
Over the past decade, the number of solid
organ transplant procedures done in the United
States each year has increased substantially, from
approximately 13,000 in 1988 to 20,000 in 1996.1
Despite the increased availability of these proce-
dures, the number of potential recipients awaiting
organ donation has more than tripled since 1988. At
the end of 1996, an estimated 50,000 persons were
awaiting organ donations.1 This shortage of available
human allografts has prompted the development of
investigational therapeutic approaches that use ani-
mal tissues or organs (xenografts) in human recipi-
ents. Xenotransplantation refers to any procedure
that involves the use of live cells, tissues, or organs
from a nonhuman animal source for transplantation,
implantation, or ex vivo perfusion in humans. 

In the United States, the modern era of xeno-
transplantation began with the transplantation of
chimpanzee kidneys into patients with chronic renal
failure.2 It is likely that, in 1964, when this procedure
was introduced, it was viewed as one with limited
clinical utility and a procedure for the future. Howev-
er, recent scientific and biomedical advances have
made possible more extended use of animal tissues
or organs for human clinical applications beyond
organ transplantation; animal cells, tissues, or organs
have been used for extracorporeal perfusions of
patients awaiting organ donation and as a treatment
for medical conditions such as Parkinson’s disease,
diabetes, and human immunodeficiency virus (HIV)
infection. Although xenotransplantation may be one
partial solution to the unmet demand for human
organ and tissue donations, its use raises some

unique public health concerns, most notably the
potential for transmission of infections of animal ori-
gin (xenozoonoses) to humans.3

In this issue of the Journal, Borie and col-
leagues have provided an overview of the potential
infectious agents and infectious risks associated with
use of tissues harvested from pigs, one of the prima-
ry species proposed as a source for xenografts.4
While considerable debate has centered around the
question of whether one animal source or species
may pose a greater risk for xenotransplant-related
infection than another, the article raises global and
provocative questions about the potential infectious
risks that may accompany the use of xenotransplan-
tation as a routine therapeutic modality: What is the
risk of transmitting endogenous animal pathogens to
the human recipient? What is the risk of secondary
transmission of xenozoonoses from the recipient to
their contacts (eg, family members, healthcare
providers)? Lastly, what risk do xenozoonoses pose
to the general population?

Currently, the infectious risks posed by xeno-
transplantation are unknown. However, experience
with human allografts has shown that infectious
agents (eg, hepatitis B virus, hepatitis C virus, rabies
virus, HIV, Candida albicans, and Creutzfeldt-Jakob
agent) can be transmitted via transplanted human tis-
sues or organs.5,6 Some investigators have suggest-
ed that the ability to produce and use pathogen-free
animal sources to obtain “clean” xenografts would
eliminate both the infectious risks associated with
the use of human allografts and the risk of transmit-
ting recognized zoonoses. However, caution should
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be exercised regarding assumptions about both the
safety and risk associated with xenotransplantation
(especially from infectious agents not recognized as
zoonoses) until the science is adequate to establish a
solid basis for risk assessment.

Presumably, the recipient is at greatest risk for
acquiring xenozoonoses; thus, available data have
focused primarily on the risk posed to the recipient of
the organ or tissue. However, might not animal han-
dlers, surgical team members who harvest and
implant the xenografts, laboratory workers who han-
dle clinical specimens from xenotransplant recipi-
ents, and personnel who provide medical care to the
transplant recipient after the procedure also be at
risk? Additionally, we have a public health responsi-
bility to assess the risk of propagation of xeno-
zoonoses within the general population.

In assessing the risk to the public at large, one
must consider the ability for the agent to be trans-
mitted by person-to-person spread and the ability for
the agent to cause subclinical, latent, or clinical dis-
ease. Clearly, some agents may pose a greater risk to
the public health than others. If the agent is not
transmissible by person-to-person spread and its
potential to cause disease is low, then the public
health risks of the infection may be viewed as small.
Conversely, if the agent is transmissible by person-
to-person spread and the risk of disease is high (eg,
filoviruses), then the risk may be considered too
great to permit the procedure. Previously unrecog-
nized agents, viruses, and prions may pose the
greatest risk for dissemination into the general com-
munity. However, these risks may vary from
pathogen to pathogen. For example, retroviral infec-
tions may be followed by prolonged periods of clini-
cal latency before recognition of malignancies or
other chronic sequelae, thereby allowing an emerg-
ing infectious agent to transmit silently and become
established in a susceptible population before being
recognized.

Additional challenges to assessing the risks and
ensuring the safety of xenotransplantation include
the potential for zoonotic strains to recombine with
human strains, resulting in new homologous or het-
erologous recombinant variants of uncertain viru-
lence and pathogenicity; the possibility that immuno-
suppressive drugs used during transplantation may
facilitate cross-species transmission of infectious
agents; the availability of accurate diagnostic tests for
detection of infection in animal herds and tissues and
humans; and availability of effective therapies.
Whereas many of the infectious agents responsible
for zoonoses (eg, Salmonella species, Toxoplasma

species, herpes B virus) are well-characterized and
identifiable through available diagnostic tests, other
potential zoonoses are not known, and no standard-
ized tests are available for their detection. Moreover,
some new and emerging infectious agents may not be
identifiable by current diagnostic methods.

Despite these challenges and the current lack
of scientific data, there are steps that can be taken to
monitor and minimize the potential infectious risks
associated with xenotransplantation. First, we can
require rigorous scientific review and justification of
all protocols involving the use of animal cells, tis-
sues, or organs before they are allowed to proceed to
clinical trial. In the United States, the Food and Drug
Administration requires that all clinical trials in
xenotransplantation proceed under their regulatory
oversight.

Second, we can require that clinical trials pro-
ceed only if they are accompanied by a plan for mon-
itoring infections that may result from the proce-
dure. The risk of transmitting infectious agents dur-
ing xenotransplantation can be reduced by develop-
ing a standardized approach for selecting and
screening source animals. This approach should be
tailored to consider the animal donor source, infec-
tious agents indigenous to that species, available
diagnostic capability, and the anticipated clinical
application of the organ or tissue. The development
of lists of potential infectious agents undoubtedly will
be a necessary working tool for persons involved in
the development and review of xenotransplant clini-
cal protocols; such working lists should be generat-
ed by a multidisciplinary team, including veterinari-
ans, infectious diseases experts, microbiologists,
epidemiologists, pathologists, and public health spe-
cialists. However, attempts to develop a template, or
master list, of infectious agents cannot replace
applied expertise and considered reasoning, and any
working list will become outdated rapidly and there-
fore must undergo frequent review and updating.
Finally, the use of such a list should not allow us to
become complacent. It should be remembered that it
is the unanticipated agents that may pose the great-
est risks to the recipient and the general public. Pre-
transplant screening of donor animals followed by
posttransplant surveillance of xenotransplant recipi-
ents and their contacts will facilitate recognition of
known and new pathogens.

Third, we can develop national and international
consensus standards to ensure the quality and safety
of xenotransplantation clinical trials. Although con-
sensus standards for xenotransplantation do not yet
exist, the US Public Health Service has developed
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draft guidelines to decrease the risks of human dis-
ease resulting from xenozoonoses.7 These guidelines
are designed to reduce transmission of known
zoonoses and new and emerging infectious agents
arising from xenotransplantation. More specifically,
the guidelines provide guidance in determining the
composition of the xenotransplant team, pretransplant
screening procedures for animal sources to minimize
potential for cross-species transmission of infectious
agents, posttransplant surveillance to monitor for
infection in the recipient and secondary transmission
of infectious agents, and infection control practices to
reduce the risk of nosocomial transmission of
xenogenic infectious agents. Lastly, to address the
public health concerns posed by xenotransplantation,
the Public Health Service guidelines have proposed
the establishment of a national registry or centralized
database to evaluate the long-term safety of xeno-
transplantation. Such a registry would facilitate iden-
tification of clusters of unusual health events and noti-
fication of recipients and clinical centers, and enable
monitoring of adverse infectious and noninfectious
outcomes following xenotransplantation. Data collect-
ed through the registry could help expand the epi-
demiological understanding of xenotransplantation,
thereby allowing for a more accurate assessment of
risks and potential prevention strategies.

Borie and colleagues should be commended
for their systematic review of the state of knowledge
regarding the endemic infectious flora of pigs. Com-
prehensive, scientific reviews of existing knowledge,

such as they have provided, help frame unanswered
questions and identify areas where research is need-
ed.

The future is, indeed, upon us. We now must
prepare ourselves to answer the difficult questions
raised by xenotransplantation. Only with the system-
atic collection of data on xenotransplant recipients
and their contacts will we be able to answer the fol-
lowing questions: What are the risks? How can the
risks be prevented or minimized? And, finally, are the
residual risks outweighed by the potential benefits?
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