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Abstract

Background In tropical environments, boar semen is prepared either from a boar on the same farm as the sow

herd or collected in semen collection centers and then transported to other farms. Thus, the semen doses can be
used for artificial insemination either immediately or preserved for 2-3 days. The present study investigated the
bacteriospermia and its antimicrobial resistance in relation to boar sperm quality during short-term storage in semen
extender with or without antibiotics in Thailand.

M&M In total, 20 Duroc ejaculates were collected. Each ejaculate was diluted in Beltsville Thawing Solution extender
either with 0.25 g of gentamicin per liter (ANTIBIOTIC) or without gentamicin (NO-ANITIBIOTIC) to create semen doses
containing 3,000 10° sperm/100 mL. These were stored at 17 °C for 4 days. Semen characteristics and total bacterial
count (CFU per mL, log;,) were measured after collection and during storage.

Results Sperm viability was decreased by 6.4% for every 1.0 log,, increase in total bacterial count (p=0.026) and
Staphylococcus spp. were the most frequently isolated across ejaculates. Throughout the 4 days of storage, sperm
motility, viability and acrosome integrity in the ANTIBIOTIC group were higher than those in the NO-ANTIBIOTIC group
(p <0.05), while the total bacterial count was lower (1.9+0.1 versus 3.9£0.1 log,,, respectively; p<0.001). Without
antibiotic supplementation, the total numbers of bacteria counted on days 2 and 3 of storage were higher than those
determined on days 0 and 1 (p <0.001). Differences in semen quality were detected on days 2 and 3 between the
NO-ANTIBIOTIC and ANTIBIOTIC groups in high-viability semen (p < 0.05). However, no differences in sperm quality
between the NO-ANTIBIOTIC and ANTIBIOTIC groups were detected in the low-viability semen on each storage day
(p>0.05). On the last day of preservation, Globicatella sanguinis (57.2%), Delftia acidovorans (18.9%) and Micrococcus
spp. (5.9%) remained as the top three most abundant contaminants in the semen with antibiotic.

Conclusion Our findings contribute new insights toward reducing antibiotics as well as rational antibiotic use in

the boar Al industry. The growth of bacteria was significantly greater only after 2 days of preservation in the semen
without antibiotic. For semen doses diluted from highly viable ejaculates, it is possible to store for 2 days without any
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antibiotic supplementation. Moreover, bacterial counts increased at the end of storage in the presence of gentamycin,
suggesting the loss of bacteriostatic properties of gentamicin to the growth of bacteria during storage.

Keywords Acrosome integrity, Antibiotics, Boar, Chilled semen, Seminal bacteria

Background

Bacterial contamination during boar semen collection
and subsequent processing is unavoidable [1, 2]. At the
stud/farm, sources of bacterial contamination can be
classified into being either of animal origin, such as fae-
ces, preputial cavity fluids, skin, hair and respiratory
secretions from boars, or of non-animal origin, such as
water, feed, ventilation system, collection area, and lab-
air handling system [3, 4]. There are two or three bacte-
rial contaminants in most ejaculates in Poland [5], with
Staphylococcus, Streptococcus and Pseudomonas being
the most frequently isolated bacterial genera. In addition,
Enterobacter, Bacillus, Proteus and Escherichia coli were
also detected in boar semen [5]. In Cuba, 75% of the ejac-
ulates are contaminated with at least one bacterial type,
with Escherichia coli being the most common contami-
nant. Other bacterial genera, including Proteus, Serratia,
Enterobacter, Klebsiella, Staphylococcus, Streptococcus
and Pseudomonas were also detected [6]. Recently, Wang
et al. [7] found that Streptococcus porcinus isolated from
vaginal secretions of sows with endometritis originated
from infection during artificial insemination (AI) and was
resistant to aminoglycosides and tetracyclines. In tropical
environment, common microbes causing endometritis,
abnormal vaginal discharge and return estrous after Al
include E. coli, Streptococcus sp. and Staphylococcus sp.
[8]. In most of the swine herds in Thailand, semen doses
used for Al are generally prepared within the herds or in
a boar stud close to the sow herd [9]. Thus, the semen can
be used either immediately or preserved for 2-3 days.
However, comprehensive studies on bacterospermia and
the evidence of antimicrobial resistance to the commonly
used antibiotics in relation to semen quality during short-
term storage in Thailand are scarce.

Although bacterial contamination differs among spe-
cific areas, such as countries or artificial insemination
centres, the presence of bacteria in semen has a univer-
sal detrimental effect on sperm quality [10]. Bacteria and
sperm compete for nutrients in semen extender; meta-
bolic byproducts from live bacteria and lipopolysaccha-
rides released from the cell walls of dead bacteria can be
harmful to spermatozoa [11]. In chilled extended semen,
the total bacterial count increases during storage, and
disruption of the sperm plasma membrane and acro-
some integrity also increase [5]. Another study reported
a negative correlation between bacterial contamination
and sperm parameters such as sperm motility and viabil-
ity [12].

The rational use of antibiotics in semen extenders and
the replacement of conventional antibiotics in extenders
by alternatives are two main directions to tackle unavoid-
able bacterial contamination and its harmful effects
on semen quality, and to minimise global antimicro-
bial resistance threats [13, 14]. Resistance was observed
against antibiotics commonly used in commercial por-
cine semen extenders [15]. Thus, taking control of anti-
microbial resistance is a fundamental requirement for
a sustainable pig breeding industry [13]. Alternatives to
antibiotics and a gradual change in antibiotic use are a
consequence of the antibiotic resistance observed among
isolates from boar semen. Alternatives could be the use
of antimicrobial peptides, which are synthesised in mam-
malian organisms e.g., epithelial tissue, the digestive
tract or the reproductive tract [16, 17], the separation
of sperm from bacteria using physical methods such as
single-layer centrifugation with low density colloid [18—
20], hypothermic preservation around 5 °C [21] and the
use of miscellaneous substances such as iodine methio-
nine [22]. During the last few decades, a combination of
penicillin and streptomycin was commonly used in most
boar semen extenders due to limitations in the choice of
available antimicrobials compatible with sperm survival
[3, 23]. However, the updated international guidelines for
the prudent use of antibiotics in boar semen extenders
indicate that beta-lactam antibiotics such as penicillins
and cephalosporins, as well as extenders with cocktails or
undeclared antibiotic contents, are not allowed [13, 24].

Although antibiotic replacement methods have shown
their advantages in eliminating or effectively controlling
bacterial growth during semen preservation [19], the
rational use of antibiotics and applying strict hygienic
measures during collection and laboratory processes
are preferable in pork-producing countries because of
the high costs of antimicrobial peptides [25]. Moreover,
semen preparation techniques related to physical bac-
terial elimination methods require skilled technicians,
which increases the semen processing time and may
decrease the quality of semen doses [26]. Broad-spectrum
aminoglycosides, such as gentamicin, satisfy the regula-
tions proposed by breeding organizations worldwide
regarding boar semen trade in the global market; they
are also the most commonly used antibiotics [13, 27, 28].
Generally, commercial semen extenders, such as Belts-
ville Thawing Solution (BTS) and Androstar Premium,
are supplemented with 0.25 g of gentamicin per litre [1].
At this concentration, gentamicin prevents the spread of
diseases and sperm degradation while minimizing the
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threat of antibiotic resistance [28]. Although the use of
gentamicin is common and satisfies global regulations,
available data regarding its bacteriostatic effects in boar
semen samples of various quality are lacking. It is possi-
ble, for example, that addition of antibiotics might impair
sperm quality in poor quality semen even further. The
present study therefore investigated the effects of bac-
teriospermia on boar semen quality during short-term
preservation with and without antibiotics.

Materials and methods

Animals

The study was carried out in a boar stud located in the
western part of Thailand. In total, 20 ejaculates were
collected from 20 Duroc boars. All boars were proven
sires and aged between 1 and 3 years. The boars were
kept in individual pens (9 m? per boar) in a closed house
equipped with an evaporative cooling system. Each boar
was fed 2.5-3.2 kg of commercial feed daily as a standard
diet, and water was provided ad libitum via water nipples.
The experiment was conducted from December 2021 to
January 2022.

Experimental design

For the 20 Duroc boars included in the experiment, each
ejaculate was split and diluted in two types of semen
extender: Beltsville Thawing Solution (BTS) without
gentamicin (NO-ANTIBIOTIC; n=20) and BTS with
0.25 g/L of gentamicin (ANTIBIOTIC; n=20) to produce
semen doses containing 3 billion spermatozoa in 100
mL. The diluted semen was preserved for 4 days, includ-
ing the semen collection day (day 0) and the first, sec-
ond and third days of preservation (i.e., days 1, 2 and 3,
respectively). Sperm quality parameters including semen
volume, sperm motility, sperm viability, sperm concen-
tration, and pH of fresh semen were measured immedi-
ately within 15 min of semen collection. During storage,
sperm motility, viability, acrosome integrity, sperm mem-
brane permeability and mitochondrial activity were eval-
uated starting at 11:00 h of every storage day. Bacterial
culture was performed at 11:00 h to determine the total
bacterial count (CFU/mL, log,,) and specific isolated
contaminants in fresh and diluted semen.

Semen collection and processing

The semen was collected between 06:00 and 07:00 h,
using the gloved-hand method. An ejaculate was col-
lected from each boar every 5 to 7 days. Immediately
after collection, semen volume (50—-300 mL) and pH were
measured. Sperm concentration (range of 50—600x 10°
sperm per mL) was evaluated using a Spermacue® (Mini-
tube, Tiefenbach, Germany). The total sperm per ejacu-
late was calculated by multiplying semen volume by
sperm concentration. Subjective sperm motility and
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viability were evaluated microscopically at 200x magni-
fication by the same technician. Semen samples with a
sperm motility of 265% were diluted in sterile BTS with
and without gentamicin to produce semen doses. The
ingredients of the BTS semen extender were 205 mM glu-
cose (C¢H;,O4), 20.4 mM sodium citrate (Na;C,H50,),
10.0 mM potassium chloride (KCl), 15 mM sodium
bicarbonate (NaHCO;) and 3.36 mM ethylenediamine-
tetraacetic acid disodium salt dihydrate (EDTA); the pH
was adjusted to 7.2 [1].

Semen evaluation

Total sperm motility and the motion characteristics
including straight-line velocity (VSL, pum/sec), curvi-
linear velocity (VCL, um/sec) and average path velocity
(VAP, um/sec) were evaluated using a computer-assisted
sperm analysis system (SCA® CASA System, MICROP-
TIC S.L., Barcelona, Spain). The CASA system was set
for boar sperm and applied with a frame rate of 50 frame
per second and box size of 100 pixels. The minimum
and maximum area for the objects were 10 and 80 pm?,
respectively. The motile spermatozoa were set for static
(<10 pm/s), slow-medium (<25 pm/s), and progressive
motility (>45 pm/s). The diluted semen was placed in a
chamber and examined on a warmed stage (TOKAI HIT,
Shizuoka-ken, Japan) at 37 °C under a phase-contrast
microscope (BX41, Olympus, Shinjuku, Japan). The pro-
portion of motile sperm was quantified from 1500 sperm
cells in five randomly selected fields for each sample [29].

Sperm viability was determined using SYBR-14/EthD-1
(Fertilight®, Sperm Viability Kit, Molecular Probes
Europe, Leiden, the Netherlands). A 10-pL aliquot of
diluted semen sample was mixed with 1 uL of 14-uM
EthD-1 (Molecular Probes Inc., OR, USA) in 1 mL PBS
and 2.7 pL of 0.38-pM SYBR-14 (Dead/Alive Kit; Molec-
ular Probes Inc.) in 1 mL dimethyl sulfoxide (DMSO) and
then incubated at 37°C for 15 min. Finally, 200 sperm
cells were examined using a fluorescence microscope
(CX-31; Olympus, Tokyo, Japan) (1000X). Sperm cells
stained only green were classified as live, with an intact
plasma membrane. Sperm cells stained only red or both
green and red were considered to be dead or have dam-
aged plasma membranes, respectively. Sperm viability
was calculated according to the proportion of live sperm
with an intact plasma membrane [30].

Acrosome integrity was measured using EthD-1 (Fer-
tilight®, Sperm Viability Kit, Molecular Probes Europe,
Leiden, Netherlands) and fluorescein isothiocyanate-
labelled peanut (Arachis hypogaea) agglutinin (FITC-
PNA) staining (Sigma-Aldrich Co. Ltd., St Louis, MO,
USA). A 10-uL aliquot of the diluted semen sample was
mixed and incubated at 37 °C for 15 min with 10 pL of
14-uM EthD-1 (Molecular Probes Inc., OR, USA). After
incubation, one 8uL drop of the mixture was smeared on
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a slide and air-dried at room temperature. The dried slide
was dipped into 95% ethanol for 30 s. before staining
with 15 uL FITC-PNA solution [FITC-PNA in PBS (1:10,
v/v)] at 4 °C for 30 min in a moist chamber, followed by
washing in cold PBS solution at 4 °C and air-drying at
room temperature. The acrosome status of 200 sperm
per sample was evaluated by fluorescence microscopy
(CX-31; Olympus, Tokyo, Japan) (1000X). The propor-
tion of sperm with an intact acrosome, i.e., with an acro-
some cap stained green (positive), was calculated. Sperm
cells stained orange and without an acrosome cap, with a
green band at the equatorial segment or with a disrupted
patch-like appearance of the acrosome cap were classi-
fied as sperm with acrosome damage [30].

Sperm plasma membrane permeability was evaluated
using the short hypo-osmotic swelling test (sHOST). A
10-pL diluted semen sample was mixed with 200 pL of
citrate buffer (75 mOsM) and then incubated in the dark
at 37 °C for 30 min in a 1.5-mL Eppendorf tube. After
incubation, 175 pL of HOS solution with 5% formalde-
hyde (75 mOsM) was added. Subsequently, an 8 uL drop
of semen sample was placed on a glass slide. The appear-
ance of the tails of 200 sperm cells was evaluated by light
microscopy (400X) and classified as positive (sperm
with a coiled tail) or negative (sperm with a straight tail).
The proportion of positive sperm indicates a functional
sperm membrane [9, 30].

Mitochondrial  activity = was  accessed  using
the fluorochrome 5,5",6,6"-tetrachloro-1,1,3,3’-
tetraethylbenzimidazoly-carbocyanine iodide (JC-1;

Molecular Probes, Molecular Probes Inc., Eugene, OR).
First, 12.5 pL of diluted semen were mixed with 25 pL
of JC-1 solution composed of 1.6 uL of 0.153 mM JC-1,
1 pL of 0.02 mM SYBR-14, 1.6 uL of 2.4 mM PI in 100
uL HEPES-buffered medium, followed by incubation
at 37 °C for 30 min. Finally, one drop of 8 L of stained
semen sample was placed on a glass slide, and 200 sperm
cells were evaluated using a fluorescent microscope (CX-
31; Olympus, Tokyo, Japan) (1000X). Sperm with yel-
low-orange fluorescence at the midpiece were classified
as positive (high mitochondrial membrane potential),
whereas spermatozoa with less green or no green fluo-
rescent colour at the midpiece were classified as negative
(low mitochondrial membrane potential) [9, 30].

Bacterial evaluation

Total aerobic contaminants and isolated bacteria in both
fresh and extended semen were quantified by bacte-
rial culture on blood sheep agar [5, 6]. Briefly, 1 mL of
the fresh and extended semen samples was diluted in
tubes containing 9.0 mL of PBS (0.1 M phosphate buf-
fer containing 0.15 M NaCl, pH 7.3) to prepare serial
dilutions (10° — 10°). From each dilution, 1.5 mL was
plated on three agar plates (0.5 mL/plate) and incubated
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aerobically at 37 °C for 24 h. Plates with fewer than 300
CFU/mL were selected for bacterial counts. The total
bacterial count was calculated as the average number of
colonies on the three different plates; this number was
then subjected to logarithmic transformation (CFU/mL,
log,,). Subsequently, matrix-assisted laser desorption
ionisation-time of flight mass spectrometry (MALDI-
TOF MS) (Microflex” LT, MALDI BiotyperTM System,
Bruker, Germany) was used for bacterial identification.
The colonies that grew after 24 h of incubation at 37 °C
were selected based on their morphological and haemol-
ysis characteristics. The bacteria were then subjected to a
preparatory extraction with 1 pL of formic acid (FA) and
1 pL of alpha hydroxyl 14 cinnamic acid matrix (HCCA)
and finally analysed in a Bruker Biotyper MALDI-TOF
[31, 32].

Statistical analysis

The statistical analyses were carried out using the SAS
statistical software version 9.4 (SAS Inst. Inc., Cary, NC,
USA). Shapiro-Wilk test and Qualitative-Quantitative
plots (Q-Q plots) were used for testing the normal dis-
tribution of the continuous data. Boar sperm character-
istics and bacterial count in semen were analysed using
the general linear model procedure of SAS. Spearman
correlation and linear regression were applied to analyse
the association between sperm parameters and bacterial
contamination in diluted semen samples. Semen evalua-
tion data including semen volume, pH, sperm concentra-
tion, total number of sperm per ejaculate, sperm motility,
sperm viability, acrosome integrity, sperm plasma mem-
brane function, mitochondrial activity, number of iden-
tified bacteria and average total bacterial count were
analysed by multiple analysis of variance, using the mixed
model procedure of SAS. The total bacterial counts were
log,,-transformed before statistical analysis. The statisti-
cal models included the fixed effect of treatment groups
(with and without antibiotic), storage day (days 0, 1, 2 and
3) and two-way interaction. Boar identity was included
in the model as a random effect to adjust for repeated
measurement. Least-square means were obtained from
each class of the factors and compared using the least-
significant difference test. In addition, the sperm viability
among ejaculates were ranked from lowest to highest (1
to 20) and the analyses on the effect of the antibiotic on
the boar semen quality were also carried out in the low
viability semen (mean=69.6£1.5%, n=10) and high via-
bility semen (mean=83.8+1.5%, n=10). The differences
with p<0.05 were considered statistically significant.
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Table 1 Boar sperm characteristics and contaminants in 20
semen ejaculates
Variables

Means+SD Range

Semen volume (mL) 19934845 62.0-404.0
Sperm motility (%) 723+64  65.0-85.0
Sperm viability (%) 766+87 56.0-88.0

3452+104.2 176.0-552.0
653%27.7 224-1243

Concentration (x 10° sperm/mL)
Total sperm per ejaculate (x 10° sperm)

pH 75+03 7.0-8.0
Number of possible isolated colonies 56+18 3.0-10.0
Total bacterial count (CFU/mL, log,,) 41+0.7 27-52
Staphylococcus spp. count (CFU/mL, log;) 33407 2.1-44
Proteus spp. count (CFU/mL, log;) 3.0+07 1.9-4.1

Results

Sperm quality evaluation and bacterial culture in fresh
semen

Sperm quality parameters and bacterial contamina-
tion are presented in Table 1. There was an association
between viability and bacterial count (Fig. 1). The total
bacterial count varied between ejaculates from 2.7 to 5.2
CFU/mL (log;,) (Table 1). Interestingly, sperm viability
decreased by 6.4% for every extra log;, of the total bac-
teria count. The regression equation could be expressed
as sperm viability=102.8—-6.4 X total bacterial count
(CFU/mL, log,,), R?=0.25; p=0.026 (Fig. 1). However,
the number of Staphylococcus spp. and Proteus spp. count
at levels of 2.4—4.4 CFU/ml (log,,) and 1.9-4.1 CFU/mL
(log,,), respectively were not associated with sperm via-
bility (p>0.05) or total sperm motility (»p>0.05).
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Bacteria contamination of fresh semen

The numbers of isolated colonies and the most frequently
isolated bacteria are presented in Fig. 2. The boar ejac-
ulates were contaminated with 3 to 10 types of bacteria
(Fig. 2A). Staphylococcus spp. (100%), Proteus spp. (70%)
and Micrococcus spp. (50%) were the most frequently
isolated genera. In addition, Bacillus megaterium (5%),
Enterococcus faecalis (5%) and Brachybacterium conglom-
eratum (5%) were also detected (Fig. 2B). Staphylococcus
spp. were the most frequently isolated in either low or
high viability boar semen (Fig. 3A and B, respectively).

Growth of bacteria in semen extender with and without
antibiotic

On the collection day (day 0), the total number of bac-
teria counted in fresh semen (4.1+0.2 log,;,) was higher
than that in semen diluted in BTS extender without
gentamicin (2.9%£0.2 log,,) and semen diluted in BTS
extender with gentamicin (2.0£0.2 log;,) (»<0.001). The
differences in the total bacterial counts and Staphylococ-
cus spp. counts between NO-ANTIBIOTIC and ANTI-
BIOTIC during the storage time are presented in Fig. 4.
In the NO-ANTIBIOTIC group, the total numbers of
bacteria counted on days 2 and 3 of storage were higher
than those determined on days 0 and 1 (p<0.001). How-
ever, no difference was detected across time points in
the ANTIBIOTIC group (p>0.05). Moreover, the total
number of bacteria determined in the ANTIBIOTIC
group was lower than that in the NO-ANTIBIOTIC
group examined on each storage day (p<0.001) (Fig. 4A).

100 -
90 -
80 A
£ 70 -
£ 60 -
= °
s 50 A
£ 40 -
z
& 30 -
20 - y=102.8 - 6.4x (R2=0.25, P=0.026)
10 -
0 T T T 1
2.0 3.0 4.0 5.0

6.0

Total bacterial count (CFU/mL, log,,)

Fig. 1 Linear relationship between sperm viability and total bacterial count (CFU/mL, log;) in boar semen
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Fig. 2 Bacterial contamination in 20 fresh boar semen samples A.) Number of isolated colonies from semen samples, classified according to high or low

sperm viability; B.) Frequency of isolated bacteria from semen samples

Similarly, the total number of Staphylococcus spp.
counted on day 3 of storage was higher than that on day
0 and day 1 in the NO-ANTIBIOTIC group (p<0.001),
but no significant differences were detected in the ANTI-
BIOTIC group (p>0.05). Also, the growth of Staphylo-
coccus spp. in the NO-ANTIBIOTIC group was higher
than in the ANTIBIOTIC group on each storage day
(p<0.001) (Fig. 4B).

Interestingly, in the semen with antibiotic, the top three
dominant bacteria were Globicatella sanguinis (45.4%),
Delftia acidovorans (17.9%) and Micrococcus spp. (7.8%).
Moreover, on the last day of preservation, Globica-
tella sanguinis (57.2%), Delftia acidovorans (18.9%) and
Micrococcus spp. (5.9%) remained as the top three most
abundant contaminants in the semen with antibiotic.

In the semen without antibiotic, Staphylococcus spp.
(41.2%), Proteus spp. (36.9%) and Citrobacter koseri

(5.0%) accounted for the most frequently occurring bac-
terial contaminations during the 4 days of preservation.
On the last day of preservation, Staphylococcus spp., Pro-
teus spp. and Citrobacter koseri were the top three most
abundant bacteria, accounting for 42.5%, 34.7%, and 5.1%
of the total bacteria, respectively.

Effects of antibiotic on bacterial contamination

The effects of antibiotic on sperm quality and bacterial
contamination in the NO-ANTIBIOTIC and ANTIBI-
OTIC groups are presented in Tables 2 and 3, respec-
tively. Sperm motility, viability and acrosome integrity
in the ANTIBIOTIC group were higher than in the
NO-ANTIBIOTIC group (Table 2). The total bacte-
rial count in the ANTIBIOTIC group was lower than in
the NO-ANTIBIOTIC group (1.9%+0.1 versus 3.9%0.1
log,,, respectively, p<0.001) (Table 2). Sperm acrosome
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® Delftia acidovorans
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= Others

Fig. 3 Bacterial composition in (A) low-viability semen samples (n=10) and (B) high-viability semen samples (n=10)

integrity in the ANTIBIOTIC group was higher than in
the NO-ANTIBIOTIC group on days 2 and 3 of preser-
vation. Other sperm parameters did not differ between
the two experimental groups (Table 3). The total bacte-
rial count on each storage day in the ANTIBIOTIC group
was lower than that in the NO-ANTIBIOTIC group
(p<0.001) (Table 3).

A comparison of sperm quality and the total bacte-
rial counts between the NO-ANTIBIOTIC and ANTI-
BIOTIC groups, classified as low- and high-viability
samples, indicated that sperm mitochondrial activity
in the NO-ANTIBIOTIC group was higher than that in
the ANTIBIOTIC group (60.2+3.1% versus 58.7+3.1%,
respectively, p<0.05). Other sperm parameters did not
differ significantly between NO-ANTIBIOTIC and
ANTIBIOTIC groups. In high-viability semen samples,
all the sperm parameters in the ANTIBIOTIC group

were higher than those in the NO-ANTIBIOTIC group
(p<0.001). The total bacterial count in the ANTIBI-
OTIC group was lower than that in the NO-ANTIBI-
OTIC group (p<0.001) in both low- and high-viability
semen samples. Interestingly, in the low-viability semen
samples, no differences in any sperm parameters were
detected between the NO-ANTIBIOTIC and ANTIBI-
OTIC groups on each day of storage (p>0.05) (Table 4).
However, significant differences were found between the
NO-ANTIBIOTIC and ANTIBIOTIC groups on days
2 and 3 in high-viability samples (Table 4). In addition,
the total bacterial count in the ANTIBIOTIC group was
lower than in the NO-ANTIBIOTIC group on each stor-
age day in both low- and high-viability semen samples
(p<0.001) (Table 4).
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Discussion

Bacteriostatic effect of gentamicin

The present study confirms the hypothesis that the bacte-
riostatic activity of gentamicin controlled the overgrowth
of certain bacterial contaminants in boar semen during
short-term storage. The promising effect of gentamicin
was apparent on the day of semen collection (day 0), when
the total bacterial count in the ANTIBIOTIC group was
lower than in the NO-ANTIBIOTIC group. Also, during
storage from day O to day 3, gentamicin strongly inhibited
the total bacterial number. However, the total bacterial
count increased dramatically to 5.3 log on the last storage

day in the NO-ANTIBIOTIC group. These results are
in agreement with Luther et al. [33], who showed that
in an environment without gentamicin, the bacterial
count increased to 5.6x10° CFU/mL but was less than
10" CFU/mL when the BTS extender was supplemented
with 0.25 g of gentamicin per liter. In the present study,
the bacterial composition and the dominant bacteria
differed between the NO-ANTIBIOTIC and ANTIBI-
OTIC groups. In the NO-ANTIBIOTIC group, 62.5% of
the dominant bacteria were Gram-negative and 37.5%
were Gram-positive, whereas 60.0% were Gram-positive
and 40.0% Gram-negative bacteria in the ANTIBIOTIC
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Table 2 Boar sperm characteristics and bacterial contamination
in semen extended in BTS without antibiotic (NO-ANTIBIOTIC) or
with antibiotic (ANTIBIOTIC) (least square means+ SEM)

Variables Group p
value

NO-ANTIBIOTIC  ANTIBIOTIC

Total sperm motility (%)  656+34 675+34 0.023

- Curvilinear velocity 834+35 84.2+35 0.204

(VCL, um/sec)

- Straight-line velocity 246+13 248+13 0.686

(VSL, pum/sec)

- Average path velocity ~ 44.0+2.2 437+22 0.799

(VAP um/sec)

Sperm viability (%) 71.7+2.1 728+2.1 0.031

Acrosome integrity (%) 785+18 796+1.8 0.011

Sperm membrane integ-  572+2.7 582+2.7 0.132

rity (%)

Sperm mitochondrial 67.7+28 6854238 0.141

activity (%)

Total bacterial count 39+0.1 1.940.1 <0.001

(CFU/mL, log,g)

Table 3 Boar sperm characteristics and bacterial contamination
in NO-ANTIBIOTIC and ANTIBIOTIC groups on days 1, 2 and 3 of
storage (least square means + SEM)

Variables Day Group p
NO-ANTIBIOTIC ANTIBIOTIC  value
Total sperm 0 725436 740+36 0.370
motility (%) 1 675+36 69.1+36 0.351
2 637+36 655+36 0.279
3 585+36 614436 0.094
Sperm viabil- 0 769422 782422 0.191
ity (%) 1 730+22 741422 0243
2 69.8+2.2 708422 0.298
3 672422 68.0+2.2 0416
Acrosome 0 824418 83.0+1.8 0.406
integrity (%) 1 804+18 807+18 0712
2 766+138 783+18 0.044
3 747418 762+18 0.054
Sperm 0 650+28 655+29 0.701
membrane 1 584+29 506+29 0.338
integrity %) 542429 557429 0.289
3 511429 521429 0472
Sperm 0 727+29 736+29 0.404
mitochondrial 1 69.8+2.9 709429 0.336
activity (%) 66.1+2.9 66.7+2.9 0607
3 62.1+29 629429 0.521
Total bacterial 0 29+0.2 20+02 <0.001
count 1 32402 20402 <0001
(CFU/mL, 2 43402 19402 <0001
log; o) 3 53+02 19402 <0001

group. These findings indicate that the bacteriostatic
effect of gentamicin was more effective against Gram-
negative than Gram-positive bacteria. This result is in
agreement with Gaczarzewicz et al. [5], who reported
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that gentamicin sulphate strongly inhibited Gram-nega-
tive bacteria but had a limited activity on Gram-positive
contaminants. Moreover, in the present study, the bacte-
rial contaminants on the third day were similar to those
during the entire storage period, although the count of
each isolated bacterial type dramatically increased. In
addition, in the ANTIBIOTIC group, Globicatella san-
guinis, Delftia acidovorans and Micrococcus spp. were the
top three most abundant bacteria detected on the last day
of the preservation, accounting for 57.2%, 18.9% and 5.9%
of the total bacteria, respectively. The increase in bacte-
rial count at the end of storage in the presence of genta-
mycin indicates the development of antibiotic resistance.

Interestingly, Staphylococcus spp. and Bacillus mega-
terium were dominant Gram-positive bacteria in the
NO-ANTIBIOTIC group during preservation, account-
ing for 42.5% and 0.4%, respectively, of the total bacte-
ria. However, the proportion of Staphylococcus spp. was
5.2%, and no Bacillus megaterium was isolated from
the ANTIBIOTIC group. In the case of Staphylococcus
spp., gentamicin strongly inhibited Gram-positive bac-
teria, which were present at a count of 0.5 log instead
of 3.0 log measured in the culture without the antibi-
otic. This could be explained by an acquired resistance
of the Gram-positive bacteria to gentamicin. Similarly,
Bresciani et al. [34] indicated that in European coun-
tries, about 50% of Staphylococcus epidermidis showed
acquired resistance to gentamicin. Also, in extended por-
cine semen, some bacteria from the family Enterobacte-
riaceae showed acquired resistance to aminoglycosides
and gentamicin [35]. Consequently, the rational use of
gentamicin in semen extenders should be emphasized to
avoid undesired effects on other industries. The rational
use of gentamicin in boar semen extenders was suggested
in the report of Schulze et al. [28], which indicated the
importance of investigating the bacterial composition in
boar semen and of determining the minimal inhibitory
concentration (MIC) range of gentamicin for all isolated
bacteria to ensure that the concentration of gentamicin
in the semen doses is appropriate.

The maintenance of semen quality in extender with and
without antibiotics

Along with the positive effects of gentamicin in con-
trolling bacterial growth in extended semen, the results
also confirm our hypothesis that the current dose of
gentamicin can lead to positive results when preserving
boar semen, making this approach a preferable solution
for rational use of antibiotics in a sustainable livestock
breeding industry. Generally, the semen quality in the
ANTIBIOTIC group was higher than in the NO-ANTI-
BIOTIC group in terms of sperm motility, viability and
acrosome integrity parameters. Although the total bac-
terial count in the semen ranged from 10' to 10° CFU/
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Table 4 Comparison of boar sperm characteristics and bacterial contamination between NO-ANTIBIOTIC and ANTIBIOTIC groups
examined on each storage day, in low- and high-viability semen samples (least square means + SEM).

Variables Day Group p value
NO-ANTIBIOTIC ANTIBIOTIC
Low-viability semen samples
Total sperm motility (%) 0 64.0+4.6 65.0+4.6 NS
1 584+46 589+46 NS
2 543+46 54.2+46 NS
3 49.1+4.6 496+4.6 NS
Sperm viability (%) 0 694+24 70724 NS
1 66.7+£24 67.0+24 NS
2 64.0+24 63.1+£24 NS
3 60.8+34 504+24 NS
Acrosome integrity (%) 0 791+29 796+29 NS
1 77.1+29 769+29 NS
2 732+29 73.6+29 NS
3 71.6+29 719+29 NS
Sperm membrane integrity (%) 0 56.5+£34 56.5+£34 NS
1 50.1+£34 508+34 NS
2 46.1+34 457+34 NS
3 414+34 40.2+34 NS
Sperm mitochondrial activity 0 66.1+3.2 656+3.2 NS
(%) 1 62.1+£32 61.2+32 NS
2 593+£32 56.5+32 NS
3 533+£32 51.1+£32 NS
Total bacterial count (CFU/mL, 0 3.1+0.2a 24+0.2b FxE
logyo) 1 35+02a 24+02b ok
2 46+0.2a 22+0.2b *xx
3 56+0.2a 22+02b Frx
High-viability semen samples
Total sperm motility (%) 0 81.6+2.1 83.5+2.1 NS
1 771 +2.1 79.6+2.1 NS
2 737+2.1 773+2.1 *
3 68.6+2.1 73.6+2.1 **
Sperm viability (%) 0 848+1.2 86.0+1.2 NS
1 79.7+1.2 81.7+£12 NS
2 76.0+1.2 79.0+1.2 *
3 741£1.2 77.0+1.2 *
Acrosome integrity (%) 0 863+1.0 87.1+£10 NS
1 84.2+£1.0 85.0+£1.0 NS
2 80.7+£1.0 83.6+10 *x
3 784+1.0 81.2+1.0 **
Sperm membrane integrity (%) 0 734+14 743+14 NS
1 66.0+14 682+14 NS
2 623+£14 65.6+14 *
3 60.6+14 63.8+14 *
Sperm mitochondrial activity 0 792421 81.7+2.1 NS
(%) 1 774%2.1 802+2.1 NS
2 73.0+2.1 769+2.1 o
3 71.0+2.1 747 +2.1 *
Total bacterial count (CFU/mL, 0 26+0.2 1.7+0.2 Hxx
logyo) 1 29+02 15+02
2 4.1+£02 1.7+0.2 o
3 51402 1.5+0.2 *rx
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mL (1-6 log,,), the extended semen was still good for
use, with a sperm viability>65.4% [36] and a mitochon-
drial activity>50% [37]. This result is in agreement with
Pinart et al. [38], who observed that the threshold values
for mesophilic aerobic bacteria could be between 10°
and 10’ CFU/mL before adverse effects on sperm quality
occurred. Furthermore, it was reported that loss of sperm
motility, membrane disintegration and sperm agglutina-
tion occur at sperm: bacteria ratios of 1:1 or a bacterial
count of approximately 2x10’ CFU/mL [3, 28]. These
results could be used as arguments against the require-
ments of breeding organizations worldwide, namely the
absence of bacterial contamination in the semen dose
from dilution until the expiration date [13].

Our findings contribute new insights toward reduc-
ing antibiotics as well as rational antibiotic used in boar
Al industry. The growth of bacteria was significantly
different only after 2 days of preservation in the semen
without antibiotic. Semen with high viability at the start
retained its quality during storage, in contrast to low-
viability semen, with or without antibiotics. Regarding
the requirements of 11 breeding organizations, the sperm
motility on the expiry day must be 45-70%, and bacterial
contamination must not exceed 1,000 CFU/mL (~2-3
log) when the semen doses are sold on the global mar-
ket [13]. Also, the threshold values for mesophilic aerobic
bacteria should be above 10’ CFU/mL to result in adverse
effects on sperm quality or fertility [12, 35, 38]. We there-
fore suggest the following: (i) if ejaculates are collected
from boars with high sperm quality, it is possible to omit
the use of antibiotics in semen extender and only use the
semen doses for up to 2 days, if strict hygienic measures
are followed when collecting and processing semen; and
(ii) if boar studs sell semen doses on the global market,
they can use gentamicin to control bacterial growth to
meet the requirements of the breeding organizations as
well as to maintain semen quality until day 3. These strat-
egies would be ideal to reduce antibiotic usage for sus-
tainable livestock breeding.

Based on our findings, gentamicin seems to retain the
quality of high-viable semen better than lower viable
semen. Unlike the high-viable semen, adding antibiotic
into the semen extender did not create any benefit on
boar sperm characteristics in low viability semen in every
storage day compared between NO-ANTIBIOTIC and
ANTIBIOTIC groups (Table 4). As a result, adding gen-
tamicin to semen extender would be more valuable when
dealing with high-viability semen in terms of maintaining
sperm quality and controlling bacterial growth. In addi-
tion, there should be more focus on boar selection for
good sperm quality, as well as attention to strict hygienic
measures during semen collection and processing to
reduce bacterial contamination [2].
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Boar seminal bacterial contamination profile

The present study indicates that all ejaculates were con-
taminated with various bacteria, with at least 20 and
24 different bacterial genera identified from fresh and
diluted semen, respectively. The greater number of bac-
terial genera in the diluted semen samples might be
associated with bacterial contamination during semen
processing or due to the overgrowth of bacteria in the
raw semen, which might have prevented some bacteria
from being seen. The number of bacterial contaminations
examined in each ejaculate ranged from 3 to 10 colonies.
This result is in agreement with a number of previous
studies [5, 6, 39]. It has been demonstrated that almost
all ejaculates used in scientific research were contami-
nated with 2 or 3 types of bacteria, and at least 25 differ-
ent bacterial types were isolated [5, 6, 39]. Althouse et al.
[3] reported that 10 to 15 colonies were recovered from
extended semen samples. The similarity in the results
of the present study and other cited reports emphasizes
that bacterial contamination in boar semen is univer-
sal. Furthermore, it confirms the limitations of the cur-
rent bacterial culture and identification techniques such
as gram staining, biochemical tests and MALDI-TOF in
investigating the number of contaminants. Moreover,
the difference in the number of isolated bacteria between
fresh and diluted semen in the present study confirmed
that the source of bacterial contamination in boar semen
is not only derived from the boars themselves but may
also come from the environment [13]. However, bacteria
coming from the boar and from the environment cannot
be clearly differentiated. Thus, any effort to eliminate or
inhibit the growth of bacteria in boar semen must follow
strict hygienic measures applied during semen collection
and subsequent laboratory processing [27, 33].

Of the 24 bacterial genera isolated from the diluted
semen, 13 (54.2%) were Gram-negative; most of them
belonged to the Enterobacteriaceae family, followed by
Pseudomonadaceae, Pasteurellaceae and Comamonada-
ceae. The remaining 11 (45.8%) bacteria were Gram-
positive, such as Staphylococcus spp., Streptococcus spp.
and Globicatella sangunis, belonging to different families
(Staphylococcaceae, Streptococcaceae and Aerococca-
ceae, respectively). These results confirmed a previous
study [5] in which 6 species of Gram-negative bacteria
isolated from 79 ejaculates belonged to the Enterobac-
teriaceae and Pseudomonadaceae families, and 3 spe-
cies of Gram-positive bacteria, including Staphylococcus
spp., Streptococcus spp. and Bacillus spp., were identified.
Ubeda et al. [35] also stated that most bacteria contami-
nating boar semen were members of the family Entero-
bacteriaceae, such as Proteus mirabilis, Klebsiella oxytoca
and Monganella morganii. Also, a large number of con-
taminants isolated from extended semen were gram-neg-
ative bacteria from the family Enterobacteriaceae [3, 39].
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In the present study, Staphylococcus spp., Proteus spp.
and Micrococcus spp. were frequently detected in 100%,
70% and 50% of the 20 fresh ejaculates, respectively.
The isolated bacteria appearing with lower frequencies
included Bacillus megatherium (5%), Enterococcus faeca-
lis (5%) and Brachybacterium conglomeratum (5%). There
was a difference in the genera of bacteria most frequently
identified compared to other studies. For instance, Sone
[40] found that Pseudomonas was the most frequently
isolated bacterial genus, along with Enterobacter cloacae,
Escherichia coli and Serratia marcescens [3]. However,
in a different study, Staphylococcus spp. was the most
frequently isolated genus [5]. In the present study, the
most frequently isolated bacteria were Staphylococcus
spp. This can be explained by the differences among boar
studs, bacterial exposure and hygienic measures as well
as laboratory techniques, which could result in variation
in the frequency of isolated bacteria.

To confirm our hypothesis, dilution of the ejaculates
reduced the total bacterial count in fresh ejaculates from
4.1 log to 2.9 log. This result was in agreement with
Gaczarzewicz et al. [5], who reported that the average
total number of bacteria in native semen was reduced
from 724x10% to 2.7x 10> CFU/mL by dilution. In this
study, the number of bacteria in fresh semen reflected the
poor hygiene practices in the boar stud and the different
properties of the boars. Goldberg et al. [41] found that
the median value of boar seminal contaminants was 220
CFU/mL, which could be increased under less hygienic
conditions. Our results are consistent with Schulze [28],
who reported bacterial counts in boar semen ejaculates
from 0 to 10> CFU/mL [42].

Association between bacteriospermia and sperm quality

The present study confirms a number of previous stud-
ies that bacteriospermia compromise boar sperm qual-
ity [5, 6, 10, 12]. In the present study, we demonstrated
that sperm viability decreased by 6.4% for every extra
log,, of the total bacteria count. However, Staphylococ-
cus spp. and Proteus spp. at the levels of 3.3 log,, and 3.0
log,,, respectively, did not cause undesired effects on
viability and motility of boar sperm. These results indi-
cate that the effect of the contaminants on sperm qual-
ity is not only dependent on the genera but also on the
number of bacteria. Clearly, the level of 4.1 log repre-
sents a high contamination load, with a loss of sperm
viability, although the latter was not caused by Staphy-
lococcus spp. and Proteus spp.. Consequently, bacterial
investigation must be performed to identify the bacte-
ria with detrimental effects on sperm quality. This find-
ing is in agreement with Sone [40], who revealed that
even at 10 to 12 CFU/mL log levels, Staphylococcus spp.
caused a moderate reduction in pH (6.3-6.5) but almost
no detrimental effects on boar sperm quality. However,
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Pseudomonas aeruginosa and Clostridium perfringens
caused a decrease in sperm motility, viability and acro-
some integrity at the 7 to 8 CFU/mL log thresholds [43,
44]. Moreover, the present study confirmed that bacte-
rial contamination is associated with sperm quality, and
an increase in the total colony forming units per mL in
fresh semen was associated with undesired effects on
sperm viability [5]. This association indicates that sperm
viability could be affected by the diversity of the native
bacterial flora in the boar reproductive tract as well as
the host immune system before semen collection and
processing. Although Staphylococcus spp. was the domi-
nant type, it had no significant effect on sperm quality.
However, sperm quality could be affected by other, less
frequently isolated, bacteria. Schulze et al. [28] reported
that from 334 samples, 5.7% of Pseudomonas aeruginosa
in the seminal microbiota was associated with reduced
sperm motility, viability and acrosome integrity, and 6.4%
of Escherichia coli in 250 samples was associated with
damaged acrosomes and poor viability [39].

Conclusion

Sperm viability decreased by 6.4% for every extra log,,
of the total bacteria count. Along with positive effects
on inhibiting bacterial growth during storage, genta-
micin retains the quality of high-viability semen better
than lower-viability semen. Our findings contribute new
insights toward reducing antibiotics as well as ratio-
nal antibiotic use in the boar Al industry. The growth
of bacteria was significantly different only after 2 days
of preservation in semen without antibiotic. For semen
doses diluted from highly viable ejaculates, it is possible
to storage within 2 days without antibiotic supplementa-
tion. Interestingly, counts of Globicatella sanguinis, Delf-
tia acidovorans and Micrococcus spp., that were the top
three most abundant contaminants in the boar semen,
increased at the end of storage in the presence of genta-
micin, suggesting the loss of bacteriostatic properties of
gentamicin to the growth of bacteria during storage.
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