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Numerous pathogens affect cow fertility. Nevertheless, little information has been published about microor-
ganisms associated with cattle infertility focusing on bulls. The present review offers a current analysis and
highlights potential key aspects on the relevance of bulls in the emergence of infertility problems of infectious
origin within herds that are still not completely determined. The present systematic review was conducted using
the PubMed, Web of Science, and Scopus databases on December 9, 2022. In total, 2,224 bibliographic records
were reviewed and, according to strict inclusion criteria, 38 articles were selected from 1966 to 2022, from
which we ranked more than 27 different microorganisms (fungi were not identified). The most cited pathogens
were BoHV (described by 26.3% of the papers), Campylobacter fetus (23.7%), Tritrichomonas foetus (18.4%), and
BVDV, Ureaplasma spp., and Mycoplasma spp. (10.5% each). Despite the general trend towards an increasing
number of publications about bull-infertility problems, a number of pathogens potentially transmitted through
both natural breeding and seminal doses given to females and associated with infertility within herds were not
ranked in the study (e.g., Chlamydia spp.). This work highlights i) the need to clearly establish the role of certain
microorganisms not traditionally associated with reproductive problems in bull infertility (e.g., Staphylococcus
spp. or BoHV-4) and ii) the need to perform additional studies on breeding bulls to clarify their role in infertility
problems within herds. This would allow monitoring for pathogens that have gone unnoticed and those that are
fastidious to diagnose and/or potentially transmitted to females.

1. Introduction in the number of pregnancies and successful births in a herd (Givens,
2006).
Numerous infectious agents can affect cattle reproduction at

different levels with different symptoms (Yoo, 2010), negatively

The global population is rapidly increasing. The United Nations and
FAO estimate that the world population will reach 9.8 billion people in

2050, necessitating an increase in global food production of 70% (Le
Mouél & Forslund, 2017). Such an increase in food production will
require an improvement in livestock management, which is inherently
accompanied by a multitude of factors, such as better fodder
manufacturing, decreasing gas emissions and waste, and enhanced
longevity, health, and fertility within herds (European Union, 2013).
Indeed, cattle infertility is an important economic factor in cattle
farming (Bellows, Ott & Bellows, 2002; European Union, 2013; Kastelic,
2013), which is interpreted in the livestock sector as a decreased number
of calves weaned per year per cow (Titterington et al., 2017) and in-
fectious infertility understood as those infectious that cause a decrease

affecting the fertility of females due to their inability to become preg-
nant and successfully carry the pregnancy to term (Adnane & Chapwa-
nya, 2022; Moore et al., 2021). In addition, several pathogens may have
a negative impact on the fertility of bulls (Givens & Marley, 2008).
Furthermore, there are microorganisms that apparently do not affect the
fertility of bulls but that can be transmitted to females, in which they
cause reproductive problems (Givens, 2018). For example, Campylo-
bacter fetus subsp. venerealis causes a bacterial infection in bulls tradi-
tionally considered to be asymptomatic that can be transmitted to
females, where it translates into a diversity of reproductive problems,
such as irregular estrus and early embryonic and fetal mortality (Michi
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et al., 2016). Similarly, opportunistic pathogens ubiquitously present in
the environment or as part of the animal microbiota can be found
associated with bovine infertility, e.g., fungal species within the genera
Aspergillus, Mucor, or Candida (Perumal et al., 2013) or bacteria such as
Ureaplasma diversum (Buzinhani et al., 2011). In addition, several
pathogens linked to cattle infertility are zoonotic and may pose a risk to
public health (Yoo, 2010).

Males play an important role in infectious cattle infertility within the
herd in two ways: directly (by which pathogens affect the reproductive
potential of bulls or sperm quality (Carli et al., 2022; Givens, 2018)) or
indirectly (by which microorganisms are transmitted from males to fe-
males through natural breeding and artificial insemination but are
potentially asymptomatic for bulls (Carli et al., 2022; Givens, 2018;
Michi et al., 2016)). Consequently, the impact of certain microorganisms
potentially present in bulls on fertility must be considered to avoid
problems such as delayed conception in females, which prolongs the
calving season and increases the number of culled animals, resulting in a
reduction in the efficiency of production and, consequently, economic
losses (Carli et al., 2022; Kastelic, 2013). Indeed, certain authors have
suggested that low fertility in extensive herds is probably due to the fact
that the importance of the bull has been overlooked, for example, in
terms of the importance that infectious diseases, such as bovine diarrhea
(caused by BVDV) and bovine rhinotracheitis (caused by BoHV-1), may
play in the low fertility rates of female herds, in which these etiological
agents could be transmitted from males (Montoya-Monsalve et al.,
2021). For these reasons, it is necessary to clarify the role of bulls in
infertility problems within a herd, particularly concerning pathogens
that directly affect the reproductive potential of bulls. In this context,
the detection and monitoring of infectious agents in bulls associated
with cattle infertility has become a key element in establishing accurate
diagnoses and, consequently, appropriate disease prevention manage-
ment. There are various techniques for the detection of microorganisms,
from cultures to advanced molecular analysis based on massive
sequencing. Techniques based on massive sequencing may provide an
overall picture of all known microorganism, e.g., bacterial populations
(Cojkic et al., 2021; Polo et al.,, 2022) present in clinical samples,
providing extensive knowledge of the infectious agents potentially
associated with cattle infertility.

Despite the information published in journals and scientific data-
bases about bull infertility, for example the work of Givens and Marley
(2008), no systematic analysis has been published about infectious
agents associated with cattle infertility focusing on the role of the bull. In
this context, this study provides a detailed bibliographical analysis of the
available information on this subject and establishes a powerful tool for
analyzing the relevance of various potential etiological agents of infer-
tility, ranking the main pathogens that cause fertility problems in bulls.
In addition, certain pathogens that may be transmitted to females
(traditionally considered asymptomatic in males) that cause reproduc-
tive problems were also included in the ranking. Finally, evaluation of
the information about coinfections and the techniques used for diagnosis
in bulls over time are also evaluated.

2. Materials and methods
2.1. Information collection

We conducted a systematic review of the literature using the
PubMed, Web of Science (WOS), and Scopus databases on December 9,
2022. The search strings used for each database were: i) for the PubMed
database ‘((“Infection”[Mesh]) OR “Reproductive Tract Infection-
s”’[Mesh]) AND “Fertility”[Mesh]) OR “Infertility”[Mesh]) AND “Cat-
tle”[Mesh]’; ii) for the Scopus database ‘TITLE-ABS-KEY ((“Infection”
AND (“Fertility” OR “Infertility””) AND “Cattle™))’; and iii) for the Web
Of Science database ‘TS=((“Infection” AND (“Fertility” OR “Infertility”)
AND “Cattle”))’. Using these strings, a total of 3186 bibliographic re-
cords were imported into the bibliographic manager Mendeley Desktop
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1.19.8 software in such a way that 613 records were automatically
removed (Fig. 1). In total, 2224 records were independently screened
using strict inclusion and exclusion criteria (Table 1) to select articles
focusing on bull fertility (or those including mixed herds in which bulls
were assessed). According to these criteria, studies carried out exclu-
sively in female herds or those carried out on both males and females,
but for which the results were not sex-defined, were excluded (Table 1).
Finally, 38 articles were included in the present study.

2.2. Information processing

The extracted information was collected in an Excel spreadsheet to
standardize the process with a description of the following variables:
reference; country in which the study took place and year of data pub-
lication, pathogens identified, and diagnostic tests used to evaluate the
presence of microorganisms. The following collected variables were not
further evaluated due to the low number of papers that detailed these
points: production type, breed, feeding, age, type of sample, fertility
ratio, and statistical tests.

2.3. Database management

The data search in the Excel spreadsheet resulting from the biblio-
graphic information processing was carried out using tools integrated in
Microsoft Excel 2016 and the R programming language (R studio 4.1.2
software).

3. Results and discussion
3.1. Ranking of identified microorganisms

Overall, information about more than 3000 bulls from 38 publica-
tions from 1966 to 2022 were included in this analysis. It is important to
consider that the present review was focused on infectious causes of bull
infertility, although several studies derived from studies carried out on
mixed herds (cows + bulls, in which bulls were analyzed) with fertility
problems were also included. The highly strict search parameters
(through the search strings indicated in section ‘2.1. Information collec-
tion’ focused on infertility), and the selection criteria (indicated in
Table 1) may have excluded certain studies, for example, those exclu-
sively focused on the study of pathogens that cause infertility problems
in females that can be transmitted by bulls. All the pathogens associated
with infertility in bulls are summarized in Table 2, which also summa-
rizes the impact of these microorganisms on bull infertility. Eighteen
publications (47.4% of all papers) identified bacteria as the causative
agent of infertility, 15 (39.5%) identified viruses, 11 (29%) identified
parasites, and none identified a fungus. The set of 38 selected papers
described 18 species and six genera of bacteria, five species of viruses,
and four species of parasites. Our review identified microorganism not
traditionally associated with cattle infertility, e.g. BoHV-5 (Marin et al.,
2020) (Table 2). Thus, it is necessary to investigate the true impact of
these microorganisms, which may act as primary or secondary agents,
on bull infertility and the potential role of bulls as carriers in certain
cases.

3.1.1. Bacteria

Campylobacter spp. was identified in 23.7% of the papers. All papers
that described Campylobacter spp. identified the species C. fetus,
although other species were also described: C. jejuni and the related
bacteria Arcobacter cryaerophilus (McFadden et al., 2004). Concerning
C. fetus species, two subspecies, i) C. fetus subsp. venerealis and ii) C. fetus
subsp. fetus, were identified in the same proportion of papers (10.5%).
C. fetus subsp. venerealis is responsible for bovine genital campylo-
bacteriosis, a venereal disease of cattle that is frequently asymptomatic
for males and that can be infective for humans (Wagenaar et al., 2014).
It is considered to be one of the relevant causes of reproductive failure in
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Fig. 1. PRISMA flowchart of literature for the selection of papers included in the current study about bull infertility due to infectious causes.

Table 1
Publication criteria selection.

Inclusion criteria Exclusion criteria

Reviews, letters, editorials, conference
abstracts, and vaccination trials
Lab/bench studies (basic research)

Original work

Field/experimental studies: diagnosis,
prevalence, and epidemiology

Studies performed on samples from farms
or slaughterhouses

Direct samples from animals

All other locations

Others, such as surfaces, food, water,
etc.

Other causes related to infertility (e.g.,
nutritional deficiencies (Kenny & Byrne,
2018))

Study performed exclusively in female
herds or mixed herds in which the

Infectious causes related to infertility

Studies performed in herds of males or
both males and females (in which bulls
were analyzed) results were not sex-defined were

excluded

English language Other languages

cows in many countries, especially when natural breeding is practiced
(Balzan et al., 2020; OIE, 2021; Pena-Fernandez et al., 2021). On the
contrary, C. fetus subsp. fetus is described as a sporadic pathogen in the
reproductive tract of cattle, where it may cause infertility (OIE, 2021). It
can also be isolated from humans (Holst et al., 1987). According to our
results (Table 2), the potential role of C. fetus subsp. fetus as an

etiological agent of infertility within herds may be underestimated, as
previously suggested (Polo et al., 2021).

Finally, both subspecies are clearly related to reproductive failure in
females (Michi et al., 2016; Mshelia et al., 2010) and the recent study of
Cagnoli et al. observed how both C. fetus subspecies can negatively affect
the sperm quality of bulls in experimental studies (Cagnoli et al., 2020),
which would mean that C. fetus may also affect the fertility of the bull.

In addition, it is important to highlight that the identification of
C. fetus at the subspecies level by techniques commonly used in diag-
nostic laboratories may be hampered by the limitations of certain
techniques, such as culture or PCR (Chaban et al., 2013; Polo et al.,
2021), making it difficult to establish the true role of C. fetus subsp. fetus
and C. fetus subsp. venerealis in relation to low fertility rates in bulls.

Other bacteria identified in a lower percentage of publications
included Mycoplasma spp. (identified by 10.5%), in which the species
M. bovigenitalium, M. suis, M. wenyonii, and M. bovis were described (in
our ranking, Table 2). Mycoplasma spp. are already known to be asso-
ciated with potential reproductive problems in bulls (Parker et al.,
2018), whereas M. bovigenitalium and M. bovis appear to be carried by
breeding bulls (Carli et al., 2022; Dudek et al., 2020). In females, in-
fections by Mycoplasma spp. translates onto reproductive disorders, such
as vulvovaginitis, endometritis, dystocia (Parker et al., 2018), earlier
return to estrus, and sporadic abortion (Carli et al., 2022), whereas the
pathogenesis in bulls has been less studied (Carli et al., 2022) and the
absence of symptoms could be common (Parker et al., 2018). Ureaplasma
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Table 2

Pathogens described within cattle herds with reproduction failure by the 38 papers included in the current study. Indicated from left to right: Pathogen; the effect of the
pathogen infection in bull fertility and whether it is able to be transmitted to females (T) through both natural breeding (NB) and/or seminal doses (AI) in which it is
associated with reproductive problems in cows;%, percentage of total papers in which the pathogen has been described; Zoonotic; Classification: for bacteria, whether
they are gram-positive/negative or without a cell wall is indicated; for parasites, the kingdom or infrakingdom is indicated; and for viruses, the Baltimore classification
(Baltimore, 1971) is indicated.

Pathogen Effect in bull fertility T % Zoonotic  Classification
Bovine herpesvirus (BoHV) 26.3 No virus (Group I:
dsDNA)

BoHV serovar 1 Affects sperm quality due to the weakness of the infected bull (Givens, NB, Al (Givens, 2018) 21.1 No virus (Group I:
2018). Nevertheless, the presence of the virus in bull semen appears to dsDNA)
decrease sperm concentration, viability, and motility and increase sperm
abnormalities (El-Mohamady et al., 2020).

BoHV serovar 4 * * 5.3 No virus (Group I:

dsDNA)

BoHV serovar 5 * * 2.6 No virus (Group I:

dsDNA)
Campylobacter spp. 23.7  Yes bacteria (gram-
negative)

Campylobacter fetus 23.7  Yes** bacteria (gram-

negative)
Campylobacter fetus In experimental work, the bacteria is able to irreversibly bind to bull * 10.5 Yes bacteria (gram-
subp. fetus spermatozoa and negatively affect sperm quality, altering the structure and negative)
functionality of the sperm plasma membrane (Cagnoli et al., 2020).

Campylobacter fetus subp. In experimental work, the bacteria is able to irreversibly bind to bull NB, AI (Givens, 2018)  10.5  Yes bacteria (gram-

veneralis spermatozoa and negatively affect sperm quality, altering the structure and negative)
functionality of the sperm plasma membrane (Cagnoli et al., 2020).

Campylobacter jejuni * * 2.6 Yes bacteria (gram-

negative)

Campylobacter cryaerophilus * * 2.6 Yes bacteria (gram-

negative)
Tritrichomonas foetus Appears to be able to adhere to sperm, decreasing sperm quality, NB, AI (Givens, 2018)  18.4  Yes parasite (Protista)
damaging the sperm cell, and causing its death (Benchimol et al.,
2008).
Bovine viral diarrhea virus The virus can infect the testicles, where it negatively affects sperm quality, NB, Al (Givens, 2018) 10.5 No virus (Group IV:
decreasing sperm concentration, viability, and motility and increasing +ssRNA)
sperm abnormalities (EI-Mohamady et al., 2020).
Mycoplasma spp. 10.5 No bacteria (no cell
wall)
Mycoplasma bovigenitalium In experimental work, the bacteria is able to infect the upper genital tract of ~ * 2.6 No bacteria (no cell
bulls where it appears to decrease sperm motility. (Panangala et al., 1981).* wall)
Mycoplasma suis * * 2.6 No bacteria (no cell
wall)
Mycoplasma wenyonii * * 2.6 No bacteria (no cell
wall)
Mycoplasma bovis * NB, AI* (Dudek et al., 2.6 No bacteria (no cell
2020) wall)
Ureaplasma spp. 10.5  Yes** bacteria (no cell
wall)
Ureaplasma diversum The bacteria can infect the testicles where it negatively affects sperm NB, Al (Givens, 2018) 7.9 No bacteria (no cell
quality through morphological and functional changes of the sperm ( wall)
Santos Junior et al., 2021).
Besnoitia besnoiti The parasite can produce severe alterations in the reproductive tract, * 5.3 No parasite
causing permanent infertility (Cortes et al., 2005). (Alveolata)
Coxiella burnetii * NB, Al (Givens, 2018) 2.6 Yes bacteria (gram-
negative)
Neospora caninum Appears to not affect sperm quality (Kemel et al., 2022; van Velsen, 2021). ~ NB* (Givens, 2018; 2.6 Potential ~ parasite
van Velsen, 2021) (Alveolata)
Bacillus spp. * * 2.6 No bacteria (gram-
positive)
Mycobacterium avium subp. * NB, Al (Givens, 2018) 2.6 bacteria (gram-
paratuberculosis positive)
Staphylococcus spp. Appears to decrease sperm motility (Duracka et al., 2021). NB, AI* (Cojkic etal., 2.6 Yes** bacteria (gram-
2021) positive)
Bluetongue virus Serotype 8 decreases the motility of sperm and increases the percentage of ~ NB, Al (Givens, 2018) 2.6 No virus (Group III:
sperm with morphological abnormalities (De Clercq et al., 2021). dsRNA)
Bovine enterovirus serotype I * * 2.6 Potential  virus (Group IV:
+ssRNA)
Corynebacterium pyogenes * * 2.6 Yes bacteria (gram-
positive)
Fasciola spp. * * 2.6 Yes** parasite
(Animalia)
Helicobacter cinaedi * * 2.6 Potential  bacteria (gram-
negative)
Parainfluenza III Virus * * 2.6 Potential  virus (Group V:
-sSRNA)
Streptococcus spp. * 2.6 Yes**

(continued on next page)
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Pathogen Effect in bull fertility T % Zoonotic  Classification
NB, AI* (Cojkic et al., bacteria (gram-
2021) positive)

Trueperella pyogenes * 2.6 Yes bacteria (gram-

positive)

* Not clarified. ** Some species within the genus are zoonotic pathogens.

spp. were also identified (10.5% of the publications), in which
U. diversum was the only described species (identified in 7.9% of the
publications) able to adversely affect the fertility of males (Buzinhani
et al., 2011; Hobson et al., 2013). Infections in bulls can induce seminal
vesiculitis, balanoposthitis, epididymitis, and other pathologies caused
by morphological and functional changes in sperm (Santos Junior et al.,
2021). Other bacteria are also identified in our ranking list in a lower
percentage of papers (summarized in Table 2).

3.1.2. Viruses

Two predominant viruses were noted: i) bovine herpesvirus (BoHV)
(identified in 26.3% of the publications) and ii) bovine viral diarrhea
virus (BVDV) (identified in 10.5% of the publications). BoHV and
BVDV are viruses that cause a wide variety of reproductive syndromes
(Newcomer & Givens, 2016). Three serovars were identified in the
current analysis: BoHV serovars 1 (BoHV-1), 4 (BoHV-4), and 5
(BoHV-5). According to our review, BoHV-1 was identified in 21.1% of
the papers that described BoHV, BoHV-4 by 5.3%, and BoHV-5 by
2.6%.

BoHV-1 is a ubiquitous microorganism and can remain latent for
long periods of time in cattle populations, in which infections appear to
affect the sperm quality of bulls, decreasing the sperm concentration,
viability, and motility and increasing sperm abnormalities (El-Moha-
mady et al., 2020) (Table 2). In females, BoHV-1 induces abortions at the
end of embryonic development or newborn death during the first week
of life (Newcomer & Givens, 2016). The virus can be transmitted by
males, including through artificial insemination (Givens, 2018). For
BoHV-4, there is a strong correlation of virus infection with postpartum
metritis and abortion (Kruger et al., 2015), whereas BoHV-5 is respon-
sible for meningoencephalitis in calves (Marin et al., 2020). There is a
lack of information concerning the exact role of BoHV-4 and BoHV-5 in
bull infertility or their transmission to females by natural breeding or
artificial insemination (Table 2), despite the fact that they were
described as the cause of infertility in certain papers (Aslan et al., 2015).
Similarly to BoHV-1, BVDV infections result in a reduction in sperm
density and motility and an increase in sperm abnormalities in males
(El-Mohamady et al., 2020) (Table 2). In females, these infections cause
abortions (Grooms, 2004). The virus can be transmitted by males,
including through artificial insemination (Givens, 2018).

3.1.3. Parasites

There is a remarkable predominance of the species Tritrichomonas
foetus (identified in 18.4% of the publications). T. foetus causes tricho-
moniasis in cattle and is a traditionally considered agent of asymp-
tomatic long-term infections in bulls. Nevertheless, Benchimol et al.
showed that T. foetus is able to adhere to and damage sperm cells in
vitro, causing their death (Benchimol et al., 2008), which suggests that
this parasite could be a potential etiological agent of fertility problems in
bulls. In females, this protozoan is responsible for genital inflammation
and embryonic death (Michi et al., 2016). The major ranked microor-
ganisms (Table 2) are present in most continents (data not shown) and
are therefore of worldwide relevance. Other parasites are described in a
smaller proportion of papers, such as Neospora caninum (2.6%)

(Table 2). In bulls, infections by N. caninum appear to affect sperm
viability and motility, but this is still debated and the negative affect on
fertility is not clear due to some naturally infected bulls showing high
conception rates (van Velsen, 2021).

3.1.4. Fungi

We found no fungi associated with infertility in bulls in the pub-
lications included in this study, despite fungi sometimes being present
in bull semen (Joya et al., 2011). It is known that fungi can cause
fertility disturbances in cattle (Mingoas et al., 2009). For example,
Aspergillus fumigatus and Candida spp. cause abortions and other
reproduction problems in females (Foley & Schlafer, 1987; Henker
et al., 2022; Yoo, 2010). Although knowledge concerning the patho-
genesis of bacteria, parasites, and viruses in cattle is generally
extensive, data related to the pathogenesis of fungal infections are
limited. A low number of fungi are sufficiently virulent to be consid-
ered primary pathogens in immunocompetent individuals. Nonethe-
less, opportunistic pathogenic infections are mainly due to periods of
immune deficiency of the animal or because the protective barriers of
the skin and mucous membranes have been altered (Dixon et al.,
1996; Seyedmousavi et al., 2018). Fungal infections are indeed rare
events that can easily go unnoticed or be under-diagnosed and thus
they are not present in the current review.

3.2. Time, techniques, and co-infections

Over time, there has been a general trend towards an increasing
number of publications (Fig. 2), indicating a growing concern about the
relevance of considering males for the diagnosis, management, and
control of infertility problems of infectious origin within bulls and herds
composed of both males and females.

According to our results, the main microorganism detection tech-
niques used have been immunoassays (22 of the 38 selected publications
used them) and culture and identification by microscopy as the direct
detection technique (19/38) (Fig. 3). Detection by PCR has also been
widely used as a direct molecular detection method (13/38) (Fig. 3).
There are still situations in which establishing the cause of a reproduc-
tive disease or set of symptoms in cows is challenging using conventional
techniques. For example, a study by Petit et al. conducted on cervical
swabs from cows with reproductive problems indicated that a potential
pathogen could be identified through conventional techniques in less
than 30% of cases (Petit et al., 2009).

Massive sequencing allows the simultaneous identification and
characterization of known organisms in a sample at a genomic level.
Through techniques such as the metagenomic analysis of populations of
microorganisms, it is possible to obtain information about the relative
abundance of taxa, as well as relate the composition of these populations
with certain conditions (Humieres et al., 2021). With the implementa-
tion of new techniques and increasingly sophisticated data management
in the coming years, the number of microorganism known to be asso-
ciated with infectious cattle infertility will likely increase, as well as
information about the composition of the microbiome and the associa-
tion between microorganisms, including in seminal and preputial
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Fig. 2. Temporal representation of the number of papers (Y axis) published per year (X axis). The continuous black line represents the line of regression.
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Fig. 3. Commonly used techniques for microorganism identification. The continuous black line represents the number of papers (X axis) over time (Y axis) that used
PCR as the diagnostic tool, the discontinuous gray line refers to indirect methods (different immunoassays), and the dotted black line refers to cultures and direct

detection by microscopy.

(Cojkic et al., 2021; Polo et al., 2022; Wickware et al., 2020) samples
from bulls.

As mentioned above, there are many microorganisms of varying
nature (from primary pathogens, such as C. fetus, to opportunistic
pathogens, such as U. diversum) associated with cattle infertility
(Table 2) shown by studies performed in bulls and mixed herds. How-
ever, only a small proportion of the selected papers (10/38, 26.3%)
identified more than one microorganism as an etiological agent of
infertility problems. For example, Carli et al. showed the possible effect
of coinfections on fertility, e.g., U. diversum and M. bovis present in
19.5% of bulls with low fertility rates (Carli et al., 2022). However,
coinfections and synergy between microorganisms could be more

common than expected, as suggested by recent studies, which have
characterized microbial populations by massive sequencing. For
example, Koziol et al. observed a potential synergy between Campylo-
bacter spp. and Fusobacterium spp. with other microorganisms in bulls
with low sperm quality (Koziol et al., 2022). These data highlight the
need to carry out more studies about the true infectious causes of bovine
infertility focusing on males, given that more than one etiological agent
could be involved.

3.3. Key aspects about breeding bulls

One of the most striking aspects of our results (Table 2) is the number
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of microorganisms identified in bulls with infertility problems by the
selected papers but not traditionally considered to be etiological agents
in the differential diagnosis of infectious infertility in bulls (e.g., BoHV-4
or Mycoplasma spp.).

Another of our important key findings is the absence of relevant
pathogens that cause reproductive failure in females that can be trans-
mitted by males (e.g. Chlamydia spp. (Givens, 2018; Teankum et al.,
2007)) (Table 2). This may be due to the string search and inclusion
criteria used in the present study, which focused on pathogens that affect
bull fertility. The limited information about fertility problems caused by
infectious agents in bulls could be associated with the low number of
studies focusing on males and the limited information about the epide-
miological data on the presence of these microorganisms in bulls, e.g.,
Chlamydiae (Kauffold et al., 2007). Indeed, there are approximately
twice as many studies published in the literature that associate the
presence of various microorganisms with fertility problems in females
than males (data not shown), likely due to the higher number of females
bred than males.

The presence of pathogens related to cattle infertility in one bull may
have a more relevant impact on fertility rates at the herd level than
pathogens in one cow, as one bull can be used to breed with several
females by natural servicing or artificial insemination. Thus, sub-fertile
bulls or those carrying a pathogen associated with cow infertility could
result in economic losses (Kastelic, 2013) and increase the ecological
footprint of cattle production (European Union, 2013). In this scenario,
undetected microorganisms in bulls and their seminal doses, especially
those that cause asymptomatic infections in bulls (e.g., T. foetus (Yoo,
2010)), have been an important obstacle to the eradication of pathogens
that cause a reduction in the number of calves per year from cattle herds.

With this study, we intended to highlight the fact that studies carried
out in bull populations from herds with low fertility ratios are scarce,
even those concerning recognized microorganisms associated with
infertility in males as primary pathogens and/or those transmitted to
females (although traditionally considered asymptomatic in bulls). For
example, Chlamydia spp. can be transmitted from males to females
through semen (Givens, 2018) and cause reproductive problems in fe-
males and males (Yoo, 2010). Nevertheless, Chlamydia spp. are missing
from our results (Table 2). Other pathogens associated with cattle
infertility described in females are also missing in our ranking (Table 2),
e.g., H. somni, as well as Enterococcus spp., in which experimental in-
fections in bulls have demonstrated decreased fertility in bulls through
the deterioration of sperm quality (Duracka et al., 2021). Other micro-
organisms ranked in the present study are unknown as etiological agents
of bull infertility because studies are lacking about their role in bull
fertility, such as for BoHV-4 (Table 2). Thus, further studies are required
to establish a real-life view of the etiological causes of infertility in bull
populations, the economic impact of infected bulls in the livestock
sector, and as a fundamental tool to establish the true role of bulls in
cattle infertility for the implementation of prevention and control
measures that contribute to improve the fertility ratio of herds. In
addition, the implementation of new techniques, e.g. metagenomic
studies (Cojkic et al., 2021; Polo et al., 2022; Wickware et al., 2020)
opens the possibility of studying the importance of pathogens that have
been neglected or that are not routinely identified by diagnostic labo-
ratories through conventional techniques such as PCR or culture.

4. Conclusions

Infections that negatively affect the fertility of bulls and, conse-
quently, the fertility of herds and their impact on production, as re-
flected by the increasing number of publications, appear to be have been
of increasing concern over the last several years. Fertility, and the
presence of pathogens related to cattle infertility, may be more impor-
tant in an individual bull than a cow, as one bull can be used to breed
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with several females. Thus, fertility problems of bulls and their role as
pathogen carriers related to cattle infertility translates onto potential
economic losses and an increase in the ecological footprint of cattle
production. According to our study, a total of six bacterial genera (13
different species), five virus species, and four parasite species have been
shown to be associated with infertility in bulls and mixed herds (where
bulls were analyzed), in which the most frequently described pathogens
were BoHV1, C. fetus, T. foetus, BVDV, Ureaplasma spp., and Mycoplasma
spp. These major pathogens associated with infertility have been widely
identified throughout the world. There are many species that were
described in a lower proportion of papers that have been barely studied
in relation to bull infertility and potential transmission to females, e.g.,
Staphylococcus spp. or Bacillus spp. A number of pathogens known to be
associated with infertility in females are missing in our ranking, despite
their having been experimentally demonstrated to induce decreased
fertility in bulls through the deterioration of sperm quality (e.g.,
Enterococcus faecium) and/or that they can be transmitted from males to
females through both natural breeding and seminal doses (e.g., Candida
spp.). This is likely due to the strict selection of publications (focusing on
bull infertility problems), the low number of studies focusing on bulls,
and the limited information about the epidemiological data on the
presence of certain microorganism in bulls (e.g., Chlamydiae), In this
scenario, further studies carried out on breeding bulls using next gen-
eration techniques for microorganism detection may provide data about
the importance of potentially neglected pathogens or those that are not
routinely identified by diagnostic laboratories using conventional
techniques of relevance for bull fertility and, thus, bovine herd fertility.
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