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Poop for thought: Can fecal microbiome transplantation
improve cognitive function in aging dogs?

Curtis Wells Dewey*
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ABSTRACT

Canine cognitive dysfunction (CCD) is the dog version of human Alzheimer’s disease (AD), and it has strikingly
similar pathological features to those of this neurodegenerative disorder. The gastrointestinal system is in constant
communication with the brain via several conduits collectively termed the gut—brain axis. The microbial population
of the gut, referred to as the microbiota, has a profound effect on the interactions that occur along this communication
route. Recent evidence suggests that dysbiosis, an abnormal gastrointestinal microbial population, is linked to cognitive
impairment in rodent AD models and human AD. There is also evidence from rodent AD models that correcting
dysbiosis by transferring fecal material from healthy donors to the gastrointestinal tracts of cognitively impaired
recipients [fecal microbiome transplantation (FMT)] reverses AD-associated brain pathology and improves cognitive
function. Although limited, some clinical reports have described the improvement of cognitive function with FMT
in human AD. The goals of this review article are to provide an overview of the mechanisms involved in dysbiosis-
associated cognitive decline and the role of FMT in therapy for such decline. The potential role of FMT in CCD is also

discussed.
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Introduction

In recent years, there has been considerable interest
in the role that the gut microbiota plays in health and
disease. The microbiota refers to the microorganisms
that colonize the gastrointestinal tract, whereas the
microbiome refers to these organisms, their genetic
composition (metagenomics), and their biochemical
products (Alessandri ef al., 2019; Allam-Ndoul ef al.,
2020; Doifode et al., 2021). Bacterial species comprise
the bulk of the gut microbiota, with smaller populations
of viruses, fungi, and protozoa (Alessandri et al.,
2019; Allam-Ndoul et al., 2020). Dysbiosis describes
a condition in which the normal gastrointestinal
microbiome is disturbed and an abnormal percentage
of pathogenic bacterial species is present (Ambrosini
et al., 2019; Alkhalifa et al., 2023). The pathogenesis
of dysbiosis is not clearly defined, but potential
contributors to this imbalance include genetics,
drugs, and diet (Alessandri et al., 2019; Liu et al.,
2022; Chui et al., 2024). Not surprisingly, dysbiosis
has been implicated in the pathogenesis of several
gastrointestinal disorders (e.g., inflammatory bowel
disease, Clostridium difficile-associated enteritis)
(Brandt and Aroniadis, 2013; Vendrik et al., 2020;
Chaitman et al., 2021; Niina et al., 2021; Chandra
et al.,2023; Matheson and Holsinger, 2023). Dysbiosis

has also been linked to disorders of the central nervous
system (CNS), most notably Alzheimer’s disease (AD)
(Ambrosini et al., 2019; Borsom et al., 2020; Doifode
et al., 2021; Angoorani et al., 2022; Alkhalifa et al.,
2023; Chandra et al., 2023; Kuzniar et al., 2024; Zhao
etal., 2024).

CCD is the dog version of human AD and shares many
pathophysiological features, such as compromised
brain vasculature, deposition of toxic P-amyloid
proteins around neurons and blood vessels, neuronal
mitochondrial dysfunction, neuroinflammation, and
oxidative and excitotoxic neuronal damage (Landsberg
etal.,2012; Chapagain et al.,2018; Dewey et al.,2019).
Like human AD, CCD is characterized by a slowly
progressive cognitive decline that affects geriatric
patients (typically 9 years or older) (Landsberg et al.,
2012; Chapagain et al., 2018; Dewey et al., 2019). The
prevalence of CCD in the canine population has been
estimated to be between 14% and 35%, and it is thought
that this range may be an underestimate (Nielson
et al., 2001; Azkona et al., 2009; Salvin et al., 2010;
Landsberg ef al., 2012; Chapagain et al., 2018). In a
recent questionnaire-based study (Kim ez al., 2023), the
prevalence of CCD in dogs aged >9 years was 25.9%.
As with human AD, the prevalence of CCD appears to
increase as dogs age, with percentages as high as 68%
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in dogs 15-16 years old (Nielson et al., 2001; Azkona
et al.,2009; Salvin et al., 2010; Landsberg ef al., 2012;
Schutt et al., 2015; Chapagain et al., 2018; Kim ef al.,
2023).

The gastrointestinal system has its own nervous
system, the enteric nervous system (ENS). The gut is
normally in constant communication with the CNS via
nerves connecting the ENS and the brain (primarily
the vagus nerve, as well as sympathetic pathways),
but also via humoral routes (blood and lymphatics).
This bidirectional pathway is called the gut-brain
axis (GBA) (Ambrosini et al., 2019; Borsom et al.,
2020; Doifode ef al., 2021; Angoorani ef al., 2022; Lai
et al., 2022; Kuzniar et al., 2024; Zhao et al., 2024).
There are two main anatomical barriers on either
side of the GBA: the intestinal barrier (IB) and the
blood-brain barrier (BBB); these barriers preclude
the entry of potentially damaging molecules and/or
organisms across the intestinal epithelium and the brain
vasculature, respectively (Zenaro et al., 2017; Cai
et al., 2018; Allam-Ndoul ef al., 2020; Di Tommaso
et al., 2021; Kurz et al., 2021; Alkhalifa et al., 2023).
In health, the microbiota produces multiple chemical
mediators that both influence communication across
the GBA and protect the integrity of the IB and BBB
(Doifode et al., 2021; Angoorani et al., 2022; Liu
et al., 2022; Chandra ef al., 2023). In dysbiosis, the IB
is disrupted, allowing pro-inflammatory pathogens and
mediators to breach the intestinal barrier and affect the
brain via the GBA; these pro-inflammatory mediators
then damage the BBB, leading to direct and indirect
neuroinflammation. Neuroinflammation resulting from
dysbiosis and the brain’s response to it (e.g., deposition
of toxic beta-amyloid proteins) are thought to be pivotal
factors in the pathogenesis of AD (Ambrosini ef al.,
2019; Borsom et al., 2020; Allam-Ndoul et al., 2020;
Doifode et al., 2021; Alkhalifa et al., 2023; Chandra
et al.,2023; Jin et al., 2023).

Fecal microbiome transplantation (FMT) is the transfer
of fecal material from a healthy donor (with a normal
microbiome) to a patient with a dysbiosis-associated
disorder (Brandt and Aroniadis, 2013; Chaitman et al.,
2021; Kielbik and Witkowska-Pilaszewicz, 2024).
FMT is performed by transferring fresh or freeze-dried
donor fecal material to the recipient via oral capsules,
endoscopy, or enema (Brandt and Aroniadis, 2013;
Chaitman et al., 2021). FMT has been shown to be a
safe and successful treatment option for humans and
dogs with chronic gastrointestinal conditions (Vendrik
et al., 2020; Niina et al., 2021; Alves et al., 2023; Lee
et al., 2024; Levine and Hoffman, 2023; Toresson
et al., 2023; Rojas et al., 2024). FMT has also been
shown to improve cognition and reverse brain changes
in rodent AD models (Sun et al., 2019; Kim et al.,
2020; Elangovan ef al., 2023; Matheson and Holsinger,
2023). In addition, there are several clinical reports
of FMT improving cognitive function in human AD

patients (Hazan, 2020; Park et al., 2021; Park et al.,
2022; Kim et al., 2024).

The intestinal barrier, the blood—brain barrier, and the
GBA

The IB has several physical and chemical components
designed to prohibit the passage of potentially
damaging chemicals and/or organisms from the gut
lumen across the intestinal epithelium and potentially
into the bloodstream and/or lymphatics (Fig. 1); the
layers of this barrier include the mucosal (mucus) layer,
the epithelial layer, and the lamina propria (containing
immune cells) (Allam-Ndoul et al., 2020; Doifode
etal.,2021; Di Tommaso et al., 2021; Liu et al., 2022).
The mucus or mucosal layer is composed of water,
glycoproteins (mucin), and several antimicrobial
proteins such as immunoglobulin (from plasma cells)
and o-defensin (from Paneth cells) (Allam-Ndoul
et al., 2020; Di Tommaso et al., 2021). Cells of the
epithelial layer are linked together by several proteins,
collectively called junctional complexes; tight
junctions (TJs) are the main type of junctional complex
connecting epithelial cells. TJs preclude the entry of
pathogens or pathogenic material through intercellular
spaces (Doifode et al., 2021; Di Tommaso ef al., 2021;
Liu et al., 2022). The final layer or the IB is the lamina
propria, a loose connective tissue layer containing
immune cells (e.g., plasma cells, macrophages); once a
harmful substance or organism breaches this last layer,
such materials can then reach the brain via several
routes (Allam-Ndoul et al., 2020; Di Tommaso et al.,
2021).

Similar to the IB, the BBB is designed to prevent entry
of pathogens and toxins into the brain from the exterior
environment, in this case the bloodstream (Fig. 2). The
three main components ofthe BBB are as follows: the TJs
of capillary endothelial cells, astrocytic foot processes,
and perivascular cells called pericytes (Zenaro et al.,
2017; Caietal.,2018; Brown et al.,2019; Allam-Ndoul
et al., 2020; Kurz et al., 2021; Alkhalifa et al., 2023).
Endothelial cell TJs form the main component of the
BBB, with astrocytic foot processes contributing to this
barrier by covering most of the capillary endothelial
surface area. Pericytes and microglia contribute to this
secondary barrier and provide additional protection.
Pericytes are multifunctional cells located along the
walls of brain capillaries that can regulate regional
blood flow, affect local astrocyte function, maintain
the integrity of endothelial TJs, and actively transport
pathogenic materials out of the brain parenchyma (e.g.,
B-amyloid) (Zenaro et al., 2017; Cai et al.,2018; Brown
et al., 2019; Allam-Ndoul et al., 2020; Kurz et al.,
2021; Alkhalifa et al., 2023). Microglia are the CNS
version of macrophages. In health, the main functions
of microglia are surveillance and protection; these cells
can recognize and phagocytize foreign material that
breaches the BBB (Zenaro et al., 2017; Doifode et al.,
2021). There are two main types of activated microglia:
M1 and M2. Normally, the M2 type is predominant;
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Fig. 1. Schematic illustration of the IB. The first barrier is the mucosal (mucus) layer
composed of water, glycoproteins, and antimicrobial proteins. The second or epithelial layer
contains TJs between cells to prohibit the passage of potentially harmful substances and/or
pathogens. The final layer is the lamina propria which contains immune cells such as plasma
cells and macrophages.

Foot process
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Fig. 2. Illustration depicting the major components of the BBB. These components include
endothelial cell TJs, astrocyte foot processes, and multifunctional cells called pericytes.
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these microglia are neuroprotective. M2 microglia
release anti-inflammatory cytokines and promote the
release of neurotrophic factors (Tang and Le, 2016;
Soriano et al., 2022). In chronic inflammatory states,
such as AD, the microglial population shifts to the
M1 type; M1 microglia produce pro-inflammatory
cytokines (e.g., IL-1B, IL-6, TNFa), which can damage
the BBB and brain parenchyma (Tang and Le, 2016;
Soriano et al., 2022).

The GBA describes a bidirectional communication
pathway between the gut and brain (Fig. 3). This
communication pathway has several contributors,
including neural (primarily via the vagus nerve, but
also sympathetic pathways), humoral (the bloodstream
and lymphatics) and the hypothalamic—pituitary—
adrenal axis (HPA) (Ambrosini et al., 2019; Borsom
et al., 2020; Doifode et al., 2021; Angoorani et al.,
2022; Lai et al., 2022; Rusch et al., 2023; Kuzniar
et al., 2024; Zhao et al., 2024). Various chemical
mediators from the gut microbiota normally traverse
the GBA, influencing brain function; similarly, the
brain can affect gastrointestinal function as well as
the gut microbiota via these pathways (Ambrosini
et al.,2019; Borsom et al., 2020; Doifode et al., 2021;
Angoorani et al., 2022; Lai et al., 2022; Rusch et al.,
2023; Kuzniar et al., 2024; Zhao et al., 2024). When
the IB and BBB are intact, the passage of substances
along the GBA is tightly regulated.

The microbiota, dysbiosis, and cognitive decline

The healthy gastrointestinal microbiota contains a wide
diversity of different bacterial phyla, with most of these
organisms providing health benefits to the host; when
this balance shifts in favor of more pathogenic bacteria,
the state of the microbiome is referred to as dysbiosis
(Ambrosini et al., 2019; Alkhalifa et al., 2023). Gut
bacteria normally communicate with the brain via the
GBA by producing an array of chemical mediators.
These mediators include neurotransmitters (e.g.,
acetylcholine, gamma-aminobutyric acid, serotonin,
and dopamine), hormones (e.g., glucocorticoids),
histamine, tryptophan derivatives (e.g., indoles), and
short-chain fatty acids (SCFAs). In the normal state,
these chemical mediators act together to maintain brain
health (Ambrosini et al., 2019; Borsom et al., 2020;
Doifode et al., 2021; Angoorani et al., 2022; Chandra
et al., 2023). In particular, SCFAs exhibit multiple
beneficial neuroprotective effects. SFCAs are produced
almost exclusively from gut bacteria fermenting
indigestible dietary fibers; these fatty acids are less
than six carbon atoms in length and include acetic acid
(acetate), butyric acid (butyrate), and propionic acid
(propionate) (Doifode et al., 2021; Lai et al., 2022; Liu
et al., 2022; Chandra et al., 2023; Seo and Holtzman,
2023). SCFAs play a pivotal role in maintaining the
integrity of both the IB and the BBB (via various
mechanisms, including regulating TJ proteins of

system

Enteric nervous

Fig. 3. Schematic illustration of the GBA. This communication system is a bidirectional
circuit composed of both humoral (blood and lymphatic vessels) and neural (primarily vagus
nerve, with some contribution from sympathetic pathways) components. A third component

(not pictured) is the HPA.
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both the IB and BBB, stimulating mucus production
in the gut), enhance the expression of brain-derived
neurotrophic factor, modulate the development and
function of brain astrocytes and microglia, inhibit the
production of pro-inflammatory cytokines, and inhibit
the production/stimulate elimination of toxic Ap in the
brain (Sun et al., 2019; Doifode et al., 2021; Lai et al.,
2022; Liu et al., 2022; Chandra et al., 2023; Seo and
Holtzman, 2023).

Dysbiosis is linked to cognitive decline in both
rodent AD models and human AD; in addition, the
development of dysbiosis precedes cognitive decline
in both scenarios (Ambrosini ef al., 2019; Jung et al.,
2022; Chen et al., 2023; Ferreiro et al., 2023; Jemimah
et al., 2023; Matheson and Holsinger, 2023; Zhao
et al., 2024). In human AD, a shift to a less diverse,
more pathogenic population of bacteria phyla has
been demonstrated prior to the onset of mild cognitive
impairment (Chen et al., 2023; Ferreiro et al., 2023;
Jemimah et al., 2023). In short, the state of the gut
microbiota can be predictive of the likelihood of AD
development (Jung et al., 2022; Chen et al., 2023;
Zhao et al., 2024). Several bacterial phyla have been
associated with cognitive decline in human AD;
conversely, a number of bacterial phyla have been
associated with cognitive health (Cammann et al.,
2023; Chandra et al., 2023; Elangovan et al., 2023;
Zhao et al., 2024). In general, pathogenic bacteria are
pro-inflammatory, whereas the “healthy” bacteria are
anti-inflammatory. Some “healthy” bacteria that have
been shown to be decreased in human AD patients’
microbiome includes Firmicutes, Bifidobacteria, and
Lactobacillus; more pathogenic bacteria that tend
to be more prominent in patients with AD include
Actinobacteria  and  Proteobacteria  (Angoorani
et al., 2022; Chandra et al., 2023; Chen et al., 2023;
Elangovan et al., 2023; Ferreiro et al., 2023; Seo and
Holtzman, 2023). In general, the “healthy” bacteria
are the main source of SCFAs, whereas the pathogenic
bacteria release inflammatory mediators, such as
lipopolysaccharide (LPS-endotoxin) and bacterial Af;
in dysbiosis, these inflammatory mediators disrupt
the IB, promote the production of pro-inflammatory
cytokines, and subsequently disrupt the BBB via
inducing neuroinflammation via the GBA (Doifode
et al., 2021; Cammann et al., 2023; Chandra et al.,
2023). There is considerable evidence that AP is
produced in the brain in response to pathogenic
microbes and/or their products; Ap is known to be an
antimicrobial protein (Chandra ef al., 2023; Giridharan
etal.,2023; Jin et al.,2023). Although A plays a major
role in AD pathophysiology as a neurotoxic protein, its
overproduction may be a secondary response to the
neuroinflammation induced by dysbiosis (Ambrosini
et al., 2019; Vendrik et al., 2020; Doifode et al., 2021;
Jemimah et al., 2023; Jin et al., 2023).

The microbiome/microbiota of dogs is very similar
to that of humans, presumably because dogs and

humans have shared the same environment and
diet over thousands of years (Coeclho ef al., 2018;
Ambrosini et al., 2019; Kubinyi et al., 2020). CCD
is a naturally occurring animal model of human AD
(Landsberg et al., 2012; Chapagain ef al., 2018; Dewey
et al., 2019). Although there are limited data in dogs
linking dysbiosis to CCD (ref), there is evidence that
the canine microbiota affects memory in dogs; higher
microbiota levels of Bifidobacteria and lower levels
of Actinobacteria have been associated with higher
memory test performance in dogs (Kubinyi et al.,
2020; Ma et al., 2024).

FMT as a potential therapy for CCD/AD

FMT entails the delivery of fecal material from a
healthy individual with a normal microbiome to the
gastrointestinal tract of a patient with a dysbiosis-
associated disorder (e.g., AD) to shift the patient’s
microbiota toward a healthier population (Brandt and
Aroniadis, 2013; Chaitman et al., 2021; Doifode et al.,
2021; Matheson and Holsinger, 2023). Most of the
information regarding the efficacy of FMT for AD is
from rodent models of AD (Elangovan et al., 2023;
Levine and Hoffman, 2023). Based on these data,
FMT is successful in improving cognitive function
and reversing pathologic changes in the brain (Sun
et al.,2019; Kim et al., 2020; Elangovan et al., 2023).
Specifically, FMT resulted in decreased deposition and
accelerated elimination of brain AP deposits, decreased
phosphorylation of tau protein and formation of
neurofibrillary tangles in the brain, restoration of a
more normal microbiome, elevated levels of SCFA in
the gut lumen, and decreased intestinal and systemic
inflammation (Sun et al., 2019; Kim et al., 2020;
Elangovan et al., 2023). Conversely, it has been shown
in rodents that transferring fecal contents from a
cognitively impaired donor to a non-impaired recipient
can induce cognitive deficits in the recipient (Soriano
et al., 2022; Grabrucker ef al., 2023).

Albeit sparse, some clinical literature supports the role
of FMT in human AD. At the time of submission of this
manuscript, there were two single case reports, a case
series of five patients, and a small (10 FMT patients,
10 controls) prospective controlled study evaluating
FMT’s effect on cognitive impairment in patients with
AD being treated for Clostridium difficile-associated
enteritis; cognitive scores improved in all cases, and
this improvement was significant in the one controlled
study (Hazan, 2020; Park et al., 2021; Park et al., 2022;
Kim et al., 2024). Except for one case in which it was
not investigated, the fecal microbiota population was
altered by FMT treatment (Park et al., 2021; Park et al.,
2022; Kim et al., 2024).

FMT has been successfully used in dogs to treat several
gastrointestinal disorders, including chronic vomiting,
Clostridium perfringens-associated diarrhea, acute
hemorrhagic diarrhea, Parvovirus-associated diarrhea,
and large bowel diarrhea (Brandt and Aroniadis,
2013; Gal et al., 2021; Niina et al., 2021; Alves et al.,
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2023; Torreson et al., 2023; Kielbik and Witkowska-
Pilaszewicz, 2024; Rojas et al., 2024). Increased levels
of SCFA-producing bacteria have been documented in
the microbiota of dogs after FMT for gastrointestinal
disease (Rojas et al., 2024). To the author’s knowledge,
there are no reports of FMT for the treatment of CCD.
Considering the available data from rodent AD models
and limited human AD reports, FMT for treating
cognitive decline may be a treatment avenue worth
investigating in dogs.

Conclusion

Manipulating the microbiome with FMT may represent
another treatment option for CCD, the dog version of
human AD. Abnormal microbiome populations, termed
dysbiosis, have been documented in rodent AD models
and human AD patients. Dysbiosis is believed to precede
cognitive decline in AD and may play a causative role.
Dysbiosis leads to loss of IB integrity, regional and
systemic inflammation, subsequent breakdown of the
BBB, and ultimately neuroinflammation and cognitive
impairment. By repopulating a cognitively impaired
recipient’s microbiome with feces from a normal donor,
it may be possible to re-establish a healthy microbiota,
thereby reversing some of the damage to the IB,
the BBB, and the brain. Because of the similarities
between human AD and CCD, as well as their similar
microbiome compositions, investigation into FMT for
CCD may provide insights and potential benefits for
dogs and people with cognitive decline.
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