tion pro to col com plete spiked blood (positive con trol), expressed plasma, saline wash, and 

pRBCs sus pen sions were obtained. PrPSc lev els in each frac tion were eval u ated by Western blot, PMCA, and/or infec tiv ity stud ies. Deter mi na tions were done by trip li cate in 

inde pen dent exper i ments.



  

1 h at 4 °C. Super na tants are dis carded and pel lets are resus pended 

into 2 vol umes of 10% sarko syl. Cen tri fu ga tion pro cess is repeated 

in order to assure the com plete removal of blood com po nents. 

Super na tants are dis carded and pel lets are resus pended in PBS by 

son i ca tion. Fol low ing this pro to col, PrPSc is recov ered in the pellet 

frac tion with a yield higher than 90%.

PrPSc detec tion. Sam ples are frst digested with 12.5 lg/mL of 

pro tein ase K (PK) at 37 °C for 1 h and the reac tion was stopped by 

add ing Nu PAGE LDS sam ple buffer. Pro teins were then frac tion ated 

by elec tro pho re sis using 4–12% sodium dode cyl sul phate–poly-

acryl amide gels (SDS–PAGE) under reduc ing con di tions, elec tro-

blot ted into Hy bond-ECL nitro cel lu lose mem brane and probed 

with the 3F4 anti body (Co vance, Emery ville, CA) (dilu tion 1:5000). 

The immu no re ac tive bands were visu al ized by ECL Plus Western 

blot ting detec tion sys tem and quan ti fed by den si tom e try using a 

UVP Bioi mag ing sys tem EC3 appa ra tus (UVP, Upland, CA).

PMCA pro ce dure. The detailed PMCA pro to col, includ ing trou-

ble shoot ing, has been pub lished else where [17]. Briefly, sam-

ples were mixed with 10% nor mal brain homog e nate prepared in 

 con ver sion buffer and loaded onto 0.2-mL PCR tubes. Tubes were 

posi tioned on an adap tor placed on the plate holder of a mi croso-

ni ca tor (Miso nix Model 3000, Farm ing dale, NY) and pro grammed 

Table 1

Red blood cells qual ity after stor age in AS-3. Bio chem i cal param e ters of packed red blood cells 35 and 42 days after treat ment with the wash ing pro ce dure. Val ues rep re sent 

aver age ± stan dard devi a tion.

Stor age Lactate (mmol/L) Glu cose (mmol/L) pH pO2 (mmHg) pCO2 (mmHg) Plasma Hb (mg/dL) % Hemo ly sis

Day 35 (mean ± SD) 143 ± 1.9 18.0 ± 5.1 6.3 ± 0.1 54.4 ± 12.8 51.9 ± 8.5 187.9 ± 96.1 0.4 ± 0.2

Day 42 (mean ± SD) 16.6 ± 2.4 16.2 ± 3.8 6.2 ± 0.1 58.1 ± 13.2 53.2 ± 8.3 244.1 ± 157.0 0.6 ± 0.3

Na+ (mmol/L) K+ (mmol/L) WBC (106/mL) Hb (g/dL) % Hct MCV (fL) MCH (pg) MCHC (g/dL)

Day 35  

(mean ± SD)

106.2 ± 11.9 41.5 ± 3.4 0.1 ± 0.0 18.5 ± 0.9 57.1 ± 2.4 88.1 ± 7.8 28.7 ± 3.1 32.4 ± 1.0

Day 42 

(mean ± SD)

101.2 ± 4.1 45.9 ± 3.6 0.1 ± 0.0 18.4 ± 0.9 57.1 ± 2.0 88.1 ± 7.1 28.3 ± 3.0 32.3 ± 1.1

Total
Blood

Supernatant 1
Expressed Plasma

Supernatant 2
Saline Wash

Final Pellet
Red cells

All fractions spiked 
at 5x106 LD50

30
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Saline Wash
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Fig. 2. Lev els of PrPSc in dif fer ent frac tions of spiked blood obtained by the frac tion ation and wash ing pro ce dure. (A) Con trol exper i ment to eval u ate the yield of PrPSc recov ery 

by the sarko syl pre cip i ta tion pro ce dure. Blood sam ples were sub jected to the pro to col to sep a rate and wash RBCs and all the frac tions in the pro ce dure were col lected and 

spiked with PrPSc amount equiv a lent to 5 £ 106 LD50. There af ter sam ples were pre cip i tated with sarko syl and equal amounts of the pellet were ana lyzed by Western blot. (B) 

Rep re sen ta tive Western blot show ing PrPSc lev els in dif fer ent frac tions after treat ment with the pro to type cell sep a ra tion and wash ing pro ce dure. (C) Detec tion of PrPSc by 

Western blot at dif fer ent dilu tions. The frst lane rep re sents the quan tity of PrPSc added to the blood sam ples, which con tains the equiv a lent to 5 £ 106 LD50. This con cen tra-

tion was seri ally diluted by 10-fold to assess the limit of detec tion of Western blot assay.



 

to per form cycles of 30 min incu ba tion at 37 °C fol lowed by a 20 s 

pulse of son i ca tion set at 60% potency.

In vivo infec tiv ity stud ies. Four to six-week-old female Syr ian 

Golden ham sters were anes the sized and ste reo tax i cally injected 

in the right hip po cam pus with 4 lL of the sam ple. The onset of 

clin i cal dis ease was mea sured by scor ing the ani mals three times 

a week as described [3]. Brains were extracted and the right cere-

bral hemi sphere was fro zen and stored at ¡70 °C for bio chem i-

cal exam i na tion of PrPSc using Western blot anal y sis and the left 

hemi sphere was fxed in 10% form al de hyde solu tion, sec tioned 

and embed ded in par affi n. Serial sec tions (6 lm thick) from each 

block were stained with hema tox y lin–eosin, using stan dard pro to-

cols or incu bated with an anti body rec og niz ing the glial fbril lary 

acidic pro tein (GFAP) (Dak o Cy to ma tion, Car pin te ria, CA). Immu-

no re ac tions were devel oped using the per ox i dase–an ti per ox i dase 

method, fol low ing the man u fac turer’s spec i f ca tions.

Results

The exper i men tal pro ce dure con sisted of spik ing two groups of 

entire blood units with par tially puri fed ham ster PrPSc equiv a lent 

to a 5 £ 106 LD50. One group was washed by the pro to type wash-

ing device and the other was left untreated (Fig. 1). The fnal RBC 

 pel lets were resus pended in PBS and ali quots used for Western 

blot, PMCA, and to infect wild-type ham sters. Washed, packed 

human RBCs pro duced by this pro ce dure were able to be stored 

in stan dard addi tive solu tions (AS-3) for at least 42 days while still 

meet ing all in vitro blood bank stan dards for accept able RBC qual-

ity (Table 1).

We frst eval u ated the amount of PrPSc pres ent in dif fer ent 

frac tions by Western blot anal y sis. Blood com po nents inter fere 

with elec tro pho re sis and blot ting. To over come this prob lem we 

imple mented a pro ce dure to clean and con cen trate PrPSc. To make 

sure that this pro ce dure does not result in any loss of PrPSc, we 

 per formed a con trol exper i ment in which the dif fer ent blood frac-

tions obtained dur ing the wash ing pro ce dure were frst prepared 

and then spiked with the same quan tity of PrPSc. Each of these frac-

tions was sub jected to the sarko syl pre cip i ta tion pro ce dure and 

the pellet was ana lyzed by Western blot. As shown in Fig. 2A, all 

sam ples have sim i lar quan tity of PrPSc, which was equiv a lent to the 

amount added, indi cat ing that the sarko syl pre cip i ta tion method 

recov ered >95% of PrPSc and no dif fer ences were observed in the 

dis tinct blood frac tions in which the pro to col was tested. Using 

this pro ce dure we were able to assess the pres ence and quan tity of 

PrPSc in each of the steps of the wash ing pro ce dure includ ing the 

whole spiked blood, expressed plasma, saline wash, and pRBCs. 

The results indi cate that the major ity of PrPSc was elim i nated in 

Table 3

Incu ba tion time in ani mals infected with diverse blood prep a ra tions. Each group 

rep re sents the data of three rep li cates that were com bined to obtain the aver-

age ± stan dard error. The exper i ment was ter mi nated at 350 days after inoc u la tion. 

Attack rate rep re sent the per cent age of ani mals devel op ing char ac ter is tic prion 

clin i cal signs.

Group Attack rate (%) Incu ba tion time—days 

(mean ± SE)

Non-spiked blood 0/15 (0%) —

Spiked whole blood 13/13 (100%) 99.7 ± 1.84

Spiked RBC washed 6/15 (40%) 135.8 ± 6.67

Negative
Control

Sample 
1

Sample 
2

Sample 
3

Non 
spiked

Positive
Control

1       2 1       2 1       2 1       2 1       2 1       2

NBH
No PK

Red Cells

PMCA
Round 1

PMCA
Round 2

30 KDa

21 KDa

30 KDa

21 KDa

Fig. 3. Detec tion of PrPSc by PMCA in pRBCs sam ples obtained by the frac tion ation and wash ing pro ce dure. RBC sus pen sions obtained from three inde pen dent exper i ments 

were sub jected to two rounds of serial PMCA. Each PMCA reac tion was per formed in dupli cate (num bers 1 and 2). For the neg a tive con trol, we used nor mal Brain Homog-

e nate (NBH) where no PrPSc is pres ent and pRBCs obtained from non-spiked blood was used. For the positive con trol, whole blood spiked with 5 £ 106 LD50 PrPSc was used. 

HaN BH rep re sents con trol PrPC with out pro tein ase K (PK) diges tion.

Table 2

Den si to met ric anal y sis of PrPSc removal by Western blot anal y sis. Per cent age of 

remain ing PrPSc in each frac tion, obtained by den si to met ric anal y sis of three inde-

pen dent Western blots, as the one shown in Fig. 2. Val ues rep re sent the mean ± stan-

dard devi a tion.

Frac tion % PrPsc remain ing

Spiked blood 100%

Expressed plasma 87% ± 7.6

Saline wash 5.8% ± 3.5

pRBC 0% ± 0
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Fig. 4. His to log i cal and bio chem i cal char ac ter is tics of the brain of ani mals. Spon gi form degen er a tion was assessed after stain ing with hema tox y lin–eosin (A), as trogl i o sis 

was eval u ated by immu no his to chem is try with anti-GFAP anti bod ies (B) and Western blot show ing the PrP27–30 (C). The fg ure includes rep re sen ta tive pic tures of ani mals 

inoc u lated with: non-spiked pRBCs (neg a tive con trol), spiked blood not washed (positive con trol), and spiked washed pRBCs (three dif fer ent ani mals from this group are 

shown to illus trate sick ani mals, non-clin i cally sick ani mals that devel oped brain pathol ogy and non-sick ani mals that did not exhib ited brain dam age).

the plasma, whereas only a faint sig nal was found on the saline 

wash and no sig nal was observed in the RBC frac tion (Fig. 2B). 

Den si to met ric eval u a tion of three rep li cates, indi cate that 87.8% of 

PrPSc was pres ent in plasma, whereas only 5.8% was detected in the 

saline wash ing (Table 2). The later amount is prob a bly less reli able 

than the frst, because of the weak sig nal observed. Assum ing that 

both cen tri fu ga tion and wash ing steps removed a sim i lar amount 

of PrPSc (around 88%), our esti ma tion from the Western blot stud-

ies would be that the RBC pellet con tain around 1.5% of PrPSc. In 

other words the con clu sion is that the pro to type cell sep a ra tion 

and wash ing device removes around 98.5% of PrPSc from the RBC 

prep a ra tion. This esti ma tion is fur ther sup ported by an exper i-

ment in which dif fer ent dilu tions of PrPSc were directly loaded into 

the gel to assess the limit of detec tion of the Western blot with 

the con cen tra tions of PrPSc used in this study. As shown in Fig. 2C, 

a 100-fold dilu tion (or 1%) of a sam ple con tain ing 5 £ 106 LD50 of 

PrPSc is no longer detect able by Western blot.

In order to exper i men tally esti mate the quan tity of PrPSc pres-

ent in the RBC frac tion, we sub jected the sam ples to serial PMCA 

[3,5,18]. A frst round of 144 cycles did not show sig nal in any of 

the three pRBCs frac tions sub jected to the pro to type cell sep a ra-

tion and wash ing device (Fig. 3A). How ever, when a sec ond round 

of PMCA was per formed (Fig. 3B), we observed sig nal in all of the 

sam ples, indi cat ing that PrPSc was indeed pres ent in RBCs, albeit in 

very low quan tity. As we pre vi ously reported [18], one round of 144 

PMCA cycles enable to detect ham ster PrPSc up to a brain dilu tion 

of 1 £ 10¡6, which for this mate rial cor re sponds to around 5 £ 103 

LD50. There fore, we con clude that pRBCs frac tion con tains less than 

5 £ 103 LD50 or <0.1% of PrPSc spiked into the blood. In other words, 

the PMCA results indi cate that the blood pro cess ing by the pro to-

type cell sep a ra tion and wash ing device enable to remove >99.9% 

(»3 logs) of infec tious pri ons.

Lastly, we assessed the reduc tion of infec tiv ity from washed 

pRBC frac tions by bio as say in exper i men tal ham sters. Three 

groups of ham sters were injected intra ce re brally with sam ples 

from three rep li cates of washed pRBCs. We also inoc u lated ham-

sters with blood spiked with 5 £ 106 LD50 (three inde pen dent 

spik ing exper i ments) and as neg a tive con trols we injected ani-

mals with non-spiked blood from three dif fer ent donors (Fig. 1). 

We mon i tored the time that took for the ani mals in each group to 

exhibit typ i cal clin i cal signs of scra pie. Brains from these ani mals 

were extracted for his to log i cal and bio chem i cal anal y sis to con frm 

the dis ease. As expected, none of the neg a tive con trol ham sters 

(ani mals inoc u lated with non-spiked blood) showed signs of scra-

pie up to 350 days after inoc u la tion (Table 3). The dis ease onset 

in ani mals inoc u lated with an ali quot of whole blood spiked with 

5 £ 106 LD50, the positive con trol was in aver age 100 days, which 

is well within the expected for this quan tity of pri ons. The attack 



 

rate (per cent age of ani mals show ing the dis ease) was 100%. The 

ani mals inoc u lated with pRBCs prepared by the wash ing pro ce-

dure, showed a much longer incu ba tion period (136 days in aver-

age) (Table 3). Strik ingly of the 15 ani mals inoc u lated with washed 

spiked pRBCs only six devel oped clin i cal dis ease, rep re sent ing an 

attack rate of 40%. These results indi cate that the pro cess of pRBCs 

prep a ra tion sig nif  cantly removed infec tious pri ons from the blood. 

His to pa thol o gical stud ies of the brain of all clin i cally sick ani mals 

showed the typ i cal dam age observed in scra pie ani mals, includ-

ing spon gi form degen er a tion (Fig. 4A) and as tro gly o sis (Fig. 4B). 

It is impor tant to men tion that from the nine ani mals inoc u lated 

with washed pRBCs that did not devel oped clin i cal signs of the dis-

ease, some (two of the nine) showed spon gi form degen er a tion and 

as tro gly o sis when they were sac ri fced at 350 days post-inoc u la-

tion (Fig. 4A and B, lower pan els). This result sug gests that these 

cor re spond to sub clin i cal ani mals. The other seven non-clin i cal 

ani mals did not show pathol ogy at the time when they were sac-

ri fced. The pres ence of PrPSc in the brain of infected ani mals was 

assessed by the detec tion of the PK resis tant frag ment of the prion 

pro tein (PrP27–30) by Western blot. As shown in Fig. 4C, PrP27–30 

was detected in all ham sters inoc u lated with 5 £ 106 LD50 spiked 

blood. Mis folded pro tein was also detected in clin i cally affected 

washed pRBC inoc u lated ham sters. As before two of the nine sub-

clin i cal ani mals have PrP27–30 in their brains (Fig. 4C).

To esti mate the extent of prion removal we com pared the 

 num ber of days in which ham sters devel oped clin i cal signs of scra-

pie after inoc u la tion with known quan ti ties of infec tious mate rial 

(Sup ple men tary Fig ure 1). From this com par i son it is pos si ble to 

appre ci ate that admin is tra tion of 5 £ 106 LD50 should pro duce dis-

ease around 95 days, val i dat ing the results obtained in our exper i-

ment with 5 £ 106 LD50 spiked blood. Extrap o la tion from this curve 

allows esti mat ing that an incu ba tion period of 135 days is pro duced 

when the equiv a lent to 3 £ 103 LD50 is inoc u lated into ham sters. This 

result indi cates that pRBCs prepared accord ing to the cell sep a ra tion 

and wash ing pro ce dure, con tains approx i mately 0.06% of infec tiv ity 

spiked into the blood. There fore, the in vivo results indi cate that the 

cell sep a ra tion and wash ing pro ce dure removed 99.94% of infec tious 

pri ons, which rep re sents more than three orders of mag ni tude (logs 

of infec tiv ity). This esti ma tion only con sid ers the incu ba tion period 

and not the reduced attack rate, thus it is most likely that the rate of 

reduc tion of infec tiv ity is even larger.

Dis cus sion

Infec tiv ity stud ies have shown that blood car ries pri ons both 

in the symp tom atic and pre-symp tom atic stages of the dis ease in 

sev eral ani mal spe cies both in exper i men tally infected and nat u-

rally-pro duced dis ease [5–9]. Recently, four cases of vCJD have been 

asso ci ated with blood trans fu sion from asymp tom atic donors who 

sub se quently died from vCJD [11,19]. Because the incu ba tion period 

of human prion dis eases may be sev eral decades, it is cur rently 

unknown how many people may be in an asymp tom atic phase of 

vCJD infec tion. In addi tion, it is pos si ble that some infected patients 

may never develop clin i cal symp toms but will remain asymp tom atic 

car ri ers who can poten tially trans mit the dis ease to other indi vid u-

als. All these con sid er ations empha size the impor tance of devel op-

ing tech nol o gies capa ble to detect pri ons in blood and to remove the 

infec tious pro tein from the blood sup ply.

In the cur rent study, we ana lyzed whether a sim ple cell sep a-

ra tion and wash ing pro ce dure to pre pare RBCs was suffi  cient to 

reduce PrPSc and infec tiv ity from pRBCs used for trans fu sion. Sim i-

lar wash ing pro ce dures are cur rently being used to wash RBCs from 

other micro bial agents and thus it would be very use ful if simul ta-

neously they can remove infec tious pri ons. The results obtained on 

the bio chem i cal esti ma tion of PrPSc removal by Western blot and 

PMCA indi cated that the wash ing pro ce dure removed >98.5% and 

>99.9% of the infec tious pro tein spiked into the blood. The in vivo 

results were even more encour ag ing, esti mat ing that the pro ce-

dure elim i nated 99.94% of infec tious mate rial. There fore, the over-

all con clu sion of this study cor rob o rated by the three dif fer ent and 

inde pen dent tech niques employed is that sim ple wash ing of blood 

frac tions removed around or more than 3 logs of infec tious mate-

rial. This removal is highly sig nif  cant and may well be enough to 

pro tect com pletely the blood sup ply, since the esti mated quan ti ties 

of pri ons in blood are close to the min i mum required to trans mit the 

dis ease. How ever, it remains to be shown that this pro ce dure will 

per form sim i lar removal with endog e nously infected blood. A bet-

ter under stand ing of this phe nom e non will help to develop effec tive 

blood puri f ca tion pro ce dures that can effi ciently reduce the risk of 

fur ther spread ing the dis ease through blood trans fu sion.
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Appen dix A. Sup ple men tary data

Sup ple men tary data asso ci ated with this arti cle can be found, 
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