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4 Effect of Blood Processing on Infectivity
1.4.1 Production of Blood Components

Primary processing of donated whole blood involves segfegation’ into the main components (red
cells, plasma and sometimes platelets) by centrifugation but none of these procedures results in a
product containing ene component exclusively: The partitioning of infectivity can be estimated using
the data from Section 11.3.6. There is no evidence that any further reduction in infectivity occurs in
the processing. It is possible that natural breakdown of white cells following donation leads to
progressive increase of infectivity in platelets, hence reducing the infectivity in red blood cell
preparations that include buffy coat. Recent studies have indicated that, at Jeast ‘with current
methods of processing, such repartitioning of white cell fragments occurs. Even for blood donations

 processed before present methods were introduced, any such effect wou]d be within the range of
values obtained by the different estimates in Floure 3.1,

11.4.2 Leucodepletion
11.4.2.1  Leucodepletion of Red Cells

lcucodep]etlon mvolves removal of whlte cel]s from the b]ood by smup]e filtering. This is at present
applied to all donatlons collected since October 1999 but. -many, of 'the mc1dents considered by the
CJD Incidents Panel relate to donations made béfore the intr oduction of leucodep]etxon The UK
standard for white.cell content of leucodepleted red cells’is <5 x 10° in 100% of units. It is believed
to achieve'a 3 Jog reduction in white cells compaled 1o whole ‘blood or red cell concentrate '
(Appendlx I 4.5.5).

o RN ' .
There is some ev1dence that infectivity is related to white cells (Sectlon H 3.6. 1) Hence 2 sunp]e
estimate of the effect of leucodepletion would be that it also achieved a 3 log reduction in infectivity

compared to whole blood or red cell concentrate as shown in Table I13.9.,

However, there are several reasons why infectivity may not educe in p1opomon to white cell
content: |

o The experiments by Brown et al (1998 and 1999) also show considemblé iﬁfectivity m the
plasma, which is not consistent with the hypothesis that infectivity is proportional to white cell
content.

» The possibility that fragments of white cell membranes might be formed has been considered. ,
This,is particularly likely if filteringis done at a late stage (immediately prior to transfusion rather
than soon after donation), since white cells progressively break: d'q\am during this time. However,.

- filtration is currently carried out within 48 hours of donation, which should greatly rcduée the
. ;occun'e,nce' of membrane fragments. Preliminary results (Krailadsiri et al 2002) indicate that
. :whole blood and plasma filtration is very effectjve at removing any.fragments present.
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e It is possible in theory that filtration could release attached prion from the surface of the white
cells into the leucodepleted component, although there is no evidence that this occurs and
studies have indicated that the normal form of the prion protein is reduced by between 60% and
95% by whole blood and plasma filters (Krailadsiri et al 2002). ’

» The experiments by Brown et al (1998) show some infectivity in the buffy coat, which could be

removed without.Jeucodepletion. However, the ﬁlters used for ]eucodepletlon would remove the

majority of platelets.

In the absence of any experiments to ‘show the effect of leucodepletion on infectivity, it is
appropriate to assume that Jeucodepletion may reduce the infectivity but by less than the reduction in
white cell content. The mfectmty in Jeucodepleted red cells is assunied to be 2°logs lower than red
cells with buffy coat temoved. Combining with the selected infectivity breakdown by blood
component from Section 11.3.6.6, this gives a 2.6 log ‘reduction compared to whole blood. This is
shown in Table 11.3.12, and used in the present study as the base case.

11.4.2,2 Flltr ation of Plasma

There is ev:dence that plasma contains mfecnvny that is unrelated to white blood cells or fragments
thereof. Brown et al (200]) ‘suggests that WBC ‘reduction does not con51stent]y ‘reduce the

mfect1v1ty of already separated p]asma No comactlon has been made to the mfectlvny of p]asma for '

LR Oy

the effects of ]eucodep]etlon o

I1.4.2.3  Filtration of Platelets

4'; -

After ?rcomponent segregation, most of the whlte cel]s ffom a blood donation remain in the buﬁy

_codt: In order to mecet the spec1f jcation for filtrated platelét units (Appendlx 1.4.6.2), some degree of
filtration is:required, amounting to approximately 3 bg reduction of white cells. Based-‘on the similar
arguments to those f01 leicodepletion of red cells above; the reduction in infectivity is assumed to be
2 logs.

For unfiltered platelet units, reduction in WBC content is of the order of 2 logs; the associated
reduction in infectivity is assumed to be 1 log. ’

11.4.3 Production of Plasma Derivatives

114.3.1  General Approach

Production of the various plasma derivatives (see’ Figure 11.3.2) -involves various stages of

fractionation, precipitation, centrifugation, filtration, virus inactivation, formulation and heat treatment.
Several of these stéps- are intended to achieve a miajor reduction in viruses; and it is possible that
they also have a sigiificant effect on CJD infectivity.' A number of studies to assess the removal of
the TSE agent in plasma fractionation processes have been carried out by “spiking” the starting
material with extracts from the brains of animals with a TSE (Foster et al 1998, 2000). These
studies suggest that a significant reduction in infectivity is achieved. However, concern has been
expressed that the characteristics of any infectivity that may be present in plasma may not be the

p:\}c716108 dept of health\c32157742 (old Jic no)\final report\epp ii.doc Revision D (Final), February 2003

200

/K\



, BE5 EEH
Department of Health 11.29 DNV Consulting
Risk Assessment of vCID Infectivity in Blood ‘ : February 2003

same as, those in the spiked material. However, the endogenous infectivity in blood s too low to
assay, using currently available techniques, through the purification process. '

Three possible approaches for estimating the infectivity in plasma derivatives have been considered.
The second approach is a worst case scenario. '

Approach 1 Largest smole clearance factor. Infectwlty based on the value for plasma in the

Brown et al experiments (Table I.3. 12) combined with an estimate of the TSE reduction capablhty

of the process steps, so called TSE clearance factors (CF). An estimate of the potential for plasma

fractionation processes to remove TSE infectivity has been made by Foster et al (1998, 1999 and

2000) on samples spiked with hamster -adapted scrapie 263K .and based on Scottish National

Blood Transfusion Process (SNBTS) production methods, and the results of studies on the

behav:our of brain-derived mfecnwty Studies by..Vey et al (2001) indicate that hamster prions.
‘partltlon very, similarly to human prion strains. Foster estimiated both cumulative CF for a combined

process and also individual CF for single process steps, - Further work by Reichl et a] (2002) has

since indicated that cléarance is unlikely to be cumulative but may be complementary. In most

processes, sequentlal steps 1 reduced the infectivity to below the limit of detection. This document

considers the hzghest sngle ‘clearance step on]y In this approach the reduction’ in ‘product’
‘volume is included in the CF, which refers to total infectivity, notinfectivity concentration.. Table

114.1 summarises the -highest single CF as estimated by Foster’s experiments for the SNBTS

"processing - methods It-should be.noted that the CF are derived from experiments based .on

'SNBTS processes and ‘it is necessary to assume that the ylelds of product are the same under

Jaboratory conditions as in the: manufactunng process. Table I1.4.1 includes estimates of the highest

single CF that may result from BPL’s processing techniques, as in some cases there are differences

between the two processes. Where this is the case the reasoning behind the choice of highest single

CF is given below Table 11.4.1. It'should be noted that studies by Kang et -al (2002) indicate that

“solvent condmons (solvent pH salt content and tlJe pr esence of ethanol) can sxgmﬁcantly affect the 4
behaviour of the PrP in solutron : :

Approach 2 No addxtlonal clearance Infectmty concentrations based on values in the Brown et
al experiments (T: able 11.3. 14) for the cryoprec1p1tate or other appropriate fraction, and it'is assumed
that there.is no further reduction in mfectlvny Henoc all the Joad in mfectlvny present n the
fraction is -assumed to-be present also in the appr opnate derivative. This is a worst case scenario.
Where a specific fraction is used to produce more than one denvatwe it is possible that all the
mfectwrty ‘present in'the fraction ‘could potentially end up in any one of the derivatives. Since we do
not know with which of the derivatives the infectivity might associate, it must be assumed that all the
infectivity is -in each. - This approach also relies on va]ues for the yields of product in the
manufacturi mg process o

Approach 3: Protein content. Infectivity concentrations based on values in the Brown et al
experiments on endogenous mfectlvxty in the blood of animal models (Table 11.3.14) for the
cryoprecrpnate or other appxoprlate fractlon comb ined with the pre otein contents in the plasma
derivatives. This in effect assumes that infectivity partitions between the finished product and the
waste material in proportion to the protein contents of the two. It-assumes no further reduction in
infectivity from further filtration steps after the fiactionation (apart from that resulting from the
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reduction in the protein content). The experts consulted indicated that, since there was no evidence
that prion protein would partition with bulk protein, as the methods used are designed to separate
different proteins largely on the basis of solubility characteristics (Foster 1994) this approach was
not justified and these calculations have been removed from the report.

It should be noted that the 2 selected approaches estimate infectivity based .mainly on SNBTS
product yields (BPL yield for Anti-thrombin). Infectlvny of specific products in individual incidents
will require assessment of the particular béitch detalls particularly if the product was prepared by
BPL.

" Table IL4.1 Estimated Clearancé Factors‘ixr Pl'as_ma Products (Foster 2000)

Product ) SNBTS BPL e
o | Process Step resulting - CF - || Process Step resulting in CF-
‘ ce in Highest Single CF - ﬂogﬂL . Highest Single CF _(logyg) |
Albumin . - |t Fraction V depth filtration 4.5 |- Fraction V Depth filtration |.. 4 .
o ‘ . ; N K¢ '
Immunoglobu]ins Fraction /1] precipitation 35 Fracuon 1/II] precxpltatron " 35
; s > S . R . N
High purity Factor IX HIPFLX- 3 Replenine— - .~ . 3
: ' .DEAE Sepharose - | DEAE Sepharose
.. chromatography - chromatography -
Factor IX (intermediate 11,1X,X) || DEFLX- DEAE Cellulose 3 " LXA- DEAE cellulose 3
. ' - [iadserption adsorption
Thrombin-(BPL Antithrombin) ‘|| ‘Sepharose - - : " 3 |'DEAE cellulose adsorpnon 20
o] :chromatography - ° . (3) - L
Factor V]]I(int‘ennediaté) @ . ,.:.‘(Z&)rAlOH;;Adsorpﬁon . 15 o (8))- Cryoprecxpnauon N NP B
Faq!or,Y]I] (high purity) Lzberate SD+DEAE 3 Replenate- Ion exchange 5
| chromatography -~ | """ | chromatography (5) R

CF have been adapted to aliow for differences between BPL & SNBTS Processes as follows: T

(l) Depth filtration at BPL (Cuno filter) is different to SNBTS (Seitz KS80) and allhough itis understood 10 be an effective
filtration method, a more prudent 4 Jog CF has been assumed for BPL.

2) Ahhoug,h BPL use a different Fraction /111 precipitation method (Krstler & Nx:hmann) to SNBTS (co]d ethanol) both
fracuonahon conditions were cxammed (Fosler 2000) with sum]ar results ’

(3) BPL produce anti-thrombin, not thrombin. E>.perls have advised that'based on the fact that salt content/ionic strength
during elution of ATIII from the héparin-sepharose adsorbent is hngher than 250mM NaCl; then the expected log
reduction would be about 2 for Anti thrombijn. - .

(4) Factor V111 intermediates production are simpler processes Expenmem shows aCF of ] i for SNBTS Faclor v Z8

(1.5 is sc]ccted for the purpose of these calculanons) while for BPL's 8Y process 2 mmxmum of ] log clearance is
indicated 16" represem cryoprec:pllat:on ' T

(5) BPL’s high purity Factor VIII Replenate includes immunoaffinity chromatography (no data available) and an jon
exchange chromatography steps, which literature (Foster et al 2000) suggests may have a higher single CF (up to 6 logs)
than SNBTS processing for Factor V111 Liberate. A more conservative increased CF of 5 logs is selected.

~ The application of the first two approaches 10 the plasmia derivatives produced by SNBTS '(and
BPL’s anti-thrombin) is provided below. The calculations refer to dérivatives made from a batch of
plasma pooled from 20,000 donations (or 350 donations in the casé of specific umnunog]obu]ms
and 3,500 donations for Anti-thrombin) including orie fro a donor who went onto ‘develop vCID
(in the case of specific immunoglobulins, the calculations assume that a pool of 350 includes 7
donations from a donor who went onto develop vCID).
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Infectivities calculated below are based on SNBTS process yields as follows:

Factor VII1 Z8 -~ —200iw! plasma
Factor VIII High purity - 150iw/] plasma
Factor IX (intermediate) - 2001w/ plasma
Factor IX (high purity) - 150iw/! plasma

1gG - 4g/l plasma
Albumin _ - 25g/1 plasma

Anti-thrombin - 180iwkg plasma (BPL)
1I1.4.3.2 Factor IX (Intermediate, Factor I1, IX,X)
Factor IX (intermediate) ie produced from cryosupemnatant..

Using the highest single clearance factor apin -oach, the infectivity in one batch of plasma of 20,000
donations (including one from a donor who subsequent]y developed vCID) is estimated as 480 IDso
(see Table 11.3.12). Allomng for a thousand-fold reduction in mfectlvxty as a result of processmg
(see Table 11.4.1), the potential infectivity is therefore estimated to be 0.48 IDsq in Factor IX .
(intermediate). produced. by the batch. Now there are 200 iu of Factor IX (intermediate) produced
per litre of plasma and there are 20,000.x-0.225 litres of plasma per batch, consequently there are
200 x 20,000-x 0.225 = 900,000 1 of Factor IX (intermediate) produced per batch. Therefore the
mfecuwty is estunated as 0:48/900, 000 5x107 IDsoﬁu u__:: v S

The pessumstlc approach assumes there is no furlher ;ea’ucnon in uy’ecnwty load beyond the data
a\Qallable from Brown et al’s experiments for cryosupematant. Infectivity in Cryosupematant is 50.6
IDso/unit whole blood (Table 11.3.14), hence 50.6 IDso is the infectivity present in the
cryosupematant resulting from one plasma batch of 20,000 donations (including one from a donor
who subsequently developed vCJD). If there is no further reduction in infectivity, there will therefore
be 50.6 IDso present in the 900,000 iu of Factor IX: (mtenned1ate) produced per batch (see above)
wh:ch is equwalent to 5 6><] O IDsoﬁu Factor D( (mtennedmte)

II4 3 3 FactorIX(Hwh Punt_;)
Hi gh punty Factor D( 1s produced ﬁom cryosupematant (see Appendlx 15. 4)

Usmg the thhest smglc clearance factoz app7 oach the mfectmty in.one batch of plasma of 20 000
donations (including one from a donor who subsequently developed vCJD) is estimated as 480 IDso
(see Table 11.3.12). Allowing for a thousand-fold reduction in infectivity as a result of processing
(see Table 11.4.1), the potential infectivity is therefore estimated to be 0.48 IDso in high purity Factor
X produced by the batch. Now there are 150 ju-of high purity Factor IX- produced per litre of
plasma and there are 20,000 x-0.225 litres of plasma.per batch, consequently there are 150 x
20,000 x 0.225 = 675,000 iu of high pur ny Factor IX produced per batch. Therefore the
infectivity is estimated as 0.48/675,000 = 7 x10”7 IDsof u. §

The pessunistic approach assumes there is nofurther reduction in infectivity load beyond the data
available from Brown et al’s experiments for cryosupematant. Infectivity in Cryosupematant is 50.6
IDsp/unit whole blood, hence 50.6 IDsy is the infectivity present in the cryosupematant resulting from
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one plasma batch of 20,000 donations (including one from a donor who subsequently developed
vCID). If there is no further reduction in infectivity, there will therefore be 50.6 IDs, present in the
675,000 iu of high purity Factor IX produced per batch (see above) which is equwa]ent t0 7.5%10°°
ID5o/iU :

1I.4.3.4  Anti-thrombin
Anti-thrombin (BPL only) is produced from cryosupermnatant.

Using the highest single clearance factor approach, the infectivity in one batch of plasma of 3,500
donations (including one from a donor who subsequently developed vCID) is estimated as 480 IDsp
(see Table 11.3.12). Allowing for a hundred-fold reduction in infectivity as aresult of processing
(see Table 114.1), the potential infectivity is therefore estimated to be. 48 IDs; in Anti-t]n'ombin
produced by the batch. Now there are 180 iu of Anti-thrombin produced per litre of plasma and
there ate 3,500 x 0.225 litres of plasma per batch, consequent]y there are 180'x 3,500 x 0.225 =
141, 750 iu of Anti-thrombin ' pr oduced per batch Therefoxe the mfectmty is esttmated as
48/]41 750 = 34x]0 IDsofu ‘

The pessimistic approach assumes there is no further reducti‘on in infectivity load beyond the data
available ﬁom Brown et al’s experiments for cryosupematant. Infectivity in Cryosupemnatant is 50.6
- IDsp/unit-whole blood, hence 50.6 Mso-is the infectivity present in the cryosupernatant resulting. from- . -
"‘one plasma batch of 3,500 donations (including one from a‘donor who subsequently developed
j"~'vCJD) " If there is no further reduction in infectivity, there will therefore be 50.6 IDso present in'the
o ]41 750 v of Antx—thrombm ploduced pet batch (see above) whxch is eqmvalent 16736%7 04
.,.leo/u _ ‘_ . A ‘ _ SRR ;

""'II435 Factor VIII(ZS) S S S PRI AR
Factor VIII (28) is produced ﬁom cxyoprempttate (see Appendlx I.5. 3) o o

Usmg the highest sanIe clearance factoz approach the mfectmty in one batch of p]asma of 20, 000
donations (including one from a donor who subsequently developed vCID) is estimated as 480 IDs
(see Table 11.3.12). Allowing for a 1.5 log reduction in infectivity as a result of processing (see
Table 114.1), the potential infectivity is therefore: estimated 16 be 15 IDso in Factor ‘VIII-(Z8)
produced by the batch. Now there are 200 iu of Factor VIII (Z8) produced per litre of plasma and
‘there are 20,000 x 0.225 litres of p]asma per -batch, consequently there are 200 x 20,000 x 0.225 =
900, 000 ju of Factor VIO (Z8) produced per batch Therefoxe the mfectmty is esttmated as
15/900, 000 = ] 7 xlO ID50/1u '

The pessnmstlc approach assumes there is no further r eductzon n mfectzvny ]oad beyond the data
available fromi Brown et al’s experiments for cryoprecipitate. Infectivity in ‘Cryopr ec1p1tate is 60
IDsp/unit whole blood (Table 11.3.14), hence 60 IDsg is the infectivity present in the cryoprecipitate
resulting from one plasma batch of 20,000 donations (including one from a donor who subsequently
developed vCID) If there 1s no further reduction in infectivity, there will therefore be 60 IDsg
present in the 900,000 iu of Factor VII] (Z28)] pr oduced per batch (see above) which is equivalent to
6.7%x10” IDsphi u. :
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11.4.3.6 . Factor VIII- High Purity
High purity Factor VIII is produced from both cryoprecipitate and aloumin (see Appendix 1.5.3).

Using the highest single clearance factor approach,the infectivity in one batch of plasma of 20,000
donatlons (mcludmg one from a donor who _subsequently developed vCID) is estimated as 480 IDs,
(see Tab]e 11.3.12). Allowing for a thousand-fold reduction in infectivity as a result of processing
(see Table 1.4.1), the potential infectivity is therefore estimated to be 0.48 IDso in high purity Factor
VI produced by the batch. Now there are 150 iu of high purity Factor VIII produced per litre of
plasma and there are 20,000 x 0.225_1i1res of plasma per batch, consequently there are 150 x
20,000 x 0.225 = 675,000 iu of high puiity Factor VHI produced per batch. - Therefore the
infectivity is estimated as 0.48/675 ,000 = 7 x107 IDsp/tu. This does not mclude the contnbutxon of
infectivity due to added albumin (BPL process only), where there i is 0.4 g of albumin added per
2000 iu of high punty Factor VIII (Appendlx 1.5.3); the extra relative contribution from albumin is
negligible.

The pessumstlc approach assumes there is no Sfurther reduction in mfectzvzty load. beyond the data
available from Brown et al’s expenmcnts for: Cryopreclpltate Infectivity in Cryoprempltate is 60
IDsp/unit who]e blood (Table I1.3. 14) hence 60 IDs, is the infectivity present in the Cryoprecxpltate
resu]tmg from one plasma batch of 20, 000 donations (mcludmg one from a donor who subsequently

deve10ped vCID). If there is no further reduction in mfectwny, there will therefore be 60 IDso
Pl esent 1 the 675,000 iu of lngh punty Factor VIII produced per batch (see above) Whlch 3.

eqmvalent to 8.9x10° IDsolg Again, this does not include for any contribution of mfectwny d' ' 1_,0..
added a]bumm (BPL process only) which will'be negligible in comparison. - - cE

11.4.3.7 Albumin
Albumin is made from the Fracfion V.

Usmg the h]ghest smg]e clearance factor appr oach the infectivity in one batch of plasma of 20,000
donatlons (mc]udmg one from a donor, who subsequent]y developed VCJD) is estimated as 480 Do
(see Tab]e IL.3. 12). Allowmg for a 4. 5 log reduction in mfec’uwty as a.result of processing (see
Table 1L 41, the potentla] mfcctlwty is therefore esnmated to be 0.015 IDso in Albumm produced
by the batch Now there are 25g of A]bumm produced per litre of plasma and there are 20,000 x
0.225 litres of plasma per batch, consequenﬂy there are 25 x 20,000 x 0225 = 112,500 g of
Albumin produced per batch. Therefore the mfectrvxty is estimated as 0.015/1 12,500 = 1.4 x107
ID5o/iU .

The pessimistic approach assumes there is no furthe; reduction i in infectivity load beyond the data
avaxlable from Brown et al’s expernnents for Fraction V. Infectivity. in Fraction V is 3.4 IDso/unit
who]e blood (Ta able I1.3. 14) hence 3.4 Dy is the infectivity present in the Fraction V resulting from
one plasma batch of 20,000 donations (including one from a donor who subsequently developed
vCID). If there is no further reduction in infectivity, there will therefore be 3.4 TDso present in the
112,500 g of Albumin produced per batch (see above) which is equivalent to 3.0x107° IDsy/g.
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1I4.3.8  Normal Immunoglobulins

IgG (iv) is produced by ethanol fractionation from FactionII (and in the BPL process it also
contains albumin - see Appendix 1.5.6).

Using the highest single clearance facior approach, the infectivity in one batch of plasma of 20,000
donations (including one from a donor who subsequently developed vCID) is estimated as 480 IDsp
(see Table 11.3.12). Allowing for a 3.5 log reduction in infectivity as a result of processing (see
Table 11.4.), the potential infectivity is therefore estimated to be 0.152 IDsg in IgG produced by the
batch. Now there. are 4g of 1gG produced per litre of plasma and there are 20,000 x 0.225 Jitres of
plasma per batch, consequently there are 4 x 20,000 x 0.225 = 18,000 g of IgG produced per
batch. Therefore the infectivity is estimated as 0.152/18, 000 = 8.4 x10°® IDso/g. This.does not
include for the contribution of infectivity due to added albumin (BPL process only), which was
derived from a separate pool. The contribution from albumin will be lower, due to lts lower
mfectwﬂy and also because for every 2 g of added albumm thcxe is5g of IgG.

The pessimistic approach assumes there is 170 further reduction in infectivity load beyond the data
available from Brown et al’s experiments for Fraction II. Infectivity in Fraction Il is 1'6 iDso/u11it
whole blood (Table 11.3.14), hence 1.6 IDso is the infectivity present in the Fraction II resultmg from
one p]asma batch of 20,000 donations (including one from a "donor who subsequent]y developed
vCJD) If there's lS o ﬁmhcr reduction in infectivity, there will therefore be 1.6 IDsg present in the
18 OOOg of IgG p1 oduced per batch (see above) which is equivalent to 9.1x] 0 IDsolg. Agam this
does ndt mc]ude for any contribution of infectivity due to added albumin (BPL process only), which -

was den ,cd fiom 4 separate pool.  The contribution from albumin will be lower due to its lower e

mfectlvny and also because for every 2g of added a]bumm, there is 5g of 1gG.
II.4.3.9 Immunoglobulins (im) - speczﬁc
IgG (im) is prdduced from FractionII and contains no added albumin.

Using the highest single clearance factor approach, the infectivity in one batch of plasma of 350
donations (including seven donations from a donor who subsequently developed vCID) is estimated
as 7x 480 = 3360 IDso (see Table 11.3.12). Allowing for a 3.5 log reduction in infectivity as a result
of processing (see Table 11.4.1), the potential infectivity is therefore estimatéd to be 1.06 IDsp in IgG
produced by the batch. Now there are 4g of IgG produced per litre of pl_asma and there are 350 x
0.225 litres of plasma per batch, consequently there are 4 x 350 x 0.225 = 315 g of IgG prodiiced
per batch. Therefore the inféctivity is estimated as 1.06/315 = 3.4 x10° IDsg/g.

The pessimistic approach assumes there is no_further reduction in infectivity load beyond the data
available from Brown et al’s experiments for Fraction II. Infectivity in Fraction II is 1.6 IDsg/unit
whole blood (Table 11.3.14), hence 11.2 IDsy is the infectivity present in the Fraction II resulting
from one plasma batch of 350 donations (including seven donations from a donor who subsequently
developed vCID). If there is no further reduction in infectivity, there will therefore be 11.2 IDsg
present in the 315g of 1gG produced per batch (see above) which is equivalent to 3.7x107 IDso/g.
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11.4.3.10  Estimate of Infectivity in Plasma Derivatives

Table 11.4.2 and Figure 11.4.1 give the results from applying the above approaches to several key
g dose given to

plasma der]vatlves The 1esults are expressed in the form of infectivity periv or g

patients.-

'_I‘al_)_le I1.4.2 Comparison of Estimates of Inf_ecﬁvity in Plasma Derivatives

e Based Onlargest |-  Based onno

. Plasma Derivative Source single Clearance Clearance beyond

s B T " . Factors:» - -+ | initial Fractionation
Factor VIIIZ8 - [Cryoprecipitate .| .. 1.7x10° IDsofu | 6.6¥10™ IDsofn
Factor VIII high purity Cryoprecipitate | * , " g . 05 1 -
L . & Fraction V|- 7.]><_19:_ IDspfu |- 8.9x10™ IDsp/iu
High purity Factor [X ~ |Cryosupernatant| - 7.1x107 IDshu "} 7.5%10°% IDsgfiu
Factor IX (mtermedlate) N Cryosupematant w5 3><10 IDsoﬁ 5.6x10™% IDsghu
NormalIgG —‘excl albumin  |Fractiondl:, 84x10 IDso/g.v . 9.1x10% IDso/g
Um 1gG* 'specific: Fraction i 3.4x10% IDsp/g* | 3.7x10% IDsy/g*
Albumin. 100% [FrictionV .. 14x10 IDso/g + 3.1x10% IDsy/g
Anti- Thrombin. |Cryosupematant | 3.4%10° IDsghu' | 3.6x10™ IDsghu’

Except for specific /m 1gG and anti-thrombin, the results are based on inféctivity resulting from
one plasma batch of 20,000 donations, including one from a donor who subsequently deve]opcd

vClD.

* For i/m 1gG , the results are based on infectivity resulting from a plasma balch of 350 donations
(50 donors), including 7 donations by 2 donor who subsequently developed vCID °

Wv who subsequenlly developed vCID.
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Figure 11.4.1 Comparison of Estimates of Infectivity‘in Plasma Derivatives (I s/iu or g)
ANTI THROMBIN (BPL) (B

im 1gG specific

iv 19G (excluding albumnin)

FACTOR IX Intermediate (DEFIX)

FACTOR IX (High Purity) B

ALBUMIN
0.00000001 0.0000001 £.000001 0. DDOb1 0.0001 0.001 0.0t 0.1
‘L 2 Highesl singte CF ® Worst case scenano
11.4.3.11 Discussion

It should be noted that at present the 2 approaches estimate infectivity based J‘nain]y on SNBTS
product vields (BPL for Anti-thrombin). Infectivity of specific products in individual incidents will
require assessment of the particular batch details, particularly if the product was prepered by BPL.

It can be seen that for Factor VIII (Z8) there is hittle difference m the estimated infectivity between
the two approaches, whereas for most of the others the differences are more substantial (e.g. about
100-1old for high punty Facter VIII).

In deciding which of the estimates to use in a particular context, factors other than scientific
reasoning will need to be applied. However, the estimates may need to be revised on the basis of
new scientific evidence and given the wide disparity between the current estunates, DNV considers
that 1t is important that the assessment is updated accordingly.
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IL5S  Incubation Periods
IL5.1 vCJD. Cases

Very little is known about the incubation period (from original infection to development of clinical
signs) of vCID. 1t is not known for certain when the 130 UK cases of definite and probable vCID
were infected. However, it is likely that they were infected by beef products between the first
recorded case of BSE in 1986 and the offal ban in 1989. The first vCID cases appeared in 1994,
suggestmg that the shortest incubation period is between 5 and 8 years for transmission across the
species barrier. For example, one of the cases that appeared in 1997 had eaten no meat for 11
years, suggesting that in this case infection was in 1986 or earlier, with an incubation period of at
least 11 years. It is not possible to obtain a median incubation period from this data, because it is not
known how many other people are still mcubatmo the disease.

The mcubatlon penod might be inferred from other TSEs. Incubation periods for sporadlc and
- familial CID cannot be determined, as there is no identifiable point of infection. However, incubation
periods can be estimated for other acquired TSEs as follows.

o

IL52 Kuru . -

The mcubatlon penod for Kmu a human TSE that occuned in canmbal mbes of Papua New
Guinea, ranged from 5 to over 40 years (SEAC 1994 p25) No sources have been identified for a
more detailed distribution. There are still some cases of kuru appearing, and there are some people
exposed to kuru who are still alive and therefore potentially incubating the disease. Hence the upper
]nmt of the mcubatlon period is greater than 40 years.

-lv

II 5.3 TIatrogenic’ CJD

The incubation period in jatrogenic cases of CJD has ranged from 15 months to 30 years, and varies
according to the route of exposure (see Table 11.5.1, from Ricketts 1997). '

The incubation period is in general longer for more peripheral routes of exposure, as illustrated in the
table. Hence the values for growth hormone, which was injected via intra-muscular or subcutaneous
routes, are the most appropriate for infection from blood transfusion. These have a mean of 12 years
and a range of 5 to 30 years. ' ' '

More detailed data has been supplied by the Institute of Child Health on the 27 cases of CID due to
human growth hormone (HGH) that have occurred in the UK up to March 1998. Incubation
periods are difficult to estimate because the treatment with HGH lasted several years (for these 27
cases, the, treatment duration had a mean of 6.4 years and standard deviation 2.7 years). Also, the
onset of clinical symptoms is not well defined, and the time when they are detected is influenced by
the patient’s knowledge of the risks. For the present study, incubation periods have been estlmated
from the mid-point of treatment to the reported onset of symptoms.
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Table I1.5.1 Incubation Periods for latrogenic CJD

Mode Of Infection No Of Route Of Entry Mean (+ Range) Of
Cases Incubation Period
Instrumentation '
Neurosurgery 4 Intracerebral 20 months (15 - 28)
Stereotactic EEG .2 | Intracerebral 18 months (16 - 20)
Tissue transfer ! ‘ .
Corneal transplant 2 Optic nerve | 17months (16-18)
_Dura mater.transplant 25 Cerebral surface 5.5 years (1.5-12)
Tissue extract transfer ‘ o
Growth hormone - . 76 " Haematogenous 12 years (5 - 30) -
Gonadotrophin -~} 4 . | Haematogenous 13 years (12 - 16)

The resulting incubation periods of these 27 cases have a mean of 14.3 yeals a standard deviation
of3.3 years -and a range of8 to 19 years. : v - :

Figure II.5.1 shows the mcubatlon penods in relation to the time of onset of symptoms. The trend
line shows that these are tending to increase, as cases with longer incubation periods continue to
appear. Any further cases would be expected to have incubation periods longer than 13 years, since
treatment with HGH stopped in the UK in 1985. The final mean va]ue may be In excess of ] 5 years,
“but it is dlfﬁcult at present to predlct what it mloht be '

Flgure .51 Incubatlon Penod Trend for UK HGH Cases
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Flgure 11.5.2 shows the dlstnbutlon of the incubation periods in the 27 cases. This has a peak
around 15 years, but the higher incubation period end of the distribution, Where cases are still
appearing, is not well defined. Hence this does not show the shape of the fial distribution.
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Figure I1.5.2 Incubation Period Distribution for UK HGH Cases
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IL5.4 BSE

The ages at onset ‘of BSE in cattle have been supplied by MAFF for the 125963 cases of BSE
reported up to January 1998. The mean is approximately 5 years with'a 90% range of 3.5 to 7.5
years, i.e. 0.7 to 1.5x mean. The overall range is 20 months to 18 years (SEAC 1994 p35). Figure
11.5.3 shows the distribution of the ages at onset, which has a peak around 4-5 years. -

g
P

M ' Figure I1.5.3 Distribution of Age at Onset for BSE Cases
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Most exposure to infected MBM was in calves, so the modal value may be appropriate for the
incubation period. However, some adult cattle were -also exposed, so the upper limit of the
incubation period may be lower. The mean incubation period is usually assumed to be 5 years.
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The distribution of the incubation period in cattle has been estimated from retrospective modelling of
the BSE epidemic to be a gamma function with a standard deviation of 1.3 years, based on an
assumed mean of 5 years (Anderson et al 1996). This gives a modal value of approximately 4.7
years, a 90% range of approximately 3 to 7.2 years (0.6 to 1.4x mean) and a 99% range of 2to 9
years. This is consistent with the abové data. - '

II.5.5 Scrapie

The peak age- of onset of scrapre in sheep 1s 3% years (SEAC 1994 p27) although this is
understood to vary with the sheep’ type. The incubation period in experimental intra-ocular
inoculations was' 14-22 months. (SEAC 1994 p. 33) However matemal transmission is thought to
be more hkely, S0 a typlca] mcubatlon penod for natural scraple wou]d be about 3% years.

The natural life expectancy of sheep rs about 12 years 1f fed ona farm, a]thou°h this reduces to 6-7
years if the animal is left to Teed itself (accordmg to the Meat & Lrvestock Commrssron) The typical

incubation period for scrapie of about 3%; years is 30% of the former figure.
I1.5.6 Application of BSE and Scrapie Data to Humans

The above estimates of incubation periods within different species may. be used as an altemative
approach to estimating human CJD incubation periods. However, since human life expectancy is .
much greater than cattle and sheep, it is desirable to investigate whether thrs nnght have. any effect on
the incubation penod : "

At one extreme, it is possible that the incubation period is an inherent prggeﬁy of each strain of TSE
and route of infection, and that life expectancy has no effect. Hence the incubation period of vCID in
humans would be 5 years, as for BSE in cattle. This is consistent with the time between peak
exposure to BSE infectivity through food (1992) and the occurr ence of vCJD cases durmg 1996-7.
vl

At the other extreme, it is possible that the mcubanon penod is proportional to the natural life
expectancy of the species. The mean incubation peuod for PSE in cattle of about 5 years is 17% of
their natura] Jife expectancy of about 30 years. Applying to humans with a current life expectancy of
about 77 years, this would indicate a mean mcubanon “period of about 13 years. This agrees
reasonably well with the data from CID due to growth honnone but is considered a less reliable
approach. ; g

More realistically, each combination of TSE stram and hoéf ,éenotype may yield distinctive incubation
periods that cannot at present be predlcted For example some TSE strain/mouse genotype
combinations give incubation penods as low as 100 days, whereas other strains in the same
genotype give incubation penods as high as 1000 days.

J1.5.7 Previous Assumptions

Cousens et al (1997) assumed logﬁ'oﬁnal or gamma distributions with means in the range 10 to 25
years and 90%iles of 1.5x or 2x the mean.
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11.5.8 Selection of Estimate for Infectiqn from Blood

The HGH data is the best quality data on incubation periods of CJD, and being a peripheral route of
exposure, it is.most relevant to CJD from blood. However, the present data may under-estimate the
incubation periods, because cases are still appearing. The UK data shows a mean incubation period
of 14.3 years, which is increasing as cases continue to appear. Data on iatrogenic CJD from other

“countries and Kuru indicates a range of 5 to 40 years. These include at least 100 cases, and hence
can be taken as a 99% range. This can be represented by a lognormal distribution with a median of
-15-years and a 99% range 5 to 40 years, as shown in Figure 11.5.4. This distribution has a mean of
16.3 years, a standard deviation of 7 years, and a 90% range of 7.5 to 30 years, or approximately
0.5 to 2x the.mean. :

Figure X1.5.4 Assumed Incubation Period Distributions
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11.5.9 Selection of Estimate for Infect_ion from Food

Most of the above data involves- infection within a species. For example, iatro'gen‘ic;CJD.mVolves
infection with a human-passaged agent. This may be appropriate for vCID from blood transfusion,
but could be too short for vCID obtained direct from BSE in food. When crossing a spec1es barrier,

" the mean incubation period could be doubled, and the spread would be likely to jncrease. In order
to model this for infections from BSE in food, a median of 30 years could be assumed, and a 99%
range of 5 to 80 years. This distr ibution has a mean of 32.5 years, a standard deviation of 14 years,
and a 90% range of 15 to 60 years, or apprommate]y of 0.5 to 2x the mean. This is included in
Figure ]1.5.4.

This distribution is consistent with the little available data on vCID cases to date. However, it is
highly speculative.

In addition, the incubation period might increase for the oral route, but available data on oral
exposure of cattle to BSE does not support any further increase.
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11.5.10 Effect of Dose

The incubation period for scrapie is inversely related to the dose received. Regression-analysis of
scrapie in hamsters has established this relationship (Prusiner et al 1982). Additionally, analysis of
titration exp'eriménts in the murine scrapie mode} reveal that mean incubation periods rise linearly
with logarithmic decreases in dose (McLean and Bostock 2000). Hence it may be assumed that
variations in dose account for much of the observcd variation in mcubatlon penods ‘

If there was a large influence of dose on iricubation period, it would be expected that the first cases

of vCID from food would have been people who had eaten bovine brain as a delicacy. Since this

does not appear to be the case, it is consistent with the attack rate cxperunents in suggesting on]y a
minor effect.

No information is known on how the average dose of infectivity from HGH might compare to the
_ average dose from food or blood. However, it is likely that doses from blood transfusions could be
very large, whereas doses from plasma derivatives could be very small. However, no model of these

effects is adopted at present. It is assumed that the range of incubation periods accounts for

variation in the doses received.
I1.5.11 Effect of Genetic Factors

There is evidence that the nature of TSEs is affected by genetic factors, particularly in CJD in
humans by the amino acid permutations (methionine/valine polymorphisim) encoded by codon 129
on the PrP gene. In the UK. population as a whole, 37% are homozygous for methionine at this locus
(met/met); 1]% are homozygous for valine (val/val) and 52% are heterozygotes (met/val) (Preece
1993). : : s :

So far, all cases of vCID are homozygous for methionine at codon 129. This may indicate that only
37% of people are vulnerable to the disease. Alternatively, it may be that these people are more
likely to. have a short mcubatlon period, and that others may be infected with a longex incubation
period. ‘

In sporad:c CID cases, 83% are homozygous for methlonme In iatrogenic CJD cases due to human
growth’ hormone 43% are homozygous for methionine (met/met); 47% are homozygous for valine
(val/va]) and 10% are heterozygotes (1net/va]) ‘(Preece ]993) This suggests that the ‘met/val
genotype eXerts some protectlve effect, but it is not comp]ete Such people may be vulnerab]e to the
dlsease w:th a reduced probablhty of mfectlon ora lon ger mcubanon penod

In the prcsent study, it is assumed that the range of incubation periods accounts for variations in

genetic factors, and all people are assumed to be capable of being infected with vCID.
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