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Numbers of companion animals and people rearing them are increasing in developed countries. As
a result, businesses related to companion animals are becoming more advanced and specialized. Dogs
have been cohabiting with humans as companions (pets) for thousands of years and, as a result, eat
carbohydrate-rich foods similar to humans and maintain lives similar to their owners. Tight bonds be-
tween dogs and their owners are formed by sharing similar lifestyles, including a dwelling and food.
Owners are responsible for their pets and treat them with emotional stability. Pets depend on their
owners, although the food situation can cause stress. Since pet dogs are carnivorous in nature, provid-
ing pet dogs with a nutritionally balanced diet and functional materials is important for a healthy gut
microbiome. Recently, the gut microbiota has become a research focus because it is associated with
protection from harmful pathogens and immune regulation while maintaining physiological homeo-
stasis. An abnormal gut microbiota is related to pathogenic processes and various gut, metabolic, men-
tal, and neurological diseases. Additionally, pet dogs at risk of disease affect the health of their owners.
Therefore, this review discusses the composition and diversity of the gut microbiota of dogs and the
relationships between the gut microbiota and diseases.
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Actinobacteria® UEFUA T 7 ﬂ] of met 55k QHg A o
HA 71EHE 08 2R F9E F UThss]. EErA Rl Y
AW E T A4S g4 5}91 u, Firmicutes &l 4
3= Lactobacillus= GITA A 74 S83F1 o kst 4 tH86).
£3), 3% (jejunum)ol A £2] & Lactobacillus= 10*~10° CFU/
ml FEOE FS = AU ™[4, Lactobacillus F (species)
9] L. fermentum, L. salivarius, L. rhamnosus, L. mucosae, L. con-
fuses (Weissella confusa)v &+/4 < BT B JTH[5].
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d F % (retrograde transport)< &3l
A ol 4% AAE - FEF 45 (Gut-Brain
bidirectional communication)& 7|RtS.2 3 @2 #d AT
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2ol g B3l C. perfringens [97), F. varium [69] 2 C. hiranonis
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A7) Boke gl EaE 53 FHEL A4S EF5 o
At #ofsts ZAoZ B olg HEY AA ol
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A4 W9 9 ﬁQZEQ
o @FE HAT NARIEY Wste A AAS YFE
md 4= glgo] EAFATH3O, 31, 59, 89]. A A AFAAM A%}
& 79 WE8A A A (non-hemorrhagic diarrhea, NHD),
=84 M AZ(acute hemorrhagic diarrhea, AHD), =+ H%
4 %4 3 (inflammatory bowel disease, IBD)< %3 31& 7l

of AU AES E43 A Firmicutes, Proteobacterin 2
Actinobacteria®] W37} 215 91t (Table 1). B w4 & ¥
St T3 94 2 %4k (short chain fatty acids, SCFA) A4 ]

BEE WA [89], 53, Erysipelotrichaceae, Ruminococcus 3
Blautin 59| 7#av W97 24 #oqst= SCFAY A4
S ZaAgE ASZE YeEbYtH89]. =3, FA AAZFA
Faecalibacterium3} unclassified Ruminococcaceae®] 7+49} C.
perfringens®| F7hE ZEI LA} 749} FEEA St 9

&S X Aoz e tH30]. Guard $[31]¢ Aol w

1 & 5 Slt(Fig. 1). 29 w4 9354 A4 3 (chronic inflammatory enteropathy)

£ %13 J= NN A Faecalibacterium, Fusobacterium>} 134 &

4] EL{o|MES1} ElEt FAHE 274 FEAR USA i/‘]'(deoxycholic acid, DCA), g

E Zd4H(lithocholic acid, LCA), 241 & A 4} (ursode-

U Ee TS dold wet Hak s, o= oxycholic acid, UDCA)& A &A1 7] C. hiranonis 445 &

AA 7159 ofste AAAS, A dH Vs ARE HetE AUHAE Weke 34 o o BlEEY gE4

ziste Aoz dHA Jdue5]. £3], L3dAH HEldE= (fecal unconjugated bile acid; DCA, LCA, UDCAE Z3H9|

BUEAE A4 Wste W98y oo} B A dF9 A a7t gAEglon, i FASE v g4 A

A& BRI, 85]. B& A% AunAEd §F s 4 T3 VAR A EY 24 Wil 2a 4 g

U o 2n AyvdEe] E4Y FHE FE3L o& FHE4 &3 37t S FH ATk (Table 2) [59]. T4 2 o] A
Brucella Bordetella bronchiseptica
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* Nervous diseases
* Psychological disease
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Caliciviridae
Norovirus

Salmonella

Fig. 1. Changes in the microbiota in a pet dog. A. Food and supplements (probiotics, prebiotics, and functional food) affect the
microbial composition and housing conditions of pet dogs. B. Gut dysbiosis can lead to nervous, psychological, metabolic,
and gastrointestinal diseases. C. Various diseases in pet dogs can spread to their owners via aerosols, saliva, urine, or feces.
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Table 1. Change of gut microbiota in dogs with diarrhea or inflammatory bowel diseases

Group Phylum

Increased microbiota Decreased microbiota

Firmicutes

Ruminococcaceae
Ruminococcus
Blautia
Erysipelotrichi
Erysipelotrichales
Erysipelotrichaceae

Clostridium

NHD

Actinobacteria

Actinobacteria
Coriobacteriales
Coriobacteriaceae
Collinsella

Proteobacteria

Rickettsiales
- Anaplasmataceae
Anaplasma

Firmicutes

Ruminococcaceae
Ruminococcus
Blautia
Erysipelotrichi
Erysipelotrichales
Erysipelotrichaceae

Clostridium

AHD

Actinobacteria

Actinobacteria
Coriobacteriales
Coriobacteriaceae
Collinsella

Proteobacteria

Rickettsiales
Anaplasmataceae
Anaplasma

Betaproteobacteria
Sutterella

Firmicutes

A-IBD

Clostridium
Ruminococcaceae
Ruminococcus
- Blautia
Erysipelotrichi
Erysipelotrichales
Erysipelotrichaceae

Actinobacteria

Actinobacteria
Coriobacteriales
Coriobacteriaceae
Collinsella

Proteobacteria

Firmicutes

Clostridium
Ruminococcaceae
Ruminococcus
- Blautia
Erysipelotrichi
Erysipelotrichales
Erysipelotrichaceae

C-IBD

Actinobacteria

Actinobacteria
Coriobacteriales
Coriobacteriaceae
Collinsella

Proteobacteria

Rickettsiales
- Anaplasmataceae
Anaplasma

NHD, Non hemorrhagic diarrhea; AHD, Acute hemorrhagic diarrhea; A-IBD, Active inflammatory bowel disease; C-IBD, Controlled IBD.



Table 2. Microbiota lead to metabolomic changes in chronic en-
teropathy

Short chain s . Negative
. Positive correlation .
fatty acids correlation
Bacteroidetes
Fusobacterium spp.
, Faecalibacteri . Strept .
Propionic aecalibacterium spp Streptococcus spp
. Clostridium hiranonis  Bifidobacterium spp.
acid . o .
Blautia spp. Escherichia coli
Ruminococcaceae
Clostridium perfringens
Clostridium perfringens
Butyric Fusobacterium spp.

acid Bacteroidetes
Faecalibacterium spp.

A A & Ao R QA EE BDE WA A &3] UE
U™, Faecalibacterium, Ruminococcus, Dorea spp.«] 7F 49}
Proteobacteria [85, 88] 2 E. coli [101]7} S7tH & ALE B
A
At mRIZIAE gk A 9A] T mE HTke] EA A
Higlen, ole Ao 229 olwE F4HL Yot F3
g uzz2e Ao, AFH VA, =ASE K7
% HFAFH vgre = ojoj AW oF 38%°] 7oA FA F o]
A=AoH[56], HAAE #E A1) B ¢ 22 AYE
TA67], TF ol @ airt Aohd] v A AR
3 MR R R E 244 Aozt dEgton wE
7ol ¥lsl Actinobacteria®} Roseburia® 22 Z717F &4
B ATH32, 33]. =&, HITE Ao AFHEF HolE 1270 AF
g AU ES BAGHE W, mE ASTLET I
Megamonas %7}, Ruminococcaceae 74271 Q1= 1 0.0 oA
Ef z2aed s27t dadnde 7237 R1H
TH42]. =3, Hgk AHol A Bl e =3 AR o ARED
o FRBATE EAT ] FAH AT (Table 3) [2].
BUHHAAE & gl ZE 4] 94 AHAHE
o5 frdstal AAF Rdo A A g2 o] 1 HhE 2l
2479 z‘ng AP A A% Ao 59 A
UERATH10]. ol& &-¥ &< 7]ste Ay
gol ¥ F4 & 2HdTE W 2A7 H gtk
3 AU =T A8 S
G HAME ASHL ATk A
P52 ok Ao & sEoAY AN FAo
Firmicutes (68.0+4.6%), Bacteroidetes (13.7+3.6%), Actinobacteria
(9.941.6%), Fusobacteria (4.8+1.3%), Proteobacteria (2.1+0.8%)
o w8 FHEAAA FHAR] 2ol & vEhd dHE T4 A1
P& ol e AN d5 Hole MY vl A
Bacteroidetes®] 2] 7t (p=0.02)% UEtATIY E1stth
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[61]. =& F44Q Y5 Ho|= oA Bacteroidaceae,
Alcaligenaceae, Paraprevotellaceae, Mogibacteriaceae®] 7t49}
Erysipelotrichaceae, Rikenellaceae®] %717} 1A oH, 33
& Bole MAAE Paraprevotellaceae®] 7+2:¢} Mogibacter-
inceae, Rikenellaceae®] %717} A H A th61]. o9} B F
AXQ PE& Hole MAMe EF FHE(cortisol) & =7}
57}'3}X] el 71], $483 s of Fol wt g e B

T Aol =T AA = A8 EAste AR Bl

°] A3 A 3 #dE HAGES AH A EG Ao o
THHA G g H A8 RIS T A7t olojA 1
T OEAH HPAH HAdFo 2 ¢zl gxsto|n
o(Alzhelmers disease, AD)®| W] WA o - o gk
Hdol =UH L itk AD= 14 HPAH HEgo =z ty
94, s 5o Hge wukopyet d, 97, Fx2 59
Hl e G ol A ofd 2ol = | BH(B-amyloid, AB)et #¢14ts}
B9 99 A (hyperphosphorylated tau protein)©] =14
Hh(senile plaque)S A st W2 54S UEATH37, 49,
53] AR AFoNA LA Aol & AAE Fall AU E ]
¥ 9 AT AZS HolA AR sF 0] o] FoliitE o
TAIN}E TE3FG o 23, 24, 52, 62], AR 3l E. colj,
B. subtilis, S. enterica, S. typhimurium, S. aureus7} i ek
B3t ATH36, 76]. E3], /NS HG=A 58l Prevotellaceae
(p=0.010)¢] H&}7} Sl Hh= Hrh EAskATH39] o A
8 oo AAA 28 2 HIy A H@EW]/H v =
Ev¥o] HETE AR dFAHe FEG Ao g}
AR 71E AA 7 293 Argol A 2}\_% ARE 7o R

el HAd HA@e] e g Q77 A=Ha Ao
JHel Egtnt Algte =9l HMo}

Hhe A & vhol 2] 29 e gjotd AW S AR A A
Aol & wiA) AR FH ¥
o WA= 2@ FANE 1Y
44 A& B, o2 E, 299 t-aW 55 B3 AR
A9d F do[25] o159 #HA = W

o 56, wdo g Au 2+ e FAY vpolg 2
Rhabdoviridae [93], Pa
Capnocytophaga [38] 2 Staphylococcus intermedius [95], 2 H %
O -2l o3 AsEE Caliciviridaedl 43t norovirus [90]
S} Salmonella [51], BtN-& F3 D35 & Brucella [54], 2812
qAZE Je| 2 W= = Bordetella bronchiseptica [100] 5-©I
N A A Ante o dddEEolth(Fig. 1).

AUnAE] EdPorRY 71U, S AU EY
Bst oa FHEE HH A AL F5dhe A”AE
Aol 2 + At o8 A3 F AA, FE 59 GIT 44
A Ak wrE A B e 2 A7 4 o F sk

o

2
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-
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N2 N > Ay
N
ok

steurella [64], Yersinia enterocolitica [81],
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Table 3. Interrelationship between body index and microbiota in dog obesity

Body index I Correlated body index with body index I

Microbiota related body index

Body weight (+)

Excess body weight % HOMA IR (+)

Cholesterol Haptoglobin (+)

Haptoglobin (+)

Lactobacillus
Bacteroides unclassified
Allobaculum
Lactobacillales unclassified

Fecal dry matter %

Stool frequency (+)
Total fecal output (-)

Escherichia Shigella

Parabacteroides
) Cholesterol (+) Campylobacter
Haptoglobin Fecal dry matter % (+)
. . ) Parabacteroides
Body weight Excess body weight % (+) Phascolarctobacterium
Campylobacter
Total fecal output (+) Gammaproteobacteria unclassified
Stool frequency Fusoba.cterium
Fecal dry matter % (-) Wohnell.a
Brachyspira
L Enterococcus
Fasting insulin (¥) Escherichia Shigella
HOMA IR Allobaculum
Excess body weight % (+) Allisonella
Campylobacter
Fasting insulin HOMA IR (+) Clostridium sensu strictol
Anaeroplasma

HOMA IR, Homeostatic model assessment for insulin resistance; (+), Positive correlation; (-), Negative correlation.

ol &3], Salmonella, Campylobacter 59 @< AW 4 A3}
& gt SAd AFAA Aokl £ T3S, 51, 81, 90,
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Bae doed A4, 349 A3 e

o] 23 Zzufo] Q¥ 2~ 9f Fdo] FasttH79].
FUm A= 719k ZZuto] QE Ao ik AP AT A
L. fermentum VET9A, L. plantarum VET14A 9 L. thamnosus
VET16A+ A9 AZA o] 4381 Enterococcus canis, C.
perfringens 2 S. entricat & A WAL A& et
I BAFHAT27, 29] B, 548 AAFH FES Bole
ANA (A L. acidophiluset B+t e P. acidilactici, B.
subtilis, B. licheniformis = L. farciminis& A3t W, A



U Y S EHe A8HE A(GY)ol T (8
d)ell wlsl) @A G=HE= Aoz debgthz4]. Aol L fer-
mentum CCM7421< A 33t%l< W, 24 (lactic acid bac-
teria) ] F7F9F oA (coliform)e] 7HAa7b EQIE o
[83, 84], A4t & HE 24 22 SCFAY {3l 7]93te
ZA0Z YEPGTH82, 83]. Xu 51029 ATl L. casei Zhang,
L. plantarum P-8 R B. animalis subsp. lactis V9= =7 159
T Agetie W, Aol AAFe S A7 €4 W IgG
9} interferon-alpha %77} UEFR o™, i W tumor ne-
crosis factor-alphat ZH4&3dtE 202 UrE}‘/LE} 53], o] &

A Fe ZRuto] ¥ 2~ 82 Lactobacillus 2 F. prausnitzii

o} 2 97 5718 E. coli D Sutterella stercoricanisin®}
2 fralde] A F¥ste 20E BaEUT102].
AU e 4E wE AEQ ZEuel YA X8
Hho] @ B 2ok FAMSHA AU FAE T, At E Y W3,
ol A& el 59 75 e dte AR gEA A
Zguto] e g 22 &7 ScFOS (short chain fructooligo-
saccharide)& 4]0l E3}3lo] A F8t A< Wl Bifidobacterium

3} Lactobacillus®] Z7}7F B 5 Q) om[91], k¥ 2o] 9} g
AATHAS e i S W FE 249 Fo3 < A
¢} &0 phenylpropanoate ¥ D-Fructose?] <4<l ¥ 3}
7} A AT2]. £&, Clostridiales Family XIII Incertae
Sedis$} Lachnospiraceae Roseburia®] Zt4: 2 unclassified Bac-
teroides$} Blautia 59 747 A Ao}, T outo] g~
£ X Aot 9 A (glucose homeosta51s) 24
AY e nA FA FE S
of Aok d#Eol 2]

AT v #d APAXE A A Fo A o]

T ATol ZUS o] FojAL YT} A E S0, TFES

1 (fructooligosaccharide, FOS)©] 1552 HiH A&
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