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B Introduction

Gastrolntastinal diseases am sams of tha maost fredguen
prablems reported in dogs (1-3), With puppées Daing &t
higrar sk of diarrhaa than addl annals; about 10-25%
of ail pupples wil have digastive protiems at soma paint
I the first vear of Bfe {4,5). The aim of this aricle is o
reviaw thae factors which can aflect & puppy's digasthe
health and to discuss procadures that will helo both
managa &nd pravent thiz problam.

® Weaning: a critical stage

Weaning Is a critical staga for puppias, From a digasthe
wiawpoint, maving from milc to solid food brings madifi-
cationa in tha digestive mucasal architacture (ncreasad
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* Waaning dlarrhes is a complax
phenomanan with multi-tecioral orgins.
Varlous infectious and nan-infactious
Gausas may simuttansoushy, and In
synargy. damage tha health of tha
gastrodniestinal trast,

* Typa-2 caning panvavines |5 ane of
the main agents invehed in weaning
diarrhiea. AHhough it can cause severs
syslemlc shgns, the virus may simply atter
ihe stool quality without impaciing on
peneral haalth.

¢ Praveniion of waaning diarrbaa
requires both medical prophylaxis and
implementation of management prolocols
designed 1o mainiain heafih,
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desth ol tha intestinal crwpts), In the franaport of nutrents,
I eneyme acthity feduced lactess asctivity and incresased
amyiaan and lpasa acthdty), end in the Intestinal fora
ireduced asrobic bactera). At the sama time, puppies
ge Ihrcugh &n imrmunity gap when theay are refractony to
waccination dua 1o thapersistencea of matarnal antbodikes
M5} bt ang suscaptinle o inections, notably gastroin-
tostingl ornes, i edd®ion, sepereting a puppy from its
clarm induces corsiderabia stress, which can mpact the
metaialism, immue systam end intesting! fenclion. All
fhase prenomensa can explain tha higher pravalence of
digerhaa in ouppiea compared o adults.

M Weaning diarrhea - the risks

Waarning darrhaa i both a problem for pupnles and a
risk o publo heslh, Darfhea may reduce growth retes
and inoreasa tha sk of mortality {7} — gaatrointestinal
problems can ba tho prims cause of death In dogs under
oy of age (3 — and 1 s esaential to treat aF animals
praserting with & digestive disorder raptdly and efiec-
tivery, Moreonr, digestive complaints also represant a
ol health resk; some of the infectious agents axcrelad
by digrrhoal puppoes ang patentialy 2oomotls, e, Sadia
dundanats and Tosocars canis (9% The weterinarian's
robe in both presenting and frealing these diarmheas s
therafone crugial,

B Defining diarrhea

Bayorwd o subpctiva analysis of what mikght classity asa
“sroff sfocd”, tha st difficully is to detne what an sbnor-
rmal stool actualby is, Stool cpaality can be esaluated using
a "puprry lecal seore”, & visual 13-point 2cals (Figurs 1)
whsra 1 = liguid stool and 13 = farmmed and weky dry
siood (7). This scabe difers fom that used for adults,
Prysiclogical variations musl be taken info account 1o
dafing an abrorma Tacal Soon,
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Large breed puppées {= 25 kg at adulthood} producs
slocds thel are soher than those produced by smalkes-
braad pupoies, and young pupples [agad 4-5 weeka)
will produce stools significemtly softer than older puppies.
The fecal acone threshold defining a pathobogoal stool
will thus vary with an animafs bresd size and ege, but
can ba dsfmad a3 = & for larga-breed puppies; = § for
small-bread puppiaa at -5 weeka of age, and = 7 for
small-braad puppiss aged 6-8 wesks (7],

M A systemic approach to the problem

Weaning disrhaa ks a complex phenamenan, for sav-
aral reasons, Firsily, puppies sra fregquently infsctad by
diffsrant agents (Tabkle 1} but the presance of an enterc-
pathcgan is not alvaya essocialed with signe of a gastro-
intestingl problam. In fact, 18-84% of dogs can excrets
parasfes ar viruses withowt devaloping clnical signs
G011}

Secondly, any glven entaropathogen doss not always
Inducs tha same clnical signs in all puppiss. The patho-
ganicity of an Infecticus agent and ks chnlcal impact will
dapend on tha ags and Immure slakus of the puppy, as
wall aa the strain of the enteropathogen (12,13), For
axampls, canine parvosrus (GFY) ls classically regarded
as an agent the! causes dlarea In puoples leading o
aevene gystemic skng (womiting, anoresda, prostration,

dahydration) and evan daath in some cases. Howewear, in
so4mE pupgas the virus may oy afler the stool oualily
wilhout affecting the anmel's general condition, or them
may ba no clinical sigre whatsoewer (5), Similarky, coro-
nevirus can cawse a varety of clinical signs, and a new
girain of this vinus has been recently idant@ad [paniropo
coronavinis) which sesms 1o causs a much more Severs
clinical dizeasa, ncluding death in some cases. Goo-
cidiosis can alsd causs entaric disorders, Bt 19 varying
dagrass; Cpzlolsospors offosnsls complss may pro-
duca digestve dishabances in vany young animals < 7
days of age) but doss not alfect puppas al waaning,
wihilst G, canis mainly ndees clincal signs n puppias @
waaning and, mone particularly, afer stress (eg., @1
rabioming (14),

Thindly, co-infections and Interactions betwaan entero-
pathegens are frsauant. One shedy on 318 puppies with
disrrhes revealed that T6% of tham had mom thas ang
nfectious agent (Figure 2) {5} Some of thasa Rfeclious
ggants can intargst and amplfy the severly of the clincal
sligne; .., comonavirus will aggravata tha cinlcsl signs
during co-ifection with typa 2 CPY [18),

Finally, naw entercpathogans are regularly Idscifiad.
Varicus caning gastrointastinal vinusss and perasites hava
recantly bean iselated (a.q., astrovirus |16], noncwinas (17)

Tabla 1. Various studlies have kdentified tha main gastra-Intestinal infectious agents in puppias and the

pravalence of sach agent {5,21,22),

Pathogenic agents Age of populetion studled Kumber of puppies in study | Pravalence (¥4) |
 Type-2 canine parvovirus | 5-8 waeke of aga 2156 | a7
Ganine coronavirus 5-8 waeks of age . 266 20.3
5-8 waaks of age _ il | 222
Toxoecars canls arious" 143 . 12
| < 3 months of age _ 2661 _ 12
Cystaisaspora ohiosnsis 5-8 weaks of aga . 260 25.8
b <3monthsofeage | 2081 156
s Sgwesksofage | 266 132
. =8 monkiis of agey | bl | i@
| Gystoisospora spp. Yarious® . T4 . 9
5B wiaskos af aga _ 264 _ 41
Giardia deodanalis Vﬂa*_ _ 14 _ a4
_ < 3 months of age ! 2681 75
Cryptosporidium parvum E-B weaks of age | P66 250

'M.!:q:-im:hl. hence wariabio age saage
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and trichemonads (18,19]. Despite thek strong pra-
valarce i pupeiss fsbween § and 23 % dapanding on
tha pathogen and the erigln of the animals), thelr role n
waaning diarhea has yol to be clearly established
(16,18,20) and the majority of stucdies that hawe iocked at
thess infectious agents do nal take possible co-infec-
tions inko actount,

Unlike some disorders which can b viewsd simpistl-
cally {.a., one agent = one dissasal woaring dientea is
a complex biokgical phenomencn and a “systemic®
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appraach 1o 1hs protlem s essantial. Essantially wean-

ing dianteas ana influenced by & triad conslsting of;

* Thia hoet [age, genatics, and local and eystermic rmmunity)

& Tha pathogen drilencs, siraln, doss)

» The envirgnment ([population density, streas, Fygiens
levels, temperaturednumidity)

A mulil-disciplinany spproach ia neceasary, with evalualion
of threa major fctors: nutrition, cauwsal ertaropath ogen(E)
arvd the arvironment (Figure 3).

Nutritional evaluation

From & nesritional viewpaoint, 8 complata case Bshory will

e necesaary. | 8 parbculady important Yo quastian tha

cwiner regerding:

* Tha loodetulfs consumed, in onder o ovaluate the
quelty [gome cages of waaning diarrhaa are linkod 10
ingestion of raw meat comtaminated by Samanaha
antarica (23|

* The number of maals fed {dividing the food ration o
4 dally portlons can recuce the risk of diarrhes, for
young pupples (5]

» Tha quantiy of fosd fad (ovarfasding should ba maold-
ad) and fia quality {s It high digestiofity?)

Flgure 3. Eveluailon and managemant of weaning diarrhan In puppias,
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Evaluation of enteropathogens
It is akso rnportand ko dentifywhethes the aninral is excret-
ng ong or mom enlerapalhooens and inownal aueanbly,
T calar of tha animal’s stool may help idantiy the
* pathogends) responsiole for the diarhes, For example,
grardiasis will cause partial atrophy of the Mtestinal vili and
a recuction in dsacchanidase activity, leading 10 reduced
foed absomation and steatoniea, the leces may B yalkon
in color (Figure 4} and coprophagia may be obsanved
[th incramsad ipid content maka the teces more palal-
atrkal, An unformed slool contaning musous and Blood
may indicate eoccidioss (Figure 8), or parasiies can ba
vigitbe 10 i ke @a within the dianhea (Flguee 6],

Howwear, thaso difarencas do not Flt'.!ﬂ"ﬂlt & delinfiwa
diagriosss, and suppiemaniary 18315 are Necessany, Vert-
ous optlons, Ingkedicg misroscopy, ELISA and POR, can
be usaful @nd should be empicved according to the
cwnars financial maans and the velerinanan’s axpen-
ance &t clivcal suspicions, Micoscopio evaluation o
foces is usedul Il parasites are suspectad, but the tast
sarmpia rrrast be Trash and not avertly Hoguid ([parlicusarty
wihian searching lor profozos). Bacause causel egents
can ba akminated intarmitbently, v bests should be ra-
pamed aver 3 conseculhve days; & single negath tesl
B of litlle value, Should a litter o group of puppies ba
aadted, collsciva tasling on pooked ool samplos oBn
be parformed, which mits false regative msults linked
1o tha pre-paterst paniod and Interrmitiant parasitic exone-
ticrs, YVarious commanaial kits ara asalabia ta idantity car-
tain parasites (a.g., Giardd SH0.) and Hhase ane ety
cheap, fast and do rot requine specific samgpks matorial
Howwewer, such tasts only alcow idantification of one in-
factious agent at & tirms, wiich can b limiing whan e
ara mutlipla entercpalhogens prasont,

CPY should ahasrys ba suspaciad with wasning disrmsa
or suddan death in a pupgyt and # i irrperatieg 10 ast i
tha virus regardlass of an animals Yatcinalion status,
ELISA tasts are sSmpks and fast, with high specificity bul
varsnke sansiivily [18-52% [24-26]] which & lnked t
virgl oo sxorated, Falsa negalive rasulls are Commen
with lows viral escration leyvels, and & negativie mesull doss
riak eclude pandovines infecton. Them is also @ risk of
fakssr postives § asting a Tew doys aller wecinglion,
allhcasgh tha mesuf s usually less definilve than when
tesding an animal suffaring from parsovinasis, Real-tima
PCH tests have batber sansitivity and spscificity and g
tha mathod of cholce for GPY dagnosiz, as Ty wil dis-
firnguish poal-vaccing axcretion low bo vany low viral load)
fram elinical disassa {nenaraiy high toosery Bigh virsl kasd),

10 wemecireny Foods /el 26071 7 2046
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Flgure 4. Yellowizh faces with a high fat content may
suggesl infaction with Glandia.

Facal becterial cutbure s reraly halpdul when evaluating
waaning diarhed. Indesd, the bacteria regarded as
causative agents of darrhea are freguently isckated in
clirdcally maalihy Indswidusls, Howeser, | a spacific pe-
thoganic bactera & suspected, cartan Bgents Such &3
Safmovels spp., Campyobactar Jeiund, Ciesiraium
parfringens, and O, oifficie) may e culurad,

Evaluation of the environment

Whan Tacad with & waening dianmhaa problem at a bresd-
g astabishmeant, |t s assential to undertake a aita vist,
Mot that o group of dogs ane invalved, not all problems
sy b raschviad with & single teatmant, &nd it ls some-
tirmes batler 10 targel 1he contrbatory 1actors rathes
Ehen e causalive agantis) directl. A sife vist alows tha
vatarinaren Lo undaratand the breading astanlshmeant
in 1S antinely, paying panicuiar attention to

Flgura 5. An unformed stos cantaining muceus and
bleod may indioala coccidiosis.
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& Tha owmer and the breading mathods employad

 Tha animals and ther envirenrnent jeug. . what animay
ara kept, tha housing employed, the diat offang)

& The management of tha animaks [raprodection, pupey
huebendny

= Thea owarsdl sanifary conditona

B Management of weaning diarrhea

Chue bo the numerous factors miluancing digestvg Beealth,
a global approach B recommandad fo manadae and 1rbal
weeaning dismhea. A faw sxamplas sens 1o Tlusteat s

Situation 1: the puppy with diarrhea

but no systemic signs

It is fraguently recommended thal puophes should be
starved for 24-48 hours belorns prograssely raltraducing
small quantities of fosd ovar 3-7 days, Bvar il This proto-
col has navar bean been sclantiosly tesiod, e ap-
proach iz commonly accepted, Howeser, shudes have
shown that entaral faading during an acute disrhai epi-
sode will help maintain the integrity of an animel's ciges-
thve fract, limitihg destruction of the testing vlll, mes-
ral permeabily and bacterial transiocation, Pupnles
suffaring from pareovirosls thal am glven aedly antersd
faeding show quicker weight gain and better resowery of
nonmal eppetie and stool gually compared 1o puppiag
fasted unbl vomiting ceases (27]. Some authors recom-
mend minimal enteral feeding ioffaring 25% of o dog's
daily malrtenance enargy needs usng a Mghly dgasticla
food} with a view to imting exacerbation of the diarrhes
whike ensuring the beneficial effecis of enleral leading,
bt witimatedy the daclsion to opt for enteral feeding s at
the welarinerian's discretion.

Figure 8, Parasites such as roundworms may ba visible
ta the rakad ava in soma cases of diarrhéa,
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For oy parasiic infestation, the animal should be
treated appropriaialy and sko groomed to reduce the
armdronrmeantal parasie kbed. Cleaniog of tha anviron-
mird and use of a quatesnary ammoniurn disinfectant s
e, Antibiot: theespy when thare = disrbes
bad o ather clink=al slgne i controvarsial but should
reafly only be consldenad whan the intestinal mucosa is
senarndy damapad (e, oious blood in the stood), if
fhene is & syatarnke nfarnmatony reaction (fever and lou-
koesoss), anddor an abaormal fecal culfurs,

Situation 2: the puppy with diarrhea

and ather clinical signs

ini this aituation, the messunss cutlined abieas should ba
Fnplemeantsd, bud the animal must aiso be hospitaizad,
Tha rigk of dshydration and hypovolamia s consdaor-
mhla, amd flid (predarsbly 1Y) tharapy 15 assential, Whan
thera i profuse darfhea, the pupgy meay also ba bypo-
ghycemic secondary to profound malvalrtion, hyper-
melabolsm, nadequate ber function endior sepsls. In
sevaraly affacted patientz, an initial intravenous fluid
Balus of an lsctonie crpatalleld solution can ba ghan
folioweed by & confinuous rata Infesion, Galedalng tha
waluma o be adminlsterad must take blo ascount tha
pupey's fuld defich, the manfanance neads, and the
kngsas Induced by continuing womifling and dlarfhea,
Hypokelemla i e risk; aven if the animal has nomal
poiagselurm levald on hospitalzation, tha levals should ba
rmcheckad & few howrs afier begnning fuid thenapy ard
corecied ¥ necessary, Nota thet potassurm-righ fulds
rrigt ned ba ghen by bolus; any podassidm infusion
rnust not excesd 0.5 mEokph (28],

Slituation 3: the puppy in 8 breading kennal

in 1his siteation it k= important (o both managa e anl-
mal's dlarrhea as necessary (as cullined abowe) but
alzo implemant plans in ordér to minimize the risk 1o
ather andmals. This reguires both medical and ygieng
IMEASLINES.

medical reatment consists of administaring worming
products end vaccinations. Daworming wil depend on
the parasite sgents prasert in the braeding astabssh.
ment. An annual microscopic evaluation of pocled e
gsamgias {irom 3-5 individual dogs] & irneheatils, looking
al threa géferent populatons; shed dogs and BRches in
anestns, the pregnant and nursing animals, and pup-
pies &t weaning (Le., at 4-8 weeks of aga), Wherg thera

1'&1‘1""-"'5{“%"- are eeversl litters of differant ages prsse] simulbang-
-ﬂ . .
1S kmhmﬂ AD 0N (Bl ously, two distinet pooled fecal examinations may be
282 A 0V neskengr aftoM carmed out; cna sample from puppies eged 4-6 wooks
aliy
nﬂ'ﬂLﬁHm 14 e isarany feun S8 26 010 F0IE
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and Bnother sampls Traom puppies befweon G-5 wasks
of agpe. Anti-parasie tmeabment dapends on tha resulls,
with the choice of dnug based an the apectrum of actian,
the traatment duration, the frequancy and ease of
administraticon, and cost. In all casas, regular dewornming
againat Torocara cans is recommended as this parasite
i= highly prenalent, Puppies may bBsodewonmed evany Iif-
e deys from 2 weaks of age untl 2 manths of g
L oty widil B rondhs old, with g daen irgated at
tha same lims a5 the puppiss,

Tha vasenation regme depends partly on the indiidual
situatlon, If thera ara sevaral animals housad ogethen,
the profocol should be adusted as necessary whers
thare B8 evicance of CPY tection. Studias heve shown
that a moncealant CPY vaccine gnaan &« wesks of age
produces serocorversion above the protective threshold
i 80% of puppies (20), and tharefors reuting aarly vas-
cination of puppies may raduca tha negative impact af
thia virus In braading kennets,

Warios hyglens messuras ghouid also ba imglarmeanied
In ordar o imil the spread of infection and reduca the
risk of recurrence. Specific, separate areas within a
braeding kennel should be astanlkshed and maintained;
narnely & maternitynursery unit, a quarantine section for
ness Brrivals, 8n area for adulis, and an Infifrmany o 150
lata anlmats as socon as amy signs of dissase appean It s
easanilgl 1o emphasize ke mporlance of cleanlinass
and diginfection for aach araa and jts equipment, and il
Is Imperative to cleary dilersntiate batween thess twa
wvery digtinet stages. Cleaning Invodees the uss of chemi-
cals or machanicel maans (sonunbing o Figh presaura
washing wih a detergent} fo remowve onganic maberials,
hnst stains [excrament) are crganic in naturs and théng-
fosa acidiz, a0 it is advizable to uss an akaling datergant
s days o of seven, with an ackd detengent empioyed
crca weekly In order to efminate mineral (calciom)
stains, Disinfectants should only ba used oncs all sur-
fzcas heve been cleanad and rinsed, becauss most dis:
infectants are inacikaled by orgenic materials. The
choice of produchis) depends on the infectious agand
dantlied or suspected, the surface 1o be cleansd disin-
facted, the gass with which a product can be applied,
and s salsty profile for personned. Tha stability of a dis-
infectant ls also Imoortant, g8 certain products such as
godium hypochiorite fhousehold bieach) are unstable
after dilution and sn exemporanecua preaaration iz
theraione advissd for this kind of disinfectant. ko procuct
i= Idesal for all alteations,
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B New technigues for evaluating
digestive health

Biomarkers of digastive haalth

As noted s, weaning dianhea results fom a8 come-
phex hostpathogenemnienment interaction, and recent
msearch has looused on varous non-ivashe gastroin-
testinal and bood madkars, with the aim of evaiuating
o cartain factors (e.g., shress, indectlous agents, dist
alterations, changes In gut flora) may affect digesthe
hath, Markers of inastinal permeablity (=1 -proteinass
Inhiiler), ntestinal Infarmmation {fecel calprotectin snd
prolgin $100A12), enterocyte functlon {chruling) and
local ity irmmunoglobulin A) have all been evalu-
atexd in pupees, and initlel studiss ere promising,; alterad
Ievas of these merkers have been found in puppiss with
digestze problems {notably GPV, but the resulis vary
with thie age and/cr bresd of the animal. Tha usefulness
ol thiegi markers for diagnosls, prognosis and manioring
PUIROS6ES N pupDBs with weaning dlerrhea b sl o bs
detarrined; bul in future ey may play 8 sianifcant con-
Iriksution In the @pproach 1o this probiam,

Metagenomics and metabolomics

The digestive migrobiome (intagtingl fiora) pleys an impor-
tant roke in the haslth of indlviduals by stimulsting the
imrnung Syshom, influencing the siructure of tha digesiive
tract, participating in dedensa agalnat major pathogans,
and cantributing nulstional benafls to the host fauch &3
the production of shari-chaln fatty ackdsl, Stedying tha
civargity of Tha Decterial microblome 18 nat easy, 8s a
srmpla bacher@al cullus will not kKentiy e ull spectnem
of microcrgarms prasant i an avimals gestrointesting!
fract. Howewar, new techniquas (manky tesed on the
saquencirng of bacters ribosomel FNATES) alow identl-
ficaticr of il tha intestingl bactaria microbkatal and betier
uridarstanding af the campiaxity af th digastise fiora,

In paralled with thesa studios, row reseanch reports on
the imtaracton Batwaen The mecrobeome anvd 88 ROss,
analyzing the baclaial metabailes and those of tha
st in body s such as sarum and urine, Kaomyn &5
rmetabalomics, This lechiiguoe has dentifiod various
problems, incheding an Mestnal dyshiasis associated
with an alferadion of the oversl] metabals proliks in adul
doge sullerg romn acube disnie (30, and amodiica-
tion of e microbiome in dogs el ane hiealllby carmers
of Giardia spp, (31}, Although such lchivoues ara stil
in the ressarch domain, in e microlkonms anassls
and metababomics may be uselul Ioevaksate the diges-
tiva health of puppies around weaning,
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B Conclusion

The quality of & dog's stool may ba Inlluenced by the
charactiristios of the anival itz (beaed and age), tha
prasence of emeropalhogens Wruses, parasites, bacte-
riap arkd the dist (erons in distary transition or focd qual-
fiy], Weaning chardhes is s 2 complax procass reeult-
g from Bhe infiuence and inleraciion of different fectons,
and managament of this problem demands a global
approach encompassing nubitionsl, Infecticus and emd-
ronmental aspects, Most Importantly, prevention of
dlaninea ab waaning sholdd always invobe caraful diatany
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