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Simple Summary: Natural service is currently the predominant method of breeding in extensively
managed beef herds. In these herds, the importance of the bull has been largely overlooked, focusing
instead on female fertility. However, the bull might be the most important factor in determining
the reproductive performance of the herd, because one subfertile or infertile bull could mean a
decrease of 25 to 40 calves per year. Thus, bull management is critical to increase herd fertility.
Infectious bovine rhinotracheitis (IBR) and bovine viral diarrhea (BVD) are infections associated with
reduced conception rates. In this study, we analyzed the effect of IBR, BVD, and bull: cow ratio
on seminal parameters of the bull and herd fertility, finding a significant negative effect of BVD on
sperm concentration and motility, and a negative correlation between the number of cows per bull
and herd fertility. Our data suggest that serological control of BVD and sperm parameters, as well
as including less than 40 cows per bull, could improve the reproductive efficiency of the herd in
extensively managed herds.

Abstract: Natural service remains the main breeding method in extensively managed beef herds.
Although the bull might be the most important factor in determining herd fertility, its importance
has been largely overlooked, focusing instead on female fertility. Management of the bull is critical to
maximize the opportunities for cow conception. Infectious bovine rhinotracheitis (IBR) and bovine
viral diarrhea (BVD) are infections associated with reduced conception rates. This study aimed to
determine the effect of both IBR and BVD infection, and bull: cow ratio on seminal parameters in
the bull and herd fertility. The presence of antibodies to IBR and BVD, seminal parameters (volume,
concentration, mass, and progressive motility), and herd fertility were analyzed in 158 extensively
managed bulls. Sperm concentration and mass motility, as well as herd fertility, were significantly
lower in BVD-positive bulls. No significant differences were found between IBR-positive and
-negative bulls in any reproductive parameter. Sperm concentration was negatively affected by BVD
infection in both Charolais and Limousin bulls, whereas mass motility and herd fertility were reduced
in Limousin bulls only. No differences were observed in the cow: bull ratio between BVD+ and BVD-
bulls. A significant negative correlation was detected between the number of cows per bull and herd
fertility, which was negatively affected when herds had more than 40 cows per bull. In conclusion,
BVD and bull overuse negatively affect the reproductive performance of the herd.

Keywords: extensively managed bull; seminal parameters; herd fertility; infectious bovine rhinotra-
cheitis; bovine viral diarrhea; bull: cow ratio
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1. Introduction

Extensive cattle production generates enormous wealth, yielding economic benefits,
employment, and environmental sustainability [1]. Fertility in extensive cattle production
is determined by different factors such as the nutrition and body state of both males and
females. Poor nutrition or body condition in ungulates can adversely affect hypothalamic-
pituitary function [2], delay puberty, prevent ovulation [3], and reduce pregnancy rates and
offspring production [4]. Moreover, it is mandatory that bulls maintain a good nutrition
plan during the rest period and are supplemented, if necessary, to ensure an adequate
body condition for the following breeding season [5]. Nowadays, fertility assessments are
failing in extensive beef cattle systems, leading to a decrease of up to 80% in the number of
bulls allowed to serve cows [6,7]. Moreover, in Europe, the average annual herd fertility,
understood as the percentage of cows calved during a year, is near 85%, whereas in Spain
it is around 70% [8]. This low extensive herd fertility is most likely due to the fact that the
importance of the bull has been largely overlooked, with attention being predominantly
focused on female fertility. However, the bull might be the most important factor in
determining the reproductive performance of the herd, because one subfertile or infertile
bull could mean a significant decrease in calves per year [5].

In contrast to intensively managed cattle, in which artificial insemination was intro-
duced in the 1950s, displacing natural service as the selected breeding method, logistical
difficulties have limited its use in extensively managed herds [9]. Thus, natural service
has remained the predominant technique for breeding in such herds, making it mandatory
that bulls, which represent the most important factor when no artificial insemination is
performed, have good semen quality together with a good serving capacity and physical
soundness [7].

Moreover, infectious diseases, such as bovine viral diarrhea (BVD), infectious bovine
rhinotracheitis (IBR), and infection by Besnoitia, Trichomonas, Neospora, and Campylobac-
ter, have also been linked to fertility and reproductive disorders in this species, causing an
important economic impact in the livestock industry [10,11]. Particularly, BVD and IBR,
caused by BVD virus (BVDv) and bovine herpesvirus 1 (BoHV-1), respectively, are highly
contagious diseases of high economic and trade importance [12]. Both cause suboptimal re-
productive efficiency in herds; thus, serological testing is crucial to examine the extent and
importance of these diseases [13,14]. Acute BVD infections are usually mild or unapparent;
however, reproductive problems associated with this disease are frequently missed when
other clinical signs are not present [15]. Furthermore, the trans-placental transmission
of BVDv can lead to the birth of persistently infected (PI) animals, which significantly
contribute to the continuous spread of the virus through the herd [16]. Despite the fact that
viral transmission from prolonged BVDv infected bulls appears to be low [17,18] and PI
bulls can produce semen of appropriate quality [19,20], they are often associated with poor
fertility [15].

On the other hand, IBR is another widely recognized cause of abortion, infertility,
and suboptimal productivity in the herd [21,22]. Infected animals remain latently infected
during their whole life. Subsequently, the virus can be reactivated by different causes of
stress such as delivery or transport, and these animals eliminate the virus into the envi-
ronment, which may lead to the infection of new animals and a new outbreak. For this
reason, latently infected animals are the main form of maintenance of infection within the
herd [10]. Nowadays in Europe, there are officially IBR-free countries such as Switzerland,
Austria, Norway, Sweden, and Finland; while others have National or Regional Eradication
Plans such as France, Germany, Ireland, the Netherlands, the Czech Republic, and Hun-
gary. Moreover, the European Union (EU) has legislation regarding IBR through Decision
2007/584/EC by which Directive 64/432/EEC is applied. In Spain, a new IBR prevention,
control, and eradication plan has been recently implemented through RD 554/2019.

The number of cows per bull represents another important parameter to evaluate
in extensively managed herds in order to obtain better reproductive performance. The
percentage of bulls per cow is very variable between herds. Some studies have estimated
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that it ranges from 1.5% to 10% of bulls in different herds and that 2% might be enough
to obtain successful pregnancy rates [23,24]. These data are consistent with other reports,
which also highlight the importance of including semen analysis in the assessment of
the players, classifying the bulls into fertile, subfertile, infertile, and sterile [25]. Thus,
the present study aimed to investigate the seroprevalence status of IBR and BVD, and to
analyze the sperm parameters in a large cohort of extensively managed bulls in Spain, as
well as to determine the effects of both IBR and BVD infections, and the bull: cow ratio on
seminal parameters and herd fertility in extensively managed bulls.

2. Materials and Methods
2.1. Selection of Animals

The study was conducted between May and August 2014 and 2015 and involved
158 bulls (66 Charolais, 65 Limousin, and 27 of different autochthonous breeds) and
4299 cows that were randomly selected in two adjacent areas in Spain (Cáceres (Ex-
tremadura) and Salamanca (Castilla y León)). No fertility evaluations had been performed
on the bulls prior to the start of the study. All procedures were approved by the Span-
ish Ethics Committee of Animal Welfare (RD 53/2013). Twenty-one farms that did not
vaccinate the animals for IBR and BVD were included in the study to avoid interferences
in the analyses. The bulls included in the study tested negative for Trichomonas and
Campylobacter and their age ranged from 1 to 10 years old (mean of 4.06 years old). The
average size of the cow herd was 30.49 ± 0.68 (mean ± SEM), ranging from 15 to 51 cows
per bull. No differences were observed in bull: cow ratio between different farms (One-way
ANOVA).

2.2. Herd Management and Fertility Data

Animals were fed on natural pastures supplemented with water, feed additives, and
good quality straw in the summer season. Only cows in good physical condition were
considered to analyze cow: bull ratio and herd fertility. Fertility was evaluated based on
calving rate, which was assessed as the percentage of calving cows within the herd per
year. Data were collected by both veterinarians and farm owners.

2.3. Sample Collection

Bulls included in the study were kept in sexual rest for 2 weeks. They were then
held for semen collection in a handling sleeve. A transrectal massage was performed with
a flattened hand. Feces were manually removed and electroejaculation was performed
using a 75 mm diameter rectal probe with three ventrally oriented longitudinal electrodes
(Pulsator IV; Lane Manufacturing, Denver, CO, USA). During semen collection, the pre-
seminal fraction was discarded. The electroejaculator was set on automatic mode; one
circuit contained a series of 40 cycles, with each cycle delivering a slightly higher intensity
voltage. Each cycle lasted for 2 s followed by 2 s pause. Once a minimum sample was
obtained (3 mL), the stimulation stopped. This procedure was carried out by a veterinarian,
following the same protocol in all bulls included in the experiment.

2.4. Semen Analysis

Immediately after collection, semen samples were analyzed. Each sample was pro-
cessed for volume, concentration, mass motility, and progressive motility. The volume of
the sample was determined using a graduate micropipette (Gilson, Gilson International,
Villiers-le-Bel, France). The sperm concentration was determined using a photometer
(Accured Photometer, IMV, Huelva, Spain). Mass and progressive motility were subjec-
tively evaluated by the same researcher for all analyses included in this study. Mass and
progressive motile sperm were subjectively determined under phase-contrast microscopy
at 400× magnification (B-500 TpH OPTIKA), using a scale ranging from 1 to 4, in which
1 = 0–39%, 2 = 40–59%, 3 = 60–79%, and 4 = ≥80% spermatozoa showed total or progressive
motility.
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2.5. IBR and BVD Assays

Peripheral blood samples were obtained from the bulls included in this study. Samples
were then allowed to clot, and the serum was separated by centrifugation at 1500 g for
10 min, and frozen at −20 ◦C until use. Serum samples were analyzed for antibodies
against IBR virus and BVDv p80 (nonstructural protein 3; NS3NS3) by ELISA as previously
described with some modifications [13].

2.6. Statistical Analysis

The differences in seminal parameters (concentration, volume, mass, and progressive
motility) and herd fertility between infected and non-infected animals were analyzed
by t-test. The differences in BVD and IBR prevalence between breeds were analyzed by
Chi-square test. The differences in seminal parameters (concentration, volume, mass,
and progressive motility) and herd fertility between breeds were analyzed by One-way
ANOVA. To exclude bull age as a possible variant affecting the results, t-test was performed
between infected and non-infected animals. To exclude a farm effect on bull: cow ratio,
One-way ANOVA was performed. Linear regression and correlation analyses were per-
formed between cow: bull ratio and reproductive parameters. All statistical analyses were
performed with Prism GraphPad software (San Diego, CA, USA) and a value of p < 0.05
was considered significant.

3. Results

Bull age was excluded as a variable that could affect the results because no statistically
significant differences were found between BVD+ (3.35 ± 0.32 years) and BVD- bulls
(4.06 ± 0.18 years); or between IBR+ (3.67 ± 0.26 years) and IBR- bulls (3.99 ± 0.19 years)
(t-test).

3.1. Correlation Between Bovine Viral Diarrhea (BVD) and Bull Fertility

Forty-two out of 157 bulls (26.58%) tested positive for BVD. Bulls infected with
BVD showed a significantly reduced sperm concentration (p = 0.002) and mass motility
(p = 0.044) compared to their non-infected counterparts. Although volume and progressive
motility were slightly lower in bulls infected with BDV, no significant differences were
found between BVD-positive and -negative animals. However, fertility was significantly
lower in those herds in which the bull was infected (65.43 ± 2.51 vs. 71.15 ± 1.39%, p = 0.01)
(Figure 1). No differences were observed in the cow: bull ratio between BVD+ (30.34 ± 1.54)
and BVD- (30.53 ± 0.77) bulls (t-test), which excludes a possible interaction of cow: bull
ratio in these results.

Considering the different breeds, no differences were found in BDV prevalence be-
tween Charolais (19/66; 28.79%), Limousin (17/65; 26.15%), and bulls from autochthonous
breeds (6/27; 22.22%). When we analyzed whether BVD affected reproductive parameters
differently in the main breeds, we found that while sperm concentration was negatively
affected by BVD infection in Charolais bulls (p = 0.004), mass motility (p = 0.02) and herd
fertility (p = 0.047) were significantly reduced only in Limousin bulls. No differences were
found between BVD-positive and -negative bulls from autochthonous breeds for any of the
parameters analyzed, although this could be due to the reduced number of animals in this
group (Table 1).
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Figure 1. Differences in sperm parameters and fertility between bovine viral diarrhea (BVD)-posi-
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3.2. Correlation Analysis between Infectious Bovine Rhinotracheitis (IBR) and Bull Fertility

Of the 158 bulls tested, 67 (42.40%) were positive for IBR. In this study, no correla-
tion was found between the presence of IBR infection in the bull and the reproductive
parameters evaluated (Figure 2).
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When the effect of IBR in the different breeds was analyzed, no differences were found
in the prevalence of IBR between Charolais (28/66; 42.42%), Limousin (29/65; 44.61%), and
bulls from autochthonous breeds (9/27; 33.33%). Similarly, no differences were found in
reproductive parameters between IBR-infected and non-infected bulls in the main breeds
(Table 2). When we analyzed the differences in sperm parameters between breeds, sperm
volume in Limousin bulls was significantly lower than in Charolais bulls (p = 0.001), and
mass motility was significantly lower in Charolais bulls (p = 0.047) (Tables 1 and 2).
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Table 1. Differences in sperm parameters and fertility between BVD-positive and -negative Charolais, Limousin, and autochthonous bulls.

Breed
n Volume (ml) Concentration (106 spz/mL) Mass Motility Progressive Motility Fertility (%)

BVD+ BVD- BVD+ BVD- BVD+ BVD- BVD+ BVD- BVD+ BVD- BVD+ BVD-

Charolais 19 47 5.26 ± 0.68 6.71 ± 0.42 a 564.8 ± 77.28 877.7 ± 59.03 2.39 ± 0.23 a 2.82 ± 0.14 a 2.58 ± 0.16 2.73 ± 0.12 64.74 ± 3.25 71.61 ± 2.02
Limousin 17 48 4.32 ± 0.57 4.34 ± 0.32 b 640.2 ± 106.4 802.3 ± 65.61 3.2 ± 0.22 b 3.47 ± 0.11 b 2.93 ± 0.25 2.84 ± 0.08 63.06 ± 4.19 70.7 ± 1.92

Autochthonous 6 21 4.58 ± 0.81 6.45 ± 0.73 a 547 ± 102 783.1 ± 92.71 3.17 ± 0.3 ab 3.21 ± 0.2 ab 3 ± 0.36 3.05 ± 0.19 67.33 ± 6.41 70.85 ± 3.82

Underlined values indicate statistically significant differences between infected and non-infected animals within each breed (p < 0.05, t-test). Different letters indicate statistically significant differences between
breeds (p < 0.05, One Way ANOVA).

Table 2. Differences in sperm parameters and fertility between IBR-positive and IBR-negative Charolais, Limousin, and autochthonous bulls.

Breed
n Volume (mL) Concentration (106 spz/mL) Mass Motility Progressive Motility Fertility (%)

IBR+ IBR- IBR+ IBR- IBR+ IBR- IBR+ IBR- IBR+ IBR- IBR+ IBR-

Charolais 28 38 6.30 ± 0.55 a 6.27 ± 0.50 a 751.1 ± 84.34 816.1 ± 63.22 2.50 ± 0.21 a 2.83 ± 0.15 a 2.60 ± 0.13 2.76 ± 0.14 69.37 ± 2.94 67.76 ± 2.17
Limousin 29 36 4.05 ± 0.42 b 4.57 ± 0.37 b 686.7 ± 91.73 820.6 ± 69.18 3.23 ± 0.18 b 3.53 ± 0.11 b 2.73 ± 0.14 2.97 ± 0.11 66.89 ± 2.90 70.26 ± 2.32

Autochthonous 9 18 6 ± 1.1 ab 6.03 ± 0.74 ab 610.8 ± 160.3 790.9 ± 81.24 3.25 ± 0.31 ab 3.18 ± 0.20 ab 2.87 ± 0.35 3.12 ± 0.19 65.56 ± 7.38 72.41 ± 3.11

Different letters indicate statistically significant differences between breeds (p < 0.05, One Way ANOVA).
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3.3. Effects of Both IBR and BVD on Bull Fertility

Next, we sought to find out whether infection with both BVD and IBR had an increased
effect on reproductive parameters. Of the 157 bulls analyzed, 23 (14.56%) were positive for
both IBR and BVD, 19 (12.02%) were only positive for BVD, 44 (27.85%) were only positive
for IBR, and 72 (45.57%) were negative for both. Higher sperm concentration, mass motility,
and herd fertility were found in bulls free of both IBR and BVD virus compared to animals
positive for both diseases (p = 0.0102, p = 0.034 and p = 0.046, respectively). However, there
were no statistically significant differences between animals infected with both BVD and
IBR, and animals infected with only BVD or IBR (Figure 3).
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3.4. Correlation between Cow: Bull Ratio and the Fertility of the Herd

A significant negative correlation (r = −0.1833) between progressive motility and the
number of cows per bull (ranging from 15 to 51) was found. Although sperm concentration
and mass motility were lower when the number of cows per bull increased, no differences
were found between sperm volume, concentration, and mass motility and the cow: bull
ratio (p > 0.05). However, there was a statistically significant negative correlation between
herd fertility (r = −0.2853) and the number of cows per bull. Interestingly, when herds
had more than 40 cows per bull, the negative effect on fertility was statistically significant
(Figure 4F). A significant negative correlation between herd fertility and the number of
cows per bull was also observed when only BVD-negative bulls were included in the
analysis (r = −0.2936; p = 0.002), excluding a possible effect of BVD infection on this
analysis.
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4. Discussion

The present study reveals the high prevalence of IBR (42.40%) and BVD (26.58%)
in extensively managed bulls in Spain and points out the negative effect of BVD on the
reproductive parameters of the bull. Furthermore, we report that bull overuse decreases
the reproductive efficiency of extensively managed herds, which is significantly reduced
when more than 40 cows are allocated per bull.

BVDv transmission within a herd or between herds depends primarily on contact
between susceptible individuals and PI animals [26]. These individuals were likened
to ‘Trojan Horses’ as they are virus-negative and antibody-positive, but they deliver PI
calves [15]. Both acute and persistent infections can affect the reproductive soundness
of bulls by reducing semen quality [26]. It has previously been shown that the virus
causes prolonged testicular infection despite the presence of antibodies [27], and this is
a potential concern in the herds that regularly use natural mating. In the present study,
26.58% of bulls tested positive for BVDv, which is a high incidence compared to other
studies (0.4% in Irish dairy herds [12]). In our study, bulls infected with BVDv showed
a significantly reduced sperm concentration and mass motility compared to their non-
infected counterparts. In agreement with our results, it was previously reported that the
reproductive performance [28] and semen quality from PI bulls may range from acceptable
to abnormal, with various defects predominantly involving the head of the spermatozoa
and low motility [29]. Similarly, it has been proven that there is a lower sperm concentration
in bulls infected with BVDv [30]. This observation is in accordance with previous work
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highlighting that despite high viral titers, PI bulls can produce acceptable semen quality
but are often associated with poor fertility [19,20]. Thus, it has been suggested that the
removal of PI animals is the cornerstone for BVDv control and eradication, but enhancing
herd immunity is also important [31,32]. Interestingly, it seems that this disease may have
different effects depending on the breed. Although our study showed no differences in
BDV prevalence between Charolais, Limousin, and bulls from autochthonous breeds, BVD
infection negatively affected sperm concentration in both Charolais and Limousin bulls,
but mass motility and herd fertility were reduced in Limousin bulls only. Further studies
with a higher number of animals are required to confirm these results.

IBR infection is another widely recognized cause of abortion, infertility, and sub-
optimal productivity in the herd [21,22]. Moreover, BoHV-1 seroprevalence has been
associated with herd size, though this may be a cluster risk factor [33]. In our study,
BoHV-1 seroprevalence was 42.40%, much higher than other studies (16.7% in Irish dairy
herds [12]). However, our results showed no differences in the sperm parameters evaluated
between BoHV-1-positive and BoHV-1-negative bulls. A negative impact associated with
IBR, regarding milk production [22] and respiratory diseases in the calves [34], has been
previously reported. As a result, most of the countries in Europe have decided to establish
programs for the prevention, control, and eradication of IBR (e.g., in Spain, through Royal
Decree (RD) 554/2019). These programs have already shown interesting results in Germany,
Hungary, and Italy [35]. Similar results were found by Raaperi et al. [34]. In this study, the
IBR vaccination resulted in a reduction in the calving interval and showed a trend towards
higher milk production and lower mortality from pneumonia in the calving. When we
analyzed the effect of double infection with BVD and IBR on reproductive parameters,
animals infected with both diseases showed lower sperm concentration, mass motility, and
herd fertility than non-infected animals, but no significant differences were found between
animals infected with both diseases and those infected only with BVD, suggesting that the
negative effect on reproductive parameters could be explained by BVD infection only.

Interestingly, in our study, a high number of cows per bull appeared to directly
affect reproductive parameters. A negative correlation (r = −0.2853) was found between
the number of cows per bull and fertility. Moreover, fertility was significantly affected
when herds were held with more than 40 cows per bull. Other studies have reported that
pregnancy rates can be successful with ratios around 50 cows per bull; however, the authors
point out that the bulls need to be of high reproductive performance [23,24]. Moreover, in
a different study, the authors point out that introducing higher bull: cow ratios (ranging
from 1:8 to 1:68) did not affect the return to oestrus pregnancy rate. Similarly, they found
no correlation between the number of open cows per bull and return to oestrus conception
rates [36].

5. Conclusions

This study provides an extensive analysis of the prevalence of BVD and IBR and of
seminal parameters of extensively managed bulls in Spain. In the present study, no corre-
lation was found between the presence of IBR infection in the bull and the reproductive
parameters evaluated. Sperm concentration, mass motility, and herd fertility were nega-
tively affected by BVD infection and by the overuse of bulls, decreasing the fertility of the
herd. In order to improve the reproductive parameters of the herd, it seems mandatory to
perform serological analyses for BVD and sperm analyses, as well as restricting the number
of cows per bull to less than 40. However, further studies focusing on the number of cows
per bull are necessary to narrow down the adequate ratio to improve the reproductive
parameters of the herd.
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