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Abstract

This study was designed to determine the degree and type of bacterial contamination in boar
semen (79 ejaculates from Large White and Landrace boars) and its consequences for sperm quality
during storage (27 extended semen samples, 16°C for five days) under practical conditions of artificial
insemination (AI). The results revealed the presence of aerobic bacteria in 99% of the ejaculates
(from 80 to 370 x10° colony-forming units/mL). Most of the ejaculates contained two or three bacter-
ial contaminants, while the Staphylococcus, Streptococcus, and Pseudomonas bacterial genera were
most frequently isolated. Also detected were Enterobacter spp., Bacillus spp., Proteus spp., Escherichia
coli, P. fluorescens, and P. aeruginosa. In general, the growth of certain bacterial types isolated prior to
semen processing (Enterobacter spp., E. coli, P. fluorescens, and P. aeruginosa) was not discovered on
different days of storage, but fluctuations (with a tendency towards increases) were found in the
frequencies of Bacillus spp., Pseudomonas spp., and Staphylococcus spp. isolates up to the end of
storage. Semen preserved for five days exhibited decreases in sperm motility and increases in the
average number of total aerobic bacteria; this was associated with sperm agglutination, plasma mem-
brane disruption, and acrosome damage. We inferred that, due to the different degrees and types of
bacterial contaminants in the boar ejaculates, the inhibitory activity of some antimicrobial agents used
in swine extenders (such as gentamicin sulfate) may be limited. Because such agents can contribute to
the overgrowth of certain aerobic bacteria and a reduction in the quality of stored semen, procedures
with high standards of hygiene and microbiological control should be used when processing boar
semen.
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Introduction

Ejaculates collected from healthy boars are
usually contaminated with bacteria, containing up to
10° microorganisms/mL (Althouse et al. 2000). Most
microorganisms detected in boar ejaculates are con-
sidered (to some extent) nonpathogenic (Althouse et
al. 2000, Maes et al. 2008, Morrell and Wallgren
2014), and they seem to have little effect on fecundity
under natural mating conditions (Speck et al. 2014),
as the female reproductive tract has developed its own
defense mechanisms to cope with bacteria from the
semen (Dalin et al. 2004, Morrell and Wallgren 2011).
However, when such semen is used in Al, there is
a possibility that the bacteria will grow and multiply in
the extended semen. AI doses with bacterial over-
growth that are deposited in the female genital tract
could contribute to an increase in postinsemination
vulvar discharges or a regular return to estrus, as well
as to embryonic or fetal death, endometritis, systemic
infections, or disease in inseminated sows and gilts
(Dalin et al. 2004, Maes et al. 2008, Morrell and Wal-
lgren 2011, Goldberg et al. 2013). Moreover, high
levels of bacterial contamination have unfavorable ef-
fects on the sperm cells in extended semen (Althouse
et al. 2008, Kuster and Althouse 2016). If bacterial
contamination is left uncontrolled, the end result is
economic loss for porcine studs (Althouse et al. 2000,
Althouse and Lu 2005, Baracaldo and Ward 2008,
Maroto Martin et al. 2010). To avoid these problems,
proper hygienic procedures should be respected dur-
ing the collection and laboratory processing of semen,
especially given that it has recently been emphasized
that the antimicrobials usually used in porcine semen
to prevent the growth of contaminating bacteria are of
limited effectiveness (Althouse and Lu 2005, Gold-
berg et al. 2013, Speck et al. 2014, Schulze et al. 2015,
Kuster and Althouse 2016).

This study was accordingly designed to determine
the degree and type of bacterial contamination of
ejaculated semen samples in fertile boars and its con-
sequences for sperm quality (e.g., motility and integ-
rity of sperm membranes) during storage in commer-
cial extender for five days at 16°C.

Materials and Methods
Animals, semen collection, and storage

Seventy-nine ejaculates collected from 26 Large
White (39 ejaculates) and 30 Landrace (40 ejaculates)
boars with proven fertility from the local Al center,
and with ages ranging from 1.5 to 2.5 years, were used
in this study.

Between February and April, sperm-rich ejaculate
fractions were collected by the gloved hand technique
into disposable filtering bags enclosed in insulated
plastic thermos cups preheated to 37°C. Prior to each
semen collection, the animals were thoroughly
cleaned and led to a properly cleaned collection room.
Immediately after collection, the native semen (NS)
with more than 200 x10° sperm/mL that displayed
a minimum of 70% progressive motility and 80% mor-
phologically normal spermatozoa was isothermically
diluted in X-cell® extender (containing a single anti-
biotic, gentamicin sulfate; IMV, France) so that each
90 mL AI dose stored in closed plastic bags contained
3.0 x10° sperm/mL. After 2 h holding time at room
temperature, the Al doses were cooled to 16°C (DO:
the day of collection) and then stored for five days
(D1-D5) with gentle agitation twice daily. Randomly
selected samples of stored semen (n = 27) were ana-
lyzed as described below, with newly opened Al doses
being used at each time point. The semen samples
were prewarmed to 37°C, before proceeding to sperm
quality analysis.

Semen evaluation

The percentage of sperm cells with progressive
motility was assessed using a phase-contrast micro-
scope at x400 magnification (BX 41; Olympus Op-
tical Co., Japan) and a heating stage (37°C). Under
these conditions, the extent of agglutination of the
sperm cells was scored as 0 (no agglutination), 1 (less
than 10% of sperm agglutinated), 2 (10%-25% ag-
glutinated) and 3 (more than 25% agglutinated). Ag-
gregation the clumping of nonmoving sperm cells
was not considered. Sperm and acrosome morphol-
ogy were evaluated according to methods and classi-
fication described by Gaczarzewicz et al. (2010). In
each sperm sample, two hundred spermatozoa were
evaluated under oil immersion (x1000) using a bright
field microscope (BX 41). The pH of the semen
samples was measured using a two-point calibrated
(pH 6.0 and 8.0; Poch, Poland) pH-meter (CP-315M,
Elmetron; electrode type ERH-13-6, Hydromet, Po-
land). The measurement of aspartate aminotran-
sterase (AAT; EC 2.6.1.1) activity was used to deter-
mine the changes in sperm plasma membrane integ-
rity during storage (Gaczarzewicz et al., 2015).
Enzyme activity was assessed by the kinetic method
according to the manufacturer’s protocol (A6461,
Alpha Diagnostics, Poland). The results were ex-
pressed as AAT activity per 10° spermatozoa
(mU/10° spermatozoa). Sperm concentration was de-
termined by manual counting on a standard Biirker
hemocytometer.
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Bacteriological evaluation

All semen samples (79 of native semen and 135 of
stored semen) were analyzed for the presence of
microbiological contamination by plating on the fol-
lowing media: defibrinated sheep blood agar (5% v/v;
Oxoid, UK), MacConkey agar (Oxoid), Mueller-Hin-
ton agar (Oxoid), Sabouraud agar (Oxoid, UK),
Pseudomonas agar (MP Biomedicals, US), Chapman
medium (Oxoid, UK), and nitrate reduction medium.
The media were prepared according to the manufac-
turer’s instructions and the plates were incubated in
aerobic conditions at 37°C. The phenotypic properties
of isolated bacteria were investigated using different
methods, depending on type; the identification pro-
cess was based on the use of the Gram staining and
Analytical Profile Index systems (API 10S, API Staph
and API 20NE; bioMérieux, France).

The quantitative degree of bacterial contamina-
tion in the native semen was determined for each iso-
lated strain, while in the stored semen this was
monitored by designating the total number of aerobic
bacteria. A ten-fold serial dilution of the semen
sample (in 0.1 mol/L PBS) was prepared for bacteria
counting. From each dilution, 0.5 mL was plated onto
plates and incubated at 37°C under aerobic conditions
for 24 h and 48 h. Concentration was expressed in
terms of colony forming units per mL (CFU/mL),
which was calculated as the average of the number of
colonies on three plates. Based on the concentration
counts for the stored semen samples, the number of
sperm was determined for use in calculating the aero-
bic ratio, taking into account the 100:1 or 1:1 criterion
as the threshold.

Statistical analysis

Statistical analysis was performed using the Statis-
tica software package (version 10.0; StatSoft Incor-
poration, Tulsa OK, USA). The data were examined
using the Shapiro-Wilk W-test for the possibility that
they significantly deviated from a normal distribution.
The nonparametric Mann-Whitney U-test was used to
compare the results obtained for both boar breeds.
The Friedman ANOVA test was applied to determine
the influence of storage time on the semen quality
parameters. Comparisons between storage time
points were performed using Wilcoxon’s rank-sum
test. Differences were considered significant if the
probability of their occurring by chance was less than
5% (p<0.05). Results are expressed as means * stan-
dard error of the mean (SEM); for bacteria isolated
from native semen, the median, minimum, and maxi-
mum values are also noted. Correlations between the

measured sperm quality parameters were calculated
using Spearman’s rank correlation coefficient (r,) with
p<0.05 as the significance level.

Results

Quality and bacterial contamination
of native semen

In this study, no statistically significant interracial
differences between the examined features of semen
quality (p>0.05) were recognized. Generally, the aver-
age volume of the sperm-rich fraction of the ejacu-
lates for both breeds of boars was 202.41 £ 5.63 mL at
a concentration level of 451.58 x10° + 3.37 x10° of
sperm/mL. Progressive motility was noted in 78.04%
of the sperm, ranging in different ejaculates from 70%
to 85%. Normal morphological structure and acros-
ome structure were recognized in, respectively, 87.37
+ 0.69% and 94.22 + 0.26% of the sperm. The pH had
an average of 7.50 and ranged from 7.04 to 7.84.

The microbial results indicated that, of the 79
ejaculates, a single bacterial contaminant was present
in 9% (7/79) of the ejaculates; 23% (18/79) and 42%
(33/79) contained two and three bacterial types, re-
spectively; 19 specimens contained 4-6 contaminants.
Table 1 lists the types of bacteria isolated from the
semen, with counts for each type and the percentage
of ejaculates contaminated with each. Seventy-eight
out of 79 ejaculates were positive for aerobic bacteria,
whose numbers ranged from 80 to 370 x10° CFU/mL.
Six species of rod-shaped Gram-negative bacteria
belonging to the  Enterobacteriaceae  and
Pseudomonadaceae families (respectively, Enterobac-
ter spp., E. coli, Proteus spp., and Pseudomonas spp.;
P. fluorescens and P. aeruginosa) and three species of
Gram-positive bacteria (Bacillus spp., Staphylococcus
spp., and Streptococcus spp.) were isolated. The bac-
teria genera Staphylococcus and Streptococcus, and an
unidentified bacterium of the Pseudomonas genus
were the most frequent contaminants. There were no
strictly anaerobic microorganisms in any of the
samples, and all proved negative for mycological
examination.

Bacteriological status and quality
of the semen during storage

For most bacteria detected in the native semen,
the number of samples from which it could be isolated
after dilution either directly decreased (Bacillus spp.,
Staphylococcus spp., Streptococcus spp., P. fluorescens
and P. aeruginosa) or did not increase (Enterobacter
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Table 1. Microorganisms (CFU/mL) isolated from boar semen samples (n = 79) and the proportion of ejaculates with the
identified bacteria.

Bacteria Mean + SEM Minimz/[nifiliigximum Percentage of isolates (n)

Total aerobic bacteria 14.52 x10° £ 5.84 x10° 80, 0(7)-;2 6%83)( 100 98.73 (78)
Bacillus spp. 36.07 x10° + 17.09 x10° 10.090?20031001106 21,52 (17)
Enterobacter spp. 2.80 x10° + 1.38 x10° 20'0039:88 10° 29.11 (23)
Escherichia coli 075 x10° + 0.60 x10° o0 2152 (17)
Proteus spp. 313.33 + 122.03 oo 7.60 (6)

Pseudomonas aeruginosa 3.37 x10° £ 1.13 x10° 1.00 il%q;l:?; 10° 5.06 (4)

Pseudomonas fluorescens 0.47 x10° + 0.24 x10° 1 40.70'(1)?22100;106 16.46 (13)
Pseudomonas spp. 4.46 x10° + 3.25 x10° 40 0;8888 10° 54.43 (43)
Staphylococcus spp. 21.59 x10° £ 18.51 x10° 14.03_91%%0“06 68.35 (54)
Streptococcus spp. 5.91 x10° £ 2.53 x10° 10.00_3160%%% 10° 65.82 (52)

Note: average values were calculated using only semen samples containing the bacteria.

Table 2. Percentage of semen samples with specific bacteria identified in undiluted semen (NS), after dilution with X-cell®
extender (DO: day of collection), and during storage for 5 days (D1-D5) at 16°C (n = 27 semen samples).

Specificity in semen NS DO D1 D2 D3 D4 D5
Total aerobic bacteria 96.30 (26) 6296 (17)  88.89 (24) 100.00 (27) 92.59 (25)  92.59 (25) 100.00 (27)
Bacillus spp. 55.56 (15) 2222 (6)  37.04 (10) 88.89 (24) 48.15(13) 48.15(13)  70.37 (19)
Enterobacter spp. 25.93 (7) ng 37.04 (10) 3.70 (1) 7.41 (2) ng ng
Escherichia coli 25.93 (7) ng 7.41 (2) 7.41 (2) 3.70 (1) ng ng
Pseudomonas aeruginosa 14.81 (4) 7.41 (2) 25.93 (7) 29.63 (8) ng ng ng
Pseudomonas fluorescens 48.15 (13) 11.11 (3) ng ng ng ng ng
Pseudomonas spp. 22.22 (6) 29.63 (8)  44.44 (12) 48.15(13) 7037 (19) 5556 (15)  51.85 (14)
Staphylococcus spp. 51.85 (14) 3.70 (1) 14.81 (4) 11.11 (3) 25.93 (7) 29.63 (8)  37.04 (10)
Streptococcus spp. 48.15 (13) 3.70 (1) 18.52 (5) 14.81 (4) 29.63 (8) ng 7.41 (2)

Ratio of sperm to aerobic

bacteria at least 100:1 51.90 (14) 1481 (4) 5556 (15) 1111 (3)  51.85(14) 37.04 (10)  22.22 (6)

Ratio of sperm to aerobic

bacteria lower than 100:1 4440 (12) 4815 (13)  33.33(9)  88.89 (24) 40.74 (11) 5556 (15)  77.78 (21)

Ratio of sperm to aerobic

bacteria lower than 1:1 nf 1852(5)  741(2)  2593(7)  1111(3) 4074 (11)  37.04 (10)

Note: ng: no growth (at the given time, the bacteria did not show any growth in the semen samples); nf: not found.

spp., E. coli). Only in case of the unidentified during storage: on D5 it was present in 52% of
Pseudomonas bacteria did an increase in the number samples, while Bacillus spp. was present in 70%. In
of isolates occur-both after dilution as well as during turn, P. fluorescens was not found from D1 onwards,
storage (in the period D0-D3). Apart from Bacillus P. aeruginosa was not found from D3 onwards, and

spp., this bacterium was the most frequently isolated Enterobacter spp. and E. coli were not found from D4
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Figs. 1A-F. Changes in level of contamination with total aerobic bacteria and in sperm-quality parameters in undiluted semen
(NS), after dilution with X-cell® extender (DO: day of collection), and during storage for 5 days (D1-D5) at 16°C (n = 27 semen
samples). Different letters indicate significant differences between the semen stored at various stages of maintenance, lowercase
(a-e) at p<0.05 and uppercase (A-E) at p<0.01. AAT: aspartate aminotransferase. Bars represent means + SEMs. Wilcoxon’s
rank-sum test was used for multiple comparisons.

onwards in any of the of semen samples. Moreover, Both the dilution of the ejaculates (p<0.01) and
over the course of the study, an increase was seen in the duration of storage (p<0.05) have a significant im-
the number of semen samples with sperm : aerobic pact on the total number of aerobic bacteria in semen.
bacteria ratios of less than 100:1 and less than 1:1 After dilution (on DO), the average number of CFU

(Table 2). per mL of semen decreased from 724 x10° to 2.7 x10°.



N

456

www.czasopisma.pan.pl P N www.journals.pan.pl

D. Ggczarzewicz et al.

\
Jr'l

) L

. \
}«‘(&;‘;:‘ oy

0 -\-\‘
"‘ "iv
/ " "'(-’l

Fig. 2. Representative micrographs of bacteriospermia in extended boar semen. Rod-shaped bacteria are present both separately
(white arrow) and among the spermatozoa (black arrow); they adhere to the sperm surface at the level of the head (red arrows),
midpiece (green arrows), and tail (blue arrows); the bacterial contamination favors sperm agglutination (asterisk). Phase-con-

trast microscope; Scale bar: 20 um.

Significant fluctuations (p<0.05) in the growth of the
aerobic bacterial populations were found during se-
men storage (Fig. 1A). On each day of storage, large
variabilities were seen in the extent of semen contami-
nation with aerobic bacteria in particular samples,
ranging from 0 to 1.2 x10° CFU/mL.

The dilution of the semen had an influence on all
parameters and storage time had a significant impact
on the motility, agglutination, and acrosome integrity
of the spermatozoa, as well as on AAT activity in the
extracellular environment. The percentage of sper-
matozoa with progressive motility, which was 79.8

* 0.4% in the fresh semen, dropped significantly after
dilution to 75.4 £ 1.0%, and over the subsequent days
of storage fell to 53.6 £ 4.5% (DS5; Fig. 1B). During
storage, a gradual increase in sperm agglutination was
observed. In comparison to the initial period of stor-
age (D0), a significant increase (p<0.05) in agglutinat-
ion level was observed from D3 onwards. Differences
(p<0.05) were also found between the period D0-D3
(days in which less than 10% of the sperm was agglu-
tinated) and D5 (Fig. 1C; Fig. 2). After dilution, the
percentage of sperm with undamaged acrosomes de-
creased by about 2% to 91.8 £ 0.7% (p<0.05), while
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after five days of storage it had decreased to 82.4
t 1.6% (Fig. 1D). Diluting the ejaculates led to a de-
crease (p<0.01) in the pH from 7.54 = 0.04 to 7.21
+ 0.02 and an increase in AAT activity from 23.0 £ 4.0
mU/10° spermatozoa to 91.5 + 10.3 mU/10° spermato-
zoa. During the entire period of storage, the average
pH ranged from 7.18 to 7.24 (Fig. 1E), while the mini-
mum values of pH observed for some samples ranged
from 6.85 to 7.09 (data not shown). The average AAT
activity after five days of storage increased to 116.7
+19.6 mU/10° spermatozoa (Fig. 1F), while the maxi-
mum values of AAT activity in the period D0-D5
ranged from approximately 216 to 297 mU/10° sper-
matozoa (data not shown). During the study, weak
though statistically significant (p<0.05) correlations
were observed between the number of CFU on one
hand and sperm agglutination (r, = 0.19), percentage
of sperm with undamaged acrosomes (r; = -0.18), pH
(r; = 0.21), and AAT activity (r; = -0.23), on the
other.

Discussion
Bacterial contamination of boar ejaculates

Almost all ejaculates (99%) included in this study
were contaminated with various bacteria types previ-
ously reported in boar semen (Althouse et al. 2000,
Althouse and Lu 2005, Maroto Martin et al. 2010,
Morrell and Wallgren 2011, Bresciani et al. 2014,
Schulze et al. 2015). Our research largely confirms the
general view that Gram-negative bacteria, especially
from the Enterobacteriaceae family, are most preva-
lent in boar semen (Althouse and Lu 2005, Okazaki et
al. 2010, Ubeda et al. 2013, Kuster and Althouse
2016). We also isolated six species of rod-shaped
Gram-negative bacteria belonging to the Enterobac-
teriaceae and Pseudomonadaceae families and three
species of Gram-positive bacteria (Table 1). These re-
sults are consistent with those of other authors, com-
piled by Maroto Martin et al. (2010), who conclude
that, of at least 25 different bacteria genera identified
in boar semen, the species Pseudomonas, Staphylococ-
cus, Proteus, and E. coli, occur most frequently.

The bacterial contaminants isolated by us may
have various origins in both animal (e.g. E. coli, En-
terobacter spp., and Staphylococcus spp.) and nonani-
mal (e.g. Pseudomonas, Bacillus, and other species)
sources (Althouse and Lu 2005, Baracaldo and Ward
2008). Recently, the importance has been explained of
many specific factors associated with the age and hy-
giene of boars and with the technique and hygiene of
semen collection, all of which can significantly affect
semen contamination by aerobic and coliform bac-

teria (Goldberg et al. 2013). The collection of ejacu-
lates under less hygienic conditions leads to an in-
crease in contamination to above the median value of
220 CFU/mL (Goldberg et al. 2013). In the present
research, the level of contamination with aerobic bac-
teria was higher (median 7.7 x10* CFU/mL), but con-
siderable variation was noted between the bacteria
considered separately and together. These results may
thus be explained by faults in semen collection and by
differences between boars in terms of the native prop-
erties of their semen. Our results are nevertheless
consistent with the data reported in the literature that
point to a total aerobic bacteria count in boar ejacu-
lates averaging from 10° to 10° CFU/mL (range: 0-10°)
(Schulze et al. 2015), and with higher levels up to 10°
bacteria/mL (Althouse et al. 2000, Baracaldo and
Ward 2008).

Response to storage of bacterial growth dynamics
and sperm quality

The present research, consistent with several pre-
vious studies of Al practice (Althouse 2008, Maroto
Martin et al. 2010, Ubeda et al. 2013, Bresciani et al.
2014), shows that the occurrence of bacteria in ext-
ended semen is very common in everyday practice and
may be associated with limited control of bacterial
growth during storage of semen. Many of the common
bacterial genera found in boar semen are resistant to
aminoglycosides, which are among the most common
antibiotics found in semen extenders (Althouse et al.
2000, Althouse and Lu 2005, Althouse 2008, Maes et
al. 2008). Our results are based on bacterial survival
and proliferation (isolate frequency and changes in
the level of total aerobic bacteria) and point to a se-
lective pattern of bacterial growth in response to the
bacteriostatic action of the single antibiotic in the ex-
tender. It seems that during semen storage, the gen-
tamicin sulfate employed especially limits the expan-
sion of Gram-negative bacteria (except for the un-
identified strain of Pseudomonas), while the growth of
Gram-positive contaminants is not so strongly in-
hibited; this results in an increase in the isolate fre-
quency of these species. These changes in the struc-
ture of the microbiological profile are clearly visible in
the final period of semen storage (D4 and DS5; Table
2) and may result from the properties of gentamicin,
which more effectively protects against Gram-nega-
tive bacteria but otherwise has a relatively narrow
spectrum of activity (Althouse and Lu 2005). As
shown in recent research, all of the bacteria (Schulze
et al. 2015), or at least a significant proportion of
them (Bresciani et al. 2014), isolated from boar semen
in European areas may be resistant to gentamicin. In
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our study, we found an overall increase in the level of
total aerobic bacteria over the five-day test period,
with peaks in the growth on D2 and D4-D5 (Fig. 1A).
It thus cannot be ruled out that bacterial growth was
not efficiently inhibited (or eliminated) by gentamicin.
On the other hand, the commercial extender used in
the study should satisfy the conditions determined by
the actual legal norms which require the addition to
the boar semen of effective antibacterial treatment
products. These norms were laid down in the Regula-
tion of the Ministry for Agriculture and Rural Devel-
opment (Journal of Laws of the Republic of Poland of
2013, item 1016) in accordance with Directive
90/429/EEC, with later amendments.

Considering the changes observed by us in the
microbiological profile, it can further be suggested
that some bacterial populations have the ability to
rapidly develop in certain samples of extended semen.
These could contribute to increases in the number of
total aerobic bacteria at different storage times. These
findings seem consistent with the dynamics of bacter-
ial growth in semen extenders proposed by some
authors (see Althouse 2008, Althouse et al. 2008). In
general, we explain our results concerning the degree
of microbiological contamination by suggesting that
the increase in total aerobic bacteria on D2 represents
the stationary stage (resting phase), which was pre-
ceded by the periods of adaptation and then rapid
growth (lag and log phases, respectively; from DO to
about D2). The change at D3-a significant decrease in
total aerobic bacteria-then results from the decline or
death phase of certain bacterial types which, in the
next two days (D4-D5), began to proliferate again in
the subsequent microbial generations. These fluctu-
ations may depend on many factors (including anti-
microbial effectiveness, extender type, temperature
and time of incubation, and bacterial genera) and
their interactions (Vyt et al. 2004, Althouse et al.
2008, Kuster and Althouse 2016). It should be
stressed that our results clearly confirm that some
bacterial genera undergo a 48-h adaptation stage to
the extender and temperature environment, as has
been indicated by other authors (Althouse et al. 2008,
Sepulveda et al. 2014). This may be related to the
higher quality of the semen in the initial period of
storage. According to Ubeda et al. (2013), a short
time for interaction between bacteria and sperm may
lead to underestimation of the negative impact of
some bacteria on sperm in Al. In turn, other authors
have stated that the presence of bacteria in Al
samples does not have any significant impact on either
the farrowing rate or the total number of births
(Reicks and Levis 2008).

In our study, the 5-day storage period resulted in
a reduction in sperm quality (Fig. 1). We associate

these changes with the degree of aerobic bacteria con-
tamination, even though it is difficult to demonstrate
this clearly; the correlation may be indicated by sev-
eral facts: (i) we observed the occurrence of statisti-
cally significant correlations between the number of
aerobic bacteria and semen quality parameters; (ii) we
noted an increase in the frequency of semen samples
with a significant number of aerobic bacteria, as well
as a doubling in the number of doses with a very high
degree of contamination (Table 2); (iii) we observed
an intensification in direct interaction between bac-
teria and sperm related to bacterial adhesion to the
surface of sperm, which was accompanied by intensifi-
ed agglutination, particularly in the final period of
storage (Fig. 2). Our results are thus in agreement
with the numerous studies that indicate that bacterial
contamination can affect the quality and longevity of
boar semen during storage, and that high levels of
bacterial contamination can lead to undesired effects
in insemination doses and fertility results (Althouse et
al. 2000, Maroto Martin et al. 2010, Bussalleu et al.
2011, Sa et al. 2014), especially when the proportion
of sperm to bacteria is approximately 1:1, or for some
types of bacteria, 100:1 (Althouse 2008, Althouse et
al. 2008, Kuster and Althouse 2016). The negative im-
pact of bacteria on boar semen stored at temperatures
of 15-17°C (after a little more than 24-48 h from in-
oculation) was indicated mainly by experimental stu-
dies that showed high concentrations of some bacteria
species (Bussalleu et al. 2011, Sepulveda et al. 2013,
2014, Prieto-Martinez et al. 2014).

Importantly, as some reports have suggested, the
antibiotics (such as gentamicin) added to extenders
can themselves contribute to harmful alterations of
sperm function in extended semen (Aurich and Sper-
gser 2007). Moreover, these effects may be also asso-
ciated with bacteriolysis, due to their antibiotic action
and the release of soluble spermatotoxic factors from
bacteria (Okazaki et al. 2010). It is rather clear that, in
doses with bacterial overgrowth stored for a long time,
such spermicidal mechanisms may play an even
greater role. It is possible that they may contribute to
the data obtained in the present study, although our
results on the deleterious direct effects of bacteria on
spermatozoa were firmly supported by prominent
tight adhesion of bacteria to the sperm surface and by
sperm agglutination in the presence of bacteria.

Concluding remarks

The observations made in this study provide evi-
dence of the occurrence of different degrees and types
of bacterial contamination in raw boar ejaculates. In
stored semen, most likely because of the limited activ-
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ity of antimicrobial agents in the extended semen, the
levels of some bacterial strains can increase consider-
ably and, with time in storage, the bacteria can come
to directly influence sperm cells, deteriorating semen
quality. It therefore seems that the use of a semen
extender possessing bacteriostatic components that
are effective against the bacterial strains found in boar
studs may be crucial in maintaining boar sperm func-
tion, and that bacterial contamination should be con-
sidered an important parameter in the quality control
of semen used for Al
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