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Introduction 

Reproduction in dogs is a complex 

biological process that is governed by various 

external and internal parameters having different 

influencing factors. Similarly, canine reproductive 

disorders are usually multi-factorial in origin, 

involving numerous predisposing factors [1-3]. 

Failure to detect and correct these anomaly-causing 

factors might lead to irreversible syndromes of the 

reproductive tract in dogs [4-8]. Infertility is one of 

the common canine reproductive disorders which is 

often associated with one or a combination of 

anatomical, hormonal, nutritional, genetic, 

management and/or infectious causes, which are 

broadly categorized into infectious and non-

infectious causes [2,9-12].  

Bacteria are regarded as the leading cause 

of infectious canine infertility [10,12-15]. however, 
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A B S T R A C T 

Background:  Infertility is a major constraint to successful dog breeding in many 

developing countries including Nigeria. The aim of this study was to establish the aerobic 

bacterial microflora of the vagina of both apparently healthy and clinically infertile 

Nigerian bitches in a bit to inferring the likely bacterial causes of infertility in the dogs 

examined. Methods: Bacteria were culturally isolated and characterized using 

conventional biochemical tests and sequencing of their 16S rRNA; then antimicrobial 

susceptibility testing was carried out using commonly available antimicrobial agents that 

were also implicated in the treatment of dogs in the area. Results: A total of 169 bacteria 

were isolated; of which 103 (60.9 %) were from apparently healthy bitches and 66 (39.1%) 

from bitches with reproductive anomalies. These include Staphylococcus saprophyticus 

(27.2 %), Streptococcus species (14.8 %), and Corynebacterium species (13.6 %). Also, 

Gemella palaticanis (1.8%), and Schaalia canis (1.3%) which are new to the study area 

were isolated for the first time in Nigeria. Nearly all the infertile bitches (90.1%) had mixed 

infections which might be responsible for their illness. Conclusion: Gentamicin was the 

most effective drug in vitro. Micrococcus species and Escherichia coli exhibited the 

highest multiple drug resistance. The authors recommend thorough screening of dogs for 

pathogenic bacteria before breeding. 

https://mid.journals.ekb.eg/
https://creativecommons.org/licenses/by/4.0/


Mamman PH et al. / Microbes and Infectious Diseases 2025; 6(4): 6732-6742 

in spite of the vast advances in the knowledge of 

these agents, the relationship between the presence 

of bacteria in the reproductive tract and infertility in 

bitches remains poorly understood [16]. 

Nonetheless, vaginal swab culture during an overt 

disease process has been clinically valuable for 

diagnosis and selection of appropriate therapy. 

Results can be combined with proper history, 

clinical examination, and vaginal cytology, to 

adequately deduce clinical significance.  

Some clinicians advocate the employment 

of systemic antibiotic therapy in bitches when a 

heavy growth of bacteria is identified at the anterior 

vagina [17]. Moreover, in Nigeria, dog breeders 

often treat bitches with antibiotics at the time of 

mating to guard against genital infections, and this 

indiscriminate use may result in the development of 

partial or complete antimicrobial resistance. Hence, 

antibiogram studies on bacterial isolates assume 

great importance, and such studies are essential 

prerequisites for rational use of antimicrobial 

agents. Therefore, to forestall transmission during 

breeding, the present study assessed, characterized, 

and established the antimicrobial profile of vaginal 

aerobic bacteria from both apparently healthy and 

infertile bitches in Zaria, Nigeria. 

The Null hypothesis to be tested was: 

‘‘There are no aerobic bacteria present in the vagina 

of bitches capable of causing infertility in dogs in 

Zaria, Nigeria” 

Materials and Methods 

Sampled Dogs 

The study was carried out on both clinical 

and non-clinical (presented for vaccination) cases of 

bitches presented to the Small Animal Clinic of the 

Veterinary Teaching Hospital, Ahmadu Bello 

University (VTH-ABU), Zaria; as well as bitches at 

their homes within Zaria metropolis i.e. dog owners 

who gave consent for their bitches to be sampled. In 

each case, the consent of clients (dog owners) was 

graciously sought and obtained with elaborate 

explanations on what the study was all about. 

Medical history of each bitch was taken. Bitches 

were termed healthy or infertile based on the history 

of previous mating and outcomes. They were 

considered infertile when presented with a history of 

having been mated three or more times during 

previous estrous cycles without viable conceptions 

I.e. mated with a healthy male dog that had sired 

pups before. Based on these inclusion criteria, 

available 70 healthy, and 30 infertile bitches were 

evaluated. The Committee on Animal Use and Care, 

resident in of Ahmadu Bello University, Zaria gave 

an approval for the research to be conducted. 

Sample Collection 

A total of 100 samples were obtained from 

the anterior vagina of the bitches using sterile 

disposable swabs. Each bitch was restrained in a 

standing position on the examination table and the 

tail deflected laterally to expose the peri-vulvar area. 

The peri-vulvar area was initially cleaned with 5% 

povidone iodine antiseptic solution (WOSAN®). An 

eight-inch sterile swab was then carefully 

introduced, directing the swab initially dorso-

cranially to avoid the clitoral fossa and urethral 

orifice and then longitudinally as previously 

described [18]. The tip of the swab was dipped into 

the anterior vagina then softly rolled around the 

vaginal wall. Thereafter, the swab was withdrawn 

gently into its labeled sterile container. The samples 

collected were packed in a cool box containing ice 

pack and transported to the Department of 

Veterinary Microbiology laboratory, ABU Zaria for 

analysis. 

Bacterial Isolation and Phenotypic Identification  

The samples collected were inoculated 

unto prepared plates of blood agar base (Oxoid, 

Hampshire, UK) enriched with 10% sheep blood for 

primary isolation. The inoculated plates were 

incubated aerobically at 37 0C for 24 hours, and the 

isolated colonies were Gram-stained for preliminary 

identification. Gram-negative organisms from the 

primary culture were sub-cultured on MacConkey 

agar (Oxoid, Hampshire, UK) for differentiation 

based on their lactose fermentation properties [19]. 

The resulting lactose and non-lactose fermenters 

were sub-cultured on eosin methylene blue agar 

(Oxoid, Hampshire, UK) and xylose lysine 

deoxycholate agar (Oxoid, Hampshire, UK) for 

probable identification of Escherichia coli and 

Salmonella species respectively. The isolates were 

then subjected to biochemical characterization, 

including sugars fermentation, fermentation of 

sugars, oxidase, triple sugar iron, urease, citrate, 

methyl red, indole, Voges–Proskauer, phenylalanine 

deaminase, catalase and motility tests as previously 

described [20]. 

Genetic Identification of Some Isolates 

Five of the bacterial isolates (1ZN2019 - 

5ZN2019) not clearly identified phenotypically 

were characterized by molecular means. DNA 

extraction was carried out in accordance with the 
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manufacturer’s instruction using ZR 

fungal/bacterial DNA miniPrepTM as previously 

described [21]; and conventional polymerase chain 

reaction (PCR) assay targeting the 16S rRNA gene 

was done as per standard protocol described by 

Wagner et al. [22] using Ribose 1: 5’-

GGACTACAGGGTATCTAAT-3’, and Ribose 2: 

5’-AGAGTTTGATCCTGG-3’ primers. A partial 

genome sequencing of the amplified product was 

done at Inqaba biotec laboratory (South Africa). The 

obtained 16S rDNA sequences were edited and 

aligned using BioEdit, and MEGA X software, then 

compared with sequences available in the GenBank 

database of the National Center for Biotechnology 

Information (NCBI) using the algorithm BLASTn 

program [20,23]. A phylogenetic tree was 

constructed as unrooted Neighbour-Joining Tree 

built with Kimura 2 Parameter and Gama 

distribution (K 2-G) [24]. A Bootstrap replicate of 

1000 was used to test the robustness of the tree. 

Seven hundred and eight (708) nucleotide regions 

were used for the construction of the phylogenetic 

tree. The main identified limitation encountered as 

far as the techniques used in this work are 

concerned, is that of a limited number of isolates that 

were selected for molecular analyses and also, 

instead of subjecting all the genotypically identified 

isolates to full genome sequencing, only a partial 

gene sequencing of the16S rRNA was carried out. 

This full genome sequencing would have been 

expedient especially for the new isolates being 

reported in this research. 

Antimicrobial Susceptibility Testing 

The pure bacterial isolates were subjected 

to an antimicrobial susceptibility test using the 

Kirby-Bauer disk diffusion method [25], then 

interpreted based on Clinical Laboratory Standards 

Institute Guidelines [26]. The drug impregnated 

disks (Oxoid, Hampshire, UK) included: 

tetracycline (30µg), gentamicin (10µg), 

streptomycin (10µg), amoxycilin/clavulanic acid 

(30µg), ampicillin (10µg), penicillin (10 units), 

oxacillin (1µg), cefoxitin (30µg), vancomycin 

(30µg), erythromycin (15µg), and ciprofloxacin 

(5µg).  

Data Analyses 

Descriptive statistics were applied to 

calculate frequencies, and percentages of bacterial 

occurrence rates using SPSS software version 26 

(NY, USA). Statistical analysis was performed to 

determine significant differences in the occurrence 

rate of each microbial bacterial species within the 

tested groups using Fisher’s exact test. P-values less 

than 0.05 were considered statistically significant. 

Results 

A total of 169 bacterial isolates were 

identified from the entire samples analyzed, out of 

which 103 were obtained from apparently healthy 

bitches while 66 were from infertile ones. 

Staphylococcus saprophyticus had the highest 

occurrence rate of 27.2%, followed by 

Streptococcus species (14.8%), and 

Corynebacterium species (13.6%). While the lowest 

occurrence rates were the molecularly identified 

Schaalia canis (1.3%) and Gemella palaticanis 

(1.8%) both of which were isolated solely from 

infertile bitches (Table 1). Broadly, 15 different 

categories of bacteria were isolated with an overall 

occurrence rate of 11.3%. Samples from the healthy 

bitches yielded 9.8% isolation rate while 14.7% was 

recorded from the infertile bitches. Therefore, 

infertile bitches had significantly higher (P = 0.007) 

bacterial occurrence rate than the healthy bitches. 

Among the different bacteria isolated, only G. 

palaticanis and Streptococcus species (other than 

Strept. hyovaginalis) differ significantly (P ˂ 0.05) 

between the infertile and healthy bitches (Table 1). 

Similarly, majority of the isolates were Gram-

positive with only Escherichia coli and Proteus 

vulgaris being Gram-negative (Tables 2 and 3).  

Based on the sequence results of the16S 

rRNA gene, isolates 1ZN2019 with 762bp sequence 

size was identified as Enterococcus dispar 

(Accession No: MN585805); 2ZN2019 with 739bp 

sequence size as Schaalia canis (Accession No: 

MN585806); and 3ZN2019 with 761bp sequence 

size as Streptococcus hyovaginalis (Accession No: 

MN585807). Isolates 4ZN2019 which has 768bp 

sequence, and 5ZN2019 with 757bp sequence sizes 

were respectively identified as Enterococcus 

faecium (Accession No: MN585808) and Gemella 

palaticanis (Accession No: MN585809). The 

dendogram of the phylogenetic tree drawn from the 

five identified bacterial isolates and other related 

organisms earlier deposited from different parts of 

the world is presented as Figure 1.  

The bacteria isolated in the present study 

exhibited varying degrees of sensitivity to different 

antimicrobials. Among all the 11 antimicrobials 

tested, gentamicin proved to be the most effective as 

89.25% of all the isolates tested were sensitive to it. 

The highest rate of resistance was recorded among 

the penicillins (penicillin, oxacillin, 
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amoxicillin/clavulanic acid, and ampicillin) which 

had about 73.00% average resistance to all the 

isolates tested (Table 4). The detailed antimicrobial 

resistance pattern of the isolates is shown in Table 

5. Several categories of the isolates particularly E.

coli, Streptococcus species (other than Strep. 

hyovaginalis), and Enterococcus species (other than 

E. faecium) exhibited multidrug resistance (MDR), 

resisting at least three different classes of 

antimicrobials. Similarly, Micrococcus species 

showed an extended spectrum of drug resistance 

(XDR) as they were resistant to at least one agent in 

nearly all the classes of antimicrobials tested. 

Table 1: Distribution of aerobic bacteria isolated from the vagina of apparently healthy and infertile bitches in 

Zaria, Nigeria 

S/No Name of isolate Healthy Bitches (n = 70) Infertile Bitches (n = 30) P-value 

Frequency Percentage (%) Frequency Percentage 

(%) 

1 Staphylococcus 

saprophyticus 

32 45.7 14 46.7 1.000 

2 Staphylococcus aureus 10 14.3 6 20.0 0.554 

3 Staphylococcus schleiferi 6 8.6 0 0.0 0.174 

4 Streptococcus hyovaginalis 0 0.0 1 3.3 0.300 

5 Other Streptococcus species 12 17.1 12 40.0 0.021٭ 

6 Corynebacterium species 14 20.0 9 30.0 0.306 

7 Enterococcus faecium 0 0.0 1 3.3 0.300 

8 Enterococcus dispar 0 0.0 1 3.3 0.300 

9 Other Enterococcus species 8 11.4 1 3.3 0.272 

10 Micrococcus species 5 7.1 6 20.0 0.082 

11 Proteus vulgaris 6 8.6 5 16.7 0.298 

12 Escherichia coli 7 10.0 3 10.0 1.000 

13 Baccilus species 3 4.3 2 6.7 0.635 

14 Gemella palaticanis 0 0.0 3 10.0 0.025٭ 

15 Schaalia canis 0 0.0 2 6.7 0.088 

Total 103 66 

P-values with an asterisk٭are statistically significant (P˂0.05). 
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Table 2: Morphological and Biochemical characteristics of some aerobic Gram-positive bacteria isolated from 

the vagina of apparently healthy and infertile bitches in Zaria, Nigeria 

S/No Colonial morphology Microscopic 

features 

Biochemical tests Bacterium 

identified 

1 Small, raised, β-hemolytic 

colonies on blood agar 

Gram-positive 

cocci in clusters 

Catalase, coagulase, glucose, trehalose, 

maltose, mannitol, and sucrose positive; 

while negative for xylose, and arabinose 

Staphylococcus 

aureus 

2 Small, raised, β-hemolytic 

colonies on blood agar 

Gram-positive 

cocci in clusters 

Catalase, glucose, trehalose, mannitol, 

and sucrose positive; while negative for 

coagulase, maltose, xylose, and 

arabinose 

S. saprophyticus 

3 Small, raised, whitish β-

hemolytic colonies  

Gram-positive 

cocci in clusters 

Catalase, glucose, and sucrose positive; 

while negative for coagulase, trehalose, 

mannitol, maltose, xylose, and arabinose 

S. schleiferi 

4 Glossy-dew drop-like, α, 

and β-hemolytic colonies 

Gram-positive 

cocci in short and 

long chains 

Positive for glucose; and negative for 

catalase  

Streptococcus spp 

other than S. 

hyovaginalis 

5 Glossy dew-drop-like, γ-

hemolytic colonies  

Gram-positive 

cocci in short 

chains and branches 

Glucose, lactose, dextrose, raffinose, 

arabinose, and urease positive; while 

negative for catalase, coagulase, 

trehalose, mannitol, maltose, xylose, and 

sucrose  

Enterococcus 

species other than 

E. faecium and E. 

dispar 

6 Small, raised, β-hemolytic 

colonies with little 

yellowish pigmentation on 

blood agar 

Gram-positive 

cocci with tetrad 

appearance 

Positive for catalase, and glucose; but 

negative for coagulase 

Micrococcus 

species 

7 Large, flat, β-hemolytic 

colonies with serrated 

edges 

Gram-positive rods 

in short chains 

Catalase, glucose, lactose, and urease 

positive; while negative for sucrose 

Baccilus species 

8 Small, raised, moist, 

greyish, γ-hemolytic 

colonies 

Gram-positive, 

pleomorphic rods 

with Chinese-letter 

appearance 

Positive for catalase, glucose, and 

lactose; but negative for coagulase, 

sucrose, indole, and urease 

Corynebacterium 

species 

9 Pin-point, β-hemolytic 

colonies on blood agar 

Gram-positive 

cocci mostly in 

pairs 

 Gemella ٭٭٭

palaticanis 

10 Tiny granular-like, β-

hemolytic colonies 

Gram-positive 

coccobaccilli in 

chains 

 Schaalia canis ٭٭٭

Note: Organisms with٭٭٭ were identified via molecular characterization 

Table 3: Biochemical characteristics of some aerobic Gram-negative bacteria isolated from the vagina of 

apparently healthy and infertile bitches in Zaria, Nigeria 

S/

No. 

Biochemical Tests Conducted Name of 

Bacterium 

CA

T 

O

F 

TSI NI

T 

IN

D 

UR

E 

CI

T 

M

R 

V

P 

MO

T 

OX

D 

GL

U 

SU

C 

LA

C 

1 + F K/A.H

2S 

+ + + - + - + -/+ + + - Proteus vulgaris 

2 + F A/A. G + + - - + - + - + - + Escherichia coli 

Key: CAT=catalase, OF=oxidative/fermentative, TSI=triple sugar iron, NIT=nitrate reduction, IND=indole, 

URE=urease, CIT=citrate, MR=methyl red, VP=Voges Proskauer, MOT=motility, OXD=oxidase, 

GLU=glucose, SUC=sucrose, LAC=lactose, F=fermenter, A=acid, K=alkaline, G=gas, H2S= hydrogen 

sulphide, -=negative, and +=positive 
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Table 4: Percentage antimicrobial susceptibility profile of aerobic bacteria isolated from the vagina of 

apparently healthy and infertile bitches in Zaria, Nigeria 
Antibiotic 

(µg) 

Staphylococcus Streptococcus Enterococcus Micrococcus Corynebacterium Schaalia Gemella Escherichia  

S I R S I R S I R S I R S I R S I R S I R S I R 

TE (30) 7 2

5 

68 50 0 50 0 0 10

0 

0 0 10

0 

0 10

0 

0 70 20 10 0 0 10

0 

90 10 0 

CN (10) 94 0 6 10

0 

0 0 9

0 

10 0 5

0 

0 50 90 10 0 90 10 0 10

0 

0 0 10

0 

0 0 

AMC (30) 5 0 95 20 2

0 

60 0 0 10

0 

0 0 10

0 

0 10 90 0 10 90 80 20 0 0 0 100 

FOX (30) 80 1

5 

5 80 2

0 

0 8

0 

20 0 5

0 

0 50 80 20 0 80 10 10 10

0 

0 0 10 90 0 

OX (1) 0 4

0 

60 20 0 80 0 0 10

0 

2

0 

30 50 0 50 50 0 40 60 80 20 0 0 0 100 

VA (30) 40 3

0 

30 80 2

0 

0 0 10 90 0 10

0 

0 0 10

0 

0 0 30 70 60 20 20 0 0 100 

AMP (10) 0 2

0 

80 0 4

0 

60 0 20 80 0 0 10

0 

0 10 90 0 20 80 0 40 60 0 0 100 

P (10) 0 1

0 

90 20 4

0 

40 0 20 80 0 10 90 0 20 80 20 70 10 20 20 60 0 0 100 

E (15) 50 1

0 

40 40 2

0 

40 8

0 

20 0 0 50 50 50 30 20 80 10 10 80 20 0 0 0 100 

S (10) 40 3

0 

30 40 4

0 

20 8

0 

20 0 0 0 10

0 

80 20 0 70 20 10 20 60 20 20 80 0 

CIP (5) 30 6

0 

10 40 4

0 

20 0 10

0 

0 0 0 10

0 

50 30 20 10

0 

0 0 40 40 20 50 50 0 

Note: Staphylococcus = (S. aureus & S. saprophyticus), Streptococcus = (Strep. hyovaginalis & other species), 

Enterococcus = (E. faecium, E. dispar, & other species), Micrococcus = (Micrococcus species), Corynebacterium 

(Corynebacterium species), Schaalia = (S. canis), Gemella = (G. palaticanis), Escherichia = (E. coli), TE 

=Tetracycline, CN=Gentamicin, AMC=Amoxicillin/Clavulanic acid, FOX=Cefoxitin, OX=Oxacillin, 

VA=Vancomycin, AMP=Ampicillin, P=Penicillin, E=Erythromycin, S=Streptomycin, CIP=Ciprofloxacin. 

Using the CLSI, 2016: R=Resistant, I=Intermediate, and S=Sensitive  

Table 5: Antimicrobial resistance patterns of some aerobic bacteria isolated from the vagina of apparently 

healthy and infertile bitches in Zaria, Nigeria 

S/No Name of Isolate Resistance Pattern Number of the 

Classes of 

Antimicrobials 

Resisted 

1 Staphylococcus saprophyticus TE-AMC-OX-AMP-P 2 

2 Staphylococcus aureus AMC-AMP-P-OX 1 

4 Streptococcus hyovaginalis AMC-OX-AMP-P 1 

5 Other Streptococcus species TE-AMC-OX-AMP-P-E 3 

6 Corynebacterium species AMC-OX-AMP-P 1 

7 Enterococcus faecium AMC-OX-AMP-P 1 

8 Enterococcus dispar TE-AMC-OX-VA-AMP-P-S 4 

9 Other Enterococcus species TE-AMC-OX-VA-AMP-P 3 

10 Micrococcus species TE-CN-AMC-FOX-OX-AMP-P-E-S-CIP 6 

11 Escherichia coli AMC-OX-VA-AMP-P-E 3 

12 Gemella palaticanis TE-AMP-P 2 

13 Schaalia canis AMC-OX-VA-AMP 2 

TE =Tetracycline, AMC=Amoxicillin/Clavulanic acid, OX=Oxacillin, AMP=Ampicillin, P=Penicillin, 

E=Erythromycin, VA=Vancomycin, S=Streptomycin, CN=Gentamicin, FOX=Cefoxitin, and CIP=Ciprofloxacin 
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Figure 1: Phylogenetic tree with bootstrap values showing the relationships between some selected bacteria in 

the gene bank (each having its accession number in parenthesis) and the five aerobic bacterial isolates (each 

having a red square box) from the vagina of infertile bitches in Zaria, Nigeria. 

Discussion 

This study assessed the presence and 

antibiogram of aerobic bacterial populations in the 

vagina of apparently healthy and infertile bitches. 

The findings showed some level of variation in the 

number and type of bacteria isolated between the 

two different groups. The incidence of common 

pathogens, particularly, Staphylococcus 

saprophyticus, S. aureus, E. coli, Streptococcus 

species, Bacillus species, Enterococcus, and 

Corynebacterium species was similar between the 

healthy and infertile bitches. This outcome 

correlates well with the results of other parallel 

studies which documented Staphylococcus, 

Streptococcus, Enterococcus, Corynebacterium, 

Proteus and Escherichia as the most common 

genera colonizing the vagina of dogs [6,14,27-29]. 

Interestingly, the present study established a 

significant difference in the overall bacterial 

occurrence rates between healthy and infertile 

bitches; where the higher isolation rate was from the 

infertile bitches implying that the presence of these 

bacterial species could be responsible for the 

infertility recorded in the affected bitches in 

agreement with other studies [14,30,31]. This, 

however contradicts the findings of Hutchins et al. 

[30] and Golińska et al. [16] who documented that 

the total number of bacteria in the vagina of healthy 

and non-healthy dogs at different stages of estrus 

cycle was almost the same when conducting similar 

studies. The exact reason for this variation is not 

clear, but one possible explanation is the relatively 

large sample size (100) of the current study as 

against the 44 and 39 respectively utilized by the 

two previous studies. This implies that, a probable 

significant difference in the bacterial population 

would have been identified if much higher sample 

sizes were employed in those preceding studies.  

The restricted vaginal presence of 

Staphylococcus schleiferi within healthy bitches 

could have a competitive protective role against 

potentially more dangerous pathogens like Gemella 

palaticanis and Schaalia canis which were never 

isolated from the healthy bitches in the present 

study. This statement is in line with the findings of 

Feldman and Nelson [32] who documented that 

normal vaginal microbiota has been shown to 

protect the genito-urinary tract against pathogenic 

bacteria through nutrient and epithelial cell 

receptors competition. Conversely, the relatively 

higher incidence of Proteus vulgaris observed in 

infertile bitches concurs with the findings of 

Golińska et al. [16] who reported a significantly 

higher prevalence of Gram-negative rods (other than 

E. coli) in the vagina of dogs with genital tract 

infections. Likewise, the significantly higher 

occurrence rate of Streptococcus species in infertile 

bitches might be responsible for infertility in those 

dogs. This is because β-haemolytic Streptococci, as 
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well as Proteus, E. coli and Enterococcus species 

were previously associated with infertility in bitches 

[31,33,34]. Similarly, the significantly higher 

occurrence of G. palaticanis in the anterior vagina 

of infertile bitches could be associated with the 

development of genital tract infection that might 

eventually result in infertility, however, a focused 

case-control study would be required to ascertain 

this hypothesis.  

Bacteria of the Genera Pasteurella, 

Pseudomonas, Klebsiella, and Enterobacter which 

were previously reported to reside within the dog’s 

reproductive tract [29,33] were not identified in the 

present study. This variation could be due to the 

canine intrinsic and genetic variability, 

indiscriminate use of antibiotics in the study area, 

and/or inherent limitations of culture-based systems 

when compared with molecular identification 

methods as earlier highlighted by Lyman et al. [33]. 

Another likely cause of this disparity in the type of 

vaginal microflora is the possibility of sample 

contamination from the vestibule or vulva, 

especially in the case of John et al. [34] who used 

vaginal discharges rather than guided aseptic swab 

collection from the anterior vagina. 

Varying grades of antimicrobial sensitivity 

were observed among bacterial isolates from both 

healthy and infertile bitches, with cefoxitin and 

gentamycin being the most effective drugs as 

similarly observed by John et al. [34]. Likewise, 

several isolates displayed resistance to at least two 

classes of antibiotics termed multidrug-resistant 

phenotypes. In this study, the β-lactam antibiotics 

namely: ampicillin, penicillin, oxacillin, and 

amoxicillin/clavulanic acid which are known to be 

effective against many Gram-positive pathogens 

were surprisingly found to be resistant (with average 

resistance of 81.25%, 68.75%, 62.50% and 79.38% 

respectively). Gram-negative bacteria, (such as E. 

coli) have been established to develop resistance to 

multiple antibiotics mostly due to their inherent 

resistance to macrolide antibiotics (such as 

erythromycin), efflux system, as well as decreased 

drug uptake mediated by chromosomal mutations or 

via acquisition of resistance genes [35,36]. 

However, the non-susceptibility of E. coli to 

multiple antimicrobials observed in the current 

study is alarming. Consequently, the extremely 

drug-resistant Micrococcus species might have 

resulted from the acquisition of multiple resistance 

determinants over a long period sequel to the known 

indiscriminate prescription, acquisition and usage of 

antimicrobials in the country [37,38]. Therefore, the 

multidrug resistance nature of Streptococcus species 

(other than Strep. hyovaginalis), Enterococcus 

species (other than E. faecium and E. dispar), as well 

as the extensive antimicrobial resistance of 

Micrococcus species recorded in the present study 

highlight the need for an improved fight against 

antimicrobial resistance in Nigeria. The advice on an 

urgent need for curbing antimicrobial resistance 

becomes even more expedient with the realization of 

the disturbing resistance patterns recorded in this 

study that showed over 70% of the isolates 

exhibiting multiple drug resistance which is a 

phenomenon that prolongs treaments even causing 

deaths when infection set in and or produces non-

response to treatment when trying to prevent 

infertility by pre-mating administration of drugs as 

advised in this study. Multiple antimicrobial 

resistant bacteria such as are being reported in this 

study are an urgent threat to public health especially 

with limited antibiotic therapy. These setbacks are 

common consequences of multiple antimicrobial 

resistance in bacterial infections as have been 

established in other studies  [39,40]. 

Conclusion 

The present study has established the most 

common bacteria colonizing the anterior vagina of 

bitches in Zaria, Nigeria. The occurrence of aerobic 

bacteria was significantly higher in infertile bitches 

compared to the healthy ones suggesting the 

possibility of some identified pathogens being 

responsible for the infertility experienced. 

Furthermore, varying degrees of sensitivity to 

antimicrobials and the development of multiple drug 

resistance were identified among the isolates 

highlighting the need for rational and judicious 

selection of drugs when managing infertility in dogs. 

Dog breeders need to screen their bitches and studs 

before breeding especially for the presence of 

possible multi-drug resistant bacteria, which can 

pose a threat to pregnancy. This should be preceded 

by thorough clinical and vagina cytological 

examinations. Since bacterial screening including 

susceptibility testing would take a bit of time which 

the breeder may not have the luxury of when heat 

sets in, it is hereby advised that while the screening 

results are being awaited, the best drugs from this 

study could be used to carry out a general bacterial 

treatment pending the outcome of laboratory results. 

Further research that would explore the possibility 

of whole genome sequencing of all or at least the 

new isolates identified, and experimental infection 
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of bitches with the new isolates are hereby 

recommended. 
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