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The World Health Organization defines probiotics as
“live microorganisms which when administered in adequate
amounts confer a health benefit on the host” [1]. The popu-
larity of the beneficial e↵ects of microorganisms has become
progressively widespread over the decades, alongside our
increasing awareness of the e↵ects that bacteria can exert
on health and disease such as inflammatory bowel disease
(IBD) and non-alcoholic fatty liver disease (NAFLD) [2, 3].
By now, consumption of probiotics in an attempt to main-
tain health and prevent, ameliorate, or resolve disease has
become routine. In the United States alone, recent esti-
mates indicate that 3.9 million individuals regularly take
probiotic supplements, and 60% of healthcare providers
prescribe probiotics to patients [4]. This article will dis-
cuss probiotic treatment, current drawbacks, and how we
can leverage big data approaches to increase precision and
e↵ectiveness of probiotics moving forward.

Given the prevalence of their use, it comes as no sur-
prise that probiotics have become a highly popular field in
academia and industry alike, ranging from basic to clinical
research. Many studies have investigated the e↵ects of pro-
biotics, but the majority of those studies that have causally
linked probiotics to positive outcomes have been carried
out in animal models [5, 6]. Several meta-analyses of stud-
ies performed in humans have indicated promising results,
particularly in the context of ameliorating the symptoms of
those people already su↵ering from diseases like IBD and
NAFLD [2, 3]. However, these human studies tend to be
less conclusive and in some cases yield contradictory re-
sults [7]. Additionally, risks associated with probiotic usage
in certain populations such as those su↵ering from severe
acute pancreatitis have been reported [8]. Clearly, although
probiotics are a promising treatment option, there are many
ways in which our understanding of the mechanism of ac-
tion of these tools, as well as our application of them, can
be improved.

To highlight this point, a recent study carried out by
researchers at the Weizmann Institute has shown person-
specific di↵erences in the ability of probiotics to colonize
the gut mucosa [9]. As expected, after treating healthy
volunteers with probiotics these bacteria were found to be
enriched in all participants. However, there was a highly
individualized pattern of mucosal colonization by these pro-

biotics, with some patients remaining stably colonized af-
ter treatment and others rapidly losing these bacteria. Al-
though colonization of the gut may not be strictly necessary
for bacteria to exert a therapeutic e↵ect, it could still con-
siderably a↵ect local intestinal physiology, metabolism, and
ecology. Critically, they also found that unique host and mi-
crobiome traits could predict whether or not colonization
would occur – both the microbiome and the host transcrip-
tome correlated with the ‘permissiveness’ or ‘resistance’ of
the host to colonization with the probiotic strains. This
emphasizes the extent to which individual characteristics
can modify the e↵ectiveness of a given treatment, and how
this might significantly a↵ect the outcome for an individual
undergoing treatment.

These findings suggest the potential for a revolution in
treatment from the undistinguished way in which probi-
otic treatments have been delivered to date. Precision
medicine has become increasingly popular and accessible
as we have developed ways to examine genomic, transcrip-
tomic, proteomic, and metabolomics information – collec-
tively referred to as ‘omic’ techniques. These approaches
have already been implemented in fields such as immunol-
ogy, oncology, and neurology to guide treatment regimens.
For example, in oncology, transcriptomic information has
been used extensively to classify tumours into subtypes and
predict e↵ectiveness of di↵erent therapies [10]. With re-
search indicating that host response to probiotic treatment
is highly individualized, it seems only logical to begin im-
plementing these approaches in the administration of probi-
otics. This approach would allow researchers and clinicians
to begin optimizing and tailoring treatment plans based on
individual characteristics to optimize the success of treat-
ments. Research studies would also allow the exploration of
the mechanisms behind the beneficial e↵ects of probiotics,
and help distinguish cases where probiotics should not be
used for health and safety reasons.

Currently, probiotics are a tool with incredible poten-
tial, but we need to begin leveraging the recent advances
that we have seen in ‘omic’ technologies in order to im-
prove treatment and gain a better understanding of how
these bacteria mediate their e↵ects. Examining the inter-
action between genes, environment, and microbiota is crit-
ical to understanding how probiotic treatments should be
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delivered and to whom. The implementation of ‘omic’ tech-
niques would be a step towards turning probiotic usage into
targeted treatment regimens. This would facilitate their use
in a strategic manner to maximize e↵ectiveness and mini-
mize the potential pitfalls associated with treatment using
probiotics.
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