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ABSTRACT

There is growing evidence of the interconnectivity between animals, humans, and the environment,
which has manifested in the One Health perspective that takes all three into account for a more
comprehensive vision of health. Over the past century, agriculture has become increasingly indus-
trialized with a particular rise in the amount of livestock raised and meat produced. In order to fulfill
such market demands, livestock farmers and agricultural corporations have artificially selected for and
bred their cash animals to be more and more metabolically efficient via genetic and human-driven
means. However, by selecting for more metabolically efficient animals, we may have inadvertently
been selecting for obesogenic gut microbiota. This is further compounded by the potential obeso-
genic and microbiome-altering role antibiotics play in livestock. Evidence suggests that there is the
potential for interspecies gut microbe transmissibility. It is notable that there has been a concurrent
multispecies obesity epidemic across the same timeframe, which raises questions about potential
connections between these epidemics. If it is the case that humans have inadvertently influenced
their own obesity epidemic via the artificial selection of and antibiotic administration to livestock, then
this holds significant ethical implications. This analysis considers current meat consumption trends,
the impacts of livestock on climate change, and animal ethics. The paper concludes that due to the
potential significant impact yet tenuous nature of the evidence on this subject stemming from
research silos, there is a definitive ethical impetus for researchers to bridge these silos to better
understand the true nature of the issue. This case is emblematic of an overarching ethics-driven need
for deeper collaboration between isolated but related research disciplines to better characterize issues
of public health relevance. It also raises concerns regarding inherent value-driven strife that may arise
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between competing One Health domains.

Introduction

Humans have been omnivorous from the time
we diverged from the genetic tree as our own
species. Since that time, we have created increas-
ingly more efficient ways of cultivating animals
for consumption to satiate our carnivorous

desires. However, we have found through
empirical evidence that meat consumption
incurs a multitude of negative effects for

human health, animal treatment, and environ-
mental well-being. Yet despite knowledge of
these negative consequences, most of humanity
continues to increase its meat consumption at an
alarming rate. In order to fulfill market
demands, livestock farmers and agricultural cor-
porations over the past century have been artifi-
cially selecting for and breeding their cash

animals to be more and more metabolically effi-
cient through phenotypic selection, mass anti-
biotic administration, etc. Such metabolic
efficiency allows livestock to achieve several
times larger yields for the same amount of
resource input. However, by artificially selecting
for more metabolically efficient animals, we may
inadvertently be pushing humanity toward
greater metabolic efficiency. The present paper
investigates the ethics of livestock artificial selec-
tion and antibiotic administration in the context
of the obesity epidemic and global climate
change from a One Health perspective. The
paper also analyzes the role radical uncertainty
plays in our appraisal of these hypothetical rela-
tionships and describes the ethical relevance
research holds in our dealings with radically
uncertain scenarios.
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The hologenome, livestock, and obesity

Obesity is defined by the CDC as “weight that is
higher than what is considered as a healthy weight
for a given height,” and is multifactorial.™* It is
a growing epidemic in the United States and
across the world. Per the CDC’s National Center
for Health Statistics 2015-2016 data, 71% of adults
over 20 y old in the U.S. were living with over-
weight or obesity and 39.8% with obesity.” These
data represent a 50% increase in prevalences com-
pared to just 20 y ago.* Obesity has risen across all
spectrums of age, gender, and race. Since the
1960s, not only has obesity tripled among adult
populations, it has also nearly quadrupled in chil-
dren and adolescents, as demonstrated by CDC
data in Figures 1 and 2.>° Per most recent
2017-2018 data from the CDC, the crude preva-
lence of obesity in the U.S. has continued to
increase to 42.5%.” Further, projections by Ward,
et al suggest with high predictive accuracy that by
2030, nearly 50% of adults in the U.S. will have
obesity and that 25% will have severe obesity.”
Obesity’s harmful health consequences are strik-
ing. It affects the body negatively in a wide variety
of ways by increasing the risk of mortality, hyper-
tension, hyperlipidemia, type 2 diabetes, coronary

heart disease, stroke, gallbladder disease, osteoar-
thritis, sleep apnea, some cancers, poorer quality
of life, depression, anxiety, and difficulty with phy-
sical functioning.' As is likely evident, this incurs
a tremendous cost in terms of economic impacts
from direct and indirect costs. In 2008, the medical
care costs of obesity in the United States were 147
USD billion, and the annual nationwide productiv-
ity costs related to absenteeism secondary to obesity
ranged from 3.38 USD billion to 6.38 USD billion.'
Obesity is, therefore, one of the most critically
important health afflictions affecting the U.S. and
global populations today.

Obesity is not just limited to humans. There
appears to be a concurrent plurality of obesity epi-
demics across species and across the same time
frame, which has raised questions for some
researchers about potential connections between
these epidemics. One study analyzing historic
weight records for 24 animal populations that inter-
act with humans (including domesticated animals,
rodents, and primates) showed the same pattern of
weight gain as humans over the past century, which
cannot be explained by statistical chance alone.®
The symmetry of selection phenomena is important
when considering a common thread between con-
vergent phenotypes, as they can emerge

Figure. Trends in overweight, obesity, and severe obesity among
men and women aged 20-74: United States, 1960-1962 through

2015-2016
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Figure 1. CDC data on overweight, obesity, and severe obesity in adults in the U.S.
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Figure. Trends in obesity among children and adolescents aged
2-19 years, by age: United States, 1963-1965 through 2015-2016
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SOURCES: NCHS, National Health Examination Surveys Il (ages 6—11) and Ill (ages 12-17); National Health and Nutrition Examination Surveys
(NHANES) I-lIl; and NHANES 1999-2000, 2001-2002, 2003-2004, 2005-2006, 2007-2008, 2009-2010, 2011-2012, 2013-2014, and 2015-2016.

Figure 2. CDC data on overweight, obesity, and severe obesity in children and adolescents in the U.S.

independently in different species. One critical
selection modality is the human element, as anthro-
pogenic influence is now a salient component of
many selection phenomena.”'® As such, there are
a variety of anthropogenic mechanisms through
which animal obesity may be influencing human
obesity. What accounts for this phenotype diffusion
across species? One explanation is that this plurality
of obesity across species may be reflective of
a shared vulnerability, such as constitutional or
genetic changes within gut microbiomes.

The human gut microbiota consists of the trillions
of symbiotic microorganisms harbored by an indivi-
dual, including bacteria, viruses, eukaryotic microbes,
and archaea.'’ The gut microbiome refers to the col-
lective genomes within these microorganisms.'” They
contribute metabolic functions, inform our immune
systems, and protect against other pathogens.'’ The
hologenome is a conceptual construct that considers
a host organism and all of its associated symbiotic
microbiota (e.g. flora of the gut, skin, mouth, pulmon-
ary tree, genitourinary tracts, etc.) as a single unit. The
human genome is comprised of around 23,000 genes,
and a human microbiome encodes about 3,000,000
genes, which produce thousands of metabolites that
replace important host functions."> A complex

symbiosis between a human body and its microbiome
exists, and if this interaction becomes disrupted, it can
have detrimental, pathologic effects on both.'* Studies
have demonstrated that dysbiosis (i.e. microbial
imbalance) between humans and their gut micro-
biome can hold significant pathologic health impacts
in terms of risk of obesity, respiratory diseases, irrita-
ble bowel disease, cardiovascular disease, and even
mental health and brain disorders."*

In general, microbiota diversity is an approximate
surrogate for the health of a microbiome, and lower
diversity is considered a marker for dysbiosis."
However, researchers are finding that the presence
or absence of certain key microbes may influence
human metabolism and health in specific ways.
Further, the bacteria that comprise the gut micro-
biome have been shown to be transferrable not only
from person to person but also zoonotically, lending
credence to a One Health perspective regarding gut
microbiota.'®'” Per the CDC, One Health is defined
as “a collaborative, multisectoral, and transdisciplin-
ary approach with the goal of achieving optimal
health outcomes recognizing the interconnection
between people, animals, plants, and their shared
environment”.'® Taking a hologenome perspective
of the human body allows us to conceptually account
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for both our own genomes and these additional
>3,000,000 “foreign” genes whose products influence
each other, and which, in tandem, directly or indir-
ectly impact health and well-being.

Over the past 150 y, humans have artificially
selected many livestock for their metabolic pheno-
type, such as cattle and chickens."”*® For example,
a chicken breed that was commercialized in 1957
and another breed from 2005 were raised under the
same conditions with the same food. At the conclu-
sion of this experiment, the 2005 chicken breed
weighed four times more than the 1957 breed.”* By
selecting for obesity in livestock animals, we may
have also been inadvertently selecting for gut micro-
biota that are obesogenic. Similar to the relationship
between plants and soil, artificial selection of the gut
microbiome can act on animals on short timescales
(e.g. lifetimes) and is supported by experimental
evidence in pigs, rats, and voles.”’ We also have
human twin and metagenomic data indicating that
there are microbial genes associated with obesity and
network-level differences in microbial metabolic
genes between lean and obese characteristics.””>
We have even discovered specific gut microbes that
are associated with more obese or leaner individuals,
e.g. Christensenella and Akkermansia.>**® In fact,
there are animal experiments demonstrating that
a fecal microbiota transplant from an obese animal
to a lean animal will trigger the lean animal to
become obese.”” This phenomenon has inspired
researcher clinicians to begin trials on treating obe-
sity with fecal microbiota transplants from lean
individuals.™

Much research has also been conducted looking
into the relationship between antibiotics, microbiome
dysbiosis, and obesity as well. Approximately 80% of
the antibiotics sold in the U.S. are for use in animal
agriculture.”’ Antibiotics are used to such a wide
extent in animal agriculture because farmers have
discovered that subtherapeutic continuous dosing of
various antibiotics allows their livestock to gain more
weight with less food.”® The antibiotics are not admi-
nistered to animals that are sick; they are provided in
the animals’ feed generally in a prophylactic manner
without regard to animal health status. It is possible
that by administering antibiotics so broadly to live-
stock animals in the name of metabolic efficiency that
we have not only altered their microbiomes but done

so in a way that artificially selects for obesogenic gut
microbes. There is evidence in murine models that
low-dose antibiotic regimens mimicking those in
farm use both alter the gut microbiome and increase
adiposity and body fat composition changes.” It has
further been posited that antibiotic use in humans
may be associated with the development of
obesity.”*>® There are several intriguing pathways by
which antibiotic administration may lead to gut
microbe dysbiosis and ultimately impact the develop-
ment of obesity.

Around 60% of human pathogens have zoonotic
(primarily livestock) origins.”” It is not a far reach
to think that gut bacteria are similarly transfer-
rable between animals and humans. In fact, there
are studies that support this idea and demonstrate
that domesticated animals and humans share gut
microbes with one another.'®'” We also have sev-
eral mechanisms through which livestock gut
microbiota can be transferred to humans. First,
U.S. livestock animals alone produce 2 billion
tons of manure per year, management of which
is variably regulated state by state.®® Raw cattle
manure is frequently spread over fields harvested
for human food, and many farms reuse animal
feces as components of feed for their livestock.

Second, cattle gut microbes are also found in
food consumed by humans (e.g. as seen in out-
breaks of Escherichia coli). The classic One Health
example offered by the CDC follows: Cows may
graze in a pasture next to a lettuce farm. Cattle
may contain guts populated by E. coli but remain
asymptomatic. E. coli may be found present in
their feces, and their manure may contaminate
the nearby lettuce field. Humans may then eat
the contaminated lettuce and become infected
with E. coli, resulting in morbidity. A similar
mechanism may also be at play for obesogenic
gut microbes.

Third, it is possible that certain microbes are
transmitted through milk as well.”” Further, veter-
inary antibiotic metabolites associated with adip-
osity have been found in the urine of Chinese
school children.*” County-level usage of veterinary
antibiotics has also been demonstrated to overlay
with county-level obesity in the U.S.*' Both of
these examples from Wang, et al. and Riley, et al.
further ~demonstrate potential transferrable



pathways from livestock to humans in addition to
other potential obesogens (i.e. substances that
cause obesity). Finally, it is quite possible that
horizontal gene transfer may be occurring between
related animal and human gut bacteria, allowing
for increased propensities for and susceptibilities
to obesity.

Therefore, there may be hidden harms when
a commercially favorable trait such as metabolic
efficiency is selected for in livestock. An individual’s
genome resides within a hologenome, which in turn
resides within the environmental metagenome.*
Even without selecting for an individual’'s genome,
the genetic milieu a person lives within (i.e. genetic
and epigenetic effects) could be augmented by
a selection of the microbiome or environmental
metagenome, and this selection could impact the
individual’s phenotype via transferable mechanisms.
If a microbial extended phenotype (e.g. obesity) was
selected for artificially in an agricultural species, and
that phenotype was then transferred to humans, then
the extended phenotype in the human could be
obscured partially by epistasis and pleiotropy.*
A conceptual diagram representing the hypothesis
of obesogenic gut microbiome transfer between live-
stock and humans is represented in Figure 3.

In effect, humans may have inadvertently contrib-
uted to their own obesity epidemic via the artificial
selection of metabolically efficient, obese livestock
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animals and through the transfer of their obesogenic
gut microbiota.

Ethical analysis

There have been several articles investigating poten-
tial ethical concerns related to the microbiome in
terms of research considerations.***> However, this
ethical analysis will focus on the potential public
health implications and extrapolate to wider ethical
consequences for research under speculative
circumstances.

We are ethically obligated to investigate and
mitigate harms to human health, and the argu-
ment supporting this follows. We create metaboli-
cally efficient livestock animals in order to satiate
our meat consumption desires. This artificial selec-
tion for metabolically efficient livestock animals
may be indirectly linked to obesity in humans.
Obesity is an epidemic in the U.S. and globally
and is associated with an extensive list of serious
and debilitating disease conditions. These diseases,
in turn, would be of our own making, and disease
is a harm. We have an ethical responsibility to
appropriately address and curtail diseases that
cause harm and suffering not only on an indivi-
dual patient basis, but on public health and socie-
tal levels as well. Thus, we are ethically obligated to
investigate the appropriateness of selecting

Cultivation of
obesogenic gut microbiome

Horizontal gene transfer
between gut microbes

Human
gut microbiome

€

Cultivation of
obesogenic gut microbiome

Horizontal gene transfer
between gut microbes

gut microbiome

Figure 3. lllustration of the potential genesis of obesogenic gut microbiota in livestock via artificial selection and widespread
antibiotic administration along with their likely transmissible pathways to humans, possibly contributing to weight gain.
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livestock animals for obesity as it relates to human
health.

The newfound information previously outlined
concerning the human hologenome and how it
interacts with livestock animals and the environ-
mental metagenome add another piece of ethical
complexity to the context. A prima facie ethical
argument in environmental and food ethics states
that we should all decrease our meat consumption
because it benefits human health, the environment,
and animal welfare.*® It helps humans (bioethics) by
improving human health through decreasing cardi-
ovascular disease, colorectal cancer, obesity, and
other health maladies associated with meat
consumption.*>*”*®* It helps the environment
(environmental ethics) by reducing harmful climate
change through decreasing deforestation, reducing
methane production, freeing land for conservation,
decreasing resources required for livestock, etc. It
helps animals (animal ethics) by reducing cruel liv-
ing conditions, decreasing slaughtering, freeing
space for conservation of wild animals, etc.

The benefits of decreased meat consumption at
a societal level are ethically obvious and inargu-
able. However, suppose humans were more
inclined to continue their current meat

Livestock counts, World

consumption habits rather than curtail it. It is
not a difficult leap to assume that those who advo-
cate for significantly decreasing our meat con-
sumption face an incredible amount of inertia.
The evidence affirms this, as livestock animals
and global meat production have continued to
increase rapidly over the past 50 y, with total
production having grown four- to five-fold since
1961, as demonstrated in Figures 4 and 5.

This analysis will, therefore, examine the ethics
of meat production and consumption in the con-
text of the hologenome interaction based on the
assumption that human behavior regarding meat
consumption will not change in a meaningful way.
Another critical consideration in ethically analyz-
ing this situation is that the world currently faces
a looming global catastrophe manifested by cli-
mate change, to which livestock animals signifi-
cantly contribute in a detrimental fashion. The
meat produced for consumption by livestock ani-
mals leaves a significantly higher greenhouse gas
footprint when compared to vegetable-based food
options, as shown in Figure 6.

By creating more metabolically efficient live-
stock animals, we create animals that are less
harmful to the environment and climate change.

Our World|
inData

Total number of livestock animals, measured as the number of live animals at a single point in any given year. All figures
are given as the number of heads, with exception to chicken and turkey figures which are reported in thousand heads
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OurWorld
poultry, sheep/mutton, goat, pigmeat, and wild game. R

Figures are given in terms of dressed carcass weight, excluding offal and slaughter fats.
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Figure 5. Global meat production.*
Greenhouse gas emissions per gram of protein, by food type R
Average greenhouse gas emissions per unit protein, by food type measured in grams of carbon dioxide equivalents
(CO:e) per gram of protein. Average values are based on a meta-analysis of studies across 742 agricultural systems and
over 90 unique foods.
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Fresh Produce 37.17 gCO=e
Pork - 36.33 gCO:e
Dairy - 35.07 gCO:e
Poultry 31.759gCO:e
Eggs 24.37 gCO:e
Rice 21.16 gCO:e
Wheat I 462 gCO:e
Maize I 4.429gCOe
Pulses | 0.58 gCO:e
0gCO:e 50 gCO-e 100 gCO-e 150 gCO:e 200 gCO:e
CC BY-SA

Source: Clark & Tilman (2017)

Figure 6. Greenhouse gas emissions by food type.*°

We can decrease livestock impacts on climate
change by selecting for animals that grow faster
and grow larger. The less time to large size, the less
time the animals produce a strain on the environ-
ment. The greater the efficiency ratio of input to

output, the fewer resources and animals required
for output. Rather than needing to feed and care
for four chickens, a person can raise one chicken
with the same meat output. This obesity selection
approach requires less land and resource input as
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well as limiting greenhouse gas emissions com-
pared to a lean animal approach, assuming meat
consumption rates remain the same or will con-
tinue to increase globally (which data suggests will
be the case, as shown in the previous figures).
Therefore, the ethical dilemma is that obese ani-
mals appear to be a partial solution to feeding the
meat demands of the world with climate change-
limiting effects, yet the process itself may be play-
ing a role in human obesity, leaving us vulnerable
to serious diseases. We are trading one public
health disaster for another.

This scenario also reveals an inherent tension
within the One Health concept. The ideal for One
Health emphasizes that pursuing actions that benefit
humans, animals, and the environment is preferable.
Though this ideal is strong and ought to be pursued,
this scenario reveals that there will inevitably arise
situations in which we must make value-based deci-
sions that act more so in the health and well-being
interests of one domain more so than another. While
the ideal is that we optimize the health and well-
being of all three domains, it might not always be
possible to do so, and in such cases, competing
ethical values will come into conflict with each
other. It is therefore evident that the hologenome-
livestock-obesity problem is one that holds poten-
tially significant ethical implications.

Implications for research and ethics

This problem also vividly illustrates a case of radical
uncertainty. Radical uncertainty is a phenomenon in
which there is a considerable amount of ambiguity or
a significant lack of clarity regarding the evidence for
a situation or relationship. Yet, practically speaking,
we must nevertheless decide how we ought to respond
when presented with such evidence. Radically uncer-
tain scenarios such as the one illustrated previously
can drive our planning and focus for research endea-
vors. However, it is essential to appropriately weigh
the level of threat that a scenario as radically uncertain
as this presents. As such, there are two primary con-
siderations in assessing the ethical threat level in cases
of radical uncertainty: the strength of the evidence at
hand and the potential magnitude of the issue.

First, in assessing the strength of evidence of the
problem, there are several key knowledge gaps that
would require investigation as to whether the

proposed association is in fact robust. One gap is the
demonstration of the transmission of livestock gut
microbiota to human populations. Though we have
tangential evidence of such, as discussed through var-
ious metabolite surveys and ecologic-level data, there
must be more vigorous data to confirm this transmis-
sion pathway. Another key area to define is the role of
animal metabolism and whether obesity is truly at play
with respect to metabolic efficiency. It could be the
case that the two are minimally, if at all, related to each
other. Another gap is identifying a more robust catalog
of obesogenic microbes in livestock as well as in
humans, and then confirming if these same microbes
are capable of zoonotic and/or reverse-zoonotic trans-
mission. It would also be worthwhile to demonstrate if
horizontal gene transfer between zoonotic gut micro-
biota would be possible and to document whether
obesogenic genes were subjected to this transfer. One
must also consider information regarding the epige-
netic interactions between a host’s genome and their
microbiome to determine if obesogenic microbes
selectively impact some individuals or populations
more than others. Much more substantial research
must be conducted to confirm the hypothetical biolo-
gic and transmission mechanisms offered in this pro-
posed scenario, as much of them are based upon
related or tangential mechanisms but little direct evi-
dence. Thus, the strength of evidence is weak.

The second step is to determine or estimate the
magnitude of impact of the hologenome-livestock-
obesity interaction. Given the previous discussion,
the potential impacts in responding to this are sub-
stantial. We also have extensive data regarding human
obesity and its detrimental health effects. However, we
are still lacking in knowing just how extensively the
gut microbiome impacts human obesity. It would be
necessary to conduct further studies regarding specific
gut microbiota species and their obesogenic potential.
It would also require an estimation of obesogenic gut
microbiota on human obesity itself in terms of risk. In
addition, one would need to know the number of
people such gut microbiota would impact, which
would necessitate host gene and gut microbe gene
interactions prevalence and details regarding expo-
sure (e.g. geography, intensity, dose-response, popu-
lation sizes). Without more precise estimates
regarding the individual-level impact of gut micro-
biota on obesity and the populations affected, it is
difficult to accurately assess how impactful it is.



However, given that obesity is so widespread and
causes significant morbidity and mortality, even
a small decrease would yield very meaningful results.
Therefore, the potential magnitude of impact at this
stage is substantial.

Since at this point, the strength of evidence is
weak and the potential magnitude of impact is
substantial, there is a strong impetus for conduct-
ing more research in this area, though it must be
done so judiciously. It is still far too early with too
great of uncertainty to be seriously considered in
discussions about obesity prevention and control
in humans. By investing more research into brid-
ging existing research silos that limit our knowl-
edge of this issue, we may not just reveal more
about the potential associations between artificial
selection and antibiotic use in livestock and obe-
sity in humans, we may reveal other potentially
important One Health insights with important
public health implications. Further research could
also lead to new and innovative research ideas by
focusing on bridging research silos. The mere pro-
cess of developing the bridges between research
silos could create new avenues and models for
longitudinal research collaboration.

This scenario highlights an issue inherent to
emerging technologies and newly developing scien-
tific understandings. It is emblematic of a radically
uncertain condition. Our decisions to act are depen-
dent upon the information and data we have avail-
able to us to aid us in our decision-making process.
By increasing the amount and accuracy of informa-
tion we have about a radically uncertain issue, (1) we
can be more assured that an issue either does or does
not warrant further investigation and/or an action-
able response, and (2) we will have a greater prob-
ability that our decisions and actions will have the
desired result (e.g. curtailing the public health pro-
blem). Both are important points in terms of distri-
butive justice, as we live in a world of limited
resources, whether they be in research (e.g. opportu-
nity costs taking away from more deserving research
endeavors, funds, researcher manpower) or in
actions (e.g. distractions from more impactful or
important topics, resources).

When we discuss the results of our decisions in
public health or One Health contexts, this neces-
sarily involves human morbidity, mortality, and
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quality of life. This inherently denotes ethical
implications stemming from our decisions regard-
ing these radically uncertain issues of potential
public health importance. For example, if we
choose to respond to the hologenome-livestock-
obesity problem, then our decisions will poten-
tially impact the lives and well-being of millions
of individuals. It is a set of decisions and actions
that holds significant ethical weight. Yet this
assumes that the problem is true and is a non-
insignificant factor in obesity along the causal
chain or associative milieu. Should it be the case
that we decide to act hastily with the little infor-
mation before us, we may respond improperly
(and thereby waste resources by acting inefficiently
and/or ineffectively) or respond when we ought
not have (e.g. if it is the case that there is minimal
impact from this hologenome-livestock-obesity
relationship). Whenever we make a decision, we
are making a probability-based calculation based
upon available information. Epistemological
responsibility in this context, therefore, is an ethi-
cal responsibility.

If we can be more certain that our decisions and
actions will yield worthwhile and desired results
(i.e. improving morbidity, mortality, and quality of
life), then we have an ethical obligation to improve
the probability (i.e. certainty) that our decisions
will yield the desired result. By deciding or acting
too hastily with too little information, we are tak-
ing unnecessary risks that may manifest unfortu-
nate consequences for those in whom it holds an
impact, which would be an unethical decision or
action. It is an issue of ethical risk mitigation. By
decreasing our uncertainties, we mitigate our risk
with respect to the decisions and actions we take,
which have real consequences with ethical impli-
cations for the well-being of others. We improve
the probability of decision-result congruity and
appraisal of radically uncertain context gravity by
conducting research to better understand the pro-
blem at hand. Therefore, we have an ethical obli-
gation to conduct research to better inform our
decisions.

One of the primary weaknesses in this hologen-
ome-livestock-obesity concept is the issue of
research isolation in silos, which is reflective of
an overarching weakness within One Health’s



e1760712-10 H. J. SMITH

ecosystem of ideas.”’ This scenario is emblematic
of the necessity of connecting research silos across
all domains as an ethical issue in need of correc-
tion. We must forge bridges between isolated
research silos; by neglecting to draw linkages
between different research domains, we retain
blind spots in our knowledge base of various
topics that may hold tremendous consequences
for human health and in the ethical implications
for how we address such potential issues.
Another important ethical consideration that
arises from radically uncertain problems is that
with uncertainty comes fear and conjecture.
Some of these fears may be dangerous, unfounded,
or even outrageous. As we have seen with the
advent and proliferation of social media, it is
increasingly facile for erroneous claims to be dis-
tributed widely and rapidly. Without appropriately
researching concepts that truly warrant further
investigation, this leaves the door open for poten-
tially dangerous conjecture without readily avail-
able evidence to solidly refute such claims. We
must beware of such dubious claims based upon
epistemologically shaky information. For example,
in the case of the hologenome-livestock-obesity
scenario, some individuals might conclude that
they ought not to interact with people with obesity
or those who consume meat because they “might
catch fat” from their gut microbes as one catches
a cold. In better understanding worthwhile radi-
cally uncertain problems, we may be better
equipped to put such troubled ideas to bed.

Conclusions

It should be emphasized that the hologenome-
livestock-obesity hypothesis is a radically uncertain
proposition. We should approach it with
a significant amount of scrutiny. It could be the
case that the causal mechanism between livestock
animal metabolic efficiency, obesity, and their gut
microbes is not accurate or consistent. For exam-
ple, it may be that there is an obesogenic gut
microbe association between animals and humans,
but the primary culprit is not actually through the
artificial selection of livestock animals. Rather, it
could instead be due to the widespread use of
antibiotics in livestock which has significantly
altered animal gut microbiome compositions and

has since transferred to humans with potential
obesogenic properties. This thought exercise of
the hologenome-livestock-obesity connection is
currently fraught and filled with unanswered ques-
tions, potential conceptual pitfalls, and holes in
evidence at this point in time. However, by per-
forming more research into the area, we could
discover interesting and important information
regarding the gut microbiome in addition to test-
ing the veracity and impact of the hologenome-
livestock-obesity claim.

The overarching takeaways from this paper remain
consistent regardless of the veracity of the hypothesis.
First, the hologenome-livestock-obesity scenario illus-
trates potential internal value-based strife that may
arise in the One Health concept. Second, the fact that
there still remain a considerable number of unknowns
regarding the veracity of this concept illustrates several
issues related to newly emerging or potential problems
of unknown significance. It demonstrates the necessity
of performing research to better characterize these
radically uncertain concerns based upon an ethical
impetus emerging from epistemological responsibility
of decision-making. Finally, there is an ethical justifi-
cation for why we must perform research to substanti-
ate our decision-making processes and why we must
be judicious in how we decide which concepts warrant
further investigation in considering research as
a limited resource. We must continue to pursue
research endeavors with outside the box thinking
and increase research silo bridging in order to broaden
our thought horizons and fill our gaps in knowledge.
Ultimately, we must remain vigilant as to how we
appraise evidence and how data and information
inform our decision-making, particularly as it pertains
to public health. When considering the health and
well-being of humans and the environment, episte-
mological responsibility is an ethical responsibility.
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