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ARTICLE INFO ABSTRACT

Keywords: The reproductive microbiota of male dogs has never been investigated using culture-independent sequencing

Sperm techniques. The purpose of the present study was to get seminal knowledge on the microbiota of the ejaculate.

Reproductive microbiota Specifically, factors as the fraction of the ejaculate, the sperm quality (normospermia, teratozoospermia), and the

I(\:/[a;;ne living environment were evaluated. The sperm-rich and the prostatic fractions of the ejaculate were collected

168 rRNA sequencing from healthy stud dogs. Following the sperm analysis, samples from twenty animals (normospermic n = 10 and
teratozoospermic n = 10) were stored at — 80 °C until further processing including DNA extraction and 16S rRNA
sequencing. Alpha- (Shannon index) and beta- (Bray-Curtis, Unweighted UniFrac) diversities were assessed and
compared (PERMANOVA) based on the group of samples (biological samples from the ejaculate and controls),
the fraction of the ejaculate (sperm-rich and prostatic fractions), the animal group (normospermia and ter-
atozoospermia), and the living environment of the animal (kennel or pet living in-house). The most abundant
bacterial phyla in canine semen samples were Proteobacteria, Firmicutes, and Actinobacteria. Overall, the
dominant bacterial family was that of Pasteurellaceae The genus Mycoplasma was never detected. No differences
in terms of bacterial composition were found based on the fraction of the ejaculate and based on the animal
group (P > 0.05). On the other hand, differences in alpha and beta diversities were highlighted based on the
living environment (P = 0.001).

Overall, the results of the present study provide preliminary insights on dog semen microbiota, opening a new
chapter in the field of canine andrology. Our results suggest that the environment may play a role in influencing
the reproductive microbiota of male dogs and that the prostatic fraction of the ejaculate can be used for further
research as a representative of the semen microbiota.

1. Introduction cases can be attributed to the male [4-6]. Although bacterial infections

represent only one element in the long list of underlying causes that can

The spread and development of sequencing techniques, led to a shift
in the paradigm of sterility of inner organs and fluids in humans and
animals. Therefore, research on the presence of a resident microbiota in
healthy organs has developed enormously in the last two decades [1]. As
a natural consequence, researchers started focusing on unveiling
possible associations between the microbiota and various conditions,
including fertility problems [2]. Therefore, research on the reproductive
microbiome has blossomed, targeting both male and female organs [3].
In dogs as in humans, the underlying cause of up to 50 % of subfertility

affect fertility in dogs, empirical treatment with antimicrobials is often
attempted by veterinarians to restore reproductive efficiency [7].
However, antibiotics are not the solution to every problem and their
effect can also be detrimental [8], altering the resident flora in multiple
organs and possibly causing unbalances and antimicrobial resistance,
which is not desirable in a One Health perspective.

The lower reproductive tract of men and women presents with a
characteristic microbiome [9-11] and recent studies have demonstrated
an association between semen quality and bacterial communities in the
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ejaculate of healthy and subfertile men. Furthermore, acute and chronic
infections of the genito-urinary tract account for up to 15 % of infertility
cases in men, possibly also affecting semen parameters [12-14]. The
ejaculate conveys bacteria possibly residing in any part of the canine
genito-urinary tract, being the less invasive and most immediate sub-
strate to analyze. Specifically, breeding male dogs are routinely sub-
jected to reproductive examination to ensure optimal performances,
which is of economic importance. Nevertheless, research on seminal
bacteria is very limited and a description of the characteristic microbiota
has never been provided. Canine semen contains up to 10° bacteria/mL
and it has been suggested that a higher overall concentration of bacteria
and the presence of potentially pathogenic microorganisms might be
associated with lower semen quality [15]. However, previous research
on canine semen microbial composition was only based on culture,
thereby potentially missing some pathogens. Next generation
sequencing (NGS) techniques allow for the description of novel micro-
biomes without prior knowledge of sequencing information or specific
culture requirements. These techniques have been recently used to
investigate the seminal microbiome of humans and domestic animals
with compelling results [16-18]. To date, no data are available on the
healthy dog semen microbiome although this is essential to investigate
possible associations between seminal microbial populations and ab-
normalities in semen parameters, infertility, and reproductive condi-
tions. Therefore, the aim of the present study is to explore the seminal
microbiota of male dogs and to assess possible differences based on
various factors (i.e., fraction of the ejaculate, semen characteristics,
living environment).

2. Materials and methods
2.1. Animals and sample collection

This prospective study included purebred healthy client-owned stud
dogs undergoing breeding soundness examination at the Faculty of
Veterinary Medicine of Ghent University (Merelbeke, Belgium) between
December 2021 and March 2022. The study was conducted in accor-
dance with the EU Directive 86,/609/CEE for the care and use of animals
and informed consent was obtained from the owners of the enrolled
dogs. The dogs could be either in-house pets or animals from breeding
facilities. A maximum of two dogs living in the same kennel or in the
same household were included, to avoid cohabitation as a confounding
factor. Dogs were at least 1 year of age and 10 kg of body weight and had
not received any antimicrobial within the previous 6 months. All dogs
underwent a general clinical exam and breeding soundness examination
(visual assessment of the scrotum, palpation of the testes, examination of
the penis and prepuce, ultrasound examination of the prostate) and were
deemed healthy. Semen samples were collected by digital manipulation
in the absence of a teaser bitch (i.e., a bitch in heat) and the sperm-rich
fraction was used to assess semen quality. Dogs that presented both
more than 80 % morphologically abnormal spermatozoa and progres-
sive motility lower than 40 % were excluded from the study, as the same
animals subsequently participated in a clinical trial with these criteria.
The animals that were finally enrolled following the semen analysis,
received a standard diet for adult dogs (provided by Royal Canin SAS)
for at least 60 days (estimated duration of a full spermatogenic cycle in
dogs) [19]. No dog received antimicrobial treatment during this period.
Afterwards, the dogs underwent further clinical examination and ejac-
ulates were collected again using sterile plastic funnels. The operators
wore gloves, and the prepuce was wiped with a clean gauze before
collection. After the ejaculation of the pre-sperm fraction, the second
(sperm-rich) and the third (prostatic) fractions were collected separately
and immediately carried to the semen laboratory next to the collection
room. Based on the estimated volume of the ejaculate, aliquots of
100-500 pL of each fraction were moved into two sterile 1.5 mL
Eppendorf tubes (Safe-Lock tubes 1.5 mL PCR-clean, Eppendorf, Ger-
many) using sterile tips and stored at — 80 °C for further analyses. The
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rest of the sperm-rich fraction was used to assess semen quality.

Sampling controls (n = 2) included sterile saline collected using a tip
from the same batch of those used to collect the semen samples and a
gauze stored with those used to clean the prepuce, and were stored at —
80 °C.

Ten dogs that presented with normospermia (i.e., 60 % or more
morphologically normal spermatozoa) and ten dogs that presented with
teratozoospermia (i.e., less than 60 % of morphologically normal sper-
matozoa) were retrospectively selected based on the result of the semen
analysis and the samples were thawed and processed by 16S sequencing,
together with the sampling controls.

2.2. Fresh semen analysis

The sperm rich fraction of the ejaculate was used to assess semen
parameters. The sperm concentration was measured using the Nucleo-
counter-SP100® (ChemoMetec, A/S, Allergd, Denmark) using a 10 pL
aliquot of semen diluted into 1 mL lysis reagent S100 (ChemoMetec, A/
S, Allergd, Denmark), according to the manufacturer’s instruction [20].
The semen was then diluted to a concentration of 40 x 10° spermato-
zoa/mL into warm and sterile saline solution (NaCl 0.9 %) and 4 pL were
loaded in a pre-warmed ISAS®D4C20 disposable counting chamber to
assess motility by the ISAS®v1 system (Proiser, Valencia, Spain)
equipped with a heated stage set at 37 °C and a 10 X negative
phase-contrast objective [21]. The recorded kinematic parameters were
total motility (TM, %), progressive motility (PM, %), average path ve-
locity (VAP, pm/s), straight line velocity (VSL, pm/s), curvilinear ve-
locity (VCL, pm/s), straightness (STR, %), and linearity (LIN, %).

Finally, eosin-nigrosin stain was used to evaluate the morphology
and the viability of spermatozoa under bright-field microscopy at 1000
x magnification (Olympus BX51TF, Tokyo, Japan). The percentage of
living spermatozoa and the percentage of normal spermatozoa was
determined by counting 200 spermatozoa. Specifically, spermatozoa
were classified as dead when penetration of the staining into the sperm
cell was observed (i.e., damaged plasma membrane). Morphological
abnormalities were assessed and included abnormal heads, abnormal
midpiece/tails, proximal protoplasmic droplets, and distal protoplasmic
droplets.

2.3. Amplification and sequencing of bacterial 16S rRNA

After internal testing of the extraction kit on test samples of different
volumes and extraction negative controls, QIAamp® DNA Microbiome
(Qiagen, Germany) was chosen to achieve DNA extraction on the 42
included samples (i.e., second and third fractions of 20 dogs and two
controls) and on two laboratory blanks (i.e., lysis buffer from the
extraction kit). Therefore, 44 samples were further processed. Specif-
ically, 100 pL aliquots were used to achieve bacterial DNA extraction.
Host DNA was depleted as for the instructions provided with the
extraction kit. Afterwards, bacterial DNA was lysed following the
QIAmp® DNA Microbiome (Qiagen, Germany) protocol. The concen-
tration of the extracted DNA was assessed using a Nanodrop 2000
(Thermo Fisher Scientific, USA) spectrophotometer and samples were
sent for sequencing of 16S rRNA to an external laboratory (BMR Ge-
nomics, Padua, Italy). After 30 cycles of amplification by RT-PCR tar-
geting the hypervariable regions V3-V4 of the bacterial DNA,
sequencing was performed using the Illumina MiSeq platform (Illumina,
San Diego, CA).

2.4. Data analysis

Data analysis of the raw sequences was performed using Quantitative
Insights into Microbial Ecology tool (QIIME2-2019.10) together with
Greengenes database [22,23]. Paired-end forward and reversed
sequencing reads were assembled and assigned to their original sample
based on the barcode. After removing primer sequences and barcodes,
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the denoising procedure using the Deblur method implemented in
Qiime2 was applied. The sequences were classified in OTUs (Opera-
tional Taxonomic Unit) at 97 % identity threshold against the Green-
genes reference database (ver. 13-8-99-515-806) for taxonomy
assignment. Alpha (i.e., intra-sample bacterial diversity) and beta (i.e.,
in-between sample diversity) diversities were assessed by
Shannon-index and Bray-Curtis and Unweighted UniFrac, respectively.
Differences in number of reads per sample based on different groups (i.
e., type of sample, fraction of the ejaculate, normospermia and ter-
atozoospermia groups, living environment) were assessed using
Mann-Whitney U test. To understand the differences in the variation of
samples, Wilcoxon test was used to compare the alpha diversity distri-
bution values showed by groups of samples (biological samples from the
ejaculate and controls), the fraction of the ejaculate (second and third
fractions), the normospermia and teratozoospermia groups, and the
living environment of the animal (kennel or pet living in-house).

A permutational multivariate analyses of variance (PERMANOVA)
was run for each based on Bray-Curtis dissimilarity to assess differences
based on sample type (biological sample from the ejaculate and con-
trols), fraction of the ejaculate (sperm-rich and prostatic fractions),
living environment (in-house pet and kennel dogs), and group (normo-
spermic and teratozoospermic dogs).

Data were analyzed using R ver. 4.2.2 (Vienna, Austria). Significance
was considered for P < 0.05. Differences among samples were calculated
using alpha and beta diversity estimation with Qiime pipeline.

3. Results

All included animals were healthy at both clinical examinations, and
semen collection was always successful. Dogs were aged 1-10 years
(median 3.3, IQR 2-4.4 years), weighted between 10.7 and 70.1 kg
(median 25, IQR 15.75-28.75), and belonged to 11 different breeds
(Table 1). Eight animals came from breeding kennels, whereas the
remaining twelve lived in households as pets. None of the dogs had
mated in the previous week. Results from the semen analyses are sum-
marized in Table 2 as a mean and standard deviation. The mean per-
centage of morphologically normal spermatozoa was 76 % (SD 22.4) in
dogs classified as normospermic and 38.4 % (SD 22.2) in dogs classified
as teratozoospermic.

DNA concentration per sample was between 3.7 and 42.1 ng/pL. The
number of reads per sample is reported in Table 1. The most abundant
bacterial phyla in canine semen samples were Proteobacteria,

Table 1
Individual characteristics of twenty healthy dogs included in the present study.
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Table 2
Semen characteristics of twenty healthy dogs included in the present study.
Mean Standard Median  Interquartile
deviation range
Volume of the 2nd 2.07 1.09 1.80 1.55-2.20
fraction of the ejaculate
(mL)
Concentration (x 10° 305.23 190.61 274.35 139.47-436.95
spermatozoa/mL)
Total Sperm Output (x 578.41 423.25 563.64 248.90-804.50
10° spermatozoa/
ejaculate)
Total motility (%) 77 13.50 83 65.75-89.25
Progressive motility (%) 65.30 16.60 68.50 53.75-78.75
Viability (%) 92.50 5.98 95.50 90.75-96
Morphology (% of normal  57.20 22.38 58.50 36.75-75.25
spermatozoa)
Abnormal heads (%) 10.90 7.90 9.50 5.50-14.25
Abnormal midpieces (%) 18.40 21.50 3 1-7.25
Abnormal tails (%) 13.35 13.60 8 7.75-15.25

Firmicutes, and Actinobacteria. Relative abundances for each sample
are reported in Fig. 1. Overall, the dominant bacterial family was Pas-
teurellaceae (phylum Proteobacteria), being identified in every sample,
except in those collected from one normospermic dog and in controls
and laboratory blanks. Clostridiaceae (7 dogs), Lactobacillaceae (5 dogs),
and Lachnospiraceae (5 dogs) were the most prevalent families belonging
to the phylum Firmicutes, whereas Micrococcaceae (7 dogs) and Strep-
tomycetaceae (4 dogs) were the most represented ones belonging to the
phylum Actinobacteria. Although most sequences were assigned only to
higher taxonomic level (i.e., order, family), some relevant genera were
identified. Specifically, the genus Clostridium and Lactobacillus were
detected in the second and third fractions of the ejaculate of six and
three dogs, respectively. Interestingly, these bacteria were found in pairs
of dogs sharing the same living environment.

The alpha-diversity, calculated by the Shannon index, did not differ
between semen samples and controls, between the second and third
fraction of the ejaculate (F2 and F3, respectively), and based on the
group (i.e., teratozoospermia or normospermia) (Wilcoxon test P >
0.05). A significant difference in alpha diversity was shown when living
environments (i.e., pet or kennel) were compared (Wilcoxon test P <
0.05).

Bacterial population structure of dog semen was investigated

Animal Breed Age (months) Body weight (kg) Group® Living environment” Number of reads
A Basset fauve de Bretagne 44 11.8 N K 597
B Basset fauve de Bretagne 50 13.7 N K 749
C Border collie 24 20.1 T P 1483
D American Staffordshire terrier 38 28.6 T K 788
E Border collie 41 225 T P 3150
F Basset fauve de Bretagne 33 14.4 N K 1486
G Great Dane 49 62.6 N P 4589
H Bassett hound 97 25.2 T P 555
I Viszla 15 28.5 N K 757
L Border collie 63 25.6 T P 5053
M Pug 23 10.7 T P 9781
N Border collie 36 24.4 N P 7677
o Border collie 48 26.4 N P 15,602
P German shepherd 15 34.6 N P 6141
Q English Springer Spaniel 28 24.8 T P 6471
R Rottweiler 79 39.3 T P 9644
S Bassett fauve de Bretagne 125 16.2 T K 7040
T Bassett fauve de Bretagne 20 11.7 N K 3568
U American Staffordshire terrier 23 29.2 N K 1909
Z Bullmastiff 61 70.1 T P 1322

@ Normospermia (N) or teratozoospermia (T).
b pet (P) or Kennel (K).
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Proteobacteri
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Unclassified bacteria
Actinobacteria
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Fusobacteria
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Fig. 1. Phylum distribution as a percentage of the total number of identified sequences in individual samples. The same letter indicates samples collected from the
same dog and ejaculate (“2” for the sperm-rich fraction and “3” for the prostatic fraction of the ejaculate, respectively).

evaluating beta-diversity assessed by Bray-Curtis dissimilarity and Un-
weighted UniFrac algorithms. Results are summarized in Table 3. The
only comparisons showing significant differences using both algorithms
were i) between biological samples (i.e., dog ejaculates) and controls
and ii) between pet and kennel dogs (PERMANOVA P < 0.05 in both
cases) (Fig. 3). No differences based on the fraction of the ejaculate or
based on the group were found.

Two dimensions scaling plots were extrapolated for both algorithms
and clustering by Bray-Curtis is represented in Fig. 2.

The semen of pet dogs was enriched in Pasterurellaceae, Bacillaceae,
and Sphingomonadaceae (Sphingomonas) and presented a lower bacterial
load compared to kennel dogs, whose semen was mainly enriched in
Pasteurellaceae. Interestingly, kennel dogs presented a higher bacterial
load compared to pet dogs (median 9566 reads/sample, IQR
11769-8258.75 and 6296, IQR 7694-3985.25; P = 0.003).

The structure of bacterial communities did not differ significantly
based on breed, fraction of the ejaculate, and group (P > 0.05).

4. Discussion

In the present study, 16S rRNA sequencing was used to explore the
microbiota of dog semen. Specifically, we described the most common
bacterial populations in a group of overall healthy dogs housed either in
breeding facilities or in a domestic environment.

Bacterial genetic material was sequenced in all the processed sam-
ples, although the bacterial load was generally low, and intra-sample
diversity (i.e., alpha diversity) did not differ between semen samples
and controls. However, bacterial composition of the semen was different
when compared with controls in terms of beta-diversity (i.e., inter-
sample diversity). Although these results must be carefully interpreted

Table 3

as the number of semen samples was higher compared to that of con-
trols, our purpose was to confirm that bacterial presence was not caused
by contamination during sampling and laboratory procedures. The
prepuce was cleaned using a sterile gauze before collection, although
few bacteria could remain on the prepuce. Future research should aim to
compare the microbiome of the prepuce with that of the ejaculate, to
detect which bacteria tend to swim up the urethra. Bacterial viability
was not assessed, as growth in culture remains a gold standard to
confirm viability, but majority of bacteria does is considered uncultur-
able [24]. This obstacle is overcome by sequencing techniques, that
detect bacterial sequences belonging to unculturable microorganisms.
Furthermore, the presence of bacteria in the ejaculate of healthy dogs
has been previously described using culture-dependent methods [15].
Specifically, bacterial growth was previously found to be positive in all
three fractions of the canine ejaculate (i.e., pre-sperm, sperm-rich, and
prostatic). The pre-sperm fraction was indicated as the most contami-
nated one, presenting bacterial growth in 89.1 % of cases, probably
exerting the function of cleaning the urethra. We did not perform any
analysis on the pre-sperm fraction, as it is always discarded when semen
is collected for routine analyses or for ARTs. We focused on the second
and third fractions, that mirror the fluid in which the spermatozoa are
suspended and the status of the prostate, respectively. We found no
differences in terms of bacterial populations between these two frac-
tions. This means that analyses for microbiome studies in dogs can be
performed on the third fraction of the ejaculate in dogs that present no
clinically detectable prostatic disease. The advantage of using only the
third fraction for the semen microbiome is twofold: it is making the
whole second sperm rich fraction available for semen quality assessment
and other procedures (e.g., artificial insemination, cryopreservation),
and it is avoiding performing the extraction on a substrate highly

Comparisons of beta diversities between/among sample features determined with Bray-Curtis and Unweighted UniFrac algorithms are reported.

Comparison Group 1 Group 2 Bray-Curtis Unweighted UniFrac
PseudoF Pvalue PERMANOVA P PseudoF Pvalue PERMANOVA P

value value

Biological samples (i.e., dog Controls Biological samples  2.90 0.007* 0.006* 1.7716 0.046* 0.058
ejaculates)

Fraction of the ejaculate Second (F2) Third (F3) 1.045921 0.334 0.029* 1.1255 0.267 0.071
Group Normospermia  Teratozoospermia 1.9469 0.070 0.011* 0.916570 0.499 0.115
Environment Kennel Pet 4.7336 0.001* 0.001* 2.399827  0.012* 0.004*

*Significance for P < 0.05.
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Fig. 3. Two dimensions scaling plot by Bray-Curtis based on the living envi-
ronment: kennel (black dots), pet (black squares), and controls (white tri-
angles). Majority of kennel dogs clustered together, as majority of pet dogs
clustered together, meaning that the bacterial diversity is higher between dogs
coming from different type of living environment.

contaminated with eukaryotic DNA (i.e., spermatozoa). Nevertheless, an
intriguing target for future research could be the assessment of possible
differences between fractions of the ejaculate in cases of prostatic dis-
ease. Parallelly, the hypothesis of the sperm-rich fraction mirroring the
testicular microbiome and the prostatic one mirroring that of the pros-
tate, should be also confirmed by studies specifically sampling these
organs and investigating their microbiota, as done for men testicular
tissue [3]. The possibility that the bacterial sequences detected in the
present study could derive from ascending migration from the urethra
cannot be ruled out, although sperm is never collected bypassing this
organ, except for epidydimal sperm, which is an extremely different
scenario out of the purpose of the present study.

The dominant phyla in the ejaculates of healthy dogs fed a stan-
dardized diet were Proteobacteria, Firmicutes, and Actinobacteria.
These phyla, together with Bacteroidetes, match those that dominate the
human semen microbiota [18,25-28]. Although freezing at —80 °C and
thawing all the sample at the same time for DNA extraction is a routine
procedure [16,25], previous research found that thawed samples have a

slightly different microbiome composition in terms of relative abun-
dance in stool samples [29]. This has never been investigated for dog
semen. Nevertheless, the present study confirms that the microbiota of
the canine semen and that of human semen have a different microbial
composition when analyzed at a deeper taxonomic level. For instance,
the genus Lactobacillus was reported as an indicator of seminal health in
men [13,18,25] but it was never sequenced in the dogs included in the
present study. However, many bacterial sequences remained unclassi-
fied at lower taxonomic levels, not allowing to exclude the presence of
any specific bacteria. In dogs, sequences assigned to the bacterial family
Pasteurellaceae were overall the most abundant and no other family was
represented likewise. Interestingly, bacteria belonging to this family
were rarely isolated in culture from canine ejaculates [15] and molec-
ular studies in humans highlighted their presence in samples from nor-
mospermic men [25,30] and individuals with hypomotile spermatozoa
[18]. However, comparisons with previous literature are limited by the
lack of studies applying molecular methods to describe the bacterial
populations in dog semen. Furthermore, we found that the living envi-
ronment influences the seminal microbiota, possibly complicating
comparisons between different canine populations. Cohabitation is
known to be associated with similarities in the gut microbiota [31-33],
not only within individuals of the same species, but also between dogs
and humans [33,34]. This strengthens the idea that the environment is a
key factor in shaping the reproductive microbiota. In this regard, the
diet is a possible confounding factor, for it is known to influence the
bacterial populations in the gut. Hence, the present research was con-
ducted on dogs that followed the same diet for the two months preceding
the assessment of the semen microbiota. This suggests that living
in-house or in a kennel influences the semen characteristics in terms of
bacterial populations. On the other hand, the standardized diet, together
with the fact that all the dogs were healthy, might have mitigated some
differences in the seminal microbiota and this should be considered
when conducting future research. Semen bacterial communities were
not different between normospermic and teratozoospermic dogs,
although this does not allow neither to exclude nor confirm that the
semen microbiota influences semen parameters or fertility. Further-
more, some animals had a percentage of normal spermatozoa slightly
higher or lower compared to the set cut off value of 60 %, this could have
reduced the possibility to detect real differences in the bacterial com-
munities within the two groups. As mentioned, only healthy dogs were
included in the present study and their fertility in terms of successful
mating and litter production was not taken into account. Since the
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collection method influences the semen characteristics [35], we stan-
dardized our protocol by performing collection in the absence of a teaser
bitch. Specifically, the presence of a female in estrus is associated with
higher total sperm output, although it is not associated with sperm
morphology [35]. Morphological abnormalities of the spermatozoa
could lead to a decrease in motility parameters and fertility [36,37] and
the inclusion of subfertile and infertile dogs will be a further step in this
field of research. Moreover, targeted research is needed to investigate
the presence and abundance of certain controversial bacteria, whose
relationship with fertility is suspected but remains unclear. One specific
example is that of bacteria belonging to the genera Mycoplasma and
Ureaplasma [38]. When culture targeting Mycoplasma spp. is used, the
prevalence of these bacteria in the genital tract of the canine population
reaches almost 89 % [36] and it seems higher in poor quality ejaculates
compared to high quality ones [38-40]. Hence, it is possible that only
some species have a pathogenic potential on the canine reproductive
tract, although it remains unknown which species this would be [36].
Interestingly, sequences belonging to Mycoplasma spp. or to the phylum
Tenericutes were not found in the present study. However, the presence
of these bacteria cannot be completely ruled out because some se-
quences remained unclassified and because PCR protocols specifically
targeting Mycoplasma spp. may be needed [41,42]. The relationship
between Mycoplasma and fertility in dogs should be a focus for future
research, because the role of these bacteria may be overestimated in
cases of infertility, leading to unnecessary antimicrobial treatments.

In conclusion, the present study aimed to provide seminal knowledge
on the bacterial composition of ejaculates from healthy dogs, opening a
novel chapter in canine andrology. The living environment affects the
semen microbiome of dogs and further studies should include non-
healthy animals and target specific bacteria. Further research can be
conducted by performing molecular analyses using the third fraction of
the ejaculate.
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