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Abstract 

Background  An important aspect in the microbiology of the reproductive system of small animals is the potential 
occurrence of probiotic bacteria, such as lactic acid bacteria (LAB) of the genus Lactobacillus. The presence of these 
microorganisms is significant due to their strong antibacterial and antifungal properties. This study aimed to select 
probiotic strains from the oral cavity and vagina that have outstanding antibacterial properties against typical genital 
pathogens of the female dog reproductive tract.

Results  The antagonistic activity of ten LAB strains was tested against seven etiological agents isolated from the gen-
ital tract of female dogs with signs of inflammation. LAB strains with the greatest ability to inhibit the growth of indi-
cator bacteria were Lactobacillus plantarum and L. acidophilus, while L. fermentum and L. brevis strains inhibited growth 
the least. Almost all strains showed a complete lack of adherence to Caco-2 epithelial cells.

Conclusions  All tested LAB isolates inhibited the in vitro growth of either Gram-positive or Gram-negative patho-
gens, suggesting that potential probiotic strains could contribute to the balance of the normal vaginal microbiota. 
Furthermore, they could be considered for use as prophylactic agents or as an alternative to antibiotic therapy 
for infections in dogs.
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Background
Numerous studies defining vaginal microflora in dogs do 
not consider strains of the genus Lactobacillus spp., with 
Hutchins et al. [1] reporting a lack of this population in 
the microbiota, which correlates with the results of our 
research [2]. Indeed, these strains are not evident in 
the vaginal environment due to the typically high pH of 
between 6.5 and 7.5 [2, 3]. For comparison, the pH in the 
human female vagina is 4.5 or less [3], and lactic bacte-
ria grow in the range of 4.5 to 7.0, with optimum growth 
at pH 6.0, while species such as L. plantarum grow at a 
pH ranging from 4.0 to 8.0 [4]. Nonetheless, the first 
reports on isolating Lactobacillus spp.  from female dogs 
appeared in 2008 [3].

Probiotics are defined by the World Health Organi-
zation (WHO) as live microorganisms that have a ben-
eficial effect on host health when given in adequate 
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amounts (Food and Agriculture Organization of the 
United Nations and WHO Working Group, 2002). 
Probiotic bacteria include, among others, three types 
of lactic acid bacteria (LAB) from the genera Lactoba-
cillus, Bacillus, and Bifidobacterium, and colonize the 
oral cavity, digestive tract, and vagina of most mam-
mals. The antibacterial potential of LAB is due to the 
production of lactic acid, which results in the acidifi-
cation of the environment and the formation of bac-
teriocins and hydrogen peroxide [1]. An effective 
probiotic is characterized by its potential for host col-
onization, its ability to interfere with colonization by 
pathogens, and its adherence to epithelial cells. Mean-
while, these strains should not have pathogenic poten-
tial and should be resistant to gastric juices and bile 
salts [3, 5].

Studies performed on the LAB bacteria of females 
showed that they regulate the microflora of the urogeni-
tal tract and have antagonistic properties against patho-
genic bacteria. Since Lactobacillus strains constitute a 
physiological component of the female genital tract, this 
research attempted to isolate probiotic bacteria from the 
dog vaginal tract.

The first study on probiotic bacteria in the genital 
tracts of healthy female dogs was conducted by Delucchi 
et al. [3], who demonstrated the presence of LAB in the 
vagina, with Lactobacillus isolated in 59% of cases (out 
of 42 examined dogs). The isolated strains inhibited the 
in vitro growth of pathogenic bacteria, including Escheri-
chia coli, Proteus mirabilis, and Staphylococcus aureus, 
suggesting that LAB plays a beneficial and protective role 
in infections of the female urogenital tract. Although the 
research described above shows that LAB may be a com-
ponent of the vaginal microflora, their ability to adhere to 
vaginal epithelium has not been demonstrated. The most 
abundant vaginal bacteria in dogs derive from Lactoba-
cillus and Enterococcus species [3, 6], with L. gasseri, L. 
brevis, and L. acidophilus showing excellent adherence to 
vaginal epithelial cells [7–9]. However, they do not have 
such effective properties in dogs.

This study aimed to select probiotic strains of bacteria 
isolated from the oral cavity and vagina that have out-
standing antibacterial properties against typical genital 
pathogens of the female dog reproductive tract.

Methods
Microbiological culture
Client-owned dogs presented to the Veterinary Clinic 
of the University Center of Veterinary Medicine of the 
Jagiellonian University and Agricultural University of 
Cracow (JU-AU), Poland, in connection with reproduc-
tive problems, estrous monitoring, determination of 
the mating date, or routine gynecological examination 

of breeding dogs. The owners were informed about the 
purpose of the study and gave their written consent for 
their dogs to participate.

Sampling for microbiological examination, cytologi-
cal smears, serum progesterone level determination, 
and clinical group stratification was performed as pre-
viously described [2]. The samples for microbiologi-
cal examination were taken from the dorsal section of 
the upper vaginal vault using a sterile swab and a ster-
ile Hannover vaginal specula (Eickemeyer, Tuttlingen, 
Germany) of 150  mm in length and 5, 10, or 15  mm 
diameter (size adjusted to the bitch). Additionally, 
samples were taken from the oral cavity using a sterile 
swab. All microbiological samples were delivered to the 
laboratory in Amies transport medium (Deltalab, Bar-
celona, Spain) within four hours of collection.

The swab was transferred from the transport medium 
to 1  ml of Schaedler broth (Becton, Dickinson and 
Company, MD, USA) and agitated for 1 min [2]. Serial 
decimal dilutions were then made in the same broth, 
and 100  μl aliquots were plated on standard media 
for cultivation, including McConkey agar (Oxoid Ltd, 
Hampshire, UK) for Enterobacteriaceae, Columbia 
blood agar with 5% sheep blood (Oxoid) for Strepto-
cocci, bile esculin azide (BBL™) Enterococcosel™ agar 
(Beckton Dickinson, NJ, USA) for enterococci, Rogosa 
Agar (Merck, Darmstadt, Germany) for Lactobacilli, 
and Saboraud Agar (Merck) for Candida spp. The 
dilutions were then spread over the plate surface by a 
glass rod, and plates were incubated at 35  °C for 24  h 
(for aerobic bacteria) or 48  h under microaerophilic 
conditions (for Lactobacilli) [2]. The morphology of 
the grown colonies was assessed using a magnifying 
glass, and several colony picks of each morphologi-
cal type were subcultured on appropriate media and 
Gram-stained. After making subcultures, all colonies 
representing different morphotypes were counted on 
the plates showing appropriate colony density. Bacterial 
numbers were expressed as the log10 of colony forming 
unit per 1  ml (CFU/ml) [2]. The subcultured colonies 
were further incubated, and after checking for purity of 
the cultures, phenotypic identification was performed 
using commercial identification systems, analytical 
profile index (API) 20E, API50CH, APIStaph, APIStrep, 
and API20NE (bioMerieux, l’Etoile, France).

When API tests were inconclusive, polymerase chain 
reaction (PCR) was performed with species-specific 
primers Llac-f 5’-GGC​GGC​TTA​CTG​GAC​AAC​-3’ and 
Llac-r 5’-CTT​AGA​CGG​CTC​CTT​CCA​T-3’ for L. lactis, 
and LcR-F 5’-CGT​TGC​ATA​GAG​TGG​AAA​ATT​ATG​-3’ 
and Lc-R 5’-GTT​GAG​CCA​CTG​CCT​TTT​AC-3’ for L. 
rafinolactis. Amplification was performed according to 
the methodology described by Lee and Odamaki [10, 11].
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Typical pathogenic bacteria isolated from the vagina 
(indicator bacteria)
Indicator bacteria were those isolated from female 
canines aged six months to ten years (from our earlier 
publications) [2] with typical signs of inflammation of the 
genital tract (mucous, milky-white, greenish or yellowish 
vaginal discharge, with the cytology of the vaginal epithe-
lium containing numerous neutrophils, mucus bands and 
fragments of epithelial cells). The isolates were used in the 
experiments to evaluate the antibacterial activity of LAB.

Probiotic bacteria
Bacteria of the genera Lactobacillus, Leuconostoc, and 
Lactococcus (n = 10) were isolated from the oral cavity 
of four-year-old female dogs (n = 5). These bacteria have 
been subjected to in  vitro tests to determine their pos-
sible probiotic properties, paying particular attention to 
their antagonistic properties against indicator bacteria 
and their adhesion to intestinal epithelial cells.

Semi‑quantitative agar slab method
The agar slab method is used for the semi-quantitative 
evaluation of the activity of probiotic bacteria on a popu-
lation of indicator bacteria. The antagonistic activity of ten 
strains of LAB was tested against seven selected etiologi-
cal agents isolated from the genital tract of female canines 
with signs of inflammation using the agar slab method of 
Strus et al. [12, 13]. A suspension of Lactobacillus strains 
with a density of two on the McFarland scale (according 
to McFarland Standards) was plated on MRS (de Man, 
Rogosa, and Sharpe) medium and incubated at 37˚C for 
48  h under anaerobic conditions. Subsequently, disks 
with a 9  mm diameter were cut from the solid medium 
using a sterile cork borer and placed on an appropriate 
agar medium containing strains of tested pathogens at a 
density of 0.5 on the McFarland scale. Further cultivation 
was carried out under aerobic conditions at 37˚C for 24 h. 
Then, the diameter of the growth inhibition zone around 
the agar slabs containing probiotic strains was measured.

Quantitative method
The quantitative method allowed for more accurate obser-
vations of the kinetics of the interaction of LAB strains 
with the pathogenic bacterial population. LAB strains 
were propagated in MRS liquid medium under anaerobic 
conditions at 37° C for 72  h, with a density of approxi-
mately 5 × 107 CFU/ml achieved. Indicator bacteria were 
suspended in sterile physiological saline to obtain a con-
centration of around 1 × 108 CFU/ml. Each cultured pro-
biotic strain was placed in a sterile tube (900 μl), and the 
indicator bacteria suspension was added to each (100 μl). 
The probiotic and indicator bacteria mixtures were plated 

in dilutions after 0.8 and 24 h and incubated at 37 °C aero-
bically for 24 h. All indicator colonies were counted on the 
plates with sufficient colony density.

Adherence properties of canine lactic acid bacteria strains
The ability of the Lactobacilli strains to adhere to the gut 
epithelium was assessed in vitro using the Caco-2 human 
colon carcinoma epithelial cell line (American Type Cul-
ture Collection, Middlesex, United Kingdom). The cell 
line is the best-described and characterized intestinal 
cell line representing mammalian intestinal lineage.

The cells were grown to confluence in Dulbecco’s 
Modified Eagle medium (DMEM)/F-12 (GIBCO, CA, 
USA), supplemented with 10% heat-inactivated fetal 
bovine serum (FBS) (GIBCO), on 0.4 µm semipermeable 
Transwell™ tissue culture inserts (Corning, NY, USA) 
in a humidified incubator at 37 °C and 5% CO2. Briefly, 
48-h cultures of Caco-2 cells at a density of 1 × 106 cells/
ml were incubated for 24  h in 12-well flat bottom tis-
sue culture plates (Iwaki, Fukushima, Japan) in Eagle’s 
1959 medium (MEM) (Biomed, Lublin, Poland) contain-
ing L-glutamine, sodium bicarbonate (NaHCO3) (IITD, 
Wrocław, Poland), 5% fetal calf serum (Sigma-Aldrich 
Chemie, Germany), and antibiotics (penicillin 100UI/
ml, streptomycin 100UI/ml, neomycin 200  μg/ml) 
(Sigma Aldrich, Chemie, Germany), then washed twice 
with phosphate-buffered saline (PBS).

Overnight bacteria cultures were diluted with MRS and 
MEM to a concentration of approximately 108  CFU/ml 
and used to inoculate the plated cells. After incubation at 
37  °C for 30  min, wells were washed twice with PBS to 
release unbound bacteria. Then, the cells were fixed with 
3.7% formaldehyde for one hour, washed twice with PBS, 
and stained with crystal violet stain (Merck, Darmstadt, 
Germany). The adherent bacterial cells were counted in 
five randomly selected microscopic fields, and the degree 
of adhesion was evaluated using a semi-quantitative scor-
ing system ranging from 0 to 3 based on the following 
characteristics:

a)	 strong adherence (3): > 80 bacterial cells per field
b)	 moderate adherence (2): 61 - 80 bacterial cells per field
c)	 weak adherence (1): 41 - 60 bacterial cells per field
d)	 no adherence (0): < 40 bacterial cells per field

All experiments were run in duplicate.

Statistical analysis
The statistical significance of differences between antag-
onistic properties of LAB strains was analyzed using a 
one-way analysis of variance (ANOVA). The significance 
level was set at P < 0.05.
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Results
This research used seven strains of pathogenic bacteria 
that cause inflammation of the dog reproductive tract 
as indicators, based on previous work by Golińska et al. 
[2]. The strains belong to five species: E. coli (two strains), 
Staphylococcus intermedius (two strains), Klebsiella 

pneumoniae, Enterococcus faecalis, and Streptococcus 
canis (Table 1).

LAB strains isolated from all tested samples origi-
nating from the oral cavity of dogs included ten strains 
belonging to eight species: Lactobacillus acidophilus (two 
strains), Lactobacillus fermentum (two strains), Lactoba-
cillus plantarum, Lactobacillus paracasei, Lactobacillus 
crispatus, Lactobacillus brevis, Lactococcus raffinolactis, 
and Leuconostoc lactis (Table 2). The vaginal swabs con-
tained no LAB.

The antagonistic activity of ten strains of LAB was 
tested against seven selected etiological agents isolated 
from the genital tract of canines with signs of inflamma-
tion, and the results are presented in Fig. 1 and Table 3. 
The diameter of the growth inhibition zones of the test 
bacteria induced by the LAB ranged from 9 to 21  mm, 
and the slab diameter was 9 mm. In general, the greatest 
inhibition was observed for E. coli P37 and S. canis P37, 
while the smallest was found for S. pseudintermedius P40 
and S. pseudintermedius P41. The LAB strains showing 
the greatest ability to inhibit the growth of indicator bac-
teria were L. plantarum and L. acidophilus. Meanwhile, 
the smallest growth inhibition was induced by the L. fer-
mentum and L. brevis strains.

Table 1  Characteristics of the indicator bacteria used in the study

No Indicator bacteria strain CFU/ml Age of dog 
(years)

Vaginal pH Estrous phase Clinical group

1 Escherichia coli P37 1.0E + 04 4 6.9 Anestrus With genital tract infections

2 Escherichia coli P39 3.0E + 03 4 6.6 Anestrus With genital tract infections

3 Klebsiella pneumoniae P41 1.0E + 02 4 7.2 Anestrus With genital tract infections

4 Enterococcus faecalis P37 3.0E + 02 4 6.9 Anestrus With genital tract infections

5 Streptococcus canis P37 1.0E + 04 4 6.9 Anestrus With genital tract infections

6 Staphylococcus pseudintermedius P40  1.0E + 03 1 6.0 Anestrus With genital tract infections

7 Staphylococcus intermedius P41 1.0E + 04 4 6.9 Anestrus With genital tract infections

Table 2  Characteristics of the lactic acid bacteria used in the 
study

No Lactic acid bacteria CFU/ml Age of 
dog 
(years)

Place of isolation

1 Lactobacillus plantarum/1 2.80E + 05 4 oral cavity

2 Lactobacillus paracasei/2 3.70E + 05 4 oral cavity

3 Lactobacillus acidophilus/3 1.00E + 05 4 oral cavity

4 Lactobacillus fermentum/4 7.90E + 05 4 oral cavity

5 Lactobacillus crispatus/5 2.80E + 04 4 oral cavity

6 Lactobacillus acidophilus/6 1.00E + 06 4 oral cavity

7 Lactobacillus fermentum/7 4.90E + 04 4 oral cavity

8 Lactococcus raffinolactis/8 5.00E + 05 4 oral cavity

9 Leuconostoc lactis/9 3.10E + 05 4 oral cavity

10 Lactobacillus brevis/10 2.80E + 05 4 oral cavity

Fig. 1  A sample photograph from the semi-quantitative study on the antagonistic abilities of selected strains with probiotic properties against 
Escherichia coli 
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The five strains of LAB that induced the greatest 
growth inhibition of the indicator bacteria in the semi-
quantitative study were selected for the antagonism stud-
ies using the quantitative method. These strains were: 
L.plantarum/1, L. acidophilus/3, L.acidophilus/6, Leu-
conostoc lactis/9, and Lactococcus raffinolactis/8.

The greatest antagonistic activity was shown for L. 
plantarum/1, which reduced the concentration of K. 
pneumoniae and S. canis from 107 CFU/ml to 101 CFU/
ml within eight hours, and both of the E. coli and S. 
pseudintermedius strains from 107 CFU/ml to 102 CFU/
ml. However, it was least effective against E. faeca-
lis P37, whose CFU/ml only decreased by one log after 
eight hours of the experiment. Nonetheless, none of the 
indicator bacteria strains grew after incubation with 
L.plantarum/1 for 24  h. The L. acidophilus /6 and L. 
lactis /9 strains also showed complete inhibition of the 
growth of indicator bacteria after 24 h of cultivation. The 
weakest antagonistic effect was observed for the L. aci-
dophilus/3 strain, although statistical analysis showed no 
correlation between specific LAB strains and antagonis-
tic properties against any indicator bacteria. All results 
are presented in Fig. 2.

An adherence assay was performed on the five LAB 
strains that induced the greatest growth inhibition of the 
indicator bacteria during the semi-quantitative study. 
Only Lactococcus raffinolactis /8 demonstrated weak 

adherence, with the rest of the tested strains showing a 
complete lack of adherence to the Caco-2 epithelial cells 
(Fig. 3 and Table 4).

Discussion
Inflammatory diseases of the female dog reproductive 
tract are a common problem in veterinary practice. The 
inflammation can lead to serious health problems, among 
which the most important are fertility disorders, embryo 
resorption and mortality, endometritis-pyometra syn-
drome, and urinary system disorders. Most genital tract 
infections in bitches are of bacterial origin since the 
vagina and uterus are rich environments for bacteria to 
live in.

The physiological vaginal microflora is formed of sap-
rophytic and conditionally pathogenic bacteria, most of 
which are aerobic, as described in our earlier work [2] 
and the works of other authors [1]. Our previous results 
[2] suggest that the quantity and type of bacteria vary 
between different stages of the estrous cycle, and the total 
number of bacteria was significantly higher in healthy 
dogs during the proestrus/estrus and diestrus phase than 
in the anestrus phase, though there were no significant 
differences in the number of bacteria between healthy 
dogs and those with vaginitis. Moreover, the prevalence 
of common pathogens, such as E. coli, S. pseudinterme-
dius, S. canis, and Enterococcus spp., was similar between 

Table 3  The effect of different lactic acid bacteria strains on the growth of indicator bacteria, as determined by the agar slab method. 
Zones of growth inhibition are shown in millimeters (mm)

Indicator bacteria  (zones of growth inhibition in millimetres)

No Lactic acid 
bacteria

E. coli P37 E. coli P39 K. pneumoniae 
P40

E. faecalis P37 S.canis P37 S.intermedius 
P13

S.intermedius 
P40

1 Lactobacillus 
plantarum/1

21 15 15 12 20 11 11

2 Lactobacillus 
paracasei/2

16 12 9 9 16 9 9

3 Lactobacillus 
acidophilus/3

21 17 16 15 20 12 13

4 Lactobacillus 
fermentum/4

14 13 9 9 14 9 9

5 Lactobacillus 
crispatus/5

18 15 14 13 19 13 12

6 Lactobacillus 
acidophilus/6

19 16 13 10 20 12 12

7 Lactobacillus 
fermentum/7

14 13 9 9 14 9 9

8 Lactococcus raf-
finolactis/8

18 17 13 12 20 12 10

9 Leuconostoc 
lactis/9

18 17 13 12 20 11 11

10 Lactobacillus 
brevis/10

15 12 9 9 14 9 9



Page 6 of 8Edyta et al. BMC Veterinary Research           (2023) 19:82 

healthy dogs and those with genital tract infections. 
However, the studies carried out so far do not demon-
strate which pathological flora are physiological, which 
prompted the search for alternative methods of treat-
ment or prevention of bacterial infections of the genital 
tract in an era of increasing antibiotic resistance in dogs.

Studies performed on females showed that their LAB 
have antagonistic properties against pathogenic bacteria 

and can regulate the urogenital tract microflora [14–
16]. Moreover, the probiotics L. gasseri, L. brevis, and 
L. acidophilus are known to have an excellent degree of 
adherence to vaginal epithelial cells in females [17, 18]. 
However, no probiotic bacteria have been used to treat 
genital tract infections in bitches to date, and we believe 
that defining such bacteria is crucial if they are to be used 
to prevent bacterial inflammatory disorders.

Fig. 2  The antagonistic effect of selected strains with probiotic properties against indicator bacteria (quantitative method)
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The results of the agar slab study showed that dog-
derived LAB have growth-inhibiting properties against 
vaginal bacterial pathogens and that the antagonistic 
effect depends on the type of pathogen. In general, 
the greatest inhibition was observed for E. coli and  
S. canis and the smallest for S. pseudintermedius. Mean-
while, the strongest antibacterial activity was found in 
the L. acidophilus, L. plantarum, L. fermentum, and 

Lactococcus raffinolactis species. These findings are 
in agreement with those of Delucchi et  al. [3], who 
showed selected isolates to have antimicrobial activ-
ity against pathogenic bacteria. Moreover, Fraga et  al. 
[19] and Dec et al. [20] observed a greater antibacterial 
effect of chicken and mare lactobacilli against bacterial 
pathogens in vitro.

Antimicrobial activity against common vaginal and 
urinary pathogens could be explained by diffusible sub-
stances produced by this bacterial group [21, 22]. All 
isolates assayed inhibited the in vitro growth of either 
Gram-positive or Gram-negative pathogens, suggesting 
that potential probiotic strains could contribute to the 
balance of the normal vaginal microbiota. Currently, 
animal probiotics are being increasingly used with 
great success in the treatment of intestinal diseases in 
dogs [23].

Adhesion to the mucosal epithelium is an important 
property for a strain to be considered a probiotic. In 
this study, only Lactococcus raffinolactis showed adhe-
sion to Caco-2 tissue. This lack of adherence is con-
firmed by the research conducted by Hutchings et  al. 
[6], where an oral probiotic supplement administered 
for two or four weeks did not increase the prevalence 
of vaginal LAB in dogs. Therefore, perhaps it is worth 
considering vaginal rather than oral probiotic delivery 
in such cases.

In summary, this study made it possible to select 
strains of LAB characterized by antagonistic proper-
ties towards bacterial pathogens resulting from the 
production of growth-inhibitory compounds and 
adhesive properties. Therefore, they can be con-
sidered for prophylactic use or as an alternative to 
antibiotic therapy for canine infections. However, it 
is possible that vagina-isolated LAB, such as Entero-
coccus canintestini, may provide improved coloniza-
tion and adherence more often, though this requires 
further research.

Fig. 3  Sample photographs of bacterial adherence

Table 4  Degree of bacterial adhesion to Caco-2 tissue

Probiotic strains Numbers of cells in 
1st field of viev

Numbers of cells in 
2nd field of viev

Numbers of cells in 
3rd field of viev

Numbers of cells in 
4th field of viev

Numbers of cells in 
5th field of viev

Average number 
of cells in the field 
of view

Lactobacillus plan-
tarum/1

30 20 20 20 15 21

Lactobacillus acido-
philus/4

10 10 10 8 5 8,6

Lactobacillus acido-
philus/7

30 20 30 30 30 28

Lactococcus rafino-
lactis/9

50 40 5 50 40 46

Leuconostoc lac-
tis/10

20 30 15 20 20 21
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