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ABSTRACT

Religious viewpoints have been shown to influence the ways in which many persons approach medical decision-making
and have been noted as a potential barrier to xenotransplantation acceptance. This study sought to explore how attitudes
toward xenotransplantation differ among various religious beliefs. A national Likert-scale survey was conducted in 2023 with a
representative sample in the United States. Religious belief was self-reported. Regression analysis was used to identify associations
with religious belief and hesitations about xenotransplantation. Five thousand and eight individuals across the United States
responded to the survey. The two biggest concerns about xenotransplantation across religious groups were the current lack of
evidence about success and the risk of xenozoonosis. Although they still expressed concerns about certain issues, Catholic and
Muslim respondents were most comfortable with xenotransplantation for all. On average, the risk of xenozoonosis was a concern
among 25% across all religious beliefs (p <0.0001). Orthodox Christians expressed the highest rate of negative feelings toward
the recent xenotransplantation experiments on brain dead and living individuals. Those who reported no religion were most
likely to have negative feelings about killing pigs for human organ transplant (OR 1.26; 95% CI: 1.08-1.46). As xenotransplantation
progresses from pre-clinical studies to clinical trials, and potentially to clinical therapy, hesitations among religious groups exist.

Specific studies should be designed to investigate how religious viewpoints can affect xenotransplantation acceptance.

1 | Introduction

Xenotransplantation (XTx) clinical trials appear to be on the
horizon. If clinical trials demonstrate XTx to be a safe and
effective clinical alternative to allotransplantation, the organ
shortage facing the United States (US), as well as the majority of
the world, could be alleviated. Recently, XTx has been performed
in human decedent models [1-4] and in living human recipients
under the US Food and Drug Administration (FDA) expanded
access pathway as a precursor to clinical trials [5].

Religious and spiritual viewpoints are one element informing
medical decision-making among patients [6-8]. Religion can
provide meaning to a person and serve as a manner of coping
during illness and times of stress [9, 10]. Religious and spiri-
tual viewpoints are an important factor in how some patients
make decisions about new medical treatments, and should be
considered in the research about, and approach to, clinical
XTx. Disregarding religious considerations could possibly lead
to confusion or misinformation, with potential XTx candidates
holding viewpoints about XTx that are not in line with the

Abbreviations: FDA, United States Food and Drug Administration; US, United States; XTx, xenotransplantation.
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viewpoints of their faith group scholars, or that are based on
inaccurate or incomplete information about the treatment.

To date, some studies have assessed the viewpoints of certain
groups of people in the US toward XTx, though many of these
studies have focused on the views of healthcare providers and
patients who have either already received an allotransplant or
are on the waitlist for a transplant [11, 12]. Descriptive religious
viewpoints toward xenotransplantation have previously been
considered by academic scholars within Catholic [13-15], Protes-
tant [16], Jewish [14, 17, 18], Sunni [19, 20], Shia Islam [21], and
Hindu [22] faith groups. Limited information about perspectives
has been collected from clergypersons in local congregations
[23, 24]. The impact of religious beliefs on clergypersons’ views
toward XTx has been studied previously, though not extensively
[23]. Consequently, there is a lack of detailed empirical data
illuminating religious perspectives within the general US public.
Notably, limited information is available regarding the viewpoints
of Orthodox Christianity, Coptic Christianity, The Church of
Jesus Christ of Latter-Day Saints (Mormonism), and whether
nuances exist among the myriad Protestant denominations [25].
The present study aimed to elucidate attitudes toward XTx among
the US population by religious affiliation, and identify attitudes
that may be associated with various religious groups that could
present barriers to its acceptance.

Identifying and understanding public perceptions of XTx, includ-
ing concerns that may be religious/spiritual in nature, is crucial
for three main reasons. First, it signals that persons are valued
holistically and recognizes that religious/spiritual viewpoints are
one component of medical decision-making. Second, identifying
and understanding religious viewpoints helps to ensure that these
important perspectives are incorporated into XTx research and
translation into clinical practice as the field progresses. Third,
where particular concerns exist, specific interventions to address
the concerns may be developed.

2 | Methods

From May 25 to June 14, 2023, a cross-sectional, Likert-scale
survey was distributed online in the US through the platform of a
private company, Cint (Stockholm, Sweden). Further methodol-
ogy and details about the company and the implementation of this
survey have been reported elsewhere [26]. Demographic charac-
teristics and religious identity were self-reported by respondents.

2.1 | Statistical Analysis

Descriptive statistics were used to summarize demographic
characteristics and XTx attitudes by religious belief. Chi-square
was used to compare and identify differences between the ten
religious affiliation options indicated in the survey tool. Logistic
regression was performed to identify characteristics associated
with having a negative attitude toward different XTx scenarios
and religious identity. A dichotomous outcome for the regression
analysis was computed by merging the two negative responses
across the Likert-scale into a “non-acceptance” category for
the particular question and merging the two positive responses
into an “acceptance” category. Given the large survey sample,

undecided or neutral responses were dropped in order to avoid
erroneously weighing either positive or negative views within
the logistic regression analysis. Crude odds ratios and 95%
confidence limits are reported for each unfavorable XTx attitude
and religious belief model. Studies with similar methodology
have been published in the past [26, 27]. In order to weigh the
importance of religious beliefs as a primary barrier to XTx, a
secondary data analysis was performed to seek an association
only among those who cited having religions concerns as their
top barrier to XTx and religious identity. Statistical Analytical
Software (SAS) 9.4 (SAS institute, Cary, NC) was used for all
statistical analysis, and all statistical tests of a two-sided p value
of <0.05 were considered significant.

3 | Results

From May to June 2023, 5238 individuals elected to initiate
the survey. Of these, 230 declined to participate, resulting in
a 95.6% survey completion rate. Demographic information of
respondents stratified by religious identity can be found in Table 1.
The two largest groups of respondents, by religious tradition,
were Christian (Protestant) and Catholic, with 40.4% and 15.8%,
respectively. Smaller proportions of persons identifying as Mus-
lim (2.5%), Jewish (2.3%), Mormon (1.0%), Buddhist, Hindu,
and Orthodox Christian also responded. Twenty-eight percent of
respondents reported having no religion. Seven percent stated
their religion as “other.” This correlates roughly with the religious
makeup of the US found in large surveys, in which approximately
47% were Protestant Christians, 21% Catholic, 1% Muslim, 2%
Jewish, 1.6% Mormon, 0.7% Buddhist, 0.7% Hindu, 0.5% Orthodox
Christian, and 22.8% being unaffiliated (atheist, agnostic, nothing
in particular) [28]. The majority of Muslim respondents were
male, while in contrast the majority of Mormon respondents
were female. Other religions for the most part had equal gender
and age distributions. A high proportion of Buddhist and Hindu
respondents reported being of Asian descent while other religions
were predominantly of White race (p <0.0001). Over 40% of
Jewish and Muslim respondents reported an income higher
than 100 000 dollars, while respondents identifying with other
religious beliefs were mostly evenly distributed across income
categories (p < 0.0001). Almost 76.6% of Muslim respondents and
48.9% of Hindu respondents reported following a specific diet (p
< 0.0001). Notably, 22.6% of Muslim respondents reported being
either in need of an organ or currently on the transplant waitlist,
but only around 12% of Muslim respondents were registered
as living or deceased organ donors. In contrast, among other
religious belief groups less than 9% needed an organ or were on
the transplant waitlist, and on average 20% were organ donors (p
< 0.0001).

Likert-scale responses for viewpoints toward XTx scenarios are
reported in Table 2. On average only 15% reported being mod-
erately or extremely familiar with XTx among most groups.
Mormon and Orthodox Christian respondents were the least
familiar with XTx (~8%), while over half of Muslim respondents
were familiar (p < 0.0001). Orthodox Christian respondents
reported the highest rate of experiencing negative feelings after
hearing the news of recent experiments in both brain dead (33.3%)
and living humans (50%) when compared to any other religious
belief group (~25%).
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The two biggest concerns about XTx across religious groups
were the current lack of evidence about success and the risk of
xenozoonosis. Over 40% of Orthodox Christian respondents cited
the lack of evidence as their top concern. On average the risk of
animal-to-human infection was a concern among 25% across all
religious beliefs (p < 0.0001). Respondents were asked how they
would feel about transplanting organs from monkeys, cows, or
dogs into humans rather than pigs. A substantial proportion of
Muslim respondents were much more receptive to transplanting
organs from monkeys (50%), cows (49.2%), or dogs (41.9%), than
they were to pigs—a finding not associated with other religious
groups.

Muslim, Catholic, and Christian respondents were less likely to
have negative feelings about killing pigs for human transplants
(Table 3). Muslim and Catholic respondents reported higher
rates of familiarity with XTx and lower levels of discomfort with
XTx, including their own self or a loved one. The association
between familiarity and comfort among these two groups was
confirmed significant in the regression models. Conversely,
respondents from the Church of Jesus Christ of Latter-Day
Saints, as well as Orthodox Christians, were the groups most
likely to be unfamiliar with xenotransplantation, although the
regression analysis did not indicate a significant association.
Additionally, respondents who stated “none” for religious belief
were the group most likely to be unfamiliar with XTx, for which
the regression analysis did show a significant association.

Those respondents who answered “none” for religious preference
were most likely to have negative feelings about killing pigs for
human organ transplant (OR 1.26; 95% CI: 1.08-1.46) and were
also the least likely to accept a xenograft even if this meant they
would have to wait longer for transplantation (OR 0.85; 95%
CI: 0.73-0.99). Hindu, Buddhist, and Orthodox Christian were
also more likely to have negative feelings, though the regression
analysis did not show this as a significant association.

Respondents across most religious traditions showed concern
about the risk for xenozoonotic infection if they should receive
a XTx, although the only significant association was seen among
Jewish respondents (OR 1.87; 95% CI: 1.07-3.29). The only two
groups that were less likely to be concerned with xenozoonosis
were Mormons and those with no religion. Groups were evenly
split on whether infectious disease monitoring would make them
more or less willing to receive a XTx. Both Muslim and Catholic
respondents expressed willingness to participate in XTx research
and to submit to life-long monitoring for xenozoonoses; the
non-religious respondents were least likely to participate in XTx
research (OR 1.23; 95% CI: 1.07-1.42) and to submit to life-long
monitoring (OR 1.41; 95% CIL: 1.21-1.64). Catholic respondents
were more likely to accept a XTx even as a bridge to allotransplant
(OR 0.76; 95% CI: 0.64-0.91), whereas the non-religious group
was least likely (OR 1.32; 95% CI: 1.15-1.53).

In the crude regression model comparing those who cited
religion as their biggest concern with XTx and those who did
not cite religion as their biggest concern is seen in Table 4.
The demographic characteristics of the respondents who cited
religion as their biggest concern are provided in Table S1. Only
Muslim identity was highly associated with this concern (OR

8.71; 95% CI: 5.31-14.30; Table 4). Those who reported no religion
had an inverse association with citing religion as their biggest
concern (OR 0.12; 95% CI: 0.06-0.027). No other significant
associations between citing religion as the biggest concern with
XTx and religious belief were seen.

4 | Discussion

Catholic respondents showed significant familiarity and comfort
with XTx. While the reason for this is uncertain, one possible
explanation is that the Catholic Church has an official position
on XTx that was published in 2001 by the Pontifical Academy for
Life, the section of the Catholic Church that issues statements
on bioethics and Catholic moral theology [13]. The position state-
ment included scientific, theological, anthropological, and ethics
aspects of XTx and, overall, was favorable toward initiating clini-
cal trials. The Catholic Church is unique amongst faith groups in
having an official position, though it is unclear how familiar the
Catholic laity are with this particular position statement or, even
if familiar, what role this has in shaping viewpoints.

Similar to Catholic respondents, Muslim respondents also
expressed familiarity and comfort with XTx. In Islam, the pig is
considered haram—forbidden. The Qur’an states, “Prohibited
to you are dead animals, blood, the flesh of swine” (5:3). While
the Qu’ran has clearly established the pig to be forbidden for
followers of Islam, several Muslim scholars have indicated that
XTx would be acceptable in order to save life [19, 21]. While
Muslim respondents expressed familiarity and comfort with
XTx, they also cited religion as their biggest concern with XTx.
This could point to the emphasis that Muslim respondents in
our study place on commands to view the pig as haram, while
also representing Muslim faith leaders’ position that saving lives
supersedes other religious expectations. Muslims had the highest
rates of being in need of transplant or on the transplant waitlist
as well as being a transplant recipient than any other religious
belief, however they also had the lowest proportion of being a
registered organ donor. Muslim individuals have held concerns
on whether organ donation and transplantation is allowed
within their beliefs [29]. Studies that explore the existence of
these concerns among Muslims in the US are needed.

Jewish respondents were most likely to be concerned with
xenozoonosis from genetically modified pig-to-human
transplant. In the Levitical law, the portion of Jewish scripture
that defines how persons live righteously, pigs are regarded as
unclean: “And the swine, because he parteth the hoof, and is
cloven-footed, but cheweth not the cud, he is unclean unto you.
Of their flesh ye shall not eat, and their carcasses ye shall not
touch; they are unclean unto you” (Leviticus 11:7-8, JPS Tanakh
1917). This represents the divine command to refrain from
eating or handling the dead body of a pig, for they are unclean.
Being unclean is to be defiled—it is a determination that closely
relates to holiness [30]. Defilement would separate the unclean
person from other members of the community. While Jewish
law (Halakha) prioritizes preservation of life, which has been
reinforced by Jewish leaders messaging around XTx,18 it is
possible that concerns about pigs and cleanliness, and keeping
dietary laws, extend to concerns about xenozoonoses.
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TABLE 4 | Crude association with religious belief and citing religion
as their top concern with xenotransplantation (XTx).

Citing religion as the
biggest concern
with XTx
OR (95% CI)

Christian (non-Catholic) 1.08 (0.76-1.51)

Catholic 1.47 (0.97-2.22)
Mormon? —
Orthodox 3.19 (0.74-13.71)
Jewish 0.61 (0.15-2.51)
Muslim 8.71 (5.31-14.30)
Buddhist 0.87 (0.21-3.61)
Hindu 2.40 (0.73-7.82)
None 0.12 (0.06-0.27)
Other 1.38 (0.77-2.46)

Model fit not appropriate due to small numbers unable to compute.

Respondents were asked about issues of animal welfare and,
specifically, how they felt about “raising and killing pigs in order
to take their organs and put them into humans.” The Muslim,
Catholic, and Christian respondents were less likely to have
negative feelings about killing pigs for human organs. There is
no prohibition in Catholic or Protestant Christianity about killing
specific animals for food or other uses. However, in Islam, as
aforementioned, pigs are haram. One possible explanation to
account for why followers of Islam are less likely to have negative
feelings about killing pigs for human organs is that there is a
lack of emotional attachment to pigs, and some may even see
the killing of pigs as a positive. Nevertheless, the Muslim group
was the only religious group that felt better about transplanting
organs from monkeys, cows, or dogs into humans rather than
pigs. Hence, there may be some association with the pig being
haram and individuals not wanting a pig organ inside their body.
While followers of Judaism have similar doctrinal prohibitions
regarding the consumption of pork, this reasoning did not extend
to those who identify as Jewish in the survey.

There were a minority of respondents from each religious tradi-
tion who stated that their greatest concern with XTx was religious
concerns, including that humankind should not play God. This
objection to XTx has been repeated in lay level publications
[31] and has also been previously reported in empirical studies,
including in a recent focus group study with religious leaders in
which one participant defined “playing God” as “over stepping
what the Creator has provided” [23].

Very little is known empirically about the viewpoints of smaller
religious groups, such as the Church of Jesus Christ of Latter-
Day Saints, as well as myriad Protestant denominations, toward
XTx. Furthermore, little is known about how religious and philo-
sophical systems that do not have large followings in Western
countries view XTx, such as Baha’i, Buddhism, Confucianism,
Jainism, Shinto, Sikhism, and Taoism. Not only are empirical data
on viewpoints lacking for many of these faith groups, but little

or no normative or descriptive ethics work has been done. More
studies are needed to understand these perspectives.

This study has certain limitations. While the demographics
of the survey respondents generally reflect those of the US
population, respondents were recruited and paid by a private
survey firm. This method of data collection could influence the
generalizability of our findings and may introduce a selection
bias. The majority of Mormon respondents were women with no
significant associations with negative attitudes toward XTx found
in our study. Gender differences in XTx acceptance have been
previously noted, and women have expressed higher disapproval
than men toward XTx [32]. In contrast, Muslim respondents in
our study were predominantly male and expressed being more
comfortable with certain aspects of XTx than other religious
groups. It is important to consider gender bias as a factor that
could have influenced the results among these two religious
groups. Furthermore, almost one quarter of Muslim respondents
were in need of an organ or on the transplant waitlist, potentially
overrepresenting their positive attitudes towards XTx due to their
clinical state at the time of the survey. Although our results
provide insights into public attitudes toward XTx, the survey’s
Likert scale design did not give us the opportunity to explore
the reasons behind specific responses in any qualitative manner.
We also remain cognizant that attitudes are fluid, changing
with scientific progress, cultural dynamics, and other social
phenomena, which means they can vary based on when a survey
is conducted. Even though we measured self-reported familiarity
with XTx, we did not assess the respondents’ actual knowledge of
XTx, so the correlation between their knowledge and acceptance
of XTx remains unclear. Association seen in this study may have
been due to confounders with religion and not driven by religious
beliefs themselves. Furthermore, across all religions, there may
be disparity between official positions of religious leaders and the
beliefs of groups and individuals that belong to the faiths of these
leaders, and between different groups within each religion. The
correlations identified as significant in this paper might diverge
from the positions published from faith group leaders, and might
diverge from the beliefs of specific groups within each faith
group.

5 | Conclusion

This is the largest survey study conducted to date in the US
that has associated religious identity with viewpoints on XTx.
As XTx progresses from pre-clinical studies to clinical trials and
potentially to clinical therapy, hesitations exist. Very little is
still known about certain minority religious traditions in the
US. Specific studies should be designed that are intended to
understand these viewpoints.
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