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Introduction

Abstract

Aims: Manufacturing process used in preparation of probiotic products may
alter beneficial properties of probiotics. The effect of different growth media
and inactivation methods on the protective properties of canine-originated
probiotic bacteria against adhesion of canine enteropathogens was investigated.
Methods and Results: Three established dog probiotics, Lactobacillus
fermentum VET9A, Lactobacillus  plantarum VET14A and Lactobacillus
rhamnosus VET16A, and their mixture were assessed using the dog mucus
pathogen exclusion model. The pathogens used were Enterococcus canis,
Salmonella enterica serovar Typhimurium and Clostridium perfringens. The
effect of growth media, one reflecting laboratory and the other manufacture
conditions, and viability (viable and heat inactivated, 80°C per 30 min) on the
pathogen exclusion properties of probiotics were characterized. Greater
pathogen exclusion percentages were noted for probiotics growing in
conditions reflecting manufacture when compared to laboratory (P < 0-05).
Inactivation of probiotics by heat (80°C per 30 min) increased pathogen
exclusion compared with their viable forms (P < 0-05).

Conclusions: Manufacturing process conditions such as growth media,
incubation temperature and pretreatment methods may significantly affect the
protective properties of the tested strains.

Significance and Impact of the Study: Growing conditions and pretreatment
methods should be carefully considered when designing new probiotics to
reduce the risk of common infections in dogs. The studied probiotics are
promising potential feed additives for dogs.

few studies have been carried out to support their benefi-
cial role in canine health (Kelley et al. 2009, 2010; Hers-

Dogs face many diseases caused by enteropathogens,
which may lead to gastrointestinal challenges and even
death (Herstad et al. 2010; Marks et al. 2011). Specific
canine bacterial pathogens are infective agents in well-
documented zoonoses (Stafford et al. 2007) being a chal-
lenge for both pet owners and veterinary care. Antibiotic
therapy can have a long-term effect on intestinal micro-
biota (Sullivan et al. 2001) and increase resistance to
antibiotics (Damborg et al. 2008). The knowledge on
commercial probiotic preparations for dogs is scarce, and
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tad et al. 2010; Bybee et al. 2011; Marsella et al. 2012).
Probiotic bacteria through adhesion and colonization of
the mucosal surfaces may facilitate competition for bind-
ing sites and nutrients with pathogens and displacement
of already adhered pathogens (Ouwehand and Salminen
2003; Collado et al. 2007; Ferreira et al. 2011). The use of
probiotics as a single or as a combination of strains could
improve the resilience of intestinal and mucosal micro-
biota against pathogens thus enhancing health and

decreasing recovery time from pathogen-associated



Pathogen exclusion by canine probiotics

diseases potentially improving survival of dogs in serious
pathogen infections. Moreover, there is an increasing
interest in the use of nonviable forms of probiotic bacteria
or their cell extracts, to eliminate viability and shelf-life
problems and to reduce the risks of microbial transloca-
tion and infection.

With these in mind, we assessed the in vitro effects of
three established canine-originated dog probiotic strains,
Lact. fermentum VET9A, Lact. plantarum VET14A and
Lact. rhamnosus VET16A (Beasley et al. 2006; Manninen
et al. 2006; Grzeskowiak et al. 2013), alone and in mix-
ture on the exclusion properties of pathogenic bacteria
such as Ent. canis, Salm. enterica ser. Typhimurium and
ClL. perfringens from dog jejunal mucus, selected because
of their relevance in gastrointestinal infections and mor-
tality in dogs (Marks et al. 2011). In addition, we investi-
gated the effect of different growth media, one reflecting
laboratory and the other manufacturing conditions, on
the pathogen exclusion abilities of dog probiotic bacteria
assessed in viable and heat-inactivated forms.

Materials and methods

Bacterial strains

The three established dog-originated probiotic strains used
in the study were Lact. fermentum VET9A, Lact. planta-
rum VET14A and Lact. rhamnosus VET16A, which previ-
ously demonstrated probiotic characteristics (Beasley et al.
2006; Manninen et al. 2006; GrzeSkowiak et al. 2013) were
provided by the Vetcare Ltd. (Mantsild, Finland).

The model dog pathogen used was Ent. canis (CCUG
46666"), and human and animal pathogens such as
Cl. perfringens (DSM  756) and Salm. enterica ser.
Typhimurium (ATCC 14028).

For assays, dog probiotics were grown in de Man Rog-
osa Sharpe (MRS; Oxoid Ltd., Basingstoke, Hampshire,
England) broth and incubated at 37°C under aerobic
atmosphere. For a comparison of the effect of growth
media on the exclusion properties, the parallel assays
were carried out where the strains were grown in pat-
ented soy-based growth media (Patent application num-
bers FI 122247 B1 and PCT/FI2010/050538) provided by
Galilaeus Ltd. (Kaarina, Finland) and incubated at 30°C
under aerobic atmosphere. Soy-based growth medium
contains mainly of soy meal as a source of nitrogen for
the lactic acid bacteria strains. Strains have a carbon and
mineral sources as well.

Model pathogen strain Ent. canis was grown in MRS
broth and incubated at 37°C under aerobic atmosphere.
ClL. perfringens  and
Typhimurium were grown in Gifu anaerobic medium
(GAM; Nissui Pharmaceutical, Tokyo, Japan) and
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incubated at 37°C under anaerobic atmosphere. For all
bacteria, the culture was inoculated into broth in a 1-5-ml
tube to a final concentration of one per cent and incu-
bated for 18 h without agitation.

Dog mucus preparation

Mucus was prepared from jejunal chyme essentially as
described earlier (Kirjavainen et al. 1998; Ouwehand
et al. 2001). Dog mucus was dissolved (0-5 mg pro-
tein ml™") in HEPES — Hanks’ buffer (HH; 10 mmol
1" '-HEPES, pH 7-4).

In vitro assay of pathogen adhesion to dog intestinal
mucus

In brief, 100 ul (0-5 mg ml™') of dog jejunal mucus was
immobilized onto 96 wells of polystyrene microtitre plates
(Maxisorp, Nunc, Denmark) by incubation overnight at
4°C, as previously described (Grzeskowiak et al. 2011b).

For adhesion assays, canine, Ent. canis, and human and
canine, CI. perfringens and Salm. enterica ser. Typhimuri-
um, pathogen strains were metabolically labelled by the
addition of 10 ul ml™" tritiated thymidine (5-’H-thymi-
dine 1-0 mCi ml™'; Amersham Biosciences, Little Chal-
font, UK) to the culture media and were grown
overnight. Radiolabelled bacterial absorbance (Agponm)
was adjusted to 0-25 £+ 0-05 to standardize the bacterial
concentration (10 cells ml™!). The adhesion assessment
of the bacterial pathogens was carried out as described
previously (Grzeskowiak et al. 2011a). Briefly, a suspen-
sion of 100 ul radioactively labelled bacteria single or in
mixture was added to each well. The mixture was pre-
pared by mixing bacterial solutions in equal proportions.
After incubation at 20°C for 1 h, the wells were washed
twice with 200 ul of HH to remove unbound bacteria.
Bound bacteria were released and lysed by incubation at
60°C for 1 h with 250 ul of 1% sodium dodecyl sulphate
(SDS) in 0-1 mol ™! NaOH. Adhesion was assessed by
quantifying the amount of radioactivity by liquid scintil-
lation and was expressed as the percentage of radioactiv-
ity recovered after adhesion relative to the radioactivity
of the bacterial suspension added to the immobilized
mucus. Adhesion was determined in three independent
experiments, and each assay was performed in triplicate
to calculate intra-assay variation.

Treatments of the canine probiotic suspensions

The strain-specific abilities of the dog probiotics were
tested in their viable and nonviable forms. To obtain
nonviable forms, bacterial suspensions were divided into
1-ml aliquots and incubated at 80°C for 30 min to reflect
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manufacturing conditions of the strain manufacturer, that
is, Galilaeus Ltd.

Exclusion by inhibition assay

To test the ability of the studied probiotics to inhibit the
adhesion of pathogens, the procedure described by
Grzeskowiak et al. (2011b) was used. In brief, unlabelled
VET probiotics were added to the wells and incubated;
they were then removed by washing with HH buffer.
Radiolabelled pathogens were then added to the wells and
incubated. Thereafter, the wells were washed and bound,
bacteria were recovered after lysis, and radioactivity was
measured.

Exclusion by displacement assay

The ability of the studied probiotics to displace pathogens
already adhered was assessed as previously described
(Grzeskowiak et al. 2011b). In brief, radiolabelled patho-
gens were added to the wells containing mucus. After
washing and removal of unbound pathogens, nonradiola-
belled dog probiotics were added. Wells were incubated
and washed, where after bound bacteria were recovered
after lysis and radioactivity was measured.

Exclusion by competition assay

Competitive exclusion of the model pathogens by the
studied probiotics was determined as previously described
(Grzeskowiak et al. 2011b). For the competition test,
equal quantities of a given bacterial suspension of canine
probiotics and radiolabelled pathogens were mixed and
then added to intestinal mucus and incubated as previ-
ously indicated. The cells of the pathogen bound to the
mucus were then removed, and adhesion was calculated.

Statistical analysis

Statistical analysis was carried out using the sas for
Windows 9.3 (SAS Institute, Inc., Cary, NC). Data were
subjected to four-way anova. All results are shown as the
average of three independent experiments (each assay
performed in triplicate); variation is expressed as stan-
dard deviation.

Results

In vitro pathogen adhesion to dog jejunal mucus

In our study, the most marked ability to adhere to dog
jejunal mucus was detected for Ent. canis (16-22%, SD
1-45), followed by Salm. enterica ser. Typhimurium
(11-62%, SD 1-50) and CL. perfringens (8-93%, SD 1-47).
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Pathogen exclusion by canine probiotics cultivated in
MRS broth vs. soy-based growth media

The effect of the growth media on the pathogen exclusion
abilities by probiotics is presented in Tables 1 and 2.
Greater exclusion percentages of Ent. canis were noted
for viable (P < 0-001, P = 0-025, respectively, for the two
exclusion mechanisms: inhibition and competition) and
nonviable (P < 0-001, P = 0-002, P = 0-001, respectively,
for the three exclusion mechanisms) probiotics cultivated
in soy-based growth media compared with MRS broth.
There was no difference in the exclusion of CI. perfringens
by viable (P = 0-293 for the three mechanisms) and non-
viable (P = 0-293 for the three exclusion mechanisms)
forms of probiotics cultivated in soy-based growth media
vs. MRS broth. The exclusion of Salm. enterica ser.
Typhimurium was more successful when viable probiotics
were cultivated in soy-based growth media compared
with MRS broth (P < 0-001 for the three mechanisms).
On the other hand, nonviable forms of probiotics showed
greater exclusion percentages of Salm. enterica ser.
Typhimurium when they were cultivated in MRS broth
compared with soy-based growth media (P = 0-003 for
the three exclusion mechanisms).

Pathogen exclusion by canine probiotics cultivated in
MRS broth

The ability to exclude the adhesion of pathogens from
dog jejunal mucus differed between viable and nonviable
forms of the tested probiotics single and in mixture grown
in MRS broth (Table 1). The exclusion of Ent. canis by
the tested viable probiotics and their mixture was different
from their nonviable forms. Generally, nonviable forms of
probiotics had greater inhibition (P < 0-001) and dis-
placement (P = 0-015) percentages of Ent. canis than their
viable forms. Only the exclusion by competition of
Ent. canis did not differ (P = 0-295) between viable and
nonviable forms of probiotics. Nonviable single strains
and mixture forms of probiotics had greater ability to
inhibit, displace and compete with CI. perfringens for
adhesion than their viable forms (P = 0-042). Also, greater
exclusion percentages of Salm. enterica ser. Typhimurium
were noted for probiotics when tested in nonviable
compared with viable forms (P < 0-001).

Pathogen exclusion by canine probiotics cultivated in
soy-based growth media

The ability to exclude adhesion of pathogens from dog
jejunal mucus differed between viable and nonviable
forms of the tested probiotics single and in mixture
grown in soy-based growth media (Table 2). Exclusion of
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Table 1 Exclusion of the adhesion to jejunal mucus of pathogenic bacteria by the dog probiotics in viable and nonviable (heat inactivated for
30 min at 80°C) forms and cultivated in MRS broth

MRS broth
Viable Nonviable
Ent. canis* Cl. perfringenst Salm. Typhimuriumi Ent. canis* Cl. perfringenst Salm. Typhimuriumi
Inhibition
VET9 16-46 + 6-08 13-32 + 4-83 21-80 + 1-63 33-58 + 11.97 29-5 + 10-46 25-14 + 1465
VET14 —26-09 + 27-01 9.23 £+ 342 10-05 £+ 10-00 20-33 £ 1316 9-47 + 10-44 2202 £ 741
VET16 —21-88 + 27-22 —17-11 + 24-31 —3-81 + 298 27-20 + 9-40 —591 £ 5.52 17.58 £+ 9:21
MIX —29-50 + 6-97 1.57 + 0-10 —8:98 + 2-00 1863 + 11-38 —0-56 + 13-83 14.90 £+ 6-23
Displacement
VET9 28:04 + 16-32 3-23 + 426 1271 + 628 47-15 £+ 5-31 6-86 + 14-72 20-36 + 15-58
VET14 33-57 £ 928 11-54 £ 10-39 1291 £+ 815 41.95 £+ 10-94 11.01 £+ 856 22-58 + 6-45
VET16 37-79 + 6-75 17-22 £ 11.25 1893 + 2-62 46-05 £+ 11-38 2343 £ 1262 27-83 £ 15-69
MIX 30-89 + 10-33 15-89 + 857 12-30 £+ 495 32-93 + 9-10 20-43 + 17-36 35.75 + 10-08
Competition
VET9 22-11 + 394 5-08 + 4-41 12-06 + 2-33 18-30 + 0-79 6-73 + 587 14.56 + 2-63
VET14 17-81 £ 7-45 1-09 £+ 4.70 4.02 + 1-06 17-04 + 3-38 6-83 £+ 3-89 11.01 £ 546
VET16 18-:20 + 423 4.35 + 3-84 7-37 + 2.57 12:53 + 2-66 5.97 + 5-39 12:59 + 5.92
MIX 20-15 £ 6-10 4.02 + 3-65 3:29 + 646 14.28 + 2:92 9.59 £+ 725 12.27 £ 724

Ent. canis, Enterococcus canis; Cl. perfringens, Clostridium perfringens; Salm. Typhimurium, Salmonella enterica ser. Typhimurium.
*Difference between viable vs. nonviable in inhibition (P < 0-001), displacement (P = 0-015) and competition (P = 0-295).
tDifference between viable vs. nonviable in inhibition, displacement and competition (P = 0-042).

iDifference between viable vs. nonviable (P < 0-001).

Ent. canis by the tested viable probiotics and their mix-
ture was different from their nonviable forms. In general,
nonviable forms of probiotics had greater inhibition
(P < 0-001) and displacement (P < 0-001) percentages of
Ent. canis than their viable forms. Only the exclusion by
competition of Ent. canis did not differ (P = 0-855)
between viable and nonviable forms of probiotics. Nonvi-
able single and mixture forms of probiotics had generally
greater ability to inhibit, displace and compete with
Cl. perfringens for adhesion then their viable forms
(P = 0-042). Greater exclusion percentages of Salm. enter-
ica ser. Typhimurium were noted for probiotics when
tested in viable
(P = 0-013).

compared with nonviable forms

Discussion

Our results clearly demonstrate the importance of growth
media and the value of in vitro studies on pathogen
exclusion as means of providing quality control criteria
for the later use of probiotics. We have recently demon-
strated that these same probiotic bacteria of canine origin
present different adhesive properties when cultivated in
different media and inactivated by different treatments
(Grzeskowiak et al. 2013).

Colonization of the mucosal surfaces and competition
with pathogens for the adhesion sites are possible protective

mechanisms of probiotics action (Ouwehand and
Vesterlund 2003). However, only a few studies exist
describing in vitro probiotic adhesion and pathogen
exclusion from canine mucus (Rinkinen et al. 2003;
Vahjen and Manner 2003; Grzeskowiak et al. 2013). Our
results show that all the pathogens tested have the ability
to bind to intestinal mucus, which thus benefits the
pathogens in invading the host. We also demonstrate that
the same canine-originated probiotics are able to success-
fully exclude pathogens from dog jejunal mucus and that
these properties depend on the growth media and tem-
perature, and viability of the probiotic strains, which may
influence their in vivo effects, underlining the importance
of control of the growth conditions, physiological treat-
ments during manufacturing process affecting probiotic
viability and also, the way of administration.

We found that the inhibition, displacement and com-
petition percentages of Ent. canis, Cl. perfringens and
Salm. enterica ser. Typhimurium differed when canine
probiotics were cultivated in soy-based growth media
compared with MRS broth. The reason for the laboratory
growth media used was that the studied probiotics had
previously been isolated and cultured from canine faeces
using commercial laboratory growth media similar to
MRS, thus providing a growth advantage on this partic-
ular medium (Beasley et al. 2006). However, the effect
of soy-based growth manufacture medium and lower
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Table 2 Exclusion of the adhesion to jejunal mucus of pathogenic bacteria by the dog probiotics in viable and nonviable (heat inactivated for

30 min at 80°C) forms and cultivated in soy-based growth media

Soy-based growth media

Viable Nonviable
Ent. canis* Cl. perfringenst Salm. Typhimuriumi Ent. canis* Cl. perfringenst Salm. Typhimuriumi
Inhibition
VET9 3143 + 13:46 14.24 + 4.94 3118 £ 15:37 63-59 + 591 13-78 + 6-58 23-88 + 8-80
VET14 3819 + 1.82 2-11 £+ 8:60 21.53 £ 7-45 56-08 + 4-31 20-26 + 8-12 1943 £ 11-85
VET16 36-65 + 8:96 —13.98 + 10-99 8:28 + 963 58.05 + 5-31 —6-75 £ 16:35 7-69 + 8.28
MIX 41.84 + 13-40 —4.51 £ 891 17-75 £+ 828 60-62 + 14-51 129 + 1461 554 + 12.33
Displacement
VET9 37-15 + 4.32 1173 £ 9-33 18:45 + 17-09 56-11 + 3.77 13-68 + 10-74 9-51 + 10-98
VET14 30-97 £ 10.97 15.51 £ 5.45 18-:39 £ 917 53.72 + 7-19 13-56 £ 11.55 18:32 +£ 14.02
VET16 3892 + 4.15 18:77 £ 7-30 2586 + 842 58-89 + 141 2106 £ 9-15 1892 + 3.24
MIX 23-35 + 6-08 2347 + 294 31-30 £+ 3-18 47-08 + 6-06 1593 + 3-14 21-99 + 2:31
Competition
VET9 30-47 + 1-01 9-88 + 2-06 13-80 + 3-22 34.50 + 2-12 12:62 + 1-22 11-31 +£ 293
VET14 26-65 + 1-85 6-56 + 2-53 11-86 £+ 3:97 26-71 £ 3-90 5.58 + 1.98 9-81 £ 1-51
VET16 26-12 + 2-63 3-84 + 260 1278 £+ 3-03 2599 + 3:66 4.12 + 1-38 811 + 0-31
MIX 29-86 + 3-30 9:19 £+ 091 11-01 £ 3:36 2872 £ 410 9.78 + 4.32 8:84 + 4.99

Ent. canis, Enterococcus canis; Cl. perfringens, Clostridium perfringens; Salm. Typhimurium, Salmonella enterica ser. Typhimurium.
*Difference between viable vs. nonviable in inhibition (P < 0-001), displacement (P < 0-001) and competition (P = 0-855).
tDifference between viable vs. nonviable in inhibition, displacement and competition (P = 0-042).

iDifference between viable vs. nonviable in inhibition, displacement and competition (P = 0-013).

incubation temperature seemed to modulate the proper-
ties of studied probiotics in different manner, improving
the percentage of pathogen exclusion from jejunal mucus,
as demonstrated in our study.

Previous reports demonstrate that the viability of probi-
otics may affect the adhesion and pathogen exclusion
(Ananta and Knorr 2009; Grzeskowiak et al. 2013). Nonvi-
able forms of probiotics may be less able to bind to intesti-
nal mucosa but they are also less likely to improve their
safety (Haller et al. 2000; Cross et al. 2004). In our work,
the exclusion properties were dependent on the viability of
probiotics. Heat-inactivated forms of the studied probiot-
ics were more likely to exclude pathogens from dog jejunal
mucus than viable forms. Moreover, nonviable forms of
probiotics were found to be effective in the modulation of
host immune system (Mastrangeli et al. 2009).

The present results suggest that the pathogen exclusion
abilities by the mixture of dog probiotics were beneficial
for mutual exclusion effect towards all tested pathogens,
however, differed depending on the viability of probiotics
and growth media used. The reason for using here a mix-
ture of probiotic strains lies in the synergistic beneficial
effect of the strains. Even though the pathogen exclusion
percentages were not triplicated when a mixture of three
probiotics was used compared with single strains, still
however each strain exerts unique properties from which
the host may benefit (Beasley et al. 2006; Manninen et al.
2006; Grzeskowiak et al. 2013). Thus, it seems reasonable
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from veterinary practice and commercial point of view to
use a mixture of probiotics than a single strains in animal
health care. The phenomena of a mutual effect are
common in probiotic nature, and multistrain probiotic
products have been proposed and used especially in
animals (Manninen et al. 2006; Collado et al. 2007; Gar-
cia-Mazcorro et al. 2011). The canine probiotic effect
appeared to depend also on the pathogen type used.
Exclusion of pathogens by probiotics is based on bacte-
ria-to-bacteria interactions, and these may highly depend
on the growth media used (Kankaanpad et al. 2004;
Muller et al. 2011). The differences in inhibition, dis-
placement and competition of pathogens suggest different
mechanisms of probiotic—pathogen interactions. Thus,
further studies on these mechanisms should be con-
ducted. In addition, different exclusion properties might
also result from different cell surface protein expression
due to different incubation temperature (37°C in MRS
broth and 30°C in soy-based growth medium).

Dog probiotics used in our study fulfil the requirement
of origin as they had been isolated from canine gut and
tested using canine jejunal mucus (Beasley et al. 2006;
Grzeskowiak et al. 2013). Most studies demonstrate spe-
cies specificity of probiotic properties (Christensen et al.
2002). Here, we also present that the property of one
probiotic strain cannot be extrapolated to another.

The studied probiotics belong to lactobacilli, which in
general have a good safety record. On the contrary,
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numerous commercially available probiotic products for
dog consumption contain enterococci, which have, how-
ever, notorious ability to rapidly develop, spread antibi-
otic resistance and favour the growth of potentially
harmful microbes in humans (Boge et al. 2003; Hamme-
rum 2012). Therefore, new research on the identification
of novel strains and the assessment of functional proper-
ties are being developed (Kelley et al. 2009; Herstad et al.
2011; Silva et al. 2013).

Taken together, our results support the importance of
the impact of growth media and physical treatment
methods on probiotic properties. The present findings
demonstrate that the in vitro tested strains and their mix-
ture have a potential as a successful probiotic feed addi-
tives in dogs’ diet. Their positive effect against canine
model enteropathogens was proven when probiotics were
used in viable and nonviable forms. The most effective
pathogen exclusion results were obtained when probiotics
were grown in manufacturing media. However, we feel
that there is still a need for more in vitro and in vivo
studies with the special focus on manufacturing condi-
tions to strengthen the potential role of probiotics in
animal health and welfare.

Acknowledgements

The present study was supported by the Vetcare Ltd.
We thank Satu Tolkké and Hanna Lehmussola for the
technical assistance and Jaakko Matomaki for statistical
consultation during the data analysis. The author’s
responsibilities were as follows: LG, MCC, SB, SS planned
and coordinated the study; LG was responsible for the
laboratory experiments of the study. All authors partici-
pated in the analysis of results and in writing and revis-
ing the manuscript.

Conflict of interest

Shea Beasley is employed by Vetcare Ltd. None of the
other authors had any conflict of interest to the studied
probiotics.

References

Ananta, E. and Knorr, D. (2009) Comparison of inactivation
pathways of thermal or high pressure inactivated
Lactobacillus rhamnosus ATCC 53103 by flow cytometry
analysis. Food Microbiol 26, 542-546.

Beasley, S.S., Manninen, T.J.K. and Saris, P.E.J. (2006) Lactic
acid bacteria isolated from canine faeces. ] Appl Microbiol
101, 131-138.

Bogg, J.L., Willems, R.J. and van den Bogaard, A.E. (2003)
Genetic characterization of glycopeptide-resistant

t. Grzeskowiak et al.

enterococci of human and animal origin from mixed pig
and poultry farms. APMIS 111, 669-672.

Bybee, S.N., Scorza, A.V. and Lappin, M.R. (2011) Effect of
the probiotic Enterococcus faecium SF68 on presence of
diarrhea in cats and dogs housed in an animal shelter.

J Vet Intern Med 25, 856-860.

Christensen, H.R., Frokiaer, H. and Pestka, J.J. (2002)
Lactobacilli differentially modulate expression of cytokines
and maturation surface markers in murine dendritic cells.
J Immunol 168, 171-178.

Collado, M.C., Grzeskowiak, L. and Salminen, S. (2007)
Probiotic strains and their combination inhibit in vitro
adhesion of pathogens to pig intestinal mucosa. Curr
Microbiol 55, 260—265.

Cross, M.L., Ganner, A., Teilab, D. and Fray, L.M. (2004)
Patterns of cytokine induction by gram-positive and
gram-negative probiotic bacteria. FEMS Immunol Med
Microbiol 42, 173—-180.

Damborg, P., Serensen, A.H. and Guardabassi, L. (2008)
Monitoring of antimicrobial resistance in healthy dogs:
first report of canine ampicillin-resistant Enterococcus
faecium clonal complex 17. Vet Microbiol 132, 190-196.

Ferreira, C.L., Grzeskowiak, L., Collado, M.C. and Salminen, S.
(2011) In vitro evaluation of Lactobacillus gasseri strains of
infant origin on adhesion and aggregation of specific
pathogens. J Food Prot 74, 1482—1487.

Garcia-Mazcorro, J.F., Lanerie, D.]J., Dowd, S.E., Paddock,
C.G., Grutzner, N., Steiner, J.M., Ivanek, R. and
Suchodolski, J.S. (2011) Effect of a multi-species synbiotic
formulation on fecal bacterial microbiota of healthy cats
and dogs as evaluated by pyrosequencing. FEMS Microbiol
Ecol 78, 542-554.

Grzeskowiak, L., Collado, M.C., Vesterlund, S., Mazurkiewicz,
J. and Salminen, S. (2011a) Adhesion abilities of
commensal fish bacteria by use of mucus model system:
quantitative analysis. Aquaculture 318, 33-36.

Grzeskowiak, L., Isolauri, E., Salminen, S. and Gueimonde, M.
(2011b) Manufacturing process influences properties of
probiotic bacteria. Br J Nutr 105, 887—894.

Grzeskowiak, L., Endo, A., Collado, M.C., Pelliniemi, L.J.,
Beasley, S. and Salminen, S. (2013) The effect of growth
media and physical treatments on the adhesion properties
of canine probiotics. ] Appl Microbiol 115, 539-545.

Haller, D., Bode, C., Hammes, W.P., Pfeifer, A.M., Schiffrin,
E.J. and Blum, S. (2000) Non-pathogenic bacteria elicit a
differential cytokine response by intestinal epithelial cell/
leucocyte co-cultures. Gut 47, 79-87.

Hammerum, A.M. (2012) Enterococci of animal origin and
their significance for public health. Clin Microbiol Infect
18, 619-625.

Herstad, H.K., Nesheim, B.B., L’Abée-Lund, T., Larsen, S. and
Skancke, E. (2010) Effects of a probiotic intervention in
acute canine gastroenteritis-a controlled clinical trial.

J Small Anim Pract 51, 34-38.

Journal of Applied Microbiology © 2014 The Society for Applied Microbiology



t. Grzeskowiak et al.

Kankaanpai, P., Yang, B., Kallio, H., Isolauri, E. and
Salminen, S. (2004) Effects of polyunsaturated fatty acids
in growth medium on lipid composition and on
physicochemical surface properties of lactobacilli. Appl
Environ Microbiol 70, 129-136.

Kelley, R.L., Minikhiem, D., Kiely, B., O’Mahony, L.,
O’Sullivan, D., Boileau, T. and Park, J.S. (2009) Clinical
benefits of probiotic canine-derived Bifidobacterium
animalis strain AHC7 in dogs with acute idiopathic
diarrhea. Vet Ther 10, 121-130.

Kelley, R., Park, J.S., O’'Mahony, L., Minikhiem, D. and Fix, A.
(2010) Safety and tolerance of dietary supplementation
with a canine-derived probiotic (Bifidobacterium animalis
strain AHC7) Fed to growing dogs. Vet Ther 11, 1-14.

Kirjavainen, P.V., Ouwehand, A.C,, Isolauri, E. and Salminen,
S.J. (1998) The ability of probiotic bacteria to bind to
human intestinal mucus. FEMS Microbiol 167, 185—189.

Manninen, T.J.K., Rinkinen, M.L., Beasley, S.S. and Saris,
P.E.J. (2006) Alteration of the canine small-intestinal lactic
acid bacterium microbiota by feeding potential probiotics.
Appl Environ Microbiol 72, 6539—6543.

Marks, S.L., Rankin, S.C., Byrne, B.A. and Weese, J.S. (2011)
Enteropathogenic bacteria in dogs and cats: diagnosis,
epidemiology, treatment, and control. | Vet Intern Med 25,
1195-1208.

Marsella, R., Santoro, D. and Ahrens, K. (2012) Early exposure
to probiotics in a canine model of atopic dermatitis has
long-term clinical and immunological effects. Vet Immunol
Immunopathol 146, 185-189.

Mastrangeli, G., Corinti, S., Butteroni, C., Afferni, C., Bonura,
A., Boirivant, M., Colombo, P. and Di Felice, G. (2009)
Effects of live and inactivated VSL#3 probiotic preparations
in the modulation of in vitro and in vivo allergen-induced
Th2 responses. Int Arch Allergy Immunol 150, 133—143.

Muller, J.A., Ross, R.P., Sybesma, W.F., Fitzgerald, G.F. and
Stanton, C. (2011) Modification of the technical

Journal of Applied Microbiology © 2014 The Society for Applied Microbiology

Pathogen exclusion by canine probiotics

properties of Lactobacillus johnsonii NCC 533 by
supplementing the growth medium with unsaturated fatty
acids. Appl Environ Microbiol 77, 6889—6898.

Ouwehand, A.C. and Salminen, S. (2003) In vitro adhesion
assays for probiotics and their in vivo relevance: a review.
Microb Ecol Health Dis 15, 175—184.

Ouwehand, A. and Vesterlund, S. (2003) Health aspects of
probiotics. IDrugs 6, 573—580.

Ouwehand, A.C., Tuomola, E.M., Tolkko, S. and Salminen, S.
(2001) Assessment of adhesion properties of novel
probiotic strains to human intestinal mucus. Int J Food
Microbiol 64, 119-126.

Rinkinen, M., Westermarck, E., Salminen, S. and Ouwehand,
A.C. (2003) Absence of host specificity for in vitro
adhesion of probiotic lactic acid bacteria to intestinal
mucus. Vet Microbiol 97, 55-61.

Silva, B.C., Jung, L.R., Sandes, S.H., Alvim, L.B., Bomfim,
M.R., Nicoli, J.R., Neumann, E. and Nunes, A.C. (2013)
In vitro assessment of functional properties of lactic
acid bacteria isolated from faecal microbiota of healthy
dogs for potential use as probiotics. Benef Microbes 28,
1-9.

Stafford, R.J., Schluter, P., Kirk, M., Wilson, A., Unicomb, L.,
Ashbolt, R. and Gregory, J.; OzFoodNet Working Group.
(2007) A multi-center prospective case-control study of
Campylobacter infection in persons aged 5 years and older
in Australia. Epidemiol Infect 135, 978-88,.

Sullivan, A., Edlund, C. and Nord, C.E. (2001) Effect of
antimicrobial agents on the ecological balance of human
microflora. Lancet Infect Dis 1, 101-114.

Vahjen, W. and Manner, K. (2003) The effect of a probiotic
Enterococcus faecium product in diets of healthy dogs in
bacteriological counts of Salmonella spp., Campylobacter
spp. and Clostridium spp. in faeces. Arch Anim Nutr 57,
229-233.



