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In mammalian species there are significant physiological responses of the female reproductive tract to
the deposition of sperm. These are particularly notable in species where sperm are deposited directly
into the uterus, and function both to facilitate sperm transport to the sperm reservoir, and to eliminate
introduced contaminants.

In the bitch, sperm are deposited into the vagina and are rapidly transported through the open cervix.
Sperm are then distributed around the uterus by uterine contractions such that transportation to the tip
of the uterine horns occurs within 1 min of the start of mating.

The main sperm reservoir appears to be the distal part of the utero-tubal junction which forms a pre-
uterine tube reservoir. Sperm remain attached here by their heads to uterine epithelium and remain
viable. In non-capacitating conditions sperm slowly detach from this site and this seems important to
replenish the uterine tube reservoir, where sperm may re-attach to the epithelium. Post-ovulatory sig-
nals trigger capacitation changes and subsequent hyperactivated motility that is associated with
detachment of sperm from both reservoirs; thus facilitating fertilization.

After mating, a physiological post-mating uterine inflammatory response occurs, evidenced by an
influx of polymorphonuclear neutrophils, increased uterine contractions, an increased uterine artery
blood flow and a decrease of the resistance index indicating a short-duration vasodilation.

Disturbance of this tightly regulated system has the potential to impact fertility by a failure of elim-
ination of the introduced contaminants (such that a clinically-significant post-breeding endometritis
ensues) but also by impairing sperm transport.
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Inherent female reproductive tract factors are thought to be
responsible for the ‘passive transport’ of sperm [1,2]. Species dif-
ferences occur during the journey that sperm take following
deposition in the female tract [3]. Vaginal deposition is often
associated with contractions of the vaginawhich quickly propel the
ejaculate to the cervix. In species, such as humans, where there is
an initial harmful low vaginal pH and a significant cervical mucus
barrier, the ejaculate coagulates close to the cervix and then liq-
uefies later after vaginal pH has increased (and is no longer hostile),
thus allowing sperm to swim actively and penetrate the cervical
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mucus. In several other species, such as the horse and pig, the
cervix does not form a barrier to sperm transport as the ejaculate is
deposited into the uterus [1,2,4].

Uterine contractions are involved in passive transport such that
sperm are found within the uterine tube shortly after mating [5,6].
Uterine contractions may be influenced by a release of oxytocin at
coitus [7e10] or the presence of prostaglandin or oestrogen within
the ejaculate [11,12]; especially in species where there is uterine
deposition of sperm. Additional physiological factors, such as
presence of sperm in the uterus, can also contribute to the increase
in uterine contractions noted at mating [13,14].

The rapid transport of sperm to the uterine tube, appears
important because this site is often considered to form the func-
tional sperm reservoir. Sperm that do not reach the reservoir are
eliminated from the female tract (see later). Once within the uter-
ine tube, sperm are rapidly distributed by active peristaltic
contraction of the uterine tube itself [15]. This distribution allows
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sperm to contact regions of the uterine tube epithelium in order to
establish the uterine tube sperm reservoir, which is maintained by
an intimate interaction of sperm heads with the epithelium. It has
been known for some time that this transient epithelial contact is
important for maintaining sperm viability [16] and fertilizing
ability [17]. Whilst ‘attached’ by their heads, sperm maintain slow
flagellar activity, however following an appropriate capacitation
signal, sperm membrane destabilisation processes commence,
fertilizing ability is achieved, and a proportion of the sperm become
hyper-activated [17]. This change in motility may assist the sperm
in ‘detaching’ from the epithelium, enabling the location of oocytes,
following which binding to the zona pellucida, the acrosome re-
action and oocyte penetration occur [16].

In many species there is a transient physiological uterine in-
flammatory response which occurs after sperm enter the uterus
[18,19]. This is most prominent in those species in which sperm are
deposited directly into the uterus and is characterised by increased
uterine contractions, luminal influx of polymorphonuclear leuco-
cytes (PMNs), increased uterine artery blood flow and uterine
vasodilation [20]. The response is thought to remove excess and
dead sperm, as well as bacterial, cellular and fluid contaminants.
Importantly, mitigation against the effects of this inflammatory
response is required to ensure that it does not negatively impact
upon sperm and thus fertility. In horses, for example, seminal
plasma from the stallion reduces sperm binding to PMNs and im-
proves fertility [21].

Disturbance of the female response to the deposition of sperm
may have an impact upon fertility. This may occur because (1)
sperm transport is impeded, for example, purported abnormal
cervical mucus quality preventing sperm entering the uterine
lumen and leading to a failure of fertilization, or (2) because
elimination of contaminants is not fully effective, leading to the
development of a post-breeding clinical endometritis.

In veterinary clinical practice perhaps the most common ab-
normality is noted where ejaculation occurs directly into the
uterus, for example in the mare, sow and camel. In these species,
significant numbers of sperm, cellular material and bacteria
directly enter the uterus when compared with species where there
is a functional cervical barrier (such as primates and ruminants).
Whilst uterine deposition of sperm results in rapid transportation
to the utero-tubal junction, failure of elimination of the introduced
cellular contaminants and, in particular, any micro-organisms may
result in a clinical endometritis [22]. This differs from the previ-
ously described ‘physiological’ endometritis described above.
Persistence of such a post-breeding (also called mating-induced)
clinical endometritis [23] may create a hostile uterine environ-
ment that prevents survival of the developing embryos when they,
at a later time, enter the uterus.

It is not surprising that the species in which uterine deposition
of semen occurs are those in which post-breeding endometritis is a
common cause of infertility. It has been suspected for some time
that in the female dog there is vaginal deposition of semen but
rapid transport through an open cervix [24], and knowledge of
sperm transport has improved over recent years. Alongside this
information is a growing body of evidence which suggests that
perturbation of the normal physiological response of the bitch may
occur (particularly in bitches with endometrial hyperplasia) which
may impact the elimination of uterine contaminants and also
potentially be detrimental to sperm transport, both of which would
result in impaired fertility.

The aim of this review is to describe normal sperm transport in
the female dog, to discuss the consequences when this is disturbed,
and to propose new hypotheses for the development of
endometritis.
177
1.1. Normal response to sperm deposition in the female dog

The female dog has an interesting biology compared with many
other species. Unlike many mammals, dog ova are released at
ovulation as immature primary oocytes [25]. Between one to three
days after ovulation they have reached metaphase of the second
meiotic division (when the first polar body is extruded), and they
are considered fertilizable from this point onwards. Interestingly,
oocytes may remain fertilizable for up to five or more days after
ovulation [26]. The time over which mating may result in fertil-
ization is further increased as sperm can survive for up to 11 days
within the female tract [27], such that mating many days before
ovulation may result in a pregnancy. The phenomena of prolonged
survival of sperm within the female tract clearly points to the
presence of a sperm reservoir.

1.2. Transport of sperm to the sperm reservoir

The ejaculate of the dog has three fractions of which the first and
third originate from the prostate [28], and the second fraction is the
epididymal sperm-rich portion. The sperm-rich fraction of the
ejaculate is deposited into the cranial vagina and is flushed through
the cervix by the large volume of the prostatic fluid during the
protracted copulatory tie. Interestingly, an early study showed that
when only a small volume of radiographic contrast medium was
introduced into the cranial vagina this was rapidly transported into
the uterine lumen without the requirement for flushing with
prostatic fluid [29], perhaps indicating that the flushing action of
the prostatic fluid is not essential. However, vaginal contractions
are present during normal coitus, and can be stimulated in the
estrous bitch by digital palpation/dilation of the caudal vagina.
These contractions might function similar to those noted in other
species, which force the ejaculate to, or through, the cervix. Con-
tractions of the abdominal musculature occur in some bitches and
may also contribute to passive sperm transport [24], although this
contention is not proven.

It is clear that the bitch cervix opens approximately four days
before ovulation allowing the passage of fluid, largely unob-
structed, into the uterus [30]. The cervix closes approximately five
days after ovulation once progesterone concentrations have
increased [30e32]. Overall, during the fertilization period it would
appear that the cervix of the bitch does not form a barrier to the
passage of sperm. Indeed, Evans [24] found sperm at the fistulated
tips of the uterine horns within 1 min of mating. That author also
observed that during mating active abdominal contractions resul-
ted in semen being forced in small jets up to 25 cm from the
fistulae.

Basal uterine contractions have been identified in the bitch [33],
and we were able (with some difficulty) to identify uterine con-
tractions using M-Mode ultrasound [4]. Two specific types of con-
tractions were evident; (1) spontaneous basal contractions which
increased in frequency from approximately five days before until
five days after ovulation, and (2) specific mating-induced contrac-
tions which had the greatest frequency from the day of ovulation
until four days later. The variation in contraction frequency
appeared to have some relationship with plasma hormone con-
centration; most noticeably an inhibitory effect of progesterone
that coincided with the end of the fertile period [4] (Fig. 1). The
increased number of contractions caused by mating could not be
mimicked by teasing with a male, nor by tactile stimulation of the
vagina or cervix during vaginal or trans-cervical insemination,
however distension of the vestibule and manual stimulation of the
dorsal wall of the vagina produced contractions that were similar to
those noted during mating [34]. It is likely that these contractions
are responsible for the rapid distribution of sperm throughout the



Fig. 1. Mean (þSEM) number of spontaneous and mating-induced uterine contractions per 20 min, and mean plasma progesterone concentrations for five bitches in relation to the
estimated day of ovulation. Adapted from England et al. [4].

Fig. 2. Scanning electron micrograph of the proximal uterine horn of a bitch 12 h after
mating. The luminal (L) epithelium of the uterine horn contains no sperm in some
areas, whilst in other areas sperm (S) are attached in clumps with their tails protruding
into the uterine lumen.
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uterus including to the tip of the uterine horn [35]. They are
probably also important for elimination of material from the uterus
(see later), although the direction of contractions in the bitch has
not yet been established.

In dogs, sperm transport and distribution was shown to be
influenced by stage of the cycle at the time of sperm deposition.
Greater percentages of uterine glands containing larger numbers of
sperm were found one day after ovulation compared with before
ovulation or at a time later after ovulation [36,37]. Similarly, higher
numbers of sperm were found within uterine crypts when sperm
deposition occurred during the ovulatory period [38]. The effect of
stage of the cycle on sperm distribution may relate to hormone
influences on uterine and/or uterine tube contractions as previ-
ously mentioned, or possibly on the degree of sperm phagocytosis,
or chemotactic and chemokinetic activities exerted by ovulatory
secretions [39].

1.3. Sperm storage

There is no information to suggest that storage of sperm occurs
within the cervix of the bitch. It is clear, however, that storage of
low numbers of sperm occurs throughout the uterus within the
uterine glands [27]. In our early work we focussed on the potential
of the uterine tube as a possible sperm store and identified that
shortly after mating very low numbers of spermwere found within
the uterine tube. Some of these sperm were free within the lumen
whilst others were attached to uterine tube epithelium and had
continual flagellar activity [40]. At this time, we presumed that this
was the site of the sperm reservoir in the bitch. Given that only
small numbers of sperm enter the uterine tube, it follows that the
uterine tube sperm reservoir will ultimately be depleted especially
when there is a long interval between mating and ovulation, as can
occur in the bitch. Pregnancy data from dogs shows that mating
many days before ovulation can be fertile with normal litter size
[41], and we were therefore compelled to hypothesise that there
must be replenishment of the uterine tube reservoir.

Examination of sperm distribution within the bitch reproduc-
tive tract at 6, 12, 24 and 48 h after mating (where mating occurred
one day after ovulation) [42] showed that at 6 h spermwere widely
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distributed in the lumen of the reproductive tract as far as the distal
utero-tubal junction andwere attached to the epithelium of uterine
crypts. At later time points (12 and 24 h after mating) the greatest
number of attached and free luminal sperm were consistently
present in the proximal uterine horns and the distal utero-tubal
junction (Figs. 2 and 3). At 48 h after mating the highest number
of attached sperm were found in the distal utero-tubal junction
[42]. This site has a large surface area which facilitates sperm
attachment to epithelium. Interestingly, we also showed consis-
tently higher numbers of uterine crypts and glands with sperma-
tozoa in the more proximal regions of the uterus and at the utero-
tubal junction [42]. Rijsselaere [36,37] however found no signifi-
cant differences in the percentage of uterine crypts with sperm
between the proximal, middle and caudal uterine horn and the
uterine body one day after artificial insemination. From days two to



Fig. 3. Scanning electron micrograph of the proximal uterine horn of a bitch 12 h after
mating. Sperm can be seen interacting with the microvilli of the uterine epithelial cells.

Fig. 4. Ultrasound image of a bitch in late estrus showing the uterine body positioned
adjacent to the bladder. The lumen of the uterus contains anechoic fluid (markers).
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four after ovulation, a significant decrease was observed in the
percentage of glands containing sperm, and was combined with a
marked reduction in the mean sperm number present within the
glands of the uterine horn and a decrease in the number of sperm
present at the utero-tubal junction [43].

Subsequently, Freeman and England recognised [44] that in
non-capacitating conditions (i.e. for matings that occur before
ovulation) dog sperm attach to uterine epithelium at the distal part
of the utero-tubal junction and maintain flagellar activity. In non-
capacitating conditions there was a low level of continual sperm
detachment and they hypothesized that the distal part of the utero-
tubal junction provided a reservoir for the slow release of sperm to
be available for movement within the reproductive tract, presum-
ably to replace the depleting uterine tube reservoir. They also
showed that the process of attachment to uterine epithelium
slowed capacitation (and interestingly capacitated spermatozoa
had reduced ability to attach to uterine epithelium). When condi-
tions changed to being capacitating, increased numbers of sperm
were found to detach and exhibit transitional and hyperactive
motility. These detachment and motility changes could be induced
by post-ovulation but not pre-ovulation uterine tube flush fluid and
by components of follicular fluid and solubilised zona pellucida. It
has been previously documented that addition of estrous plasma to
179
dog sperm can cause initiation of hyperactivemotility [45]. It seems
plausible that sperm attached to either uterine or uterine tube
epithelium respond to this post-ovulatory signal in a manner that
allows large numbers to detach for the purpose of fertilization.

The concept that a post-ovulatory signal may influence trans-
port and storage of spermwithin the reproductive tract of the bitch
has been previously noted, since Rijsselaere [36,37] found different
outcomes dependent upon whether sperm were deposited before
or after ovulation (as mentioned above). Importantly, we are sug-
gesting here that in the absence of specific post-ovulatory signal-
ling, the distal part of the utero-tubal junction provides a reservoir
for the slow release of spermatozoa that are available for move-
ment within the reproductive tract, to replace the depleting uterine
tube reservoir [44]. This concept is supported by previous obser-
vations of the attachment and distribution of spermatozoa within
the bitch’s reproductive tract [42,43], and earlier work where
disappearance of spermatozoa from uterine glands prior to the loss
of spermatozoa from the uterine lumen also suggested that over
time glandular spermatozoa supplement the luminal population
[27].

1.4. Dealing with introduced contaminants

At the time of, and immediately after mating, it is possible to
identify fluid within the uterine body and the uterine horns using
real-time diagnostic ultrasound [46] (Fig. 4). The depth of the
hypoechoic/anechoic fluid visible within the uterus was found to be
between three and six mm. In the normal bitch themajority of fluid
disappeared within 1 h, but took up to 24 h for all of the fluid to
disappear. Presumably uterine contractions that have been previ-
ously mentioned are responsible for the expulsion of the ejacula-
tory fluid, cellular debris and dead and unwanted sperm via the
open cervix [20,34]. Indeed, the frequency of uterine contractions
was related to the rate of fluid clearance from the bitch’s uterus
after mating [34,46].

It is clear that in the bitch both mating and artificial insemina-
tion result in an influx of PMNs into the uterine lumen [20]. It
would seem likely that this is part of the ‘physiological’ inflam-
matory response observed in other species and discussed earlier.
The role of PMNs is likely to be phagocytosis of the introduced



Fig. 5. Ultrasound image of the mid-uterine body of a bitch in the luteal phase,
demonstrating 2 almost spherical endometrial cysts (arrows). In both there are rela-
tively prominent dorsal and ventral specular echoes. The cyst lumen is anechoic.
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contaminants [20]. Although the inflammatory response is impor-
tant for removing uterine contaminants, PMNs also reduce the
ability of sperm to attach to uterine epithelium [20] and therefore
could reduce the sperm reservoir and have a deleterious impact
upon fertility. Fortunately, the impact of PMNs in reducing sperm-
epithelial attachment is ameliorated by both dog seminal plasma
(SP) and prostatic fluid (PF), both of which appear to reduce the
attachment of PMNs to sperm [20]. It seems likely that this is part of
the mechanism of regulating the impact of the physiological in-
flammatory response. Interestingly, PF also appears to have a role in
reducing uterine contractions, presumably to reduce the speed of
elimination of sperm from the female tract, and, at least in bitches
that are artificially inseminated (with fresh and frozen-thawed
semen), PF significantly increases pregnancy rate and litter size
[34]. PF clearly has a pivotal role in regulating the effect of PMNs on
sperm-epithelial attachment, as well as regulating uterine con-
tractions and ultimately influencing fertility.

Entrance of sperm into the bitch’s uterus also results in a tran-
sient increase in uterine artery blood velocity and a reduction in the
resistance index; changes which indicate a short duration vasodi-
lation [20]. Interestingly, SP and PF produced a similar magnitude of
effect. We hypothesized that vasodilation following breeding was
largely induced by SP and PF which, together with PMN influx, was
part of a normal uterine response to semen deposition.

1.5. Abnormal response to sperm deposition in the female dog

Asmentioned previously in other species there are twomethods
by which fertility may be impacted when the female response to
deposition of sperm is disturbed. This can be either by the
impeding of sperm transport, or because elimination of contami-
nants is not fully effective. The latter is most commonly seen in
species where sperm are deposited into the uterus, and the con-
dition is most well studied in the mare where a significant uterine
inflammatory response occurs when there is physical obstruction
to the elimination of uterine fluid. In the mare, the result of this
substantial post-breeding clinical endometritis is a hostile uterine
environment which may impair fertility should the endometritis
persist until the fertilized embryos enter the uterus [47].

Endometrial disease has been recognised in the bitch for many
years. In most studies the condition investigated is endometrial
hyperplasia often called cystic endometrial hyperplasia (CEH) or
pseudo-placentational endometrial hyperplasia (PEH) [48]. A de-
gree of endometrial development occurs normally during the luteal
phase, where progesterone is thought to cause changes in the
uterus in preparation for pregnancy. At the end of the luteal phase
these changes regress and the uterus returns to a more normal
state, although as bitches get older the regression does not appear
complete, and age-related changes can be observed [49]. In CEH
cases, the number and size of endometrial glands are increased, and
there is disparity in the number and configuration of glands causing
a thickened endometrium and increased secretory activity [50]. The
condition may pre-dispose bitches at later cycles to develop a
pyometra.

Cases of CEH commonly have the presence of endometrial
glandular cysts, which can become large and may then be detected
using trans-abdominal diagnostic B-mode ultrasound [51] (Fig. 5).
Glands may be variably dilated and therefore have a different
diameter. CEH may affect particular segments of the uterus, or
sometimes a large proportion of the endometrial surface [48].

1.6. Abnormal female response: post-breeding endometritis

We have focussed some of our attention on healthy breeding
bitches that have ultrasound-determined cystic endometrial
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hyperplasia [46,52] since it is our hypothesis that in these bitches
there is some failure/delay/obstruction to the elimination of ma-
terial introduced at the time of mating (although it will also be seen
later that it is likely that post-breeding endometritis may also occur
in bitches without CEH).

Endometritis as a clinical disease has been rather overlooked in
bitches, until relatively recent studies identified endometritis in a
significant proportion of infertile bitches [53e56].

In our laboratory, we identified an age-related incidence of CEH
in breeding bitches with approximately 7% of two-year old and 60%
of six-year old bitches affected [57]. Importantly, bitches with CEH
appeared to have lower fertility; those with CEH had significantly
lower pregnancy rates (55.7 ± 36.4%) and litter sizes (6.4 ± 2.5
puppies) compared with normal bitches (90.9 ± 0.6%, 7.7 ± 2.5
puppies) [46,52].

We showed that in these bitches there was a delay in the
clearance of uterine fluid after mating or insemination compared
with normal bitches [46], and we described the development of a
post-breeding endometritis. Importantly, Mir et al. [54] found that
of 14 bitches that were recently mated but did not get pregnant,
four (28%) had endometritis diagnosed histologically. We propose
that the development of endometritis is due in part to delayed fluid
clearance from the uterus, related to a physical obstruction of fluid
movement because of the presence of luminal cysts, as well as
reduced uterine contractions. These findings are consistent with
observations from Dow [50] that acute endometritis was most
common in the early part of the luteal phase.

We also found in these otherwise healthy bitches with CEH that,
although there was a clear mating-induced increase in the number
of uterine contractions, there were fewer uterine contractions than
in normal bitches. The reason for this difference might relate to
histological changes present within the uterus. Doppler ultraso-
nography showed that in normal bitches there was a significant
increase in uterine artery blood velocity and a decrease in the
resistance index after mating, indicating vasodilation. In bitches
with endometrial hyperplasia the baseline resistance index was
significantly higher than normal bitches, and furthermore,
although there was a significant decrease in resistance index after
mating, in the bitches with endometrial hyperplasia this was of a
smaller magnitude than in normal bitches. These findings indicate
lower baseline uterine perfusion, and a blunted vasodilation
response to mating in bitches with CEH. These features may all
contribute to the development of the post-breeding endometritis.
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In a later study uterine artery waveforms were examined during
estrus in old and young bitches without CEH [58], and it was
discovered that bitches which failed to become pregnant were
more likely to have (1) fewer waveforms with continuous diastolic
flow, (2) lower end diastolic velocity, and (3) a higher resistance
index. It is plausible that these factors during estrus could have
affected fertility by interfering with normal changes in perfusion
that occur at the time of mating.

Our studies also demonstrated a greater PMN influx post-
insemination in bitches with CEH compared with normal bitches
[52]. We postulate that reduced clearance of uterine fluid allows
the establishment of a post-breeding endometritis and larger influx
of PMNs as has been described in other species. Furthermore, the
uterine fluid that accumulated in bitches with CEH (which contains
greater number of PMNs than normal bitches) was shown to reduce
sperm attachment to normal uterine epithelium, mediated princi-
pally but not solely by the presence of PMNs [59]. Interestingly, in
that early study [52] we found that bitches with CEH appeared to
have reduced fertility, and that this could be partially alleviated by
the post-insemination administration of systemic antibiotic; an
effect that was later confirmed [46]. This observation potentially
provides some evidence that the condition was an endometritis
associated with bacterial persistence within the uterus.

The findings were interesting since in bitches with CEH that
were treated with antibiotic post-breeding, more became pregnant
but litter size remained lower than bitches without CEH. This
suggested that perhaps in some cases the uterine environment had
not fully returned to a situation able to maintain the viability of all
embryos. The authors do not consider routine treatment with
antibiotic appropriate or good stewardship and have only used such
regimes in dogs with evidence of CEH. More recently, in unpub-
lished work, we studied the outcome of breeding in more than 50
healthy bitches with ultrasound-detected CEH. These cases were
aged between 2.5 and 6.5 years at first diagnosis. All bitches were
treated with oral amoxicillin/clavulanic acid administered twice
daily for four days starting on the day of the last breeding. Preg-
nancy rate was 94% with a mean litter size of 8.1 ± 0.3 puppies
(unpublished observations), similar to expected breed averages.
This works confirms that fertility in bitches with CEH can be
maintained by early intervention with antibiotics, presumably
preventing or helping with the early resolution of post-breeding
endometritis.

Overall, we conclude that bitches with CEH appear to have
delayed clearance of fluid from the uterus after breeding, mediated
by a physical obstruction to fluid flow and reduced uterine con-
tractions. Furthermore, there are changes in uterine artery wave-
form and a blunted vasodilatory response to mating. These bitches
also have a greater PMN influx following mating and lower fertility.
We propose that these features, support the contention that bitches
with CEH are susceptible to post-breeding (mating-induced)
endometritis. Interestingly, the impaired pregnancy rate may be
mediated by a hostile uterine environment that affects the embryos
when they enter the uterus, since we showed that short-duration
post-mating administration of systemic antibiotic increased preg-
nancy rates. This phenomenon is similar to that seen in the mare
[60]. We suggest that themechanism behind this ‘rescue’ of fertility
by post-mating antibiotic is that, in the absence of uterine
inflammation at the time of breeding, sperm are harboured ‘safely’
within the distal utero-tubal junction and/or the uterine tube, and
that the endometritis develops subsequent to sperm deposition
and largely involves the uterus. Sperm therefore remain available
for fertilization, and as long as the endometritis is resolved prior to
entrance of the fertilized embryos into the uterus the pregnancy
will be maintained.

Work in the mare has also demonstrated that post-breeding
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administration of low doses of uterine ecbolic agents such as
oxytocin can enhance clearance of fluid from the uterus and
improve pregnancy rate [61]. In preliminary work we have limited
evidence that post-breeding oxytocin may help clearance of fluid in
bitches with CEH (Fig. 6), but further work is required to demon-
strate any impact upon pregnancy rate.

Whilst much work has been undertaken to investigate the
pathogenesis of post-breeding endometritis [46,52,59], both acute
and chronic endometritis may occur in bitches that have not been
mated and do not have CEH. Crucially, in different populations of
apparently unmated dogs, histological endometritis was identified
during the luteal phase in 54e63% of bitches [56,62]. The cause of
endometritis in these cases is uncertain, but interestingly, the early
work of Dow [50] found that acute endometritis was most common
in the early luteal phase. It is feasible that bacterial contamination
of the uterus occurs through the open cervix in the absence of
mating. Dow [50] also showed that chronic endometritis was more
common in the late luteal phase, and that would also fit this
hypothesis.
1.7. Abnormal female response: impaired sperm transport

This review has so far considered the role of an abnormal female
response in relationship to impaired elimination of introduced
contaminants; effectively the establishment of an endometritis
after breeding. It is also plausible that impaired sperm transport
occurs in bitches that have endometritis prior to breeding. In such a
case the uterine environment would be hostile at the time of sperm
deposition, and sperm transport and storage would therefore be
impaired and fertility reduced. Such a chronic endometritis may or
may not be associated with CEH.

Bitches with CEH do have a reduced ability of spermatozoa to
attach to the (abnormal) uterine epithelium in vitro compared to
normal bitches [52]. It is probable that this effect may affect the
capacity of the pre-uterine tube sperm reservoir andmay lead to an
impact upon fertility. Interestingly, in that study [52] it was found
that attachment to uterine tube epithelium of bitches with CEHwas
unaffected so presumably the uterine tube reservoir would func-
tion as normal.

In the mare it has been established that endometritis may
persist from one cycle to the next, such that when estrus begins
there is exhisting hostile uterine luminal fluid [47]. In such cases
uterine fluid needs to be removed and the endometritis must to be
resolved prior to breeding otherwise in the face of a hostile uterine
environment sperm do not survive and fertilization does not occur;
post-breeding antibiotic does not allow establishment of a
pregnancy.

It is clear in the bitch that endometritis may persist after estrus
into the luteal phase and may be associated with infertility [53].
Persistence of endometritis through anestrus to the next estrus has
not been described however a recent detailed case report docu-
mented fluid accumulation in this type of case [63]. These authors
showed that pre-breeding treatment with systemic antibiotics,
oxytocin and uterine lavage, was successful in removing the fluid,
and that repeating these treatments post-breeding allowed estab-
lishment of pregnancy. These treatments are similar to those uti-
lised in mares [60]. Other treatments such as NSAIDs have yet to be
evaluated. We have also detected uterine luminal fluid using ul-
trasound examination of bitches in early estrus [64]; some of this
was thought to be physiological and associated with endometrial
edema. However, presence of fluid on the day of ovulation (which
was prior to breeding) was associated with a lower litter size;
presumably mediated by interference of sperm transport to the
sperm reservoirs.



Fig. 6. Depth of uterine fluid identified within the body of the uterus after mating for two bitches with CEH that were mated on two consecutive days where 0.08 IU/kg oxytocin
(oxy) was administered immediately after the second mating. Mean depth of fluid for six normal bitches is shown for comparison; data for the normal bitches is adapted from
England et al. [46].
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2. Conclusion

There is increasing awareness of endometritis and its associa-
tionwith infertility in bitches [53e56]. Importantly, however, there
is no currently accepted understanding of the aetiopathogenesis of
the condition. This is understandable since, although robust, pre-
vious work has (1) used different criteria for diagnosing endome-
tritis, (2) examined bitches at different stages of the estrus cycle, (3)
included bitches with an uncertain breeding history, (4) frequently
reported no data of whether mating occurred at the most recent
estrus, and (5) included studies conducted for different purposes
including investigation of infertility [55] or surveillance [62]. It is
noteworthy that in a recent substantial investigation of subfertile
bitches [55] endometritis was identified histologically in 42% of
cases, of which 48% were acute or subacute and 52% were chronic.
Approximately 70% of these cases were diagnosed in the luteal
phase, and it is certainly probable that some of these cases origi-
nated as a post-breeding endometritis, as discussed earlier in this
review. Crucially though, in Gifford’s study [55] and other work
[56,62] it is apparent that endometritis in the luteal phase is not
always the result of mating at the preceding estrus (as not all dogs
in their studies were mated). It seems most likely then that endo-
metritis may arise as a result of bacterial contamination of the
uterus in the absence of breeding, possibly as a result of bacterial
contamination of the uterus through the open cervix. A further
possibility is that not all cases are initiated solely by bacterial
contamination [54,65]. Additional work is warranted to elucidate
any other instigating factors for endometritis that is not caused by
mating. It is clear from the work of Gifford et al. [55] that under-
lying factors are not always CEH, since they found that only 44% of
dogs with CEH had a concurrent histological diagnosis of endo-
metritis (although it seems likely from their data that many of these
dogs were not mated at the preceding estrus and it is plausible
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more cases might have occurred if they had been recently mated).
We have much to learn about the mechanisms of sperm trans-

port in the female dog. It is apparent though that disturbance of this
tightly regulated system has the potential to impact fertility, most
likely by a failure of elimination of the introduced contaminants
(such that a clinically-significant post-breeding endometritis en-
sues) but also by the impairment of sperm transport.
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