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a  b  s  t  r  a  c  t

In puppies  weaning  is a high  risk  period.  Fecal  changes  are  frequent  and  can  be signs  of
infection  by  digestive  pathogens  (bacteria,  viruses,  parasites)  and  indicators  of  nutritional
and environmental  stress.  The  aim of  this  study  was  to  define  a pathological  fecal  score  for
weaning  puppies,  and  to study  the  impact  on  that  score  of  two  intestinal  viruses  (canine
parvovirus  type  2  and  canine  coronavirus).  For  this,  the  quality  of  stools  was  evaluated  on
154 puppies  between  4  and  8  weeks  of  age  (100  from  small  breeds  and  54 from  large  breeds).
The scoring  was  performed  immediately  after  a spontaneous  defecation  based  on  a  13-point
scale (from  1; liquid  to 13;  dry and  hard  feces).  Fecal  samples  were  frozen  for further  viral
analysis.  Each  puppy  was  weighed  once  a week  during  the  study  period.  The  fecal  score
regarded  as  pathological  was  the  highest  score  associated  with  a  significant  reduction  in
average daily  gain  (ADG).  Fecal  samples  were  checked  by  semi-quantitative  PCR  or  RT-
PCR for  canine  parvovirus  type  2 and  canine  coronavirus  identification,  respectively.  The
quality of  feces  was  affected  by both  age  and  breed  size.  In small  breeds,  the ADG  was
significantly  reduced  under  a fecal  score  of  6  and  7 for puppies  at 4–5  and  6–8  weeks  of

age,  respectively.  In large  breeds,  the  ADG  was  significantly  reduced  under  a fecal  score
of  5 whatever  the  age  of the  puppy.  Whereas  a high  viral  load  of  canine  parvovirus  type
2  significantly  impacted  feces  quality,  no effect  was  recorded  for canine  coronavirus.  This
study provides  an  objective  threshold  for  evaluation  of  fecal  quality  in weaning  puppies.  It
also  emphasizes  the  importance  to  be  given  to age and  breed  size  in  that  evaluation.
. Introduction

In dogs, feces quality can be influenced by own charac-
eristics of the dog (breed size and age), digestive pathogens

bacteria, viruses, and parasites), diet (change without
ransition, type and quality of food), lifestyle and environ-

ent (stress) (Weber et al., 2002, 2003; Sokolow et al.,
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2005; Hernot et al., 2006; Stavisky et al., 2011). Vari-
ous fecal scales have been proposed to evaluate feces
quality in adult dogs (Meyer et al., 1999; Rolfe et al.,
2002a,b; Propst et al., 2003; Hernot et al., 2006; Allenspach
et al., 2007). These scales are divided in 4–10 points, with
lower grades corresponding to either dry feces or diar-
rhea, and with an optimal fecal score varying from 2 to
7.5 (Rolfe et al., 2002a,b; Hernot et al., 2005; Allenspach
et al., 2007). Digestive health is particularly challenged

in puppies around the weaning period. Weaning is
associated with major changes in food intake, together
with profound environmental and social modifications.
Besides these major alterations in digestive balance, the
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http://www.sciencedirect.com/science/journal/01675877
http://www.elsevier.com/locate/prevetmed
mailto:aurelien.grellet@royal-canin.fr
dx.doi.org/10.1016/j.prevetmed.2012.03.012


316 A. Grellet et al. / Preventive Veterinary Medicine 106 (2012) 315– 323

Table  1
Fecal scale for the evaluation of the quality of feces in weaning puppies.

Fecal score Visual aspect of the feces Description of the feces

1 Feces completely liquid

2  Liquid feces associated with soft feces (soft feces do not represent the main
quantity of feces)

3  Liquid feces associated with soft feces (soft feces represent the main quantity
of feces)

4  Pasty feces with no shape

5 Pasty unformed feces visualization of the apparition of a cylindrical shaped (1)
which has not kept its shape due to the high humidity

6 Feces mainly unformed (1) but with a part which is formed (2)

7  Formed stools but very soft. Cylindrical shaped feces without any stria
observed.

8  Formed stools but very soft. Cylindrical shaped feces with presence of stria (1)
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Table  1 (Continued)

Fecal score Visual aspect of the feces Description of the feces

9 Formed stools but very soft. Cylindrical shaped feces separated in pellets

10  Formed, drier but not hard feces. Cylindrical shaped feces, slightly tacky to the
touch, separated in pellets

11  Formed, drier but not hard feces. Cylindrical shaped feces, dry appearance,
separated in pellets, can be easily crushed out of shape

12 Formed, drier but not hard feces. Cylindrical shaped feces, dry appearance,
separated in pellets, can be crushed out of shape with a moderate difficulty
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eaning period is associated with a high incidence
f some gastro-intestinal pathogens. All these factors
an affect feces quality and reduce the average daily
ain (ADG). Canine parvovirus type 2 (CPV2) is fre-
uently isolated in puppies from shelters (Marshall et al.,
984; Vanparijs et al., 1991; Naylor et al., 2001) and
as reported to have a major impact on feces qual-

ty at weaning (Schulz et al., 2008). Canine coronavirus
CCV) is also frequently identified in the feces of pup-
ies but its role in the etiology of acute diarrhea
emains controversial (Tennant et al., 1993; Yesilbag et al.,
004).

Since weaning is a high risk period for puppies, a tool for
recise follow-up of digestive health would be most use-
ul. Scoring systems used in adult dogs cannot be applied
o young puppies because of a physiological lower fecal
uality prior to the weaning period (Giffard et al., 2004).
o study has defined an abnormal fecal score during the
eaning period. The objectives of this study were thus to
etermine in puppies a threshold in fecal score that could

e regarded as pathological, based on its correlation with

 drop average daily gain, and to evaluate the associa-
ion between pathological scores and digestive infection
y CPV2 or CCV.
 dry and hard feces

2. Material and methods

2.1. Animals

The study was conducted from December 2009 to June
2010 in the North of France in one large breeding kennel
housing 330 purebred dogs (280 females, 50 males) of 16
different breeds.

Each pregnant bitch was  housed singly for the 2 weeks
preceding the expected delivery date. All puppies stayed
with their dam in heated whelping boxes (surface: 2 m2)
from birth to approximately 8 weeks of age, when they
were sold. They were fed a dry expanded complete diet
balanced for growing dogs (food composition: moisture 8%,
protein 30%, crude fat 22%, crude fiber 1.8%, ash 6.9%, and
metabolizable energy 4251 kcal/kg). The daily ration was
calculated based on the number of puppies in the litter and
on breed size. Half the quantity was  distributed early in
the day and half in the end of the day. For young puppies
4–6 weeks of age, the dry diet was rehydrated with water

just before distribution.

Each puppy was  treated with a single dose of diclazuril
(Vecoxan®; Janssen Animal Health; Issy-Les-Moulineaux,
France, 2.5 mg/kg, per os) at 4 and 7 weeks of age and
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 (Fig. 2B
Fig. 1. Feces quality in puppies of 4–5 (Fig. 2A) and 6–8

with fenbendazole (Panacur®, Intervet; Beaucouzé, France,
50 mg/kg, per os, q 24 h) for 3 consecutive days at 2, 4,
6 and 8 weeks of age. Puppies were vaccinated at 5, 6
and 7 weeks of age with a non-adjuvant, modified-live
vaccine containing parvovirus Cornell 780916-115 strain
with a viral titer of 105.5 TCID50 (Primodog®, Merial, Lyon,
France).

154 puppies (75 males and 79 females, from 46 litters)
between 4 and 8 weeks of age were included in the study.
Depending on the mean adult body weight of their respec-
tive breed, two groups of dogs were considered: small
breed dogs including breeds with a mean adult body weight
<10 kg (West Highland White Terrier, Bichon Frise, Poodle,
Shih Tzu, Lhasa apso) and large breed dogs including breeds
with a mean adult body weight >25 kg (German Shepherd,
Golden retriever, Labrador retriever). 100 small breed pup-
pies and 54 large breed puppies were enrolled. Within one
litter, puppies were identified by wool collars of various
colors.
2.2. Average daily gain

Puppies between 4 and 8 weeks of age were weighed
every 7 days using calibrated electronic scales. The average
) weeks of age depending on breed size (n = 278 feces).

daily gain (ADG) was  calculated for each puppy every
week between 4 and 8 weeks of age as: (weight of week
(n) − weight of week (n − 1))/7).

2.3. Feces sampling and scoring

All stool samples were scored by a single operator (AG)
using a 13-point scale, based on the texture and shape of
the feces (from liquid to hard and dry) (Table 1). A rectal
swab was  performed immediately after sampling for CPV2
and CCV detection. The swab was  stored at −20 ◦C until
qPCR or qRT-PCR.

2.4. CCV and CPV2 detection

Total nucleic acids were extracted from the rectal swabs
using a commercial kit (Nucleospin, Macherey Nagel;
Hoerdt, France), as recommended by the supplier and
eluted in 400 �L. The analyses were performed by real-time
polymerase chain reaction (PCR) or reverse-transcriptase

PCR, for CPV2 and CCV detection, respectively, in a 7900
HT sequence detection system (Applied Biosystems, Ville-
bon sur Yvette, France). Five microliters of eluate was used
for PCR and absence of PCR inhibitors was checked for



A. Grellet et al. / Preventive Veterinary Medicine 106 (2012) 315– 323 319

Table  2
Viral load in rectal swab for canine parvovirus type 2 (CPV2) and canine
coronavirus (CCV).

Viral load level CPV2 CCV

1 <104.2 copies <104.2 copies
2  <105.7 copies <105.3 copies
3 <107.7 copies <107.3 copies
4 <1010.3 copies <109.3 copies
5 >1010.3 copies >109.3 copies
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Fig. 2. Percentage of puppies with a fecal score > 8 (A) and with normal

The ADG was affected by breed size but not by age. As
expected, significantly lower ADGs were observed in small
ach eluate. The detection threshold of the CPV2 real-time
CR (i.e. the lower number of genomic copies detected
n 95% of runs) is 4 copies of genomic DNA VP2 tem-
late. The quantification threshold is 200 copies. These
ere determined by probit analysis as recommended by

uropean Pharmacopeia for PCR assays assessment. The
etection and quantification thresholds for canine coro-
avirus detection are, respectively, 36 and 200 copies of
enomic RNA. Results from duplicate analysis (mean of
he two results) were expressed semi-quantitatively as

 viral load levels (Table 2). For CPV2, viral load levels
ave been determined in asymptomatic non-vaccinated,
symptomatic vaccinated or diseased dogs with confirmed
arvovirosis (histolopathologic exam and/or positive test-

ng using antigen assays). High and very high viral loads as
efined in Table 2 are typical loads in dogs with parvoviro-
is and correlated to positive antigen testing and detection
f wild-type strains of virus, i.e. CPV2a, b or c (unpublished
esults). In vaccinated dogs the CPV2 viral loads are mostly
ow or very low but sometimes may  be medium especially

hen the dog has been vaccinated a few days before sam-
ling with high-titer vaccines. Whatever the vaccine used
e neither obtained high viral loads of vaccine strain even

n the days after vaccination (unpublished results). As far
s CCV is concerned, the viral load levels have been arbi-
rary defined on the basis of several hundreds of tests in
symptomatic or diarrheic puppies from different breeds.

.5. Statistical analysis

The effects of age, size of the breed and interaction
etween them were evaluated with the Catmod procedure
f SAS (SAS Institute, Cary, NC, USA). Two ages (4–5 weeks
nd 6–8 weeks) were combined with two sizes (small and
arge breeds) in 2 × 2 factorial designs.

For determination of a threshold value for pathological
ecal scores, a comparison of weight gain above and below
f each fecal score was performed with a variance analysis
PROC GLM, SAS).

The effect of age, and breed size on the average daily
ain was evaluated by variance analysis (PROC GLM, SAS).

The effects of CPV2 and CCV on the pathological feces
nd the interaction between them were evaluated using
he Catmod procedure of SAS. Two levels of CPV2 (levels
–3 vs 4–5) were combined with two levels of CCV (levels

–3 vs 4–5) in 2 × 2 factorial designs. A p value < 0.05 was
onsidered statistically significant.
feces (using the new scale) (B) depending on breed size and age of puppies
(n  = 278 feces). NS: non significant; and A, B: categories with different
letters were significantly different (P < 0.05).

3. Results

A  spontaneous defecation was  not observed from each
puppy during each observation session. 74 feces samples
(27 from small breeds and 47 from large breeds) and 204
feces samples (133 from small breeds and 71 from large
breeds) were collected.

3.1. Effect of age and breed size on feces quality

Over the whole study, a median fecal score of 8
was obtained (ranging from 1 to 11). The proportion of
feces with a score ≥ 8 was affected by age (p = 0.023) and
breed size (p = 0.006). A significant interaction (p = 0.047)
between age and breed size was  recorded. Fecal scores of
small breed puppies improved with age whereas no such
effect was observed in large breed puppies (Figs. 1 and 2A).
In view of this difference in effect of breed size on fecal
score, further analyses were conducted separately for the
two groups of puppies (small and large breeds).

3.2. Determination of a threshold value for pathological
fecal score
breeds compared to large breeds, whatever the period
(P < 0.001). No significant difference in ADG was  observed
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between the two periods either in small (P = 0.842) or in
large (P = 0.494) breed puppies (Figs. 1 and 2).

Small breed puppies with a fecal score ≤ 6 at 4–5 weeks
of age and ≤7 at 6–8 weeks of age had a significantly lower
ADG. Large breeds with a fecal score ≤ 5 had a signifi-
cantly lower ADG (Table 3). The pathological fecal score for
threshold was defined as the highest score associated with
a significant reduction in ADG. With these threshold val-
ues, 29.9% (83/278) of the feces samples were classified as
abnormal. The proportion of normal feces was affected nei-
ther by age (P = 0.128) nor by breed size (P = 0.113) (Fig. 2B).

3.3. Association between fecal score and viral load in
intestinal viruses

A total of 264 rectal swabs were performed immediately
after feces sampling on the 154 puppies. 14 swabs could
not be carried out because of the exceedingly small size of
some 4–5 week puppies. Both CPV2 and CCV were isolated
in 100% of the collected feces. High viral loads of CPV2 and
CCV (levels 4–5) were detected in 12.5% (33/264) and 67%
(177/264) of the samples, respectively, with 8.7% (23/264)
containing high loads of both viruses (Fig. 3).

Puppies with a high load of parvovirus had significantly
more pathological feces than puppies with a low load of
parvovirus (P < 0.001). On the contrary, high loads of coro-
navirus were not significantly associated with pathological
feces (P = 0.261). No interaction between high load of coro-
navirus and parvovirus and abnormal feces was observed
(P = 0.227) (Fig. 4).

4. Discussion

The weaning period is critical for puppies. The mater-
nally derived antibodies (MDA), acquired by ingestion of
immunoglobulin-rich colostrum, are essential for the pro-
tection of puppies against neonatal infection and death
(Day, 2007). However during the weaning period, MDAs
may  interfere with an active immune response to vaccine
administration, but the low titers do not prevent infec-
tion with a virulent virus (Chappuis, 1998). So puppies are
sensitive to infection by intestinal pathogens such as par-
voviruses. Most earlier studies considered only the aspects
of feces (consistency, color. . .)  to define “diarrhea” and to
evaluate the impact of enteropathogens on feces quality
(Finlaison, 1995; Del Amo  et al., 1999; Sokolow et al., 2005).
However, young puppies have a higher fecal moisture con-
tent (Weber et al., 2003) and a lower fecal quality (Giffard
et al., 2004) which may  be related to a relatively low total
mucosal surface (Paulsen et al., 2003) or to faster gastric
emptying (Miyabayashi and Morgan, 1991; Weber et al.,
2002). So, digestive disorders may  be overestimated in
studies considering all soft feces as abnormal. An objective
definition of abnormal feces in puppies appeared desir-
able. This study was designed to propose a fecal scoring
scale for puppies in the weaning period, i.e. at 6–8 weeks
of age and to provide an objective definition of an abnor-

mal  fecal score, based on a reduction in the average daily
weight gain.

All puppies included in this study were born and
grown in the same kennel. They were thus exposed to Ta
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Fig. 3. Parvovirus type 2 and coronavirus loads excre

he same management, food distribution and environmen-
al pathogens. This made it possible to study the effect
f breed size on the fecal score. Large breed puppies had
ore frequently soft and unformed feces. Such an effect of

reed size has already been reported in adult dogs. In large
reed dogs, such as German shepherds or Great Danes, the
ecal moisture content is higher, soft stools are more fre-
uent and the number of defecations is higher than in small
reeds (Weber et al., 2001, 2002, 2003; Hernot et al., 2006).
his difference may  be due to a lower mineral absorp-
ion and/or to higher fermentative activity reflecting higher
ntestinal colic permeability and a longer colic transit time,
espectively (Herschel et al., 1981; Kirkwood, 1985; Meyer
t al., 1993, 1999; Rolfe et al., 2002a; Weber et al., 2004).

Distinct pathological thresholds were determined in our
tudy for small and large breeds (Table 3). The proposed
efinition of abnormal fecal score, based on a reduc-

ion in ADG, makes it possible to balance the effects of
ge and breed size (Fig. 2). The relationship between
nfection by enteropathogens and abnormal fecal scores,

ig. 4. Relationship between viral load (CCV and CPV2) and abnormal feces on p
athological feces; and X = total number of feces in the group.
uppies between 4 and 8 weeks of age (n = 264 feces).

whatever the age and breed size of puppies, can then be
investigated.

Fecal score thresholds were based on in ADG, but in
a second time, the scoring scale was  validated in evalu-
ating the association between fecal score and the load of
two intestinal viruses, CPV2 and CCV. Both viruses were
isolated from all feces samples collected. Earlier serologi-
cal and virological studies had demonstrated that puppies
and dogs from kennels and animal shelters are particularly
exposed to these infections (Rimmelzwaan et al., 1991;
Tennant et al., 1993; Bandai et al., 1999; Naylor et al., 2001;
Yesilbag et al., 2004; Schulz et al., 2008). The high preva-
lence observed here reflects the high contagiosity of these
two viruses. Whereas viruses identified in the feces may
sign the excretion of a wild viral strain, the low level of
CPV2 detected in 87.3% of the feces may  also result from
vaccination. Puppies in our study were vaccinated at 5, 6,

and 7 weeks of age with a non-adjuvant, modified live-
vaccine containing a type 2 parvovirus strain. The use of
such vaccines has been associated with fecal excretion of

uppies between 4 and 8 weeks of age (n = 264 feces). x/X; x = number of
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the vaccinal virus, the excretion remaining nevertheless
markedly lower than in the case of a natural infection
(Carmichael et al., 1981). The PCR assay used in this study
has been shown to detect viruses in the feces of low-
grade shedding animals (Desario et al., 2005; Schmitz et al.,
2009).

In this work, a deterioration of the fecal score was
recorded in dogs with high amounts of fecal CPV2. This
virus is well known to cause weaning diarrhea (Potgieter
et al., 1981; Carman and Povey, 1982; Schulz et al.,
2008). So the fecal score proposed in this study may  be
of use in epidemiological studies designed to evaluate
the effect of various enteropathogens on the quality of
feces.

Interestingly, none of the puppies suffered from bloody
diarrhea. Our study thus demonstrated that puppies may
excrete high viral loads and yet present no systemic signs
(anorexia, prostration). These healthy looking animals may
however become major sources of virus for other animals.
Whereas we confirmed the impact of CPV2 on fecal qual-
ity, we did not evidence any influence of CCV infection on
the fecal score, whatever the amount excreted (Fig. 4). This
virus is a common pathogen in dogs, but its actual role in
acute dog diarrhea remains controversial (Tennant et al.,
1993; Yesilbag et al., 2004). An interaction between CCV
and CPV2 (aggravation of clinical signs in dogs infected by
both viruses) was observed in 8 week old puppies under
experimental condition (Appel, 1988). This interaction was
not observed in our study.

5. Conclusion

Based on this study, a new objective fecal score, specific
for puppies during the weaning period, could be defined.
Thresholds below which feces are to be considered as
pathological vary, according to age and breed size. This
tool for management of digestive health may  be of major
interest to evaluate the impact of various infectious and
environmental risk factors of digestive alterations in pup-
pies during the weaning period.
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