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Summary

Bacterial infections of the genitial tract are the major cause of reproductive failure in the mare. The variety of bacteria involved has been
carefully established in the past and is approved in recent studies. There are approved laboratory procedures for etiologic diagnostics of
bacterial infections of the female equine genital tract. Innovative molecular based approaches aim at elucidating, for instance, potential
transmission modes of opportunistic pathogens like Pseudomonas aeruginosa, or at analysing genital microbial communities (microbio-
mes). The latter approach may provide new and more dynamic insights into the pathogenesis of genital infections since alteration of micro-
biomes is known to be associated with several pathogenic conditions.
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Bakterielle Infektionen des Genitaltraktes bei Pferden

Bakterielle Infektionen des Genitaltraktes sind eine wichtige Ursache von Fruchtbarkeitsstörungen bei der Stute. Das über Jahre ermittelte
Spektrum der ursächlich beteiligten Bakterien ist weiterhin beständig. Es handelt sich um opportunistische Erreger, die mit konventionellen
bakteriologischen Verfahren zuverlässig nachweisbar sind. Parallel zur bewährten klinisch ausgerichteten Labordiagnostik der Genitalinfek-
tionen befassen sich neue Forschungsansätze mit grundsätzlichen Fragen der Mikrobiologie des Genitaltraktes. So können molekularbio-
logische Analysen durchaus neue Aspekte etwa zum Übertragungsmodus von opportunistischen Genitaltraktinfektionserregern wie Pseu-
domonas aeruginosa aufzeigen und die molekularbiologische Analyse komplexer mikrobieller Lebensgemeinschaften (sog. Mikrobiome)
etwa im Genitaltrakt wird grundlegende Einblicke in die Dynamik solcher Lebensgmeinschaften etwa im Verlauf pathogener Prozesse
ermöglichen.
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Genital tract infections leading to pathogenic conditions
occur in mares and in stallions. Being the major cause of
reduced fertility in mares, bacterial infections of the female
genital tract are of extraordinary clinical significance. Bacte-
ria involved in equine endometritis are for the most part con-
sidered to be opportunistic pathogens. They are capable of
colonizing the lower genital tract as well as a variety of extra-
genital locations in the horse; yet they are usually barred from
ascending the cervix and uterus by host defences, in particu-
lar by protective impacts of the endogenous vaginal flora and
local activities of the innate and acquired immune system.
The pivotal factor in the pathogenesis of bacterial equine
endometritis is the uterine clearance ability. This term is used
to subsume all host factors which may exert significant
influence on the clinical outcome of a uterine bacterial infec-
tion (LeBlanc and Causey 2009, Lu and Morresey 2006). 

Most of the microbiological studies on the mare’s genital tract
are carried out as a ‘snapshot’ in time thus giving the impres-
sion that the indigenous flora is static and consists of a mana-
geable number of taxons. Traditional culture-based analyses
cannot map the true composition of the genital flora. They
are restricted to allocate a limited number of colonies as
members belonging to a broad phenotypic or phylogenetic
branch (Lamont et al. 2011, Rota et al. 2011). This clinically
targeting ‘traditional’ approach was in fact successfully app-
lied to identify a variety of bacteria, e.g. Streptococcus equi
subspecies zooepidemicus capable of inducing genital infec-
tion. However, culture-dependent approaches cannot render
valid assessments on the diversity and the dynamics within the
genital microbial communities. First studies on the human

vaginal microbiome (the collective genome of the genital
microorganisms) show that traditional culture-dependent
approaches cover only 20% of the actual bacterial taxons.
Not accounted for is the fact that genital microbial communi-
ties undergo shifts in their representation, abundance and
virulence over time, and that they are affected by many
influences (Lamont et al. 2011). From first results on the geni-
tal human microbiome we can derive that the microbial flora
of the female equine genital tract is certainly far more com-
plex than assumed. Individual confirmations of fastidious bac-
teria such as Eremococcus coleocola in the equine genital
tract support the fact that our present-day knowledge on the
equine genital flora is limited indeed to the bacteria easily
accessible in clinical bacteriology. (Collins et al. 1999, Rota
et al. 2011). A detailed analysis of the equine genital micro-
biome may enhance our understanding of the normal com-
position of the genital flora as well as dysbiotic shifts during
the pathogenesis of bacterial endometritis. However, applying
molecular technical advancements remains an issue to be
valued carefully in the light of today’s limitations of culture-
independent techniques (Forney et al. 2004, Kalra et al.
2007).

As outlined above, there is a limited number of initial bacte-
ria concerned in equine endometritis. Even recent studies on
the spectrum of genitopathogenic bacteria in the mare coin-
cide with the broad experience gained over decades, i.e. the
equine endometritis is in most cases caused by a rather small
variety of bacterial species (Albihn et al. 2003, Møller Nielsen
2005). Streptococcal infections, in particular uterine infec-
tions with Streptococcus equi ssp. zooepidemicus have long
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been established as the leading cause of bacteria-induced
endometritis in the mare.

The genus Streptococcus (S.) combines gram positive mainly
anaerobic but aerotolerant cocci with an average diameter of
0,5 bis 2,0 µm. The species S. equi comprises two subspecies
(ssp.): ssp. zooepidemicus (further referred to as SEZ) and
ssp. equi (SEE). The species S. equi, S. equisimilis and S. dys-
galactiae pertain to the Lancefield serogroup C. SEZ is regar-
ded as the archetypal species of the closely related SEE
(Chanter et al. 1997, Harrington et al. 2002, Timoney 2004).

At a rate of up to 50% of the endometritis cases SEZ is glo-
bally the most considerable bacterial endometritis agent in
mares (Albihn et al. 2003, Causey 2006). The wide preva-
lence of inapparent genital and extragenital infections with
SEZ in the horse points to a close adaption of this pyogenic
bacterium to the horse. In diagnostics of bacterial endometri-
tis – particularly in SEZ tests – cultures on blood agar are the
acknowledged standard. SEZ are identifiable based on their
haemolytic reaction, group carbon antigen C and phenotypic
tests (Facklam 2002). Molecular methods such as the DNA
fingerprinting using different restriction enzymes of the bac-
terial DNA are useful for an epidemiologically relevant typing
of SEZ. Recent interesting sequences aimed at identifying
streptococcal species and subspecies are the sodA gene
encoding a superoxide dismutase and the chaperonin enco-
ding gene groEL of both, SEE and SEZ (Alber et al. 2004,
Glazunova et al. 2009). Even the rather well known gene
encoding the M-like proteins of SEZ is suitable to establish
genetic differentiation of SEZ, and genetic analyses have
shown that horses may be infected simultaneously with a
number of different SEZ types (Timoney et al. 1991, Timoo-
ney 2004).

The pathogenesis of SEZ-induced endometritis bases on inter-
actions between bacterial virulence factors and the infected
host tissues. SEZ composes a non-antigen anti-phagocytic
hyaluronic acid capsule tested relevant mainly in SEE. Never-
theless, based on the close relationship amongst both sub-
species it is an indicative virulence factor for SEZ too. Yet
another virulence factor of SEZ are M-protein-like surface
proteins capable of depriving the bacterium of unspecific and
specific immune reactions caused by attaching to the Fc-
region of IgG and IgA. The M-like proteins also bind fibrino-
gen (Timoney et al. 1997). Streptococci binding fibrinogen to
the M-like protein attach to phagocytes too, yet they are not
internalized. Even SEZ strains are able to resist complement-
mediated cell lysis which might be mediated by the M-like
protein (Causey et al. 1995). The antigenicity of the M-like
protein of SEE is mainly responsible for the mounting of a
protective immune response. The entire SEE genome is high-
ly preserved and even isolates from different continents do not
vary. By contrast, SEZ shows a high genetic and antigenic
variability particularly with the homologue of the SEE M-like
protein gene (Timoney et al. 1991). Timoney and Guan
(1996) characterized opsophagocytic and protective epitopes
of a SEE M-like protein using monoclonal antigen. They
found yet another SEE M-like protein (SzPSe) very similar to
the M-like protein (SzP) of SEZ, however without the ability to
build cross protective antibodies against SEE (Timoney et al.
1995). The heterogeneity of the SEZ M-like proteins obvious-
ly is due to homologous recombination between intragenic

repeats. The vast variability of the M-like protein of SEZ is
mainly responsible for the fact that a protective cross immuni-
ty cannot be mounted (Causey 2006). One major function of
the M-like protein surface structure of SEZ could be the bin-
ding of so-called a2 macroglobulines which are physiologi-
cally released by host tissues as a protective measure against
proteases released by phagocytic cells. This protective ability
of a2 macroglobulines may pass on to bacteria such as SEZ
after binding to the bacterial surface. Generally, the charac-
teristics of SEZ outlined here help the bacteria to successfully
establish itself in the genital tract and to induce inflammation.

Other relevant bacteria are members of the Enterobacteria-
ceae, namely Escherichia (E.) coli, Klebsiella species of diffe-
rent capsule types, Proteus, and Enterobacter. By default of
other more valid criteria the etiologic relevance of E. coli is
so far mainly deduced from in vitro hemolytic growth on
blood agar as an indicator for cell-damaging extracellular
bioactive bacterial products. Recently, Albihn et al. (2003)
described a significant correlation between the detection of
E. coli in uterine swabs, and a symptomless repeat breeding
in mares. In conclusion, a characterization of uterine E. coli
isolates for virulence factors which may be involved in the
induction of endometrial inflammation seems adequate
(Chen et al. 2003). In this context it is of particular interest to
note that only a low percentage of uterine E. coli isolates
exhibited hemolytic growth (Albihn et al. 2003).

The vast group of nonfermenters is dominated by Pseudomo-
nas (P.) aeruginosa which is an opportunistic bacterium with a
broad variety of pathogenic attributes causing infection
(known mainly due to its relevance in human medicine). Asi-
de venereal transmission from the penile microflora of stal-
lions other modes of transmission or infection from environ-
mental sources must be considered too (Kidd et al. 2011).
The bacterium attaches to and colonizes mucous membranes
and produces endometritis. This process is promoted by pili,
extracellular enzymes and toxins. Many strains of P. aerugino-
sa produce exotoxin A which causes tissue necrosis due to
blocking protein synthesis of host cells. P. aeruginosa and
other pseudomonads are resistant to many antimicrobial
agents and are, therefore, often difficult to control. Pseudo-
monads and other bacteria survive in nature by forming bio-
films on surfaces. A biofilm is a structured consortium of bac-
teria embedded in a self-produced polymer matrix consisting
of polysaccharide, protein and extracellular DNA. Bacterial
biofilms are resistant to antibiotics, disinfectant chemicals and
to phagocytosis and other components of the innate and
adaptive inflammatory defense system of the body. It is
known, for example, that in bacterial vaginosis in women the
most significant bacteria Gardnerella vaginalis grow in the
form of biofilms (Braga et al. 2010). However, the impact of
biofilms on endometrial inflammation is not yet well under-
stood despite valid indications that the formation of biofilms
might play a role in the pathogenesis of the equine endome-
tritis. (LeBlanc 2010). Yet to-date the presence of bacterial
biofilms on the endometrial mucosa of mares suffering from
endometeritis could not be confirmed directly.

Another bacterial agent of global concern in equine infec-
tious endometritis is Taylorella (T.) equigenitalis. This bacte-
rium is closely adapted to the specific environmental condi-
tions of the equine genital tract, whereby it is the only venere-
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al transmissible bacterial agent in horses (Samper and Tibary
2006). Recently, a phylogenetically close relative of T. equig-
entialis, i.e. T. asinigenitalis has been isolated from the geni-
tal tract of male donkeys (Jang et al. 2001). Under natural
conditions T. asinigenitalis is apparently able to colonize also
the equine male genital tract. It is thus important to analyse
whether this bacterial species is genitopathogenic in the mare
too (Båverud et al. 2006).

Although often the bacterial equine endometritis bases on
monoinfection we must consider that mixed infections do
occur. Mixed infections however – in particular those with
gram negative fastidious anaerobes such as Bacteroides spe-
cies – but also infections with fastidious bacteria such as
mycoplasmas or even chlamydiae cannot be detected by bac-
teriological standard tests.

In conclusion, the spectrum of genitopathogen bacteria in the
horse is clearly arranged. Yet there are many complicated
cases of endometritis which are hard to treat. Here we often
find combinations of diverse deficiencies in the mares con-
cerned such as, for instance, anatomic deviations supporting
chronic pathological colonisations of the genital tract, and
polybacterial infections of the uterus. Such cases demand for
a critical bacteriologic baseline study, inclusive of an antibio-
tics sensitivity test of the bacteria involved. In view of the
emergency of antibiotics resistant bacteria, even in equine
medicine no one should forgo antibiotic sensitivity testing of
bacteria isolates from genital infections in the horse.
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