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OVERVIEW

Why an Enhanced Surveillance System for Xenotransplantation in
Canada?
The potential for a novel, zoonotic agent to gain hold in the human population
through xenotransplantation protocols is internationally recognized as a grave concern
for public health. Although not all zoonotic agents can or will lead to pandemics or
epidemics, the examples of HIV and “mad cow disease” (new variant Creutzfeldt-Jakob
Disease [vCJD]) are recent prototypes of serious, latent infections that humans have
probably acquired from animals. HIV has widely decimated lives and has threatened
blood safety around the world, requiring testing for the agent to reduce risk. As yet,
the transmission of prion mediated disease or vCJD has not been demonstrated to occur
through the use of blood or blood products. Nevertheless, precautions have been under-
taken on the basis of a theoretical risk. For example, the United Kingdom (U.K.), the
country most affected by vCJD, now imports plasma from countries that have not
reported cases of vCJD to make pooled blood products. Canada does not accept blood
donors who have lived for more than 6 months (cumulative) in the U.K. and, more
recently, in France. Unlike the case with HIV, there is no effective screening tool to
reduce the risk of transmission of vCJD. The containment and control of zoonotic
agents and the negative impact on blood availability or safety are problematic and costly
for public health. Prevention of new epidemics, if possible, would be the preferred
option.

The infectious agents of most concern to xenotransplantation and blood safety are
those producing silent infections that are latent for many years and that result in
incurable and devastating disease. In Canada, no clinical trial applications involving
xenografts have been received or authorized to date. Thus, in accordance with the
recommendations of the National Forum on Xenotransplantation, held in November
1997(1), Canada has a unique opportunity to put into place precautionary measures
that will allow us to more carefully assess and at the same time minimize the infectious
disease risks associated with xenotransplantation clinical trials. An enhanced surveil-
lance system for infectious agents associated with xenotransplantation is essential for
this purpose.

On March 31, 2000, the Xenotransplantation Surveillance Workshop was hosted in
Ottawa by the Bloodborne Pathogens Division of the Bureau of Infectious Diseases,*
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Laboratory Centre for Disease Control, Health Canada, to obtain comments from
experts on an enhanced xenotransplantation surveillance system that would best meet
the needs of Canadians. The workshop was not intended to be a consensus conference
but, rather, to examine the issues and to serve as a starting point for future deliberations
on xenotransplantation surveillance, including public debate.

Twenty-six infectious disease and xenotransplantation experts together with two
observers attended the workshop (see Appendix A). The morning plenary session
covered the goals and objectives of setting up enhanced xenotransplantation
surveillance and summarized the recommendations of the 1997 National Forum on
Xenotransplantation. This was supplemented by a brief discussion of the draft Proposed
Canadian Standard for Xenotransplantation. The international surveillance issues
that were covered included a report by the U.S. Centers for Disease Control and
Prevention. The morning session concluded with an overview of the U.S. pilot
xenotransplantation database. During the afternoon session, a discussion on databases
and sample archiving was conducted, guided by specific survey questions (see Appen-
dix B).

This report provides a background to the current framework for xenotransplantation
regulation in Canada and and addresses the main xenotransplantation surveillance
concerns. The survey results are compiled, reviewed and interpreted in the context
of this background, which includes a discussion of the Proposed Canadian Standard
for Xenotransplantation.
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I: INTRODUCTION

Background to the Current Regulatory Framework for
Xenotransplantation in Canada
Xenografting is legally permissible in Canada only upon authorization of a clinical trial
application, such as an Investigative New Drug (IND) application or an Application for
Investigational Testing - Medical Devices, to the Therapeutic Products Programme* of
Health Canada (HC)(2,3). No special access program for xenografts is allowed in Canada
because of the complexity of establishing risks and safety to third parties(3). Some
xenografts, such as extracorporeal perfusion devices, may more resemble medical
devices than drugs, whereas others fall more under the description of a drug (biolo-
gical drugs) or cellular transplantation(2,3). Accordingly, both sets of regulations have
to be taken into account when surveillance for xenotransplantation clinical trials is
considered. In Canada, fixed pig valves are not considered xenografts as they are not
viable(4).

Adverse Event Reporting in Canada
When clinical trials on new therapeutic products are conducted to address safety and
efficacy, annual reporting on patient outcomes and immediate reporting of adverse
events (AEs) to HC are mandatory. For fatal and life-threatening unexpected adverse
drug reactions (ADRs), the initial report must be sent to HC within 7 calendar days. All
other serious and unexpected ADRs must be sent within 15 calendar days(5). For serious
AEs occurring during clinical trials of medical devices, HC must be informed within
72 hours(6). Generically, once approval to market has been obtained, the reporting of
serious drug-related AEs is voluntary, whereas for medical devices AEs must be
reported within 10 days(7).

In the draft Proposed Canadian Standard for Xenotransplantation (PCSX)(8), it is
recommended that registration of the xenograft recipient occur within 72 hours and
that all serious AEs be reported immediately (although time lines are not made
explicit). Although there are, as yet, no regulations referring to the proposed stan-
dard, an interim guidance document could be issued for xenotransplantation clinical
trials.
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According to the proposed standard, there would have to be lifelong monitoring of
recipients, and this would exceed the time lines of clinical trials. Therefore, it is clear
the existing regulations, at least for drugs, are not appropriate for xenotransplantation
surveillance. In the U.S., the Public Health Services (PHS) Guideline on Infectious
Disease Issues in Xenotransplantation(9) was recently revised(10). It now states that records
and specimens on source animals and recipients should be kept for 50 years rather than
for life(10). This information and sample archive requirement were subject to public
comment(11). Given the lengthy time of the recommended U.S. follow-up, further
clarification on the duration of follow-up in Canada is clearly needed. This is espe-
cially true if the xenograft protocol under consideration is reviewed as a biological
drug, for which (unlike medical devices) post-market reporting of adverse events is
voluntary.

In Canada, precedents have already been set for enhanced surveillance schemes. For
example, in February 2000, new guidelines for reporting AEs associated with vaccine
biological products were released(12). The Division of Immunization, Bureau of Infectious
Diseases, collaborates with the Vaccines Division of the Bureau of Biologics and
Radiopharmaceuticals. The Division of Immunization retains the responsibility for
conducting post-marketing surveillance activities and maintains the Vaccine Associated
Adverse Event Surveillance System (VAAESS). Not only was the definition of vaccine-
associated adverse event (VAAE) expanded and more clearly defined in the February
guideline but, as well, an Advisory Committee on Causality Assessment (ACCA) was
set up in order to determine whether a particular AE was related to use of the vaccine
and whether it merited further investigation(12). Reporting of VAAEs from health care
practitioners is voluntary (except in Ontario, where it is mandatory) and is usually
channeled through provincial health authorities. However, serious VAAEs reported
to manufacturers must be submitted to HC within 15 days and, for less serious AEs,
within 30 days (i.e. reporting to HC is mandatory for manufacturers).

The Canadian policy on INDs (i.e. the drug regulations) states that the serious
reportable AEs must be unexpected(5). For xenotransplantation clinical trials, however,
probably all deaths and serious changes in health should be reported immediately
irrespective of cause. This would be more in line with the enhanced surveillance
system in place for vaccine products(12). As well, it would be reasonable to expand the
definition of immediately reportable xenotransplantation-associated adverse events
to include graft failure, cancer, and other disabilities related to immunosuppression,
since these would be related to the xenograft protocol, though not necessarily to
infectious diseases. The PCSX captures this broader definition of adverse event(8).

The definition of reportable AEs for xenotransplantation is very important. Not sur-
prisingly, it is still under heavy debate internationally, as is the definition of xenograft.
In terms of the latter, the U.S. PHS recently amended its definition of xenograft to
include not only live cells, tissues, or organs from a nonhuman source but also human
body fluids, cells, tissues, or organs that have had ex vivo contact with them(10). Thus, this
new definition covers skin substitutes — i.e. human skin that is grown on nonhuman
fibroblasts — and applies to several hundred patients treated in the U.S. Whether
fixed porcine valves should be considered to be xenografts has been debated by the
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Council of Europe (Dr. Larry Whitehouse, personal communication), but the Council’s
definition(13) does not currently include them. Nevertheless, it is important to deter-
mine the level of residual risk, if any, derived from the implantation of fixed porcine
valves as part of the pre-clinical risk assessment process, despite the fact that no AEs
have been reported so far(13).

Potential Attributes of an Enhanced Surveillance Scheme
The xenotransplantation workshop itself was not set up to determine whether enhanced
surveillance was necessary but, rather, what it would comprise, given the necessary
resources. A national enhanced surveillance scheme for xenotransplantation might
involve some of the following:

� national patient registry and adverse event reporting database;
� national specimen archiving site with a database for animal source and recipient

materials and including specimens from any investigations of close contacts or
health care workers;

� national testing and sample monitoring laboratory facilities (linked to the specimen
archiving database) for active surveillance and for investigations/follow-up;

� minimal exclusion and inclusion criteria to reduce infectious disease risks to
recipients, their offspring, and third parties; and to also enhance the likelihood
of lifelong compliance with monitoring, personal infection control, and safe sex
practices;

� national committee of experts to oversee xenotransplantation surveillance and
testing (this may or may not be separate from the existing Expert Advisory
Committee on Xenotransplantation Regulation, which deals with problems
encountered during the approval process for xenotransplantation clinical trial
applications);

� national emergency preparedness procedures and response team for outbreaks
in collaboration with provincial, territorial, and local health authorities;

� national inspection team (before and after clinical trial approval or for specific
investigations);

� careful and precise definitions of “xenograft”, “serious adverse events”, “other
adverse events”, and “suspected xenozoonosis”;

� clear time lines for reporting to HC and clarification of duration of follow-up if
“lifelong” is too broad, as may be detailed in an interim guidance document.

Enhanced Xenotransplantation Surveillance in Other Nations
In the U.S., the PHS has continued the development of a national xenotransplantation
database that will monitor xenotransplantation patients on a lifelong basis and is
exploring an option to develop a central biologic specimen archive. For now, the
revised PHS Guideline recommends that sponsors should archive materials designated
for use by the PHS. Source tissues will be kept in archives for at least 50 years for future
reference. In addition, the U.S. Department of Health and Human Services has
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established a 15-member Secretary’s Advisory Committee on Xenotransplantation,
which will keep the public informed, serve as a public sounding board, advise the
Department on the current state of knowledge regarding xenotransplantation, and
review current and proposed xenotransplantation clinical trials. To date, the U.S. Food
and Drugs Administration (FDA) has not announced an enhanced xenotransplantation
surveillance scheme over and above what is required for bioligical drug clinical trials
in general. Nevertheless, in 1997 it did place all porcine clinical trials on hold until
sponsors could address certain issues, such as the testing of all recipients for porcine
endogenous retroviruses (PERVs). As well, source animal facilities and the clinical
animal sites do require accreditation. Further guidance from the U.S. FDA on
requirements for xenotransplantation clinical trials can be found at
http://www.fda.gov/cber/gdlns/clinxeno0201.pdf.

The U.K. situation is different, in that no clinical trial applications have yet been
approved. The United Kingdom Xenotransplantation Interim Regulatory Authority
(UKXIRA) has released a draft document for consultation called the Draft Report
of the Infection Surveillance Steering Group of the UKXIRA(14). Three clinical trial
applications have been submitted to the UKXIRA, of which one was subsequently
withdrawn; the other two were not accepted because of lack of supporting data.

The Issue of Endemic Viruses
The issue of testing and exclusion of pig herds bearing endemic viruses such as porcine
cytomegalovirus (pCMV) requires further clarification. WHO recommendations(15)

state that herds should be free of certain viruses, including even those not established to
be zoonotic, such as pCMV, as their transmission (or pathogenicity) may be enhanced
under xenotransplantation protocols. While this is intended to mean that exclusion
criteria should address pig infectious agents not known to be transmitted to humans
but for which the risk of transmission may be facilitated through xenotransplanta-
tion(15) (Clara Witt, personal communication), it would not necessarily preclude
xenotransplantation. However, all herds apparently harbour pCMV and other endemic
viruses, such as other herpesviruses, hepatitis E virus, circoviruses, parvoviruses, and
papillomaviruses, which generally do not cause significant disease in their natural
hosts(16). Whether some or any of these endemic viruses can cross the species barrier
under xenotransplantation conditions remains unknown. Moreover, if transgenic
organs, tissues, or cells are used or if recipients are immunosuppressed, this is likely
to significantly increase the risk of transmission or pathogenicity respectively.

An initial risk assessment may be possible by examining samples from occupational
exposures to pig blood and medical exposures of biologic drugs or medical devices
derived from pigs. However, this may not provide sufficient data to predict risk when
the recipient of a xenograft is immunosuppressed or the material is derived from a
transgenic animal. Such an assessment is likely to underestimate rather than overesti-
mate risk, but would be valuable as a starting point.
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A good example of variable risk dependent on the immunosuppression status of the
host is hepatitis E. Although human hepatitis E virus usually involves only a temporary
hepatitis, which does not lead to a chronic carrier state, an unusually high mortality
rate (about 20%) occurs in third trimester pregnancy in humans, associated with vertical
transmission and fetal demise(17). Swine hepatitis E virus has 97% homology to some
strains of human hepatitis E virus isolated in non-endemic countries such as the U.S.
It remains to be determined whether swine hepatitis E virus, which is likely zoonotic
to humans, results in an increased risk of mortality associated with pregnancy in humans.
Its potential pathogenicity in immunosuppressed xenograft recipients would also
need careful evaluation.

The revised U.S. PHS guideline recommends that for any infectious agent known
or suspected to be in the source herd or animal, active monitoring of the recipient be
done, especially in the immediate post-xenograft period(10). Thus, while the guideline
has not specifically identified which endemic porcine viruses need to be excluded
from the herd, it does suggest that prospective “active” risk assessment should be
done to determine whether an endemic infectious agent might need to be excluded
in the future.

The Issue of Endogenous Viruses
The unknown risk of endogenous viruses, such as PERVs, has received far more
attention and scrutiny than endemic pig viruses. This may be in part because HIV-1,
a retrovirus, became established as a zoonotic pathogen when it jumped the species
barrier, probably from chimpanzees to humans(18). In this case it is the relatively high
rate of sexual transmission that contributed most to the pandemic(18).

In March of 1997, Patience et al. reported on the existence of PERVs that can infect
human cells in vitro(19). The following year they reported that once the endogenous
retrovirus gained entry to human cells and replicated, the enveloped virions then
produced were no longer susceptible to complement-mediated lysis by human serum,
and infectivity rates increased with this change(20). Human serum contains naturally
occurring antigalactose antibodies, which react with terminal galactose residues on
viral proteins when the virus replicates in non-human cells. This suggests that a higher
rate of transmission of PERVs and probably other enveloped viruses may occur if
transgenic sources of animal organs, cells, or tissues are used for xenotransplantation.
Denner et al., in 1998, reported that peptides in PERVs, which are at a site in the
envelope protein known to be immunosuppressive in general for retroviruses, were
found to be immunosuppressive in vitro(21). Thus, PERV infection in humans has the
potential to lead to immunosuppression in vivo. Given the difficulty in excluding
PERVs from pig source animals, since the retrovirus is contained within the pig
genome (i.e. is endogenously present), the question is, do pig cells, tissues, or organs
release functional “infective” virions? If they do, what is the risk for cross-species trans-
mission to humans? Finally, will PERVs exhibit significant rates of human-to-human
transmission through sexual contact, the blood supply, or other means?
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In many instances, endogenous retroviruses are inactive (as a result of genetic lesions),
they are expressed but incapable of producing infective virions, or they are latent
until activated by a number of agents, such as ionizing radiation, stress, inflammation,
or potent stimulators of proliferation and/or activation (mitogens), etc. Thus, the
findings by Martin et al. that infectious PERVs are released from porcine aortic
endothelial cells without mitogenic or other stimulation22 and, more recently, by Van
der Laan et al.(23), that they are released from pig islet cells when xenotransplanted into
NOD/SCID (diabetic/immunosuppressed) mice suggest that the risk of retrovirus
transfer to humans after xenotransplantation is at least theoretically possible. They
also suggest that the screening of serum, biopsies, or preferably tissue samples of pig
herds with sensitive techniques will detect PERV virions, making it difficult to obtain
pig source animals that do not excrete PERV virions. Indeed, others have found that
there is variability in the production of PERVs in blood cells from different pig strains(24),
and that in Specific Pathogen Free (SPF) herds there is variability of viral mRNA load
with tissue sources (kidney being the highest producer, then liver, lung, and heart)(25).
Most notably, the SPF herds expressed PERV mRNA at equivalent or higher levels
than conventional herds. This indicates, as expected, that the use of SPF herds does
not reduce the risk of PERV transmission to humans.

The finding of the presence of an infectious agent in all or most potential source
animals is necessary but not sufficient to indicate the level of risk of a) transmission to
humans, b) disease causation, or c) the potential for an epidemic. Thus, while there
is an apparent risk of transmission of PERVs to humans with xenotransplantation
protocols, the question is, how often does it happen? A number of investigators have
tried to address this issue(26-31). So far there is no unequivocal evidence that PERVs have
infected humans or replicated in human hosts in vivo(26-31). However, in splenic perfu-
sion models, 23% of the recipients followed up had circulating pig cells (referred to
as a microchimerism) containing latent PERVs(26). The long-term consequences of
microchimerism are unclear, although some individuals had had their xenograft
exposure 8 years before(26). In another study, involving 10 patients with implanted
fetal pig islet cells, five had microchimerism at 6 months or longer(31). In neither
study were antibodies to PERVs detected, suggesting that no release of infectious par-
ticles took place; however, it is possible, though not usual, to have an infection without
antibody production, such as early in the course of infection during the window
period, or as a result of tolerance induction. Nevertheless, there is no clear evidence
for PERV replication or infection in human hosts even when microchimerism might
exist(26,31), although there are caveats to this interpretation, since transgenic xenograft
sources were not evaluated. The report of active PERV infection in a murine
model(23) gives great concern about a transpecies infection in humans, however.

If prospective testing of appropriate tissue samples, such as kidney or epithelial cells,
were carried out instead of retrospective testing of serum or blood samples, positive
results might be found under certain conditions, such as in immunosuppressed human
xenograft recipients or in those receiving transgenic xenografts. Recently, it was
reported that 68% (17 of 25) NOD/SCID mice xenotransplanted with pig islet cells
had microchimerism, and all 8 mice that could be evaluated had evidence of PERV
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infection, albeit only in the tissues where microchimerism could be demonstrated(23).
The authors suggested that pig islet xenotransplantation to humans may result in long-
term exposure to replication-competent endogenous retrovirus. However, since these
investigators did not exclude the possibility of pseudotyping of PERV with mouse
endogenous retrovirus (which may have increased the risk of transmission), it is cur-
rently unclear whether this increased risk of transmission in mice can be extrapolated
to humans.

Published Adverse Events in Xenograft Recipients
The only published autopsy report involving the death of a xenograft recipient was at
7.5 months after implantation of porcine fetal neurons into a patient with Parkinson’s
disease in the U.S.(32). The cause of death was a pulmonary embolism deemed to be
unrelated to the xenotransplantation protocol(32). However, this patient was immuno-
suppressed with cyclosporin, and there was an associated higher risk of infection.
Additionally, infectious agents can be associated with pulmonary emboli. There was
no indication that a follow-up investigation was done for porcine infectious agents,
so it is unclear whether endogenous or endemic porcine infectious agents contributed
to the patient’s demise. A complete analysis of autopsy samples for endogenous and
endemic infectious agents of pigs (along with source animal testing) would have been
critical to address the general issue of transmission of these known viral agents to
humans. An argument could be made that deaths in xenotransplantation clinical trials
should be reported immediately and autopsy tissue samples fully investigated by
health authorities, irrespective of perceived cause of death.

In a study of 10 Swedish patients who received transplanted fetal pig islet cells with
immunosuppression, the follow-up was 4.5 years or more(31). During this time two
patients died of myocardial infarction, and one patient lost a renal allograft (at 2.5, 5 and
6 years respectively). No lymphoproliferative or neurologic disease was reported. It is
unknown whether any of these serious adverse events were associated with xenozoonosis.
Although no evidence was found from blood testing to suggest PERV infection(31), the
report did not indicate whether autopsy or biopsy samples were analyzed, particularly
with respect to endemic and endogenous porcine viruses. Interestingly, in the same study
the majority of pigs tested (9 of 12, 75%) exhibited PERV RNA in the serum corre-
lated with demonstrable reverse transcriptase (RT) activity(31). Since the patients did
not show PERV RNA or RT activity in serum samples but most pigs did, this offers
a measure of confidence that the patients, half of whom exhibited microchimerism,
did not produce replication-competent PERVs. On the other hand, this finding in
pigs suggests that the infectious disease risks related to PERVs are likely to be there
irrespective of the types of organs, tissues, or cells used as xenografts. This may be a
problem if some individuals already express endogenous or contract exogenous retro-
viruses that might contribute to pseudotyping of PERV. This is of concern as it may
subsequently allow for generation of replication-competent PERVs. The possibility of
endogenous retrovirus likely contaminating most or all xenografts is cause to take
extra precautionary measures. If these endogenous viruses could be genetically or
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functionally deleted from the pig genome (of which many scientists are not hopeful),
the risk of infectious disease associated with xenotransplantation is likely to be
greatly reduced.

Infectious Disease Risks of Endemic and Endogenous Porcine
Viruses
In summary, the risks of infection to human populations by pig endogenous and endemic
viruses remain largely unknown, although there is suggestive evidence that swine
hepatitis E may be transmissible to humans. Active monitoring of common pig infec-
tious agents after xenotransplantation will be necessary to provide a risk assessment for
endogenous and endemic viruses. In particular, the immediate post-xenotransplantation
period (i.e. before antibodies clear the virus from patient blood), which can be any-
where from 2 to 8 weeks, would be the optimal time to investigate for viral replication
by, for example, polymerase chain reaction (PCR). Close examination of the viruses
that are replicating in the early post-transplantation period would at least answer the
question of what the infectivity risk is of the various pig infectious agents for humans.
This would indicate which viruses need to be closely monitored over the longer term
in order to control and contain a potential epidemic.

As is well known, absence of data does not substantiate absence of risk. The finding
of cross-species transfer of PERVs(23) to immunosuppressed mice in association with
microchimerism raises the question of whether immunosuppressed humans receiving
transgenic organs, tissues, or cells or, alternatively, recipients with microchimerism
will also produce replication-competent PERVs. Furthermore, as will be discussed
later, any adverse event could be linked to infection with a zoonotic agent. Without
active screening, it will be difficult to determine whether the symptom relates to a
potential xenozoonosis or not. Initial trials should be closely and carefully monitored(1).
The revised draft U.S. PHS guideline also now calls for active monitoring after xeno-
transplantation of any pig infectious agents known or suspected to be in the source
herd, including endogenous and endemic pig viruses.
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II. SURVEY RESULTS AND DISCUSSION

The main goal of the workshop was to capture the views of the various participants on
certain issues and not to mould opinion or reach any kind of consensus. Generally, most
issues elicited a wide range of views and comments. These responses are instructive
because they help identify where problems lie and what issues need to be addressed
in future deliberations and, presumably, in guidance documents.

Patient Registry and Adverse Event Reporting Database
Participants noted that the design of a xenotransplantation surveillance database
will depend greatly on what purpose(s) it is to serve. Surprisingly, some participants
considered enhanced surveillance measures by HC to be a research project on safety
assessment. However, since xenotransplantation carries an as yet undefined risk to
the public in the way of a new epidemic, the assessment and containment of this risk
at the clinical trial level is essential for the health protection of Canadians. Carefully
designed and closely monitored clinical trials are viewed as the only means to adequately
assess the risk of xenotransplantation procedures to public health and safety(1). Further-
more, clinical trials should not be allowed to go ahead without public consultation,
oversight by a national body, and precautionary measures to assess and contain the
risk of infectious diseases to third parties(1).

One could envision the initial registry of the small number of recipients being merely
paper-based; however, once several trials are approved and under way, it will become
necessary to develop an electronic version capable of linking various data sets. Discussion
on the registry at the workshop identified two functional types of data elements, those
contained within the national registry and those linkable or accessible through common
identifiers to other databases, such as an archiving database or the medical records
of the recipient at the local site. Most participants felt there would not be a need to
have the full medical history or patient file at the national registry, since the relevant
information could be ascertained upon inspection, investigation, or linkage. It was
felt that if the registry database became too detailed or complex, the ability might
be lost to respond to an early sign or trend indicating transmission of an infectious
agent and that the costs and potential for information overload would be greater.

Most respondents indicated that the demographics of the source animals and tissues
should be accessible or linkable, but not necessarily held in the national registry. On
the other hand, there was general agreement that the demographics of the recipient
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(age, sex, hospital site of xenograft, type of xenograft) should be included. The Proposed
Canadian Standard for Xenotransplantation calls for the inclusion of the following data
elements: xenotransplant program identification number, recipient coded identification,
race, sex, age and date of birth, SIN number, ABO blood grouping, organs received
and cause of organ failure, date and time of transplantation, unique source animal
identification number and all data relevant to source animal parentage, husbandry, and
testing for transmissible (or potential) pathogens(8). Although the proposed standard
recommends that source animal information be contained within the national registry,
many participants thought that linkability or accessibility only was needed. They did
not feel that other data elements, such as whether the patient was immunosuppressed,
type of immunosuppression used, the patient’s transfusion or transplantation history,
and history of human infectious diseases or cancer, were important enough at this
time to be in the national registry.

All responding participants indicated the critical importance of recording serious
adverse events in the registry, and most felt that other AEs should also be included.
However, the types of AEs to be submitted to the patient registry will require further
clarification and definition (see also below).

In conclusion, participants agreed with the minimal data elements to be submitted to
the national registry as outlined in the Proposed Canadian Standard for Xenotrans-
plantation(8), with the potential exception of the xenograft source demographics.

Definition of Adverse Event for Xenotransplantation
The definition of an AE received much debate. In the Proposed Canadian Standard for
Xenotranplantation an AE is defined as “an undesirable outcome directly or indirectly
related to the allo/xeno graft (e.g. infection, disease transmission, graft failure)”(8). It is
assumed that death, though not listed, would be considered “undesirable”. As an alterna-
tive, the following definition was suggested in the survey (see the enclosed survey
template in Appendix B): “any notable change in the recipient’s health or well-being,
reversible or not, requiring medical attention or intervention, inclusive of death,
disability, disease transmission, infection or hospitalization whether directly or indi-
rectly related to the xenograft protocol”. Many participants chose one of the two
similar definitions provided but listed caveats or additions, such as graft failure or
the diagnosis of cancer.

One suggestion during the workshop discussion was to adopt the WHO or other
internationally agreed upon definition; however, at present the WHO has not released
its definition of “adverse event”, although international discussions are under way.
Some participants preferred that the sponsor/clinicians define for themselves what
is reportable or decide whether the AE was related to xenotransplantation before
reporting. For AE reporting in the enhanced surveillance of vaccines, there is a separate
panel of experts that reviews the AEs reported to decide whether they are related to
the vaccination process(12). If a serious AE is rare or unusual, this decision may be very
difficult. Some workshop participants suggested that all serious AEs should be reported,
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closely monitored, and/or investigated, since xenotransplantation is new, and it may
be difficult to recognize when the AE relates to the procedure and/or xenozoonosis.
Some felt that any abnormal laboratory test results or any persistent AE, such as fever,
should be reported, whereas others cautioned against flooding the system. The challenge
is to ascertain the true AE related to xenotransplantation as opposed to background
noise. Some participants also felt that if family members suddenly experience an
unexplained illness this should also be reported.

The UKXIRA guidelines had defined “untoward event” as a suspected xenozoonosis
“and” confirmed xenozoonosis(14). The UKXIRA has recently changed this to “and/or”,
as most xenozoonosis would not be confirmed before an investigation is conducted.
However, restricting AE reporting to xenozoonoses may be counterproductive, as
there are no uniform clinical criteria for suspecting a xenozoonosis, especially with
regard to unknown or latent viruses. There is no easy way to discriminate human
from zoonotic infections based on the clinical picture. Under these circumstances,
either all AEs or, what is more likely, few AEs would be reported and investigated.
Without further clarification, the UK definition of an adverse event seems inadequate,
as even deaths may go unreported. Certainly, analysis of autopsy tissues from xenograft
recipients would provide essential sources of information about transmission of endog-
enous and endemic pig viruses to humans and would be key to the assessment of the
infectious disease risks of xenotransplantation. At the very least the UKXIRA would
need to reconsider whether deaths should or should not be reported and infectious
agents investigated on autopsy samples, regardless of causality.

For AE reporting, the Proposed Canadian Standard for Xenotransplantation states
that “the following adverse events shall be immediately reported (i.e. reporting is
mandatory and immediate): potential or confirmed xenozoonosis in the recipient or
positive test for infectious agent(s) in the source animal; appearance in the recipient
of a reportable infection such as HIV, hepatitis B or C, tuberculosis, or any other
infection(s) including zoonoses; appearance in the recipient of a new cancer (excluding
basal cell or squamous cell skin carcinomas); primary non function of the transplanted
xeno-organ; and death of the recipient”(8). The definition of adverse event for xeno-
transplantation and the mandatory reporting differ considerably from the Adverse
Drug Reaction definition for INDs, in which the reporting of serious AEs within
clinical trials contains the element of “unexpected” and suggests that “a causal relation-
ship is at least a reasonable possibility”(5). For medical devices, the report is manda-
tory when it relates to the failure of the device or its effectiveness, and has led to the
death or serious deterioration in the state of health of a patient(7). Clearly, the scope,
reporting, and testing requirements relating to AEs in xenotransplantation protocols
need further definition and clarification in a guidance document before xenotrans-
plantation clinical trials are considered in Canada. Given the likelihood that most
pig herds are positive for PERVs (blood and/or tissues) and probably other endemic
viruses, such as pCMV, it remains to be decided whether the presence of these viruses
(in the source animal or the herd) should or should not preclude xenotransplantation.
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Linking Adverse Events to Xenozoonosis
Most workshop participants thought that death, cancer, autoimmunity, disabilities such
as paralysis, graft rejection, rashes, and fevers might be causally linked to an infectious
agent (human or porcine). The notion that viruses may be implicated in a number of
autoimmune conditions and chronic inflammatory diseases is not new. Several human
endogenous and exogenous retroviruses have now been implicated, including a new
exogenous virus called human retrovirus five (HRV-5), which is implicated in arthritis
and was recently described by Weiss et al.(18). The concern has been raised before
about PERV pseudotyping by other human retroviruses present in the host and the
subsequent release of replication-competent PERVs. Furthermore, retroviruses can
be oncogenic (cancer-causing). Patients with autoimmune, chronic inflammatory pro-
cesses or cancer may need to be excluded from or (if included) more closely moni-
tored in xenotransplantation clinical trials until such time as PERVs can be excluded
from source herds and xenografts.

Other AEs potentially linked to xenozoonosis include a range of illnesses and syndromes
(in recipients and close contacts) and could include any abnormal laboratory value,
particularly if there is a positive test result for pig infectious agents (specific or non-
specific). One participant went so far as to say that any AE might be causally linked
to an infectious agent. The Proposed Canadian Standard requires mandatory creation
of Standard Operating Procedures (SOPs) to be used for the local investigation and
follow-up of suspected infections and communicable diseases(8). If local xenotransplant
teams are free to develop their own standards, a non-uniform set of reporting and
investigative processes will likely result. A national investigative team may be better
suited to perform the investigation and determine, in an unbiased way, whether a
porcine infectious agent is involved or is potentially linked to the AE. Analysis in an
aggregate fashion by a national authority may improve consistency and facilitate the
earlier detection of trends. Nevertheless, it is expected that there will be general dif-
ficulty in confirming whether an adverse event relates to an unknown xenozoonosis.
Accordingly, there seems to be little value in limiting the definition of an adverse
event to a xenozoonosis.

Criteria for Follow-up Investigation of Potential Zoonosis
Essentially any unexplained AE could be followed up for a potential zoonotic agent.
Some participants thought that only if there is some evidence for a zoonotic infection
(such as that established through screening methods) should there be follow-up.
Several participants believed the sponsor or local expert team of investigators should
decide. In keeping with the recommendations of the National Forum(1), many partici-
pants felt that when a death occurs, an investigation for pig infectious agents should
be performed on autopsy samples. Some suggested that a diagnosis of cancer or auto-
immunity may also warrant such an investigation. Thus, the criteria for a follow-up
investigation will need further debate and resolution. As well, efforts should be made
to harmonize these internationally(1). Whatever criteria are developed, they should be
established in advance of clinical trials and made available through an interim policy
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released by HC on the conduct of clinical trials involving xenotransplantation.
Although it may be relatively straightforward to investigate known agents with
defined sequences, unknown pig infectious agents may prove more difficult to
confirm.

Time Lines for Reporting Data and Adverse Events to Registry
In general, there was a consensus that serious adverse events should be reported imme-
diately, in agreement with the Proposed Canadian Standard for Xenotransplantation(8),
but the definition of “immediately” was somewhat murky. During the open discussion
most participants agreed that 24 hours should be the definition of “immediately”,
whereas in the survey report there was a range from 12 hours upon receiving confir-
mation to 72 hours. With regard to reporting by 24 hours, one participant questioned
whether anyone at HC would be available on the weekends. If the criteria for follow-up
investigation are clarified in the interim guidance document and it is stipulated what
enhanced surveillance is mandatory (including required samples, where to send the
samples, when a follow-up investigation is needed), then perhaps a 72-hour maximal
time line would be acceptable. Again, whatever minimal requirements are needed,
these should be established before the authorization of clinical trials in Canada.

There was a lot of variability in participants’ responses about serious versus not-so-
serious AEs. Many participants felt that quarterly instead of annual reporting should
be required for xenotransplantation clinical trials, because some less serious AEs, such
as a flu-like condition, when analyzed in an aggregate fashion, may provide the earliest
indication of a xenozoonosis epidemic.

Sample Archiving
Many participants preferred the word “archiving ” in the survey questionnaire to
“monitoring”, since they felt that routine or active testing by a national body was not
warranted. As well, many felt that there is no need to duplicate archiving at a national
and local site. Instead, samples could be made available in the event of an investigation,
or duplicate samples for a national body could be held locally. The latter is consistent
with the new U.S. PHS guideline but not with the recommendations of the National
Forum on Xenotransplantation(1), which greatly favours separate retention of locally
and nationally archived duplicate samples. The Proposed Canadian Standard for
Xenotransplantation(8) states that “in the absence of a central facility, designated public
health biologic specimens (serum, plasma, leukocytes, and tissues of the recipient, if
available) should be archived with appropriate safeguards to ensure long-term storage
and an efficient document system for the prompt retrieval and linkage of data to
medical records of recipients and source animals.”

For recipient samples, most participants agreed that baseline, routine, and investigative
samples would need to be archived on all patients and that serum (5 aliquots of 0.5 mL
for both the local/national sites), plasma (same quantity as for serum), and peripheral
blood mononuclear cells (PBMC, at least 3 aliquots of 1 million cells for local and
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national investigators) should be stored. Other suggestions for archiving included
biopsy and autopsy specimens if appropriate/available, and RNA and DNA samples;
few felt that urine samples would be useful. Some suggested that there is no need for
a national archive, whereas others maintained that there should there be a national
archive and all testing be done by HC. The ability to obtain blood should be considered,
and the volumes collected need to be practical. Indeed, one participant suggested that
the sponsor should determine amounts of samples to be collected. It was also proposed
that expert committees should determine which tests should be performed under what
circumstances, since the total sample volume would be limited, and certain samples
may be critical for the investigation. Since not all tests would be available in a validated
and standardized format, it may be preferable that an independent approval committee
decide what tests are to be performed.

Like the Proposed Canadian Standard, the UKXIRA guidelines propose lifelong
monitoring. If the storage of samples is recommended for at least a minimum of 50 years,
as per the new U.S. PHS guideline(10), the question arises of whether age restrictions
on xenograft recipients should be required (favouring elderly patients), or whether
initial trials should be initially limited to terminal patients. As well, a mechanism is
needed to ensure the availability of specimens for this length of time, probably through
storage at a national archive site.

In terms of the source animal samples to be archived, many respondents felt the samples
should be held at the local site or by the sponsor, and HC be allowed access in the
event of an investigation. Assuming the animal is sacrificed at the time of cell, tissue,
or organ harvest, as was recommended at the National Forum(1), then tissues such as
lymph node, spleen, bone marrow, and any other tissue relevant to the type of xenograft
used could also be archived, along with plasma (5 aliquots of 0.5 mL), serum (5 aliquots
of 0.5 mL) and PBMC (5 aliquots of 10 million cells). Because of the concern that
hepatitis E is endemic in herds and transmissible to humans, some participants sug-
gested collecting fecal samples from the source animal for PCR tests, since this is the
most sensitive and reliable method for early detection(17).

For close contacts, baseline and investigative samples should be taken (as with recipi-
ents), but only a few respondents felt that routine annual samples were necessary.
Most suggested that local storage of close contact materials would be sufficient.

Sample archiving for health care workers was judged to be similar to that for close
contacts, with additional samples taken in the event of needlestick injury. Many thought
those at highest risk might be monitored (archived and/or tested) more frequently.
The U.K. guidelines suggest that, aside from baseline blood samples, samples on health
care workers should be archived and tested only if there is significant exposure to
bodily fluids of xenograft recipients (such as for surgeons) or if there is any untoward
event(14).
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Schedule for Recipient Archiving/Testing
Aside from the need for a baseline sample on all recipients and for investigative samples
for an AE, the Proposed Canadian Standard for Xenotransplantation(8) does not detail
a minimally acceptable schedule for the archiving or testing of recipient samples.
Workshop respondents were given a choice of two schedule types for sampling patients,
or they could develop their own schedule (see attached survey template in Appendix B).
In the initial trials, the schedule is expected to be more intense in order to collect
rudimentary information as to which samples are the most informative. Once the
initial clinical risk assessment is achieved, it may not be necessary to collect samples
as frequently in the immediate post-xenograft period. Many participants agreed on
weekly or biweekly sampling in the first 3 months, then monthly for the next 3 to 9
months, and then annually. Most felt that at least a sample at 1 month and at least
twice in the first year would be necessary.

The U.K. guidelines recommend archiving only for baseline, month 1, month 6, and
then annually; this is based on the 1996 U.S. PHS guideline(9). On the other hand, the U.K.
guidelines call for testing of samples at 0, 1-2 days, 2, 4, and 6 weeks, 3 and 6 months,
and annually thereafter. The rationale for testing but not archiving of some samples
is unclear in the UKXIRA guidelines. The revised 2000 U.S. PHS guideline(10) (in
section 4.1.2) now states that for archiving there should be two separate baseline samples
(preferably separated by a month and where one sample is time 0), and that samples
in the immediate post-transplant period should be archived along with those from 1 and
6 months, 12 months, 24 months, 60 months, 120 months etc.

With regard to testing, the revised PHS guideline recommends that if xenogeneic
infectious agents are known or suspected to be present in the xenotransplantation
product, then active screening of the recipient should be performed frequently in the
immediate post-xenotransplantation period. They cite, as examples, the 2, 4, and 6 week
specimens and suggest screening could include endogenous retroviruses, herpesviruses,
and papillomaviruses. Since all pig herds harbour PERVs and many, if not all, harbour
endemic viruses of one kind or another(17), then as a standard (for the U.S., U.K., and
probably Canada), archiving and active testing for endogenous and endemic pig
infectious agents may need to be performed minimally at baseline, 2 weeks, 4 weeks
and 6 weeks, 6 months, annually (for 2 years), and then every 5 years. This is one
possible interpretation of the revised U.S. guideline.

The word “monitoring” in our survey template was meant to include testing and
archiving. However, many participants felt that “monitoring” should be changed
to “archiving”, and this would eliminate the need for active testing. However, as
mentioned, the U.S. guideline (referred to by the UKXIRA(14)) makes it very clear
that active testing and archiving are now recommended as part of the monitoring.
This is particularly important in the immediate post-xenograft period, and especially
since most herds probably harbour known endogenous(19-25,31) and endemic(16,17) viruses.

Most participants felt that close contacts need baseline and annual sample archiving, and
testing and archiving in the investigation of an AE. Some, however, thought quarterly

17



or monthly sampling for the first 3 months could be considered, presumably to allow for
the initial assessment of risk of sexual or household transmission. The U.K. guidelines
recommend that a baseline and a sample at 1 year should be archived; testing and
further investigational archiving would be necessary only in the event of an AE
potentially related to xenozoonosis(14). The U.S. PHS guideline suggests that only a
baseline sample is required on health care workers, and testing and further archiving
is only necessary in the case of an AE(10). The U.S. PHS guideline does not cover
close contacts.

Pre-Clinical Work-Up on the Source Herd
When referring to the xenograft animal materials or animals, most participants
preferred the use of the term “source” to “donor”. Many felt that a sentinel health
surveillance program is required, possibly with some sentinels being temporarily
immunosuppressed (i.e. for up to 2 months) and observed; others did not think this was
feasible. The Proposed Canadian Standard for Xenotransplantation suggests, among
other measures to isolate the source herd from infectious agents, that a sentinel sur-
veillance program should be encouraged as a standard(8). Some participants proposed
that the sentinel program be instigated on the biosecure herd and not on each litter,
since conclusions cannot be drawn for about 15 years (the life span of a pig), and it
would be best to have this assurance of safety long before, or as soon as possible
after, xenotransplantation.

Many respondents did not favour the inoculation of nonhuman primates (NHPs) with
animal source blood, cells, and/or tissues (whatever tissue source may be relevant to the
proposed human clinical trials) and then monitoring the NHPs for 2 years, with or
without immunosuppression. One reason was that the significant number of infectious
agents harboured by NHPs would result in a high background level, clouding the
interpretation. This would be particularly problematic for nonspecific tests for unknown
agents. As well, there is some evidence that nonhuman primates may not be appro-
priate models for PERV transmission(20). The proposed standard does not address the
issue of preclinical testing in animal models(8), although, in general, as a prerequisite for
clinical trials it is required. Given the issue of the anti-gal naturally occurring antibodies
limited to humans and old world primates, studies in NHPs would be required as
relevant animal models for interpretation of infectious disease risks as part of the
“pre-clinical testing”. In some respects, since xenotransplantation clinical trials have
been formally ongoing in the U.S. since at least 1995 and may involve 50 to 100
recipients, it is not clear whether only short-term studies (days or weeks) with NHPs
or follow-up over a number of years would be needed.

Most participants agreed that relevant source animal samples should be co-cultured
with various relevant human indicator cell types (including PBMC and activated
PBMC), tested for retroviruses and herpesviruses, examined by electron microscopy
(EM), and examined for nonspecific cytopathic effects. Other means of identifying
unknown pathogens (whatever is state of the art) should also be employed. Other tests
include routine surveillance for infectious agents to be excluded from the herd as well
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as routine histopathology, hematology, and biochemistry. With regard to screening
for endogenous and endemic viruses, the majority of respondents felt it was necessary
to screen the herd and presumably the intended source animal(s). Many participants
had trouble with the use of EM for the visual detection of virions in source animals
or the herd, primarily because EM is labour intensive and relatively insensitive, in
that many sections of many tissues would have to be examined in order to rule out a
false negative result (sampling error). Instead, it was suggested that EM could be
used in an investigation and/or on the source tissue intended for xenotransplantation,
either on a biopsy specimen or an unused portion. For example, if a kidney is to be
xenografted, the remaining kidney could be examined by EM.

Surrogate Markers
Several participants suggested that the following markers could be investigated as a
potential surrogate for infectious disease risk: erythrocyte sedimentation rate (ESR),
the PCR Enhanced Reverse Transcriptase (PERT) assay on serum, which would
detect reverse transcriptase enzymatic activity characteristic of retroviruses, liver
function tests, perhaps C-reactive protein, and the culture of patient materials with
indicator cells (pre- and post-xenotransplantation). Some questioned whether the
development of chronic fatigue or insomnia would be a useful clinical surrogate
marker; others suggested that we need to develop a compendium of markers poten-
tially related to post-xenograft complications and to establish the correlation of these
to confirmed xenozoonoses. Almost no participants felt that an early cancer blood
test, testing for RNAse L activity in the urine, or examination of immunosuppression
of PBMC (in non-immunosuppressed recipients) would be of value as surrogate
markers for xenozoonosis at this time.

Testing for Unknown Pig Infectious Agents
Some participants liked the notion of using representational difference analysis (RDA)
or modified fluorescence in situ hybridization (FISH) methods to detect previously
uncharacterized pig infectious agents in xenograft recipients, but others cautioned
against the use of non-validated methods. Moreover, such methods are difficult to use,
may be problematic, and are therefore unlikely to be suitable for routine monitoring.
It may not be useful to be too specific on what tests should be employed. Some par-
ticipants suggested working backwards, so that when an infectious agent is strongly
suspected, then these “research methods” to identify and characterize the unknown
entity can be used.

Xenozoonoses Outbreak Responses
Virtually all respondents indicated the need for SOPs at the national level for testing,
sample collection, quarantine, and notification in conjunction with the federal, pro-
vincial and territorial health ministries, although the question came up as to who has

19



the authority to invoke such measures. As well, participants recognized the need for
SOPs on how to manage archived samples. Alternatively, an archive steering committee
could be consulted about the use of archived materials. SOPs should also provide
information on how to deal with the animal sources, including recall, lookback, and
traceback procedures in the event of an outbreak. This requirement is dealt with in
the Proposed Canadian Standard for Xenotransplantation.

There is a need to develop SOPs at HC for clinical holds, moratoria, inspections, and
international notification in the event of an outbreak; both sets of SOPs (national
and local) should be in place before clinical trials are started in Canada.

Finally, most respondents agreed that both local and national laboratories should have
the facilities and resources in preparation for xenozoonotic outbreaks, including the
setting up of reference assays. However, this testing may be conducted through contracts
with accredited laboratories. One person suggested that, in addition, the sponsor
should have SOPs for responding to a potential xenozoonotic outbreak, assuming
that some clinical trials may be multicentered. Generic emergency response plans
could be tailored to incorporate particulars relating to xenotransplantation infectious
disease risks, although until these agents are identified and further characterized it
will be difficult to provide a xenotransplantation pathogen-specific emergency
response plan.

The Proposed Canadian Standard does not deal with xenozoonoses outbreaks per se,
but details in generic terms what to do if an adverse reaction/suspected infection
occurs(8). Again, it recommends the creation of SOPs in advance on issues such as
quarantine, destruction, investigation, recall, and notification, but does not provide
details on how and what to investigate.
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III: CONCLUSIONS AND SUMMARY

An enhanced xenotransplantation surveillance system is one of many precautionary
measures to reduce infectious disease risks to recipients, their offspring and third
parties. A critical review of the literature along with an analysis of the survey results
and discussion suggests that the current regulatory framework in Canada may benefit
from the development of an interim policy on xenotransplantation clinical trials to
deal with enhanced surveillance issues. Additionally, international harmonization on
the surveillance of xenotransplantation clinical trials to reduce the infectious disease
risks to recipients and third parties also seems warranted.

Although an appraisal of the literature on PERVs seems to indicate that there is at
least a theoretical risk of PERV transmission to humans through xenotransplantation,
recent evidence suggests this risk might be minimized in the near future. For exam-
ple, there is preliminary evidence from Dr. Clive Patience, a principal scientist at
BioTransplant Inc., that pig herds could be bred that do not produce infective,
replication-competent PERVs(33). However, whether special breeding or cloning of
animals may, in fact, eliminate the production of replication-competent endogenous
or endemic viruses remains to be seen.

There remain several important issues about pre-clinical safety assessment, including
the requirement for studies in NHPs (efficacy and safety) versus infectious disease
risks (transmissibility of pig infectious agents to primates) and minimal follow-up
times in animals, before clinical trials are considered in Canada.

In summary, national and international cooperation is needed to effectively devise
and adopt enhanced surveillance measures for xenotransplantation that will identify,
contain, and minimize infectious disease risks to recipients, their offspring and third
parties worldwide. A number of problems and points to consider have been outlined
in this report for future national and international discussion.
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Appendix B: Discussion and Survey

What data elements are critical to xenotransplantation
surveillance?
� demographics of donor (s)
� demographics of recipient
� immunosuppressive regime
� transfusion/transplantation history
� previous or current infectious diseases and cancer
� serious adverse events
� other adverse events
� links to archived samples
� links to infectious disease testing & results
� links to animal sources
� exposure frequency & duration
� type of graft
� tolerance induction protocol (if applicable)
� others

How to define “adverse events”.
� draft Proposed Canadian Standards for Xenotransplantation definition: an

undesirable outcome directly or indirectly related to the xenograft (e.g.
infection, disease transmission, graft failure)

� any notable change in the recipient’s health or well-being, reversible or not,
requiring medical attention or intervention, inclusive of death, disability, disease
transmission, infection, or hospitalization whether directly or indirectly related
to the xenograft protocol

What are “serious” adverse events"?
� death
� cancer
� disabilities including chronic fatigue
� any event requiring hospitalization
� infection
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� graft rejection
� others

What adverse events might be linked to infection?
� death
� cancer/autoimmunity
� disabilities, including chronic fatigue, coma, paralysis, mental confusion,

behavioural changes
� graft rejection or failure of graft to thrive
� rash, fever, GI changes, hepatitis, pneumonia, weight changes, etc.,
� others

By what criteria should an adverse event warrant an investigation
for potential zoonosis?
� death
� cancer/autoimmunity
� disabilities, including chronic fatigue, coma, paralysis, mental confusion,

behavioural changes
� graft rejection or failure of graft to thrive
� rash, fever, GI changes, hepatitis, pneumonia, weight changes, etc.,
� others

What should be the timelines for reporting data to registry and for
adverse events?
� the Standards indicate 72 hours for data collection
� recipient adverse events should be reported immediately (or without delay), but

which is taken to mean no later than 72 hours
� animal sources adverse events should also be reported immediately, but no later

than 72 hours
� for infection/potential zoonosis within 24 hours
� other considerations

What recipient samples are needed for monitoring?
� baseline, routine monitoring and that for investigative purposes for local and

national archives
� plasma (at least 5 aliquots of 0.5 mL times 2)
� serum (at least 5 aliquots of 0.5 mL times 2)
� PBMC (at least 3 aliquots of 1 x 106 times 2)
� urine (early morning specimen 3 mL)
� other considerations

31



What donor animal samples are needed for monitoring by National
Archives?
� plasma (at least 5 aliquots of 0.5 mL)
� serum (at least 5 aliquots of 0.5 mL)
� PBMC (at least 5 aliquots of 1 x 107)
� xenograft sample/biopsy
� other considerations

What samples are needed for monitoring of close contacts by
National Archives?
� plasma (at least 5 aliquots of 0.5 mL)
� serum (at least 5 aliquots of 0.5 mL)
� PBMC (at least 5 aliquots of 1 x 106)
� baseline, routine and for investigative purposes
� other considerations

What samples are needed for monitoring of health care workers by
National Archives?
� plasma (at least 5 aliquots of 0.5 mL)
� serum (at least 5 aliquots of 0.5 mL)
� PBMC (at least 5 aliquots of 1 x 106)
� baseline, routine and for investigative purposes
� other considerations

What schedule for recipient sampling would be best? (choose ONE
of the following)
� baseline, weekly for first 3 months, then monthly for next 9 months, then every

6 months for 2 years, then yearly (and for any serious adverse event)
� BASELINE, every two weeks for first 3 months, then monthly for next 3

months, then annually (and for any serious adverse event)
� other:

What schedule for close contact sampling would be best? (choose
ONE of the following)
� baseline, monthly for first 3 months, then annually (and for any serious adverse

event investigation)
� BASELINE, every 3 months, then annually (and for any serious adverse event

investigation)
� other:
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What pre-clinical workup on the donor herd is needed?
� screening for various pig pathogens, and sentinel animal herd program reveals

no pathogens
� as above but some sentinel animals are immunosuppressed for 2 months, with

no pathogens identified
� NHP are inoculated with animal donor blood and cells/tissues, and health is

monitored for at least 2 years
� immunosuppressed NHP are inoculated with animal donor blood and

cells/tissues, and health is monitored for at least 2 years
� coculture of donor samples with various relevant human indicator cell types

(includes PBMC and activated PBMC) with screening for retroviruses,
herpesviruses, and looking for viruses with EM, cytopathic effects, and other
non-specific means for unknown pathogens

� other
� screen herds for evidence of viremia for endogenous retroviruses (PERVs,

reverse transcriptase activity), for endemic herpesviruses (specifically pCMV &
circoviruses as well as DNA polymerase for herpes viruses), hepatitis E, and
others such as:

� employ EM or other visual techniques for virion production

What surrogate markers for adverse effects potentially related to
zoonosis might be useful?
� RT-PCR for alpha-fetoprotein (AFP) on PBMC for early detection of cancer,

immunosuppression (related to cancer or infection)
� RNase L activity: activated protein secreted in urine
� ribosomal RNA for bacteria
� other surrogate markers of viral infection such as:

What methods might be used to detect unknown zoonotic agents?
� representational difference assay, used to pick up HHV-8 in Kaposi’s sarcoma

(PCR based driver to amplify new sequences not found in pre-sample)
� modified FISH using recipient lymphocyte chromosome preparations pre and

post xenografting, label pre and post cDNA (cut with certain restriction
enzymes) from PBMC with different fluorochromes

� other

What preparation is needed to deal with a xenozoonotic outbreak?
� develop SOPs at National Registry/Archives for testing, sample collection,

quarantine and notification in conjunction with F/P/T health ministries
� develop SOPs at Health Canada (TPP) for clinical

holds/moratorium/inspections & international notification
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� have laboratory facilities & resources (budget, staff, contracts, etc.) ready for
testing/sequencing at local and national levels

� other
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