&3, 7ILNNEBEEEIINIE

. Pathology
T t t affected / Incub-at(l’on N
reatments implanted pe"g positive Negative
(mean days) (days) ( days)

L . 188,188,195,

Rinsed in dH,0 and dry 6/6 206.8 £18.8 8,221,231
# 211,222,237,

1M-NaOH (RT.7, 1h) 6/6 256.0 + 44.1 250289.327
1M-NaOH (RT., 1h
Ac'#f;?ﬂo(c 20mi)nJ.r) 2/6 2795119 208,351 91,790,
(134°C., 20min.) 0/6 >800 772,796
2M-NaOH (RT., 1h) 1/6 >360 203
2M-NaOH (RT., 1h) + AC.
(121°C. 20min.) 0/6 >360
2M-NaOH (RT., 1h) + AC.
(134°C. 20min.) 0/6 >360
3.0%SDS / NaOH (pH8.0,
boiling, 5min.) 0/6 >360

.0%SD H 12.8,
3.0%SDS / NaOH (pH12.8 0/6 360

boiling, 5min.)

# RT.: room temperature
## AC. : autoclaving
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Preface

This papet was developed in tesponse to a request from the CJD Incidents Panel
following the finding of abnormal prion protein in the spleen of a patient with
haemophilia. Assuming that the abnormal protein represents a marker of vCJD infection,
the papet sets the vatious possible routes through which such infection could have
occurred, and considers their relative likelihood in various scenarios. As well as dealing
with this specific “incident”, the papet sets out a more general methodology for assessing
multiple possible infection routes. The analysis was considered by the Panel at its
meeting on 20™ May 2009. The Panel concluded that there was no evidence to change its
cutrent advice to those patients treated with UK sourced pooled plasma products
between 1980 and 2001 already notified as being “at risk of vCJD for public health
purposes”, ot to notify any new groups of patients. This version of the paper repeats the
analysis presented to the Panel, while giving slightly more background information for
other readers, and is placed here for public record.




Introduction

1. This paper offers an analysis of the recent finding of abnormal prion protein in
the spleen of a haemophilic. This involves a patient exposed to multiple
potential vCJD infection routes (including multiple blood component
transfusions, repeated receipt of UK-sourced fractionated plasma products
including some units linked to a donor who later went on to develop clinical
vCJD, and several invasive biopsies) who was found at post mortem to have
abnormal prion protein in one spleen sample.

2. If this finding is interpreted as an instance of asymptomatic vCJD infection, this
raises questions as to the operational meaning of the “prevalence” of infection.
The discovery of abnormal protein in a single spleen sample was the only positive
result after exhaustive investigation of tissues taken at autopsy of an elderly
haemophilia patient who died of other causes with no symptoms of vCJD or
other neurological condition. All other tissues from this patient tested for the
presence of abnormal ption protein — fixed samples of brain, heart, liver, blood
vessel, appendix, spleen and lymph node and frozen samples of frontal lobe,
occipital lobe, cetebellum, lymph node and 23 other samples from the spleen —
wete negative. This individual would #oz have tested “positive” on any of the
vCJD prevalence tests conducted so far, and possibly not even in a post mortem
spleen sutvey (depending on the size of spleen sample used). Nor do we know
whether someone with this limited distribution of abnormal prion protein would
be infective - and if so, by what routes of transmission.

3. For present purposes, however, these issues of interpretation atre ignored. We
simply assume that the abnormal prion protein found in this patient is a marker
for asymptomatic vCJD infection: the task is then to investigate the relative
likelihood of the infection having come from the various possible routes. This is
done in order to inform discussion by the CJD Incidents Panel (“the Panel”) as
to the implications of the finding, and in particular whether the new evidence
wattants any change to the “at risk” status of any individuals or groups.

4. The ideal would be to quantify these likelihoods in a robust way. However, this
is not possible due to the multiple uncertainties involved. These are well-
rehearsed. We do not know the prevalence of infectious donors — and in this
instance, some of the potential routes are dependent on prevalence while others
are not, so the relativities change. The probability of an infected blood
component (e.g. a unit of Red Cells) transmitting infection is uncertain - though
on the precautionary approach adopted by the Panel, it is presumed to be
substantial. The risks of plasma derivatives transmitting infection are even more
uncettain. However, they can be estimated using methods suggested in an
existing assessment by independent consultants DNV (DNV, 2003), which have
been used in drawing up Panel recommendations to date. These calculations have
also been regarded as “‘precautionary”, i.e. giving a pessimistic view of the levels
of infectivity likely to be present.

5. Given these unknowns, we make no attempt at definitive probability calculations,
though illustrative examples ate provided. Instead, we concentrate on the more
limited task of determining whether different groups in the complex chain of
contacts associated with the index patient can be robustly placed under or above



the additional 1% (over the UK population risk derived from consumption of
beef and beef products) “risk threshold” used by the CJD Incidents Panel to
trigger decisions on notification of increased risk status. We also consider the
widet implications for groups that are or might be classed as “at risk”. Although
the analysis does throw some light on these questions, it also highlights some
conundrums for our undetstanding of vCJD prevalence and transmissibility. We
note that there have been no clinical cases of vCJD amongst people with
haemophilia treated with UK-derived pooled plasma products or UK-derived
coagulation factors.

Summary of findings

6. Specifically, we conclude that on the evidence available:

@

(it1)

(iv)

\2)

The chance of this patient having been infected via an endoscopic
procedure is very small, probably comparable to that of having been
infected via primaty (dietary) exposure. The potential risk associated with
the endoscopies can be distegarded in assessing the risks associated with
the possible blood-borne transmission routes. No specific action is called
for with regard to patients who underwent endoscopies, and where the
endoscope was subsequently used on the haemophilia patient.

Comparing the blood-borne routes, the patient is much more likely to
have been infected through receipt of plasma products, rather than
any of the 14 units of red cells known to have been received. The
implied risk of each of these 14 donots being infected appears to lie
below the 1% threshold that would trigger “at risk” status.

Given the large pool sizes involved (20,000 or more donations per pool),
the risk differential between “implicated” and “non-implicated”
batches of blood product is not marked. Unless the prevalence of
infection is very low, there is a strong possibility of any given batch of
blood products prepated from large pools sourced from UK donors in
the period 1980-2001 containing at least one infected donation. This
reinforces the logic of the CJD Incidents Panel’s 2004 decision to
consider all haemophilia and blood disorder patents exposed to such UK-
soutrced plasma products as an “at 1isk” group for public health purposes.
On present evidence, there is no strong case for differentiating between

sub-groups.

DNV’s 2003 risk assessment contains “pessimistic” (precautionary)
assumptions tegarding the levels of infectivity liable to be present in
plasma products. These imply that a patient receiving many units of
higher-risk UK-soutced products could be exposed to a significant risk of
infection whether or not any of the batches were “implicated” (1.e. traceable
to a donor known to have developed clinical vCJD later). It was for this
reason that these recipients have been considered as an “at risk” group
for public health putposes, and notified of this status. On balance, this
individual patient may have been more likely to have been infected by
receipt plasma product from of “non-implicated” batches, than by the
much smaller quantities derived from “implicated” batches.

The lack of any clinical vCJD cases to date amongst patients with
haemophilia may suggest that the DNV infectivity scenatio is ovetly-




pessimistic. Risk assessments carried out elsewhere assume that a greater
propoztion of the infectivity would be removed during the manufacturing
processes. This raises issues beyond the scope of this paper.
Nevertheless, we have re-run the analysis using a markedly lower
infectivity assumption with regard to plasma products, and the
conclusions listed in (i) — (i) still hold.

Method

The following analysis starts from the “reverse risk assessment” previously used
by the Panel to assess the implied risks of donots to vCJD clinical cases being
infected (DH, 2005a; Bennett, Dobra and Gronlund, 2006), and extends it to deal
with this much more complex incident. We start with a simple example and then
build up the analysis step-by-step. This is both to demonstrate how the
conclusions are reached in this case, and to show how the same approach can be
used to handle other complex incidents that may arise.

Example 1

8.

We therefore start with a simple incident as shown in Figure 1(a). Here, a patient
has received two single-unit Red Cell transfusions, one from each of two donots.
The recipient goes on to develop vCJD, and the timing of the transfusions does
not rule either of the donors out as the route of infection. What is the chance of
each of these donors carrying vCJD mnfection?

Figure 1 (a) Two component donors, neither known to be infected
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The answer to this depends primarily on the chance of transmission occurring 7f
one of the donors were to be infected — i.e. the transmission probability, t. By
definition, this lies between 0.and 1: if t = 1, transmission would be certain. In



that case, and all else being equal‘, the patient’s disease would be equally likely to
have come from primaty infection, or from either of the two donors having been
infected. So by implication, each donor would have a 1 in 3 chance of being
infective.” More generally, if there are n donors, the chance of each being
infective would be 1/(n+1).

10. The implied tisks to the donots clearly diminish if t <1. However, the CJD
Incidents Panel has used a precautionary approach, concentrating on scenarios in
which t is at least 0.5. With tin this range, the implied 1isk to donors remains
high unless the number of donors to the vCJD case is large. For example, if t =
0.5, then with two donots the chance of either being infected would be roughly
0.25. Note that none of these calculations depend on the undetlying prevalence
of infection, provided this is the same for donors and recipients.

Excample 2

11.  The situation would cleatly be very different if one of the donors was later
diagnosed with vCJD, as in Figure 1(b).

Figure 1 (b) Two component donors, one known to be infected
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This creates a marked asymmetty between the infection routes, dependent on the
prevalence of infection in the donor population. Whilst Donot 2 is now known
to be infected, Donor 1’s ptiot probability of infection is simply the prevalence
of infection (p), unknown but assumed to be small. This situation provides an

“All else being equal” essentially means that there is no prior reason to suppose that donors or
recipient were particularly likely or unlikely to have been infected with vCID, e.g. through “high
risk” surgery, or conversely not having lived in the UK during years of high BSE exposure.

The arguments expressed here can be expressed more formally using Bayes’ Theorem to update
probabilities in the light of new information. However, this is presentationally more clumsy,
especially in the more complex examples considered below.




12.

exemplar for analyses in which some routes are prevalence-dependent and others
are not.

Let:
P(D1) be the probability of the recipient’s infection having come via
Donor 1

P(D2) be that of the infection having come via Donor 2
and P(prim) be the probability of the recipient having a primary infection

= For simplicity, suppose that the chance of the patient being infected by more
than one route is negligible. Then (given that infection has occurred) P(D1),
P(D2) and P(prim) must add up to 1.

®  Furthermore, the “balance” between the three probabilities will be governed
by tand p. Specifically:
o P(D1) will be proportional to both p (prevalence of infection) and
t (transmission probability)
o P(D2) will only be proportional to t
o and P(prim) will only be proportional to p

Provided p is small (e.g. 1/4,000 ot 1/10,000) and t is not, P(D2) will be much
larger than either of the other two probabilities. To a very close approximation,
PD2) =1 and P(D1) and P(prim) are zero. We can be vittually certain that the
infection came from Donoz 2. In practical terms, this new information about
Donor 2 means that Donor 1 need not be considered as “at risk” according to
CJD Incidents Panel criteria.

Example 3

13.

In the last two examples, the two secondaty routes had the same transmission
probability, t. But suppose now that there are routes with different values of t —
e.g. transfusion of blood components and receipt of fractionated blood products.
Figure 2 below shows a situation in which the calculations need to balance two
contrasting secondary routes:

o = ablood component transfusion, associated with a high transmission
probability (t,) #f the donor (D1) is infected, but with no reason to believe
that this is the case, and

o aplasma product pool with a contributing donor (D2) now known to be
infected , but with a low transmission probability (t,)

As before, the three probabilities P(D1), P(D2) and P(prim) must add up to 1,

and now:
o P(D1) will be proportional to p and t,
o P(D2) will be proportional to t,
o and P(prim) will be proportional to p



Figure 2: One component donor, not known to be infected: plasma pool, containing
an implicated donation

14.

15.
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To illustrate numerically, suppose p is 10 i.e. prevalence of infection is 1 in
10,000, that t, = 1 and t, = 10~ (that is, transmission via the product pool is less
efficient than via the transfused component by a factor of 1,000).

In that case, it can be shown that:
P(D1) =1/12 P(D2) = 10/12 and  P(ptim) = 1/12
The infected plasma pool is thus clearly the most likely transmission route, by a

factor of 10 over each of the other two possibilities.

The principles used to analyse these simple cases are now extended to consider
the case of the haemophilic patient with a finding of abnormal prion protein in
the spleen.

Analysis of the incident

16.

Potential secondary transmission routes in this instance consisted of the
following (whete an “implicated”” donor means one for which thete is now
evidence of having been infected with vCJD):

® 5 invasive endoscopic procedures (biopsies) and a larger number of
endoscopies without biopsy.

»  exposute to 14 units of Red Cells, each from different (“non-implicated”)
donors

®  exposute to just over 9,000 units of Factor VIII made from two plasma pools
with an “implicated” contributing donor (8,025 units from one batch and
1,000 from the other)

= exposute to many othet units of UK-sourced pooled products, including
nearly 400,000 units of Factor VIIL, with no &#own links to “implicated”
donots




To simplify the subsequent discussion, we consider the relative risks from each
of these routes in turn.

Transmission risks from the endoscopies

17.

18.

19.

20.

vCJD transmission risks from endoscopy have been examined by an ACDP TSE
WG subgroup, informed by an outline risk assessment. It is important to
appreciate that these procedures involve a very small instrument (head) being
passed down a very long, thin, channel. The possible “mechanics” of infection
therefore differs from other surgical procedures. The group considered that any
significant tisk of onward transfer of infective material to a receptive site would
requite the procedute to be invasive, as distinct from examinations that involve
the instrument sliding against the wall of the gut. On that argument, the relative
tisk from endoscopic procedures #of involving biopsy would be negligible.

So concentrating on procedures involving biopsy, the question arises of whether
the heads used would have been single-use. This would reduce the transmission
risks considerably, but not eliminate them (due to the possibility of the new head
being contaminated on its way down the endoscopy channel. Although we do
not know whether the heads involved in these procedures were single-use, let us
suppose they were not.

For endoscopy with re-useable heads, the best existing analogy is with the current
surgical tisk assessment as applied to procedures encountering lymphoid tissue.
Depending on assumptions on the efficacy of decontamination, the “standard”
model suggests that indefinite re-use of a set of instruments might cause 1 - 10
secondaty infections pet operation on an infective patient. The infection risk to a
random patient resulting from all previous re-uses of the instruments would be in
the same range multiplied by the prevalence of infection (p). However, the
sutgical model considers the transmission risks from a set of 20 instruments,
rather than just one (very small) biopsy head. For the latter, it therefore seems
reasonable to reduce the estimated tisk by a factor of at least 10. Even on
pessimistic assumptions, therefore, the risk of infection from a “random” biopsy
would be in the range 0.1p — 1p. In other words, the chance of the patient being
infected via any of 5 such biopsies would be similar to the risk of having been
infected through the “primary” route of dietary exposure.

As will be seen below, the chance of this particular patient having been infected
by the primary route are very small (in all scenarios) as compared to that of
infection through a blood-botne route. On the above argument, the same applies
to the endoscopic route. For simplicity, this route will therefore be disregarded
in the following calculations. It should be noted that even if the risks of
transmission via endoscopy were much greater than suggested here, the only
effect on subsequent calculations would be to reduce the probabilities associated
with all the blood-borne routes slightly.



Blood components and “implicated” plasma products

21. We now considet the relative probability of the patient’s infection having come
from the implicated plasma products, versus the 14 Red Cell transfusions. As
discussed in the “methods” section, we need to balance the greater transmission
probability for blood components (Red Cells in this instance) against the
existence of an implicated donor contributing to the pooled plasma products.
The situation is shown schematically in Figure 3, omitting for now the other
“non implicated” plasma products.

Figure 3: 14 component donors, none known to be infected; 2 plasma products,
each from a pool containing an implicated donation
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22.  The key additional vatiable here is t, — the chance of transmission from an
implicated pool. This can be quantified using the infectivity assumptions
otiginally generated in DNV’s tisk assessment (DNV, 2003). As discussed
further below, the calculations initially use the mote pessimistic of alternative
infectivity scenarios considered by DNV.

23. For the present, we also suppose that the os/y infected donation in the plasma
pools came from the identified infected donor — though this is reconsidered
below. As detailed in the first part of Annex A, calculations then suggest that
this one infected donor would have resulted in the Factor VIII received by the
patient containing a total infective dose of about 0.2 1D, (0.16 via one pool and
0.05 via the other). Using the simple linear dose-response model that has
informed Panel recommendations to date, this implies a transmission probability
t, of approximately 0.1.

24.  We can then use the approach set out before to assign probabilities to the
possible infection routes in different scenarios. Table 1 below shows the results,
using this value for t, and alternatives of 1 and 0.5 for t, and 1 in 4,000 and 1 in




10,000 for the prevalence, p. The true value of p is unknown, but these values
are consistent with the retrospective survey of stored appendix and tonsil tissue
repotted by Hilton ez @/ (2004). The successive rows show the probability of
infection having come from the implicated plasma products, from any oze of the
14 component (Red Cell) donors, and from the primary outbreak. It can be seen
that in all scenarios, the first route strongly dominates. Note that these are
illustrative figures, using assumptions subject to much uncertainty. Nevertheless,
they do suggest that the infection is much more likely to have come from the

plasma products, with the implied risk to the component donors remaining
cleatly below 1%.

Table 1: Relative probabilities of potential infection routes (omitting “non

implicated plasma® products)

Prevalence, p 1.in 4,000- 1in.10,000

Transmission probability, t1 05 1 05 1
Probability implicated plasma products 98% 97% 99% 99%
Probability of each of the 14 component donors <0.3% <0.3% <3.1% <0.1%
Probability primary <0.3% <0.3% <0.1% <0.1%

Note: these are illustrative calenlations only. Al figures are rounded to the nearest %, or (for small

probabilities) indicate an upper bound.

Implicated and “WNon-implicated” plasma products

25.

26.

Although the above analysis provides some robust conclusions about the
infection routes considered so fat, the calculations ignore one further factor: the
chance of the infection having come from the “non-implicated” plasma products
— i.e. those manufactuted from plasma pools not known fo have an infected
conttibuting donot. The problem here is that because the pool sizes are so large
(of the order of 20,000 donations each), there is a high probability that many of
them did, in fact, contain infective donots even if one has not been identified.
Crudely, if the prevalence were 1 in 10,000, one would expect each pool to
contain about 2 infected donations.’

This argument would not hold if the prevalence of infection amongst donors
wete zery low (e.g. 1in 1,000,000). Such low prevalence would be compatible with
the results of the ongoing prospective tonsil sutvey reported by Clewley ez a/
(2009). However, cutrent advice from the Spongiform Encephalopathy Advisory
Group (SEAC) is that the retrospective Hilton e 2/ provides the most relevant
indicatot of sub-clinical vCJD in the general UK population. This suggests a
prevalence of the order of 1 in 4,000, albeit with wide confidence intervals.

More strictly, the expected number of infected donations in each pool will be subject to a binomial

distribution. However, the distribution is not essential to the argument, especially for patients
receiving high volumes of product sourced from many different pools, when these statistical
fluctuations will tend to even out.



27.

28.

29.

30.

Even with the values of p considered here, there is still a distinction between the
risks from implicated and non-implicated pools. Where there is known to be an
infected contributing donor (and nothing is known about the rest), the other
donots to that pool also have the same probability p of being infected. So with a
prevalence of 1 in 10,000 and typical pool sizes of 20,000, one would reasonably
expect a “non-implicated” pool to contain 2 infected donations and an
“implicated” pool to contain 3. Nevertheless, this is not a great differential. The
calculation suggests that unless the prevalence of infection is very low - much
lower than considered here, thete is only a modest difference in the risks posed
by receipt of implicated and non-implicated plasma. This observation supports
the existing policy of considering recipients of UK-sourced plasma products as a
group, rather than applying additional measures to those with known exposure to
implicated batches.

This specific haemophilia patient had received about 400,000 units of Factor VIII,
the majority since 1980. On these calculations, the cumulative risk from the
“non-implicated” batches may therefore have exceeded that from the smaller
number of “implicated” ones. This can be illustrated by considering the expected
numbet of ID,, received via each route. This is illustrated in the second part of
Annex A. In summary:

= If the two “implicated” pools contained 3 infected donations, this route
would have exposed the patient to a total dose of 0.6 IDy,.

»  If the othet “non-implicated” pools each contained 2 infected donations
(although thete is no evidence of any of the donors to these pools going
on to develop clinical vCJD), this route would have exposed the patient
to an expected total of 24 1Dy,

Simple application of the linear dose-response model would then suggest that
whereas Factor VIII from the two “implicated” pools would have contained a
dose liable to transmit infection with a probability of 0.3, the larger number of
units sourced from “non-implicated” pools would have cumulatively contained
more than enough infectivity to transmit. Crudely, this suggests that the “non-
implicated” pools may represent the more probable source of infection, by a
factor of about 3.

This last calculation is reflected in Table 2 below, for prevalence scenatios of
both 1 in 10,000 and 1 in 4,000. Howevet, we stress that this is very simplistic. It
rests on accepting the linear model uncritically, and assuming that doses received
on successive occasions can simply be added together in calculating an overall
risk of infection. Nevettheless, the compatison between “implicated” and “non-
implicated” routes is instructive, in showing how the sheer number of exposures
may come to dominate the presence of a known infection.

4

Note that the differential between infectious doses is much greater, but the practical effect is
limited by infection being regarded as certain once the dose reaches 2 1Dsg. As below, the risk
differential between routes is therefore more pronounced in lower-infectivity scenarios.




