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FROM WHENCE THEY CAME 
(Overview of Sperm Anatomy and Physiology) 

 
Dickson D. Varner, DVM, MS, Diplomate ACT  
Department of Large Animal Clinical Sciences 

College of Veterinary Medicine and Biomedical Sciences 
Texas A&M University 

College Station, Texas  77843-4475  USA 
 
 
INTRODUCTION 
 
The uninformed might describe a spermatozoon as a specialized, yet simple, cell with only 
one role to fulfill… that of fertilization.  While fertilization is the endpoint of spermatozoal 
function, this cell must be extremely sophisticated and adaptable to achieve this task, and 
the process involves a series of highly coordinated cellular and molecular events.  
Following is a list of some requirements ascribed to a mammalian spermatozoon: 
 
1. Loss of most organelles and cytoplasm during formation the testis and maturation in the 

epididymis (requires a host of intracellular and intercellular signaling events) 
2. Remodeling of spermatozoal chromatin within the epididymis as a protective 

mechanism against environmental injury (requires repackaging of nuclear DNA into a 
highly condensed form through the aid of specialized proteins termed protamines) 

3. Plasma membrane alterations within the epididymis to yield proteins important to 
fertilization (requires various enzymatic-linked alterations of existing proteins, as well 
as uptake of proteins from epididymal fluid or from the epididymal epithelium) 

4. Passage through the uterus and uterotubal junction of the female at the time of 
insemination (requires activated flagellar movements and protection against 
immunologic attack) 

5. Binding to oviductal epithelial cells to form a spermatozoal reservoir (requires specific 
cell-cell attachment, possibly mediated through spermatozoal surface carbohydrate-
binding proteins, termed lectins). 

6. Acquisition of additional maturational changes, collectively termed capacitation, that 
permit a spermatozoon to fertilize an oocyte (requires an assortment of signal 
transduction cascades) 

7. Release from oviductal epithelial cells and passage to the vicinity of the oocyte at the 
isthmic-ampullar junction of the oviduct (requires a coordinated spermatozoal-release 
mechanism, hyperactivated motility, and probably chemotaxis) 

8. Penetration through the extracellular matrix of the oocyte cumulus (possibly mediated 
by hyperactivated motility and redistribution/unmasking of surface-associated 
hyaluronidase, as the cumulus matrix is rich in hyaluronic acid) 

9. Binding to the zona pellucida, a highly glycosylated protein matrix surrounding the 
oocyte (appears to involve specific affinity between spermatozoal surface molecules and 
the zona pellucida components) 
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10. Acquisition of the acrosome reaction, a regulated form of exocytosis (requires 
reorganization of the outer acrosomal and overlying plasma membranes necessary for 
fusion and vesiculation) 

11. Penetration of the zona pellucida (release of acrosomal proteins with enzymatic activity 
is required for this event to occur) 

12. Binding and fusion with the oolemma (requires specific region-dependent molecular 
interactions) 

13. Dispersion of nuclear contents (requires specific fusogenic alterations of the lipid 
membranes of the spermatozoon and oocyte) 

14. Oocyte activation (a spermatozoon-derived factor is required for activation of the oocyte 
and embryonic development). 

15. Pronucleus formation (requires decondensation of the highly compact spermatozoal 
nucleus) 

16. Organization of the mitotic spindle after pronuclear formation (requires contribution of 
proximal centriole from the spermatozoon)  

 
After viewing this lengthy list of functions, one becomes quite appreciative of the highly 
complex and specialized features of a spermatozoon.  In fact, the biochemical and 
biophysical features are so sophisticated that many of the cellular and molecular 
mechanisms remain unresolved to this day.  Moreover, spermatozoal function is further 
modified by constituents of seminal plasma, in-vitro storage conditions, and elements 
within the female reproductive tract. 
 
From Whence They Came  
The life of a spermatozoon begins within the testes, unless, of course, one wishes to 
consider the embryonic origin of the primordial germ cells.  While endocrine, paracrine, 
autocrine, cryptocrine, and lumicrine factors are key orchestrators of testicular function, 
emerging information is revealing a multitude of subcellular, molecular-mediated events 
that “cloud” our understanding of the events that actually occur within the testes.  As with 
any area of study, the more learned we become about a topic, the more queries surface that 
require additional clarification.  Such is the case with testicular function.  Without question, 
a thorough understanding of testicular function will require a keen appreciation of the 
mechanisms by which genes and gene products are expressed and repressed. To more fully 
understand what makes the testes tick, we must capitalize on the powerful molecular tools 
that have been developed in this capacity.  Most of these types of studies are conducted in 
specimens from humans and laboratory animals, so it will be important to test the relevance 
to the horse. 
 
Spermatogenesis 
 
Spermatozoal production (i.e., spermatogenesis) is an extremely complex process that 
involves germ cell proliferation, germ cell differentiation, and, paradoxically, programmed 
germ cell death (termed apoptosis).  This lengthy process, specifically 57 days in length for 
the stallion, is controlled by a vast array of messengers acting through endocrine, paracrine, 
and autocrine pathways.  Spermatogenesis not only involves transformation of 
undifferentiated diploid germ cells into highly differentiated and specialized haploid 
spermatozoa, but it also involves profound transcriptional modifications within the cells. As 

a partial list, the finished product of spermatogenesis has: 1) a 1x chromosomal complement  
that is profoundly repackaged, 2) a newly formed and intricately designed flagellum, 3) the 
biogenesis of a highly complex secretory vesicle, the acrosome, and 4) retention of some 
mRNA (in a largely depleted cytoplasmic package) that likely has implications in 
fertilization and post-fertilization events.   
 
Spermatogenesis occurs within the seminiferous tubules.  Both ends of these highly-coiled 
tubules open directly into the rete testis, such that the products (both cellular and non-
cellular) of the seminiferous tubules are excreted into the rete testis and delivered to the 
excurrent duct system (e.g., the epididymis and ductus deferens).  The numerous and 
tortuous seminiferous tubules, with a combined average length of 2400 meters per testis in 
the stallion, are comprised of an epithelial wall, termed the seminiferous or germinal 
epithelium, and a lumen.  The seminiferous epithelium consists of germ cells in various 
steps of development intermingled with Sertoli cells that serve to provide structural support 
and a nurturing source to the germ cells.  The Sertoli cells are anchored to the basement 
membrane, and extend to the lumen, of the seminiferous tubules.  The seminiferous tubules 
are bordered by peritubular myoid cells (myofibroblasts) that, through peristaltic 
contractions, aid in evacuation of luminal contents into the rete testis.  These myoid cells 
are also considered to be involved in paracrine signaling events.   
 
A critical feature of the seminiferous epithelium is the formation of tight junctional 
complexes that develop between Sertoli cells, thereby physically dividing the seminiferous 
epithelium into basal and adluminal compartments.  This structural complex is termed the 
blood-testis barrier because it restricts direct access of blood-borne substances into the 
adluminal compartment.  The actions of the blood-testis barrier are: 1) to segregate meiotic 
(except the earliest preleptotene spermatocytes) and post-meiotic germ cells from 
immunologic attack, as these germ cells are considered to be in an immunologically 
privileged site, and 2) to provide a unique microenvironment for the final stages of germ 
cell development within the adluminal compartment.   
 
Spermatogenesis is initiated by the differentiation of spermatogonia from a stem cell pool 
that is continually replenished for most of a stallion’s adult life.  Under normal 
circumstances, this is a highly productive process, yielding on the order of 5 to 6 billion 
spermatozoa per day for an adult stallion.  This translates into 30 to 40 trillion spermatozoa 
produced over the course of a stallion’s life.  From an equally impressive view, an average 
healthy stallion produces 60 to 70 thousand spermatozoa per second.   
 
Sojourn Through The Epididymis 
Mammalian spermatozoa are incapable of in-vivo fertilization upon exiting the testis. The 
cells must undergo considerable post-testicular remodeling within the epididymis to acquire 
this ability.  The epididymis serves to concentrate, mature, transport, and store spermatozoa.  
Each epididymis is an unbranched tortuous duct that spans 70-80 meters in the stallion. On 
average, 90 billion spermatozoa reside in the extracurrent ducts of reproductively mature 
stallions, with a lower number (60 billion) reported for 2- to 4-year-old stallions.  On 
average, 70% of the spermatozoa within the excurrent duct system are located in the caudae 
epididymides and ductus deferens. The average time required for spermatozoal transit 
through the epididymis of the stallion is reported to be 8 to 11 days, with transit time 
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through the caput and corpus segments constant at 4 days and unaffected by frequency of 
ejaculation.  Transit time thorough the cauda epididymis, however, can be accelerated by 
increased ejaculation frequency.  Spermatozoal transit time through the cauda epididymis of 
the stallion ranges from 4 to 7 days.  Spermatozoal phagocytosis within the epididymis is 
considered to be rare, so spermatozoa must also exit the epididymis at a similar rate to 
prevent epididymal overload.  The length of time that spermatozoa can remain in the cauda 
epididymis without suffering storage-related injury has not been critically studied.  Under 
normal conditions in sexually rested stallions, rhythmic contractions of the smooth 
musculature in the caudae epididymides and deferent ducts are thought to result in 
spontaneous emission of spermatozoa into the urethra.  Some stallions are known to 
accumulate excessive numbers of spermatozoa in the caudae epididymides, deferent ducts, 
and ampullar luminae (the ampullae surround the terminal segment of the ductus deferens).  
This condition, termed “spermiostasis” or “plugged ampullae” is thought to be associated 
with an intrinsic dysfunction in contractility of the smooth musculature surrounding the 
cauda epididymis and ductus deferens.  It leads to a marked reduction in spermatozoal 
quality, or azoospermia if the ductal luminae become obstructed completely.  A separate 
subset of stallions is known to experience reduced semen quality and fertility if sexually 
rested for more than 12 to 24 hours.  In this instance, the microenvironment within the 
cauda epididymis may impart factors that impede spermatozoal survival rather than 
favoring maximal survival time.  
 
As is the case with many other species studied, stallion spermatozoa are immotile upon 
entering the epididymis and do not gain motility until reaching the distal corpus.  A motility 
pattern consistent with ejaculated spermatozoa is not acquired until spermatozoa reach the 
cauda epididymidis. As such, movement of spermatozoa through the epididymis is 
primarily attributed to rhythmic contractions of the smooth musculature that surrounds the 
epididymal duct. In addition to serving as a conduit, the epididymis bestows upon 
spermatozoa specific structural and physiologic alterations, the result of which yields 
acquisition of fertilizing potential.  Maturational changes in spermatozoa occur 
predominantly within the caput and corpus, as spermatozoa recovered from the cauda have 
attained a fertilizing capacity similar to that of ejaculated spermatozoa for most species 
studied.     
 
Observable changes in spermatozoa during epididymal maturation, based on light 
microscopic analysis, include: 1) acquisition of flagellar movement within the corpus 
epididymis, followed by a progressive pattern of spermatozoal motility within the cauda 
epididymis, and 2) translocation and shedding of the cytoplasmic droplet. The cytoplasmic 
droplet of caput spermatozoa is consistently located in a proximal position near the neck of 
the middle piece.  When spermatozoa reach the proximal cauda epididymidis, most have 
completed translocation of the cytoplasmic droplet, as noted by droplets located near the 
junction of the middle piece and the principal piece.  Under normal circumstances, few 
ejaculated spermatozoa have cytoplasmic droplets.  Other more subtle, but necessary, 
changes acquired by spermatozoa during epididymal maturation include remodeling of the 
surface lipids, proteins, and glycocalyx; reorganization of acrosomal molecules; further 
changes in the structural stability of the nuclear chromatin  development of signaling 
pathways; and alterations in spermatozoal metabolism. The collective biochemical changes, 

both intracellular and extracellular, incurred by spermatozoa during epididymal maturation 
remain a mystery, but experimentation is gradually revealing new findings. 
 
A salient feature of the epididymis that appears important for spermatozoal maturation is a 
continual change in the microenvironment to which spermatozoa are exposed during 
epididymal transit.  The unique composition of epididymal plasma can be attributed, in 
large part, to the formation of a blood-epididymis barrier.  This barrier is formed by tight 
junctional complexes near the luminal border between adjacent principal cells of the 
epididymal epithelium. This mechanism restricts entry of various blood-borne molecules 
into the epididymal lumen, thereby allowing spermatozoa to be bathed in a milieu that is 
controlled locally; and affording spermatozoal protection against immunologic attack.  
Disruption of the blood-testis barrier and the blood-epididymis barrier may be a contributor 
to reduced semen quality in older males.  Some investigators suggest that corpus may be the 
most vulnerable segment of the epididymis to age-related barrier dysfunction in laboratory 
animals.  More studies regarding epididymal function and dysfunction are certainly 
indicated in stallions.   
 
Sperm Parts 
The spermatozoon is typically divided anatomically into a head and a flagellum (or tail).  
The head contains the nucleus, overlying acrosome, and a reduced complement of cytosolic 
elements.  The head can be subdivided into an acrosomal region, equatorial segment, post-
acrosomal region, and posterior ring, which demarcates the junction between the head and 
flagellum.  The flagellum can be subdivided into a connecting piece, middle piece (or 
midpiece), principal piece, and end piece. These various parts of the spermatozoon are 
surrounded by a common plasma membrane, although the composition of the plasma 
membrane can be subdivided into regional domains that impact its multiple functions, such 
as sperm-oviductal adhesion, penetration of the cumulus-oophorus matrix; sperm-zona 
adhesion; the acrosome reaction, acquisition of activated motility and hyperactivated 
motility; and sperm-oocyte adhesion and fusion.  
 
The average length of an equine spermatozoon is reported to be 61 to 86 microns, with the 
average lengths of the head, midpiece, principal piece, and end piece reported as 5.8 to 7.0, 
9.8 to 10.5, 43.8 to 67, and 2.79 microns, respectively.  The maximum width of the head is 
reported to be 2.9 to 3.9 microns.  The size of an equine spermatozoon, relative it body size, 
is remarkably smaller than that some other species, such as the mouse, rat, hamster, and 
honey possum, where spermatozoal lengths are 123, 190, 189, and 356 microns, 
respectively.  For further comparison, the average length of a human spermatozoon is 57 
microns, with an average head length of approximately 4.5 microns.  
 
The spermatozoal head is elliptical in shape, is flattened in one plane (dorsoventrally), and 
is thicker in the posterior portion of the head than in the apical portion of the head.  The 
nucleus, which occupies the majority of space within the spermatozoon head, contains the 
paternal genetic material. Specifically, the male genome is compromised of the X or Y 
chromosome and a haploid number of somatic chromosomes.  This genetic material is 
packaged for delivery to the oocyte for fertilization, where two haploid (male and female) 
genomes are combined to produce a diploid offspring. The chromatin (i.e., the DNA and 
associated proteins) within the nucleus of the mature spermatozoon is highly condensed, 
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both intracellular and extracellular, incurred by spermatozoa during epididymal maturation 
remain a mystery, but experimentation is gradually revealing new findings. 
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Sperm Parts 
The spermatozoon is typically divided anatomically into a head and a flagellum (or tail).  
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elements.  The head can be subdivided into an acrosomal region, equatorial segment, post-
acrosomal region, and posterior ring, which demarcates the junction between the head and 
flagellum.  The flagellum can be subdivided into a connecting piece, middle piece (or 
midpiece), principal piece, and end piece. These various parts of the spermatozoon are 
surrounded by a common plasma membrane, although the composition of the plasma 
membrane can be subdivided into regional domains that impact its multiple functions, such 
as sperm-oviductal adhesion, penetration of the cumulus-oophorus matrix; sperm-zona 
adhesion; the acrosome reaction, acquisition of activated motility and hyperactivated 
motility; and sperm-oocyte adhesion and fusion.  
 
The average length of an equine spermatozoon is reported to be 61 to 86 microns, with the 
average lengths of the head, midpiece, principal piece, and end piece reported as 5.8 to 7.0, 
9.8 to 10.5, 43.8 to 67, and 2.79 microns, respectively.  The maximum width of the head is 
reported to be 2.9 to 3.9 microns.  The size of an equine spermatozoon, relative it body size, 
is remarkably smaller than that some other species, such as the mouse, rat, hamster, and 
honey possum, where spermatozoal lengths are 123, 190, 189, and 356 microns, 
respectively.  For further comparison, the average length of a human spermatozoon is 57 
microns, with an average head length of approximately 4.5 microns.  
 
The spermatozoal head is elliptical in shape, is flattened in one plane (dorsoventrally), and 
is thicker in the posterior portion of the head than in the apical portion of the head.  The 
nucleus, which occupies the majority of space within the spermatozoon head, contains the 
paternal genetic material. Specifically, the male genome is compromised of the X or Y 
chromosome and a haploid number of somatic chromosomes.  This genetic material is 
packaged for delivery to the oocyte for fertilization, where two haploid (male and female) 
genomes are combined to produce a diploid offspring. The chromatin (i.e., the DNA and 
associated proteins) within the nucleus of the mature spermatozoon is highly condensed, 
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resulting in a volume that may approach only 5-10% of that of a somatic cell.  This packing 
is a result of a marked alteration in the composition of nucleoproteins which occurs during 
epididymal transit.  The haploid genome of the round spermatid encodes for unique 
spermatozoal proteins, termed protamines, which predominate as nucleoproteins during 
spermatozoal maturation in the epididymis.  The cysteine residues of this protein establish 
intramolecular and intermolecular disulfide linkages that result in compaction and 
stabilization of the associated DNA.  This design is thought to provide protection to the 
chromosomes during their perilous journey within the female reproductive tract, and to 
streamline the spermatozoon, so as to enhance its mobility upon activation at the time of 
ejaculation.   
 
The acrosome is a membrane-bound exocytotic organelle that overlies the rostral two-thirds 
of the nucleus, with a fit resembling that of a bathing cap.  Anatomically, the membrane is 
subdivided into an inner acrosomal membrane which is continuous with an outer acrosomal 
membrane.  These connecting membranes enclose a narrow compartment, termed the 
acrosomal matrix.  The inner acrosomal membrane is closely apposed to the nuclear 
envelope whereas the outer acrosomal membrane underlies the plasma membrane.  These 
two membranes converge it the level of the equatorial segment.  In the mature 
spermatozoon, the acrosome contains a rich supply of active molecules, both within the 
acrosomal matrix and as components of the inner acrosomal membrane.  These molecules, 
which include an assortment of protein receptors and hydrolytic enzymes, are thought to be 
important for adhesion to, and penetration of, the zona pellucida and sperm-oolemma 
interactions. During the course of the acrosome reaction, the outer acrosomal membrane 
fuses with the overlying plasma membrane, thereby creating hybrid vesicles and pores that 
lead to release and exposure of acrosomal contents.   
 
The cytosolic compartment of the mature spermatozoal head is virtually free of organelles 
other than the acrosome, and the mature spermatozoon is considered to be transcriptionally 
quiescent.  Nonetheless, the cytoplasm of the head region contains cytoskeletal proteins that 
are important to spermatozoal function.  Structural changes occur in the cytoskeleton (both 
microfilaments and microtubules) during spermiogenesis that lead to the reshaping of the 
spermatid head to an elongated form.  
 
The midpiece is characterized by the presence of an axoneme, an array of outer dense 
fibers, and an overlying sheath of helically arranged mitochondria.  The equine 
spermatozoon contains 40-50 mitochondrial gyres. The order and symmetry of the 
mitochondria along the midpiece may convey a functional effect, as disruptions in this 
organization have been associated with reduced fertility of stallions.  The midpiece joins the 
principal piece at the annulus, a point where the mitochondrial sheath is replaced with a 
fibrous sheath.  The principal piece thereby consists of a centralized axoneme, outer dense 
fibers of variable length, and a fibrous sheath.  The fibrous sheath extends along the entire 
length of the principal piece, i.e., from the annulus to the end piece.  It is composed of two 
longitudinally arranged fibrous columns that are bridged by a series of interconnecting, 
circumferentially arranged fibrous ribs.  The fibrous sheath is thought to provide rigid 
structural support and elasticity to the flagellum, but it also serves an important role as a 
scaffold for a variety of cell-signaling and metabolic events.  The fibrous sheath terminates 
at the junction of the principal piece and end piece, with the end piece consisting of a small 

extension of the axoneme (or individually arranged acrosomal microtubules) past the 
termination site of the fibrous sheath.  The entire flagellum is enveloped by a plasma 
membrane. 
 
Physiological Considerations 
 
Spermatozoal Motility  
 
Under natural conditions, regulation of spermatozoal motility occurs at three critical points: 
epididymal reservoir (cauda epididymis and ductus deferens) – suppression of motility; 
ejaculation – activation of motility; and oviductal reservoir – hyperactivation of motility.  
Spermatozoa in the cauda epididymis are intrinsically capable of motility, but do not exhibit 
motility until released from the epididymis.  Specific motility-inhibiting proteins have been 
identified in rat cauda epididymal fluid that, when removed, allow initiation of motility.  A 
pH-dependent inhibitory factor has been reported in bulls.  Although such inhibitory factors 
may exist, it is possible that sperm motility may simply be suppressed by the acidic pH of 
the epididymal environment.  The pH of bull cauda epididymal fluid is reported to be 5.5.  
Caudal epididymal fluid of bulls, rams, boars and stallions does not contain measurable 
quantities of bicarbonate (HCO3

-), and HCO3
- is known to be a key effector of spermatozoal 

motility.  Bicarbonate is present at fairly high concentrations in seminal plasma, and may be 
higher in seminal plasma of stallions than some other mammals studied.  Simple exposure 
of normal spermatozoa to seminal plasma or physiologic fluids will activate spermatozoal 
motility that is characterized by a moderate-amplitude and symmetrical flagellar beat 
leading to a forward propulsive trajectory.  This form of spermatozoal movement is defined 
as activated motility and is to be differentiated from hyperactivated motility which occurs in 
the period surroiunding fertilization. Activated motility is considered necessary for 
propelling sperm into the oviductal reservoir.  A hyperactivated form of motility is required 
to free the spermatozoa from the oviductal reservoir (through spermatozoal release from the 
oviductal epithelium and subsequent passage through the mucinous environment of the 
oviduct) and to penetrate the cumulus matrix and zona pellucida surrounding the oocyte. 
 
Spermatozoal Transport  
 
Deposition of spermatozoa is intrauterine when artificial insemination is used, and a large 
portion of an ejaculate is deposited directly into the uterine body at the time of natural 
coitus if the mare’s cervix is dilated at the time of breeding and if the stallion does not 
dismount prematurely during the ejaculatory process.  Following intrauterine deposition of 
semen, the spermatozoa are rapidly transported to the oviduct where a spermatozoal 
reservoir forms and the spermatozoa gain fertilizing potential prior to interaction with the 
vestments of the oocyte near the ampullar-isthmic junction.   
 
Spermatozoal migration to the oviducts is dependent, to a large part, on uterine contractions. 
The time required for spermatozoa to gain access into the oviduct has not been studied 
extensively.  Spermatozoa have been detected in the oviducts as early as 2 hours post-
insemination.  Sufficient spermatozoa to establish pregnancy may be transported into the 
oviduct as early as 30 minutes. following insemination, based on extensive lavage of the 
uterus post-insemination with an iodine-based solution to immobilize intrauterine 
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spermatozoa.  Pregnancy rates are maximized by delaying the uterine lavage until 4 hours 
post-insemination.  Location of intrauterine insemination appears to have a significant 
impact on the spermatozoal number that gains access into the oviduct.  In one study, a 
higher number of spermatozoa were recovered from the ipsilateral oviduct following deep 
uterine-horn insemination than resulted from uterine body insemination.   In the same study, 
the number of oviductal spermatozoa recovered from reproductively normal mares and 
mares susceptible to post-mating endometritis were similar following artificial insemination 
of 500 million total spermatozoa. Others have found more spermatozoa, and a higher 
percentage of motile spermatozoa, in the isthmic oviductal region of reproductively normal 
mares than in mares susceptible to chronic uterine infection.  
 
Interestingly, only a small fraction of inseminated sperm reachs the oviductal luminae.  In 
one study conducted in our laboratory, only 0.0006% to 0.0007% of inseminated sperm 
were recovered from oviductal flushings of mares at 18 hours following intrauterine 
insemination.  The process of spermatozoal passage into the oviduct does not appear to be a 
passive one, i.e., controlled only through the reproductive tract of the female.  Studies to 
date suggest that a dynamic interaction occurs among spermatozoa, reproductive fluids, and 
the epithelial surface of the uterotubal junction (UTJ) and caudal isthmus of the oviduct. 
Based on studies with rats, it seems that only motile spermatozoa can negotiate passage 
through the UTJ. Spermatozoa tend to associate closely with the epithelium while traversing 
through the oviductal papilla of the mare.  Cross-talk between spermatozoa and the 
epithelium is further manifested by studies with transgenic mice lacking a gene for two 
different spermatozoal surface proteins.  In these males, all functional characteristics of the 
spermatozoa appear normal, except that spermatozoal migration into the oviducts is 
hampered.  
 
The caudal isthmus is generally considered to be the reservoir site for oviductal 
spermatozoa. The existence of a spermatozoal reservoir in the mare is further supported by 
the documentation in the literature that spermatozoa of some fertile stallions can persist in 
the mare for up to 6 days prior to ovulation, yet result in establishment of pregnancy. The 
mechanism of spermatozoal attachment to the oviductal epithelial cells has received 
considerable study and appears to consist of a specific sperm-ligand interaction involving 
glycoconjugates (i.e., lectin-like molecules on the surface of spermatozoa interacting with 
carbohydrate-containing moieties on the surface of oviductal epithelial cells).  This intimate 
oviductal cell contact with spermatozoa in the oviductal reservoir seems to play two 
divergent roles: assisting with the final maturational events of spermatozoa that must occur 
prior to fertilization of an oocyte, while also maintaining spermatozoa in a viable quiescent 
state to allow for an extended storage period.  Stallion spermatozoa that are bound to 
oviductal epithelial cells in culture exhibit flagellar motion for up to 4 days, with gradual 
release of spermatozoa during that time frame.  The oviductal support system and gradual 
spermatozoal-release pattern are consistent with the concept of ensuring that appropriately 
prepared spermatozoa are available to “greet” an ovulated oocyte soon after its arrival in the 
oviduct. 
 
In mammals, freshly ejaculated spermatozoa are not immediately capable of fertilizing an 
oocyte, but require residence time in the female reproductive tract to gain this capability, 
termed capacitation.  Based on studies involving other species, spermatozoa are unable to 
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penetrate the cumulus matrix, and have greatly reduced ability to penetrate the zona 
pellucida, undergo a zona-induced acrosome reaction, and fuse with the oolema if 
capacitation is incomplete. Two laboratory methods that are often used for verifying 
capacitation are acquisition of a hyperactivated pattern of motility and induciblity of the 
acrosome reaction by various stimulants. A variety of molecular markers have also been 
identified that allow more critical evaluation of the molecular events that emerge during 
capacitation. Unfortunately, many of these assays can be technically challenging or have not 
become feasible for clinical use.  
  
Sperm-oocyte interactions 
 
Interactions with an ovulated oocyterequire spermatozoal migration to the ampullar region 
of the oviduct, and only a small percentage of spermatozoa that gain access into the oviduct 
will eventually arrive at this fertilization site.  Such spermatozoa are thought to have 
achieved full fertilizing potential.  The precise mechanisms by which spermatozoa migrate 
to the ampullar region of the oviduct remain speculative, but contractile movements of the 
oviduct and hyperactivated spermatozoal motility are thought to play key roles in this 
migratory phase.  Chemotactic factors may also be important to directional migration of 
oviductal spermatozoa. 
 
Before a spermatozoon can interact directly with the oocyte, it must first negotiate passage 
through the two sizable extracellular matrices which surround the oocyte, i.e., the cumulus 
complex and the zona pellucida.  An excellent description of the three-dimensional structure 
of the zona pellucida was recent provided.759  Acquisition of hyperactivated motility and 
translocation/exposure surface hyaluronidase likely permit penetration of the cumulus 
matrix.  Binding of spermatozoa to the zona pellucida via species-specific carbohydrate 
moieties of the zona pellucida and corresponding receptors on the spermatozoal surface lead 
to induction of the acrosome reaction. An assortment of spermatozoal surface lectins and 
glycoenzymes have been shown to have zona-binding ability.  The zona pellucida of 
ovulated oocytes is also known to contain products secreted by the oviducts that may play a 
role in initial sperm adhesion. Further research may lead to identification of a multitude of 
receptors that are involved with spermatozoal-zona binding.   
 
The cutting thrust issued by hyperactivated spermatozoa, possibly combined with 
externalization/release of proteases and glycosidases within the acrosome, allows 
spermatozoal penetration of the zona pellucida.  Studies involving hamster spermatozoa 
indicate that the process of spermatozoal adhesion to, and penetration of, the zona pellucida 
requires only 10 to 15 minutes. 
 
Once situated within the perivitelline space, the spermatozoon binds to, and fuses with, the 
egg plasma membrane (or oolemma), leading to internalization of the sperm haploid 
chromosomal complement by the oocyte.   Only spermatozoa that have undergone an 
acrosome reaction are thought to be capable of fusion with the plasma membrane of the 
oocyte, and this binding/fusion process involves specific domains of the post-equitorial 
region of the sperm head and the microvillar region of the oolema.  The specific sperm 
proteins that are involved with spermatozoal-oocyte binding remain an enigma, although 
several candidate proteins have been identified. 
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Entry of the sperm into the ooplasm elicits an initial increase in intracellular Ca2+ 
concentration, followed by repetitive Ca2+ oscillations.  This signaling mechanism induces 
exocytosis of oocyte cortical granules (to prevent polyspermy); release of the oocyte from 
meiotic arrest; pronuclear formation; mediation of genomic union; progression into mitosis 
with reorganization of both nuclear and cytoskeletal components; and stimulation of oocyte 
mitochondrial respiration. The factor responsible for this activation is derived from the 
spermatozoal cytosol, and a spermatozoon-specific phospholipase C is considered to be the 
most likely molecule responsible for this event.  
 
Outlook 
Although a plethora of scientific information surrounds spermatozoal structure and 
function, many unresolved issues remain, even with human and rodent spermatozoa where 
the largest body of information has been assimilated.  Only when we know precisely the 
specific molecular interactions required for attaining full spermatozoal fertilizing potential, 
including the spatial and temporal changes, energetics, and gaseous environment involved, 
will we be able to reliably manipulate spermatozoa to meet the growing needs within the 
equine breeding industry.  Goals might include devising methods for long-term cooled 
semen preservation, improving the fertility of cryopreserved semen, and incorporation of in-
vitro fertilization (both conventional in-vitro fertilization and intracytoplasmic sperm 
injection) into commercial programs.  While these might appear to be lofty goals, a more 
absolute understanding of spermatozoal structure and function would certainly take a lot of 
the “guess work” out of current approaches to analysis and manipulation of equine 
spermatozoa. 
 
Indeed, the “omics” era (e.g., genomics, toxicogenomics, transcriptomics, metabonomics, 
and proteomics) is upon us.  Technological progress in the field of molecular genetics has 
been remarkable, and has opened the door to new paradigms for the study of spermatozoal 
function and dysfunction.  Significant inroads have been made in horse genome mapping in 
recent years, including availability of synteny, linkage, radiation-hybrid, cytogenetic, and 
human-horse comparative maps.  The 2.7-billion DNA base-pair horse genome has been 
sequenced and partially assembled, and information regarding the sequence is now 
accessible through public databases; hence, the importance of bioinformatics to biological 
research.  Continued progress in genomic research will lead to isolation and identification of 
genes responsible for spermatozoal development and function, as well as genetic factors 
that underlie various types of reproductive failure.  The large-scale information obtained 
from these emergent technologies is being applied to male fertility, including that of horses. 
Given the intensity of investigation in this area, the basic mechanisms that control gene 
expression will emerge in the years ahead, and genetic markers for stallion fertility may one 
day abound. Robust mass-spectrometry proteomics methodologies allow inventory of 
proteins in cells, organelles, and body fluids, and offer the potential for identification of 
biomarkers for diagnostic tests.   
 
A better understanding of the molecular mechanisms regulating spermatozoal development 
and function will likely lead to new diagnostic techniques and therapeutic strategies for 
reduced fertility in stallions and may possibly translate to methodologies designed to curb 
gonadal aging.  Undoubtedly, future generations will look beyond descriptive morphology 
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and motility in characterizing structural and functional features and deficiencies of 
spermatozoa.  In addition, they will likely use the spermatozoon as a vehicle for production 
of transgenic horses, as well as spermatogonial stem cell transplantation or testicular 
grafting techniques to study testicular function or to propagate a genetic line.  The future 
looks exciting! 
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LAMINITIC HORSE 

PROF BRUCE McGORUM & DR JOHN KEEN, UNIVERSITY OF EDINBURGH 

 

1. BACKGROUND TO LAMINITIS:  PREDISPOSITION AND RISK FACTORS 

 

A variety of metabolic and endocrine factors play a role in the pathophysiology of equine laminitis.  These 

factors may also offer an explanation for the increased susceptibility of certain horses to laminitis and/or may 

serve as trigger factors for the development of acute laminitis. 

 

1.1 Insulin resistance as a risk factor in laminitis 

There has been considerable renewed interest in the term insulin resistance in equine medicine over the past 

ten years, primarily due to the proposed link between this metabolic phenomenon and laminitis.  Risk factors 

for laminitis include equine Cushing’s disease (ECD), administration of corticosteroids, obesity and equine 

metabolic syndrome, genetic factors and the pre-laminitic metabolic syndrome (Figure 1), all of which are 

characterised by insulin resistance. 
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Figure 1: Clustering of clinical risk factors for equine laminitis.  Insulin resistance is common to all of these 

risk factors.  Genetic predisposition and obesity are currently thought to be key clinical components of Equine 

Metabolic Syndrome (EMS). 

 

The link between insulin resistance and laminitis is not clear.  Extrapolations have however been made from 

human studies showing that insulin resistance is central to a syndrome known as metabolic syndrome or 

Syndrome X (Reaven & Hoffman, 1987; Walker, 2001).  In this disorder, there is a clustering of risk factors 

(including obesity, hyperlipidaemia, genetic predisposition and low birth weight) which increase the risk of 

cardiovascular diseases such as hypertension and stroke.  Patients with severe insulin resistance, such as those 

with type 2 diabetes mellitus are at considerable increased risk of suffering from these life threatening 

disorders.  Some have suggested that a similar situation may exist in horses, with factors such as native 

breeding, obesity and increased blood triglyceride levels increasing the risk of laminitis (Johnson, 2002; 

Treiber et al, 2006a, b), leading to the concept of the ‘Equine Metabolic Syndrome’.  Studies in other species 

suggest that persistent hyperglycaemia has detrimental effects on vascular, especially endothelial, cell 

function.  Furthermore insulin has direct vasoactive properties which may be deranged in insulin resistant 

states.  It has been shown recently that laminitis can be induced in horses with very high doses of insulin over 

a prolonged period. 

 

1.2 Insulin Sensitivity and Insulin Resistance (IR): definitions and consequences 

Insulin sensitivity refers to the ability of an animal to lower plasma glucose in response to insulin, a process 

which occurs physiologically following a carbohydrate meal.  If a horse is described as insulin resistant, 
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other sugars are highest in the grass during the daytime therefore night grazing may be an option.  Owners can 

be averse to this idea, as they feel that their ponies should be locked up at night when they are, but it 

represents a good compromise!  

3) Medications (much of it theoretical at present) 

Humans with obesity and type II diabetes are often treated with oral hypoglycaemic agents e.g. Metformin, 

which enhances glucose uptake by cells, but unlike some other drugs used for human DM, will not cause 

hypoglycaemia.  Durham et al 2008 have recently shown that metformin can improve insulin sensitivity and 

decrease the secretion of insulin at least in the short term but whether it has long term positive effects on the 

clinical end point of predisposition to laminitis is yet to be determined.  Newer studies have suggest it may not 

be effective….the jury is out! 

There is great interest in human medicine in a group of compounds known as thiazolidinediones which lower 

insulin resistance (these are so-called insulin enhancers).   These have yet to be used in horses. 

In theory, considering its involvement in omental adiposity and the human MS, antagonism of 11beta-HSD1 

may be hugely advantageous.  No such drugs are currently available for clinical use in the horse, though 

metyrapone has been used diagnostically in the dog for diagnosis of Cushing’s disease.  Trilostane, a 3beta-

HSD inhibitor, has been used in the MS in horse.  However this demonstrated few if any real beneficial 

effects. Aminoglutethithimide is a compound which prevents an early step in steroid biosynthesis (low 

efficacy in the dog and numerous side effects). 

 

Thyroid supplementation has erroneously been administered to many obese laminitics in the belief that the 

animals were suffering from hypothyroidism.  This is unlikely to be the case in the majority of animals.  

Nevertheless it may be that thyroid supplements could be an aid in the short term to help lose weight.  Frank 

et al 2008 (AJVR 69 68-75) recently showed that administration of 48mg thyroxine per day can lead to weight 

loss and improve insulin sensitivity in normal horses.  This has yet to be proven/disproven as a method of 

improving insulin sensitivity and reducing risk of laminitis in ‘at risk’ horses. 
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function.  Furthermore insulin has direct vasoactive properties which may be deranged in insulin resistant 

states.  It has been shown recently that laminitis can be induced in horses with very high doses of insulin over 

a prolonged period. 
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Insulin sensitivity refers to the ability of an animal to lower plasma glucose in response to insulin, a process 

which occurs physiologically following a carbohydrate meal.  If a horse is described as insulin resistant, 
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glucose levels are raised inappropriately and/or plasma insulin levels rise inordinately high in an effort to 

compensate for this resistance to insulin’s effects.  

 

In the early stages of dysregulation, impaired glucose tolerance (IGT) occurs, a term which relates to an 

abnormal response to administered carbohydrate.  IGT reflects early/subtle IR in that insensitivity to insulin is 

overcome by increased amount and duration of insulin secretion.  Resting insulin levels may therefore be 

above the normal reference range.  As IR develops, levels of both insulin and glucose are increased, since 

increased insulin release is unable to compensate for increased glucose levels, this signifies the onset of type 2 

diabetes mellitus (DM).  The ultimate event is hyperglycaemia in the face of decreased insulin as a result of 

pancreatic cell exhaustion (i.e. decompensation; Figure 3).   

EUGLYCAEMIA>>>>>>>IGT>>>>>>>>TYPE II DIABETES MELLITUS

INSULIN RESISTANCE

 
Figure 2: Insulin resistance develops gradually, with impaired glucose tolerance preceding overt type 2 

diabetes mellitus (DM).  Horses are rarely diagnosed with type 2 DM, but many are likely to have impaired 

glucose tolerance. 

 

More subtle alterations in glycaemic status such as IGT may be most relevant to the situation in horses and 

ponies, where overt type 2 DM is rarely detected clinically.  This highlights the importance of appropriate 

feeding, glycaemic index of feedstuffs and post-prandial glucose changes, particularly in at-risk individuals. 

Identifying these at-risk horses is therefore crucial.  Strict criteria have been defined for normal glycaemic 

status in humans, but the situation is currently less clear in horses although many studies have started to define 

relevant criteria.   

 

1.3 The role of obesity 

The link between obesity, IR and laminitis is unclear.  While insulin resistance may promote the laying down 

of fat stores, obesity (particularly abdominal obesity) also probably contributes to insulin resistance.  In 

addition to producing the breakdown products of fat (eg fatty acids) which themselves affect glucose 

metabolism, adipocytes are metabolically active and produce a number of hormones that promote insulin 

resistance. 

1. Cytokines: e.g. tumour necrosis factor (TNFalpha), and Interleukins.  Increased TNFalpha levels have 

been recorded in insulin resistant ponies that are predisposed to developing laminitis and in obese 

mares. 

2. Adipokines: these are secretory products of adipose tissue.  Some adipokines, e.g. resistin, promote 

insulin resistance whereas others, e.g. adiponectin, promote the actions of insulin.  Leptin is a satiety 

hormone and leptin resistance (and therefore raised leptin levels) is a feature of the human MS.  

Leptin levels are raised in obese horses.  It is proposed that in human MS, an imbalance occurs, 

favouring production of the hormones promoting IR.  This may be due to increased deposition of 

certain types of fat cells in certain anatomical sites. The potential role of adipokines in equine obesity 

and predisposition to laminitis is currently undergoing further scrutiny. 

 

1.4 The role of inflammation and vascular dysfunction 

Chronic low grade inflammation, particularly involving the vasculature, may be an important factor in the 

pathogenesis of IR.  As noted above, adipocytes release cytokines which are pro-inflammatory. Furthermore, 

in human MS there is biochemical evidence of vascular dysfunction and oxidative stress prior to clinical signs 

of cardiovascular disease or the vascular complications of diabetes.  Vasoconstrictor mediators such as 

endothelin are raised while vasodilator mediators are reduced.  Mediators involved in the coagulation cascade 

and cellular adhesion to endothelial cells are also raised.  These factors may be related to hyperglycaemia 

and/or hyperinsulinaemia. No such changes in mediators were noted in preliminary studies of ponies with 

EMS predisposed to laminitis or indeed in horses with ECD.   
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1.5 Other concepts 

– Diet has an important influence on the expression of EMS and in altering insulin sensitivity.  For 

example differences in glycaemic status and blood pressure between laminitis-prone and non 

laminitis-prone ponies were most apparent in summer grazing pasture.  

– Glucocorticoids: the similarities between ECD and EMS are intriguing in terms of fat distribution and 

predisposition to laminitis.  Laminitis has anecdotally been linked to iatrogenic corticosteroid 

administration.  Furthermore, dexamethasone treatment can induce IR in horses.  It has been proposed 

that local, tissue specific cortisol levels may be important in human metabolic syndrome and the same 

may be true of horses.  The enzyme 11 beta hydroxysteroid dehydrogenase type 1 (11beta HSD-1) 

which controls the levels of active cortisol in the cells may be important in this regard.   

 

In conclusion, the apparent similarities between humans at risk of cardiovascular disease and horses at risk of 

laminitis are striking.  Metabolic and endocrine factors which may increase the risk of laminitis warrant 

further investigation, since identification of ‘at risk’ horses would enable early intervention to prevent this 

disorder. 

 

 

 

2. APPROACH TO DIAGNOSING UNDERLYING METABOLIC PREDISPOSITION TO   

    LAMINITIS 

 

2.1 CLINICAL EXAMINATION 

2.1.1  Evaluate for Equine Cushing’s disease (ECD)  

Clinical signs of ECD have been well described.  Although hirsuitism is undoubtedly the most specific of the 

clinical signs, it is not clear which if any of the others is the most sensitive.  Altered fat distribution is noted in 

humans with Cushing’s disease and following steroid therapy in a number of species.  Other reported signs or 

consequences include laminitis, weight loss, polyphagia, polyuria and polydypsia, secondary diabetes 

mellitus, secondary infections, blindness and seizures.  

 

2.1.2 Evaluate for signs of Obesity  

Obesity refers to the excessive deposition of fat around the body, over and above the normal physical 

requirement.  On the Carroll and Huntingdon scale, this refers to those horses and ponies >BCS 4.  Another 

scale used widely is that of Henneke et al (1993) (EVJ 15, 371-372) where horses >6/9 are classified as obese 

(7 = fleshy; 8 = fat; and 9 = extremely fat) 
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TABLE 1: Tests for ECD 

 

TEST METHOD INTERPRET

ATION 

RELIABILITY COMMENTS 

Hirsuitism Observation of long 

curly coat particularly 

in summer 

 Clinical gold 

standard 

Beware of older 

animals with simply 

longer hair? 

Basal 

Glucose 

Single resting 

sample.  No 

concentrates for 12 

hours.  Grass hay OK 

>5.5/6 mmol/l Present in 58-

94% cases 

In stress-free starved 

individual provides 

strong supportive 

evidence 

Basal 

Insulin 

Single resting 

sample. No 

concentrates for 12h.  

Grass hay may be fed 

>20microIU/ml   Hampered by other 

causes of IR, e.g. 

EMS, genetics! 

Basal 

Cortisol 

Single resting sample Normal value 

<140nmol/l 

15% sensitivity Sensitivity too poor 

to be of use 

Basal 

ACTH 

Single resting sample 

as for glucose and 

insulin 

Reported 

normal values 

<27 pg/ml 

(ponies); <50 

pg/ml (horses).  

Dependent on 

lab.  We 

currently use 

<100 as 

‘normal’    

Sensitivity 82-

100% 

Specificity 78% 

Sample handling 

crucial.  Chilled 

polypropylene 

EDTA tubes 

required. If not 

available then 

centrifuge chilled 

glass EDTA tubes 

ASAP and decant 

plasma. Plasma must 

be frozen <8h. 

Basal 

alphaMSH 

Normal <91pmol/l  Not routinely 

available UK.   

Unknown Further studies 

required.  Also 

affected by season. 

ACTH 

Stimulatio

n test 

 Normal <413 

nmol/l (or <2x 

baseline 

increase @2h) 

Poor sensitivity Not used very 

frequently. 

DST 

(overnight 

method) 

40 mcg/kg 

dexamethasone IM 

(1700h) and b/s 20h 

later (1200h) 

critical value 

for normal 

<1mcg/dl or 

<27.6 nmol/l) 

50-100% 

sensitivity & 

specificity 

 

TRH 

Response 

test 

1) Basal Cortisol 

sample 

2) Inject 1 mg TRH 

IV 

3) Cortisol sample at 

30 minutes  

+ve result = 

>66% increase 

at 30 minutes. 

 Less accurate if high 

resting cortisol. 

Sampling ACTH is 

more reliable 

DST/TRH 

response 

combined 

test 

Oh: basal cortisol and 

admin. 

dexamethasone 

(40mcg/kg IM).  3h: 

cortisol and admin 

TRH (1mg IV).  3.5h 

measure cortisol.  24h 

measure cortisol 

+ve if 

cortisol>66% 

@30 minutes 

post TRH or if 

cortisol> 

27.6mmol/l @ 

24 hours 

 88% Sensitivity, 

79% specificity 
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2.3.2 Dynamic tests for glycaemia/insulin status 

These are more accurate than either resting levels or proxies as they define the dynamic response to glucose 

and/or insulin.  They are however more expensive and time consuming.  Oral tests additionally evaluate the 

effects of the digestive system, providing indices of glucose tolerance, whereas intravenous tests are more 

accurate indicators of insulin sensitivity alone.  The interpretation of these tests can be complex and, to 

complicate matters further, proxies can also be derived from these dynamic tests. 

 

The tests applicable to clinical practice are shown in Table 2.  The CGIT has been recommended following 

a recent ACVIM consensus statement on EMS.  The gold standard tests for evaluating glycaemic status 

however are the hyperinsulinaemic euglycaemic clamp and the frequently sampled intravenous GTT (with 

minimal model analysis). 

 

TABLE 2:  Dynamic tests for glycaemic /insulin status applicable to clinical practice 

 

TEST METHOD INTERPRETATION 

Oral Glucose Tolerance 

Test (OGTT) 

1g/kg glucose is 

administered as a 20% 

solution.   

Blood glucose and insulin 

levels are tested prior to 

administration and at 30, 60, 

90, 120, 150, 180, 240 min.   

 

Blood glucose should double within 2 h and 

normalise within 6 h. Glucose (>11.1mmol/l) or 

delay to normal levels indicative of insulin 

resistance.  Beware of other conditions which affect 

this test eg GIT function. Using insulin and glucose 

levels gives more information. Suggested that I:G 

at 90 min may be convenient parameter to test for 

insensitivity. I:G>0.3-0.5 suggests relative insulin 

resistance. Total insulin secretion also raised with 

insulin resistance. Note when also evaluating 

insulin, horses with type 2 DM (rare) may have 

low/normal insulin and high resting glucose and 

glucose responses. 

Intravenous Glucose 

Tolerance Test 

(IVGTT) 

 

0.5g/kg dextrose as 50% 

solution IV following 12 h 

fast.  Collect samples for 

glucose and insulin at 0, 

0.25, 0.5, 1,2,(3,4,5,6) h. 

Normally >300% increase in glucose @ 15 min 

followed by rapid decrease; plus >600-700% 

increase in insulin @ 15 and 30 min, followed by 

decrease. Glucose and insulin concentrations 

should return to baseline within 1 h. 

Insulin Tolerance Test 

(ITT) 

0.05IU/kg insulin IV.  

Sample at 0, 30, 60, 90, 120, 

180, 240, 300 min. 

Normal response is 30-50% decrease in insulin @ 

15 min, 60% @ 30 min.  Normal levels should be 

reached by 2 h.  NB beware of inducing 

hypoglycaemia with this test. 

Combined Intravenous 

Glucose and Insulin 

Tolerance Test (CGIT) 

 

Collect baseline blood 

sample for glucose and 

insulin.  Infuse 50% dextrose 

(0.15 g/kg), immediately 

followed by 0.10 units/kg 

regular insulin.  Further 

samples collected for 

glucose at 

1,5,25,35,45,60,75, 90,105, 

120,135 and 150 min; and 

for insulin at 45 min. 

Impaired glucose tolerance = maintenance of blood 

glucose above baseline for >45 min.  Insulin levels 

should decline to < 100 IU/ml by 45 min; anything 

longer suggests IR. 
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3.  TREATING AND MANAGING RISK FACTORS FOR LAMINITIS 

A) TREATMENT FOR EQUINE CUSHING’S DISEASE (ECD) 

There may be no need to provide specific medication to some (early?) cases of ECD, but most vets will now 

treat from an early stage.  Sensible conservative measures to manage ECD cases include those recommended 

for aged animals in general.  Good attention should be paid to feeding, dentistry, anthelmintic regimes and the 

early detection of clinical abnormalities.  Clipping the excessively long haircoat may be advantageous.  

Regular farriery is paramount and horses or ponies should be monitored for signs of laminitis, chronic or 

acute.   In the absence of chronic orthopaedic disease, continued exercise may be beneficial in enhancing 

insulin sensitivity and offsetting any effects of abnormal cortisol status.  Cases of particular concern are those 

that have a history of laminitis or evidence of chronic laminitic changes in the feet.  In these cases early 

therapy may be sensible.  All cases with evidence of resting hyperglycaemia and significant increases in 

insulin should be treated as these have a poorer prognosis long term without therapy. 

 

1) Dopamine agonists 

These are the gold standard therapy for ‘true’ ECD cases.  Both bromocriptine and pergolide have been used 

to treat ECD although pergolide is used most widely (oral bromocriptine has poor bioavailability).  The 

original dose regime for pergolide was relatively high (3 mg per horse SID) but cost issues meant that the dose 

was subsequently reduced as much as possible.  Cost is now less of an issue in the UK therefore it is worth 

increasing the dose until the signs improve.  The current suggested initial dose is 250mcg per pony (500mcg 

per horse) SID. Expect to see changes (particularly in demeanour) within 4 weeks but if there is no 

improvement then slowly increase the dose as required (in 250mcg steps until max dose of 5mg/day).  A 

licensed product is now available (Prascend ™; Boehringer) in 1mg tablets (scored so that 500mcg doses may 

be given). 

 

Adverse effects are rarely seen but the most common is inappetence.  Should this occur then dosages should 

be reduced or alternative therapies attempted. 

 

2) 5HT/Serotonin Antagonists 

Serotonergic neurons are thought to provide stimulatory input to melanotropes in the pars intermedia and 

therefore 5HT antagonist drugs such as cyproheptadine (‘Periactin’) which stop this effect have been used as 

therapy for ECD.  This drug was initially used at it was more cost effective than pergolide.  However it is 

clinically less effective than pergolide and with generic forms of pergolide available cyproheptadine is 

becoming used less and less.  Dose is 0.25 mg/kg SID-BID. 

 

3) Steroid inhibitors 

The only such compound evaluated in horses is trilostane which inhibits the enzyme 3beta-HSD of the 

steroidogenic pathway (note this does not inhibit 11beta-HSD claimed to be involved in the equine metabolic 

syndrome).  Side effects have not been reported in horses; however in humans they include increased nasal 

secretions.  Canine datasheets recommend avoiding using this if liver disease and exercising care with heart 

disease and thyroid disease (both rare in horses anyway!) 

 

Table 3: Common medications for ECD 

 

MEDICATION Suggested Dosage 

Regime 

Approx Cost 

price/250kg/day (UK, 

Jan 2006) 

Comments 

Pergolide 

[‘Celance’/’Pergolide’ 

(non-proprietary)] 

 

 

 

PRASCEND (licensed 

250 mcg/pony SID 

500mcg/horse SID. 

Gradually increase to 

max of 5mg SID.  

£0.35-0.50/250mcg 

tablet 

£0.84/1mg tablet 

 

35p-£2.50 dep on 

dose 

 

In our opinion best 

treatment for ‘true’ 

Cushing’s disease 

(~85% efficacy) 

Licensed product 

should be used 
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product ~ £1.30 per 1mg 

tablet after markup 

Cyproheptadine 

‘Periactin’ 

0.25 mg/kg SID-BID 46p (SID dose)-92p 

(BID dose) 

Poor efficacy 

(~30%).  Care r/e 

liver disease. 

Trilostane 

‘Modrenal’ 

‘Vetoryl’ 

0.4-1 mg/kg SID per 

os.  (most animals will 

require higher dose) 

£1 per day at higher 

dose 

Licensed for dogs.  

Does not 

ameliorate primary 

problem in ECD.  

Care r/e liver 

disease. Human 

data sheets – 

contraindicated in 

ACTH producing 

pituitary tumours!   

 

B) TREATMENT FOR EMS and PLMS 

At present the major approach to managing the EMS appears to be control of calorific intake combined with 

judicious exercise in those individuals where this is possible. 

1) Feeding 

Feeds with a low glycaemic index should be chosen.  Complete starvation is ill-advised as this promotes a 

survival mode of increased insulin resistance, thus potentially worsening the situation. Furthermore many 

ponies in particular are at risk of hyperlipaemia (potentially life threatening).  Grass should be avoided in 

these animals as sugar content can be unacceptably high, particularly at some times of the year.  This 

restricted grazing practice must be balanced with the need for exercise, therefore use of grass muzzles or night 

grazing may be advantageous 

 

Grass hay is generally good but may be variable in soluble carbohydrate/sugar content therefore best practice 

is to encourage owners to have it analysed for non-structural carbohydrate (NSC i.e. sugar content).  Soaking 

hay (12h is optimal) may also reduce the soluble CHO as it gets trapped in the water.  Target dry matter for 

weight loss is 1.5% of body weight in hay (e.g. 3.75kg hay for 250 kg pony which is then soaked) split evenly 

through the day.  For maintenance target is 2-2.5% body weight.  Beware ‘free choice’ hay: however poor 

quality, these types of horse often eat much more than this per day. 

If further feeding is required then consider other low GI foods, eg sugar beet (must be un-molassed) which has 

a very low GI.  Alfalfa chaff is similarly a good extra ration, and for older ponies with bad dentition, the short 

chopped alfalfa feeds can be very useful.  Alternatively there are now good compounded feeds specially 

designed for laminitics (e.g. Safe and Sound, Dodson and Horrell). 

There is some evidence to suggest that antioxidant therapies aid dysfunction in human diabetics and others at 

risk of cardiovascular diseases.  Based on this, and as it is unlikely to do harm, it may be sensible to advise 

supplementation with antioxidant vitamins e.g. Vit E, Vit C.  Owners generally like to provide 

supplementation!  Note however that the compounded feeds generally have added micronutrients.  

Supplements (nutrient balancers e.g. Ultimate Balancer by Dodson and Horrell) are important if only forage is 

being given. 

It is worth considering consulting a nutritionist.  At the very least, you can encourage the owner to contact e.g. 

Dodson and Horrell for forage advice.  They will analyse hay for ~£5 and give some idea of the nutrition 

content of the hay 

2) Exercise 

Exercise is obviously difficult when an animal is prone to laminitis, but assuming the animal is clinically 

stable, then exercise should be gradually built up and actively encouraged.  Exercise has been shown to be 

very beneficial in improving insulin sensitivity (lowering insulin resistance).   Placing an animal out to grass 

in theory is beneficial, but can be difficult at the high-risk times of year (anytime but the deep of winter!).  

However devices like grazing muzzles are freely available in most tack shops.  Remember that fructans and 
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Table 3: Common medications for ECD 
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Regime 

Approx Cost 

price/250kg/day (UK, 

Jan 2006) 

Comments 
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(non-proprietary)] 

 

 

 

PRASCEND (licensed 

250 mcg/pony SID 

500mcg/horse SID. 

Gradually increase to 

max of 5mg SID.  

£0.35-0.50/250mcg 

tablet 

£0.84/1mg tablet 

 

35p-£2.50 dep on 

dose 

 

In our opinion best 

treatment for ‘true’ 

Cushing’s disease 

(~85% efficacy) 

Licensed product 

should be used 
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INTRODUCTION 
 
Veterinary evaluation of stallions for breeding soundness can be an extensive and time-
consuming process.  The extent of the evaluation will be dependent on the criteria required 
by the party that retains the services the veterinarian.  Requests received for this service are 
quite diverse, and can vary from that of insurance companies contemplating issuance of 
first-year congenital infertility insurance for a stallion currently situated at a racetrack, to 
pre-purchase evaluation of a stallion, with or without, previous breeding experience, to pre-
season evaluation of mating ability and semen quality of breeding stallions.   
 
Regardless of the request, a fundamental aspect of the breeding soundness evaluation is 
attainment of an accurate history regarding any prior breeding results, previous breeding-
soundness examinations, prior use(s), dietary intake, vaccination status, medications, and 
illnesses.  Acquisition of such information may seem mundane, but this information can 
become an invaluable aid when attempting to forecast the potential fertility of a stallion.  In 
addition, the intended purpose of the breeding stallion should be determined.  For instance, 
one should determine if the potential sire will be used for natural service or artificial 
insemination, or whether dual hemisphere breeding is being contemplated.  Expectations 
regarding size of mare book should also be provided, and any intentions to inseminate 
mares with cool-transported or frozen-thawed semen should be disclosed. 
 
The extent of the examination process will be predicated on the intended purpose of the 
stallion, with limitations set by the stallion’s location (such as a racetrack versus a farm 
setting), the ability to transport the stallion to a well-equipped veterinary hospital, and 
financial constraints set by the owner/agent or potential buyer of the stallion.  For instance, 
it is generally not possible to collect semen from a stallion situated at a racetrack, and 
restrictions set by insurance companies may disallow semen collection and evaluation prior 
to procurement of fertility-related insurance.  Additionally, some farms may have limited or 
unsuitable equipment for evaluation of semen, thereby necessitating transport of 
appropriate equipment to the farm, or transport of the stallion to an appropriate facility to 
accomplish the examination process.  
 
The objective of a breeding-soundness examination is to determine whether a stallion has 
the mental and physical faculties necessary to deliver semen, containing viable sperm and 
no infectious disease, to the mare's reproductive tract or artificial vagina.  The examiner not 
only evaluates quality and quantity of ejaculated sperm (and potentially the ability of the 
sperm to withstand cooled or frozen storage), but also tests the libido and mating ability of 
a stallion, attempts to recognize congenital defects that may be transmissible to offspring 
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and/or decrease a stallion's fertility, seeks infectious diseases that may be transmitted 
venereally, and searches for any other physical conditions that may reduce a stallion's 
longevity as a sire.  Given the breadth of this objective, the owner/agent of the stallion and 
the veterinarian should engage in sufficient dialogue such that an agreement can be reached 
beforehand regarding the extent of the examination to be conducted, the potential cost of 
the examination, and any limitations of an abbreviated examination, as prescribed by the 
owner/agent of a stallion.   Such channels of communication will lead to a common 
understanding of the examination being conducted and the expectations/limitations of the 
examination. 
 
It is beyond the scope of this communication to describe the procedural details of a stallion 
breeding-soundness examination.  Suffice it to say that an assortment of references is 
available on the topic.  As an overview of the subject, the breeding-soundness examination 
generally has the following components: general physical examination, examination of the 
external and internal genitalia, assessment of libido and mating ability, examination for 
venereal diseases, and evaluation of sperm number and semen quality in ejaculates 
collected. 
 
 
Tool Kit for Spermatozoal Evaluation 
Conventional laboratory tests for assessment of spermatozoal quality have included light 
microscopic evaluation of spermatozoal morphologic characteristics and estimation of 
spermatozoal motility (including percentages of motile and progressively motile sperm; 
velocity of spermatozoal movement; and longevity of spermatozoal motility following in-
vitro storage). Other features of semen quality are also considered, including spermatozoal 
concentration, semen volume, and presence of blood, urine, or potentially pathogenic 
bacteria in semen. 
 
The value of the examination is predicated, to a large extent, on reliable equipment and 
personnel with good observational power.  Even when these stipulations are in effect, the 
predictive value of the examination can be limited.  Expanded analysis of equine 
spermatozoal populations might improve the predictive value of the testing process.  
Additional tests shown to be of diagnostic value are presently incorporated into the 
spermatozoal examination process within some reference laboratories today.   
 
Spermatozoal number 
 
Accruate measurements of gel-free semen volume and sperm concentration are critical 
because total sperm number in an ejaculate is derived as the product of sperm concentration 
and semen volume.  Use of an in-line micromesh nylon filter in the artificial vagina will 
reduce the number of sperm retained within the gel fraction during the act of ejaculation. 
To maximize accuracy, semen volume should be determined using a graduated cylinder of 
appropriate size, or by measuring weight and converting to volume.  
 
An imprecise estimate of sperm concentration produces a corresponding inaccurate 
calculated sperm number in an ejaculate.  Such errors can produce misleading judgments 
and should be avoided.  Sperm concentration of the gel-free semen can be determined using 

a hemacytometer.  This method of measurement is time-consuming and can be replaced 
with a spectrophotometer or densimeter that is properly calibrated using hemacytometer 
measurements to establish a standard curve.  These instruments allow faster measurement 
of sperm concentration, and their accuracy is good if sperm concentration is not 
exceedingly high or low, and the ejaculate is free of debris, blood, purulent material or 
premature germ cells (e.g., spermatocytes).  Mixing semen with an extender prior to 
measuring spermatozoal concentration will also produce erroneous measurements with a 
spectrophotometer or densimeter if the extender is not optically clear.  Dilution factors must 
be taken into account when estimating sperm concentration, since semen always is diluted 
before measurement.  Recently, a fluorescence-based instrument called a NucleoCounter 
(ChemoMetec A/S, Allerød, Denmark) has been made available commercially.  This 
system has been validated in our laboratory for use with stallion semen for measurement of 
sperm concentration, as well as sperm membrane intactness.  Distinct advantages of this 
instrument over photometric-based instruments are that: 1) sperm concentration can be 
determined accurately in samples that are contaminated with somatic cells, blood, or urine, 
2) sperm concentration can be determined accurately in semen pre-diluted with opaque 
semen extender, and 3) sperm concentration can be determined accurately when sperm 
concentration is quite dilute.  
 
Total sperm number, calculated from sperm concentration and semen volume, is probably 
one of the more important measurements used in estimating a stallion's fertility.  Total 
sperm number per ejaculate is subject to seasonal variation but is also affected by numerous 
other factors, including frequency of ejaculation, age, testicular size, size of extragonadal 
sperm reserves and various forms of reproductive disease.   
 
Sperm motility 
 
Evaluation of spermatozoal motility in both raw and extended forms is considered to be a 
fundamental laboratory test for assessing the fertilizing capacity of spermatozoa in an 
ejaculate.  Evaluation of raw (undiluted or neat) semen gives one an idea of how well 
spermatozoa perform in their natural fluid milieu. Determining motility in the raw form can 
be hampered by higher sperm concentrations and spermatozoal agglutination to the cover 
glass, making it difficult for the evaluator to discern individual motility patterns.  To 
overcome this limitation, an aliquot of semen can also be appropriately diluted (e.g., to 25 x 
106 sperm/ml) in a good quality semen extender that is free of debris when visualized 
microscopically.  The extender may slightly alter motility pattern, usually by increasing the 
velocity measures.  After initial extension, a high percentage of spermatozoa may exhibit a 
circular motility pattern; however, this behavior usually resolves following 5-10 minutes of 
exposure time in the extender.  Spermatozoal motility is exceptionally susceptible to 
environmental conditions (such as excessive heat or cold, lubricants, light, disinfectants, 
and osmolarity/pH of semen extender), so it is necessary to protect the semen from injurious 
agents or conditions prior to analysis.  To enhance the reliability of motility estimation, the 
procedure should be performed by an experienced person using a properly equipped 
microscope, i.e., one with a built-in stage warmer and properly adjusted phase-contrast 
optics.  Estimations of the percentages of motile and progressively motile spermatozoa are 
generally determined, in addition to an estimation of spermatozoal velocity (based on an 
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arbitrary scale of 0 [stationary] to 4 [fast]).  Subjective assessment of motility is generally 
quite acceptable, provided personnel are experienced in analysis of spermatozoal motility. 
 
Several different techniques and instruments have been developed in an effort to secure an 
objective (i.e., unbiased) evaluation of spermatozoal motility; however, these methods (e.g., 
time-lapse photomicrography, frame-by-frame playback videomicrography, 
spectophotometry, or computerized analysis) are generally considered to be too tedious or 
expensive for routine use.  Computerized systems are currently in place in many reference 
laboratories with the intent to objectively assess motion characteristics of spermatozoa.  
Despite the commercial availability of various generations of computer-assisted 
spermatozoal analysis (CASA) systems for over 20 years, their presence has not provided 
the definitive assay for measuring spermatozoal fertilizing potential. Such an expectation, 
however, is unrealistic given the numerous independent spermatozoal attributes that are 
required for a spermatozoon to possess fertilization competence.  What these systems do 
provide is the prospect of objective measurement and protocol standardization.  These 
instruments permit customized selection of various features, including frequency and length 
of frame capture; threshold demarcations for presence of spermatozoal motion, 
progressivity of motion, and velocity measures; and gating freedom for both size and 
luminocity representative of spermatozoal heads, as a means to maximize capture of 
spermatozoa while minimizing capture of non-spermatozoal material in the sample of 
interest.  Such manipulations are important for improving measurement accuracy and 
repeatability within a given laboratory, but make it difficult for reliable comparisons among 
laboratories or among different CASA brands. Computerized analysis of spermatozoa is 
primarily reserved for the research setting, where standardization, accuracy, and precision 
are a prerequisite to measurement of experimental end points.  A distinct value of CASA 
instruments in the commercial environment (at a veterinary hospital or an equine breeding 
operation) is the ability to garner objective results for a variety of motility variables.   
Confusion arises, however regarding the relationship of the myriad of obtainable CASA 
variables to fertility of the sample.   As an example, we recently conducted a fertility trial 
with a subfertile stallion whose semen was subjected to density-gradient centrifugation in an 
effort to improve semen quality prior to insemination.  Values for % motility (MOT), % 
progressive motility (PMOT), and mean curvilinear velocity (VCL; microns/second) prior 
to, and after, semen processing for the subfertile stallion and a fertile control stallion are 
listed in Table 1 below: 
 
Table 1: Comparison of spermatozoal motility values for a fertile stallion and a subfertile 
stallion before, and following, density-gradient centrifugation. 
 

Stallion Semen treatment MOT 
(%) 

PMOT 
(%) 

VCL 
(µm/s) 

Fertile Before 80 63 205 
Fertile After 91 78 209 

Subfertile Before 63 48 251 
Subfertile After 90 79 259 

 

Based on these results, it would appear that semen treatment for the subfertile stallion 
yielded a spermatozoal population with quality similar to, or exceeding (based on velocity 
values), that of the fertile control stallion.  Nonetheless, when fertile mares were 
inseminated hysteroscopically with 20 x 106 progressively motile spermatozoa (100 µl-
volume), the resulting pregnancy rates were 15/20 (75%) for the fertile stallion, as 
compared to 7/20 (35%) for the subfertile stallion (P=0.01).  This demonstrates that 
spermatozoal motility does not provide absolute discrimination power, again emphasizing 
that spermatozoal attributes other than motility play critical roles in spermatozoal fertilizing 
ability. 
 
Sperm morphology 
 
The morphology or structure of spermatozoa is typically examined with a light microscope 
at 1000x magnification.  Standard bright-field microscope optics can be used to examine 
air-dried semen smears, provided appropriate stains are used in slide preparation.  Specific 
sperm stains include those developed by Williams or Casarett.  General-purpose cellular 
stains (e.g., Wright's, Giemsa, hematoxylin-eosin) also have been used to accent both 
germinal and somatic cells in semen smears.  Background stains (e.g., eosin-nigrosin, India 
ink) probably are the most widely used stains because of their ease of application.  
Visualization of the structural detail of spermatozoa can be greatly enhanced by fixing the 
cells in buffered formol saline or a similar fixative, then viewing the unstained cells as a wet 
mount with either phase-contrast or, preferably,  differential interference contrast (DIC) 
microscopy. In addition, the incidence of artifactual changes is reduced in comparison with 
stained smears. 
 
At least 100 spermatozoa should be evaluated for evidence of morphological defects.  The 
type and incidence of each defect should be recorded.  Abnormalities in spermatozoal 
morphology traditionally have been classified as primary, secondary or tertiary.  Primary 
abnormalities are considered to be associated with a defect in spermatogenesis and, 
therefore, are of testicular origin.  Secondary abnormalities are created in the excurrent duct 
system.  Tertiary abnormalities, as opposed to the previous two types, develop in vitro as a 
result of improper semen collection or handling procedures. 
 
The current trend is to record the percentages of specific morphologic defects, such as 
knobbed acrosomes, proximal protoplasmic droplets, swollen midpieces and coiled tails.  
This method of classification is considered superior to the traditional system because it 
reveals more specific information regarding a population of sperm while avoiding erroneous 
assumptions about the origin of these defects.  The origin of some spermatozoal 
morphologic defects is unknown.  Additionally, some morphologic abnormalities like 
detached heads can be primary, secondary or tertiary in nature, thereby introducing the 
possibility of error when using the traditional classification system exclusively.  Figure 1 
provides drawings of normal and abnormal sperm morphologic features, as might be viewed 
when using DIC microscopy for analysis. 
 
The percentage of morphologically normal spermatozoa generally is positively correlated 
with spermatozoal motility.  Moreover, close morphological inspection provides additional 
information about characteristics of individual spermatozoa.  This information is important 
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because semen from some stallions can possess good spermatozoal motility, yet have a 
relatively high incidence of spermatozoal morphologic abnormalities.  Furthermore, some 
stallions can have many spermatozoal abnormalities, yet display normal fertility.   Our 
laboratory, in work led by Dr. Charles Love, has demonstrated that some morphologic 
defects (e.g., cytoplasmic droplets, bent tails) appear to have a minor effect on fertility of 
stallions bred by natural cover, whereas other defects (e.g., detached heads, abnormally 
shaped heads, abnormally shaped midpieces, coiled tails, and premature germ cells) have a 
deleterious effect on fertility.  In general, morphologically abnormal spermatozoa do not 
exert a direct negative influence on normal spermatozoa.  Therefore, the total number of 
morphologically normal sperm in ejaculates may provide more information regarding the 
fertility of a stallion than the percentage or absolute number of morphologically abnormal 
spermatozoa.  Generally speaking, the percentage of morphologically normal sperm in a 
semen sample is similar to the percentage of progressively motile spermatozoa.  If 
spermatozoal motility is low and the percentage of morphologically normal sperm is high, it 
suggests that laboratory errors occurred which led to a lowering of spermatozoal motility.  
One can not discount, however, a potentially negative effect of seminal plasma on 
spermatozoal motion characteristics. 
 
Sperm Chromatin Structure Assay 
 
The Sperm Chromatin Structure Assay (SCSA), introduced by Evenson in 1980, has been 
applied to spermatozoa from a number of species, including horses.  The SCSA tests a 
compartment of spermatozoa that is not monitored by conventional methods, i.e., nuclear 
chromatin.  The SCSA is a flow cytometric procedure that utilizes the metachromatic 
fluorochrome, acridine orange, and tests the denaturability of spermatozoal chromatin 
challenged with acid treatment.  The literature provides variable results regarding the 
relationship of stallion spermatozoal chromatin denaturation to the extent of disulfide 
bonding within and between protamine molecules; however, chromatin susceptibility to 
denaturation is correlated with the level of actual DNA strand breaks.  The DNA strand 
breaks can be associated with a myriad of factors, including idiopathic apoptosis, oxidative 
stress, heat stress, radiation injury, or protamine deficiency, and may involve double-
stranded or single stranded DNA fragmentation or oxidized nucleosides.  Such lesions could 
create genetically defective spermatozoa, leading to germ-line mutations.   Interestingly, 
spermatozoa affected by such damage may appear to be normal, based on laboratory 
parameters such as spermatozoal motility and membrane integrity, but may induce post-
fertilization embryonic failure. Owing to the highly condensed nature of the spermatozoal 
chromatin, mature spermatozoa are known to be transcriptionally inactive, so it is logical 
that DNA damage might not be expressed until mitosis occurs at the time of spermatozoon-
oocyte fusion. This becomes quite important clinically as it represents a potential 
noncompensible defect, i.e., affected spermatozoa in an ejaculate may not be impaired for 
fertilization, so increasing the insemination number will not increase pregnancy rate. Assays 
other than the SCSA are available to measure spermatozoal DNA fragmentation/chromatin 
disruption, including a TdT-mediated-dUTP nick end labeling (TUNEL) assay, an in-situ 
nick translation (NT) assay, a sperm chromatin dispersion (SCD) assay, and an 
electrophoresis-based Comet Assay. While these assays have not been used to the same 
extent as the SCSA in the equine arena, they are commonly applied in the human field.  Our 
laboratory has recently investigated the use of the Comet and TUNEL assays as adjunctive 

diagnostic assays, as these assays measure features of DNA integrity not provided with 
SCSA.   
 
Acrosomal Responsiveness Assay 
 
Another assay that we employ in selected circumstances is the Acrosomal Responsiveness 
Assay (ARA).  This assay is directed at testing the functionality of the spermatozoal 
acrosome, i.e., its ability to acrosome react when challenged with a potent inducer of the 
event, the Ca2+ ionophore, A23187.  Conventional tests are unable to predict the fertility of 
a subset of stallions with acrosomal dysfunction, because these stallions present with 
normal spermatozoal morphology and motility, as well as normal chromatin quality (based 
on SCSA testing) and normal acrosomal structure (based on fluorescent light microscopy 
and transmission electron microscopy).  Meyers and co-workers first reported that the 
acrosomes of subfertile stallions with poor spermatozoal motility did not react readily in 
response to progesterone exposure.  Fertile stallions averaged a 17% acrosomal reaction rate 
following 5 hours of incubation in capacitating conditions followed by exposure to 
progesterone, while subfertile stallions averaged only a 6% response rate.  This study 
indicated that progesterone was capable of stimulating the acrosome reaction in equine 
spermatozoa exposed to capacitating conditions, and the response in subfertile stallions was 
reduced. Others have reported that the plasma membrane of stallion spermatozoa contains 
progesterone receptors, and indicate that this may be a pathway for induction of the 
acrosome reaction.  In this regard, the percentage of spermatozoa with exposed 
progesterone receptors has been shown to be highly correlated with fertility of stallions.  
 
Studies in our laboratory have identified a subset of subfertile stallions whose only 
distinguishing spermatozoal characteristic is a drastically reduced ability to acrosome react 
when exposed to A23187 for up to three hours (i.e., mean reaction rate of 84% in fertile 
stallions versus mean reaction rate of 6% in subfertile stallions); thereby, suggesting the 
spermatozoal defect may be isolated to the acrosome.  Measurement of the cholesterol-
phospholipid ratio in semen of these stallions revealed that the ratio was significantly 
greater in both seminal plasma and whole sperm from the subfertile stallions when 
compared to fertile stallions. Further studies are required to dissect the underlying etiology 
of this condition and to determine appropriate treatment strategies 
 
 
Additional ancillary tests 
 
Techniques specific for assessing mitochondrial function, flagellar substructure, and plasma 
membrane integrity are available.  Mitochondria-selective fluorescent markers abound, and 
include rhodamine 123; an assortment of MitoTracker® probes (which differ in spectral 
characteristics, adaptability to permeabilization and fixation, and reliance on respiration 
state of the mitochondria); and 5,5’,6,6’-tetrachloro-1,1’,3,3’-
tetraethylbenzimidazolylcarbocyanine (JC-1).  These reporter molecules passively diffuse 
across the plasma membrane and accumulate in the mitochondria.  Rhodamine 123 was one 
of the original mitochondrial probes, but has largely been replaced by other markers 
because of its reduced photostability and its tendency to lose retention in the mitochondria 
following a loss in membrane potential.  Some of the MitoTracker® probes do not fluoresce 
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because semen from some stallions can possess good spermatozoal motility, yet have a 
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with frozen-thawed (killed) sperm to produce variable populations of viable sperm. More 
recently, however, we have found that extended semen with increasing concentrations of 
seminal plasma can have negative effect of sperm motility following cooled storage; yet, 
membrane integrity can remain high in many instances.  This test comparison may be useful 
for assessing the degree of damage to sperm following cooled storage.    
 
Some fluorescent plasma-membrane dyes can also be combined with certain mitochondrial 
dyes or acrosomal dyes to provide more thorough compartmental coverage in the assay. Our 
laboratory has reported on triple-stain fluorescent techniques for use with stallion 
spermatozoa: propidium iodide/SYBR®-14/ JC1.  Oftentimes, our laboratory combines the 
fluorescent dyes, PI and PSA to allow simultaneous assessment of plasma membrane 
integrity and acrosomal membrane integrity.  We find this combination especially useful for 
assessment of frozen-thawed semen. 
 
Although images can be ascertained with the various fluorophores described above by using 
fluorescence microscopy, flow cytometry is typically applied because of the high through-
put and objectivity associated with this approach.  Specimens can be submitted to reference 
laboratorys that are equipped for such assays. 
  
Considerable effort has been directed toward identification of biochemical markers of 
spermatozoal function that might aid in laboratory-based detection of fertility by targeting 
specific subcellular compartments or domains.  Many of these methods have been devised 
for use with non-equine subjects, but several have been proposed for potential use with 
stallion spermatozoa.  Although the value of such tests requires further scrutiny and 
standardization, some of these assays that may prove valuable as diagnostic tools for 
stallion spermatozoa.   
 
Summary 
A variety of techniques and protocols are available for evaluation of the spermatozoon.  
Application of newly developed assays can be cumbersome and expensive.  Nonetheless, 
incorporation of some of these diagnostic tools into a standard semen analysis may yield 
improved discrimination ability regarding the competence of these complex, yet intriguing, 
cells.  Similar applications would be valuable for critical evaluation of laboratory 
techniques applied to preservation of spermatozoa by cooling or freezing.  Incorporation of 
in-depth tests, such as those above, for semen evaluation does not replace, or diminish the 
value of, the classical measurements of spermatozoal motility or morphology, and these two 
methods are likely to remain the hallmarks for semen evaluation.   
 
To enhance the reliability of a semen evaluation, it should be performed in a thorough, 
methodical manner by an experienced person in an adequately equipped laboratory.  Both 
routine and in-depth diagnostic tests are available, so test selection must fit within the time 
and economic constraints of the stallion owner/agent.  Routine tests include gross 
evaluation of the sample, determination of semen volume and sperm concentration (to 
calculate total sperm number), and assessment of sperm motility and morphology.  More 
involved tests include assessment of sperm DNA quality, an acrosomal responsiveness 
assay, a host of fluorescent probes for assessing sperm membrane integrity or 
mitochondrial membrane potential, and electron microscopic study of sperm ultrastructure.  
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If semen from the stallion is to be stored in cooled or frozen forms for insemination of 
mares, it is important to test these features of the sperm prior to issuing a decision regarding 
the suitability of the semen for this purpose.  The owner should be cognizant of the fact that 
no laboratory measures of semen quality have an exact correlation to fertility. The exam 
findings are only prognostic. 
 
 
Figure Legend  
 
Figure 1 – Drawings of spermatozoa to resemble images of normal and abnormal equine 
spermatozoal morphology, as viewed by differential-interference contrast (DIC) microscopy 
of a fixed and unstained wet-mount semen specimen.  The DIC optics provide a three 
dimensional image of spermatozoa.  A. Normal spermatozoal morphology, in dorsoventral 
(A1, A2) and side (A3) views.  Abaxial midpieces (A1) are considered to be morphologically 
normal. B. Variations in abnormal head morphology, including macrocephalic (large head) 
morphology (B1), microcephalic (small head) morphology (B2), nuclear vacuoles (or crater 
defects; considered by our laboratory to be normal if low in number and size, and located 
randomly over acrosomal region; B3),  tapered head (B4), pyriform head (B5), constricted or 
hour-glass head (B6), and degenerate head (B7). C. Acrosomal defect in dorsoventral (C1, 
C2) and side (C3) views. This morphologic defect is termed “knobbed acrosome.” D. 
Proximal (D1) and distal (D2, D3) cytoplasmic droplets.  E. Abnormalities of the midpiece, 
including segmental aplasia of the mitochondrial sheath (E1), roughed midpiece from uneven 
distribution of mitochondria (E2), enlarged mitochondrial sheath (E3), bent midpiece (E4, 
E5, E6), and double midpiece/double head (E7). F. Bent tail (or hairpin tail), involving the 
mid-region of the principal piece (F1-F4) or with a singular bend (F5) or proximal bend (F6) 
involving the midpiece-principal piece junction. G. Coiled tail, with the tail tightly encircling 
the head (G1) or the tail coil not encircling the head (G2,G3). H. Fragmented sperm, 
including head detachment (termed detached heads or tailless heads; H1) or fragmentation at 
the level of the annulus (H2). Fragmentation can also occur at other sites, as demonstrated in 
F4.  I. Premature germ cells with a single nucleus (I1) or multiple nuclei (I2).  

How to fix flexural deformities in a foal using active tension-extension 

splints 

Dr C Langley, BVSc, MMedVet (Equine Medicine) 

Management of conformational deformities of the foal can be extremely challenging and often 

frustrating. However, it is very rewarding getting it right. In my experience a combination of early 

recognition and intervention coupled with a patient attitude from both vet and owner to allow the foal 

to improve, is the best way to manage angular limb deformities. 

These case reports proved very rewarding and relatively cost effective when considering that surgical 

intervention was not required and that the foals made a complete recovery and should be able to be 

presented for sale at the Thoroughbred Yearling Sales. This is a simple technique that can improve the 

management of neonatal distal limb deformities in a hospital situation and for equine practitioners in 

the field. They do however take considerable time and patience and it is often here that owners lose 

compliance as without careful monitoring and adjustment of the cast secondary complications such as 

cast wounds and infection may result in a less than desirable end result. I have included the original 

article from Equine Veterinary Education (2012) 24 (6) pp 299-306 but would like to present some of 

the practical aspects (in my hands) using trial and error that may aid you in this procedure. 

In addition to the active tension-extension splints up to 4g of oxytetracycline was given daily or every 

second day or as required to help relax the contracted tendons. Oxytetracycline inhibits tractional 

structuring of collagen fibrils by equine myofibroblasts through a matrix metalloproteinase-1 

mediated mechanism. In young foals oxytetracyclines may make the developing ligaments and 

tendons more susceptible to elongation during normal weight bearing. Inhibition of normal collagen 

organization may provide the mechanistic explanation for the results seen following pharmacologic 

treatment of flexural deformities in foals by oxytetracycline administration.  

Materials and methods 

Materials Methods/Comments 

Sedation (light sedation required  

 

Anti-inflammatory  

 

Anti-ulcer   

 

Antibiotics   

 

18 Gauge orthopaedic  cerclage wire  

 

Small drill and drill bit (1.5mm)  

 

 

Padding bandage (Soffban) 2-3 per leg   

 

Brightly coloured vetwrap 2-3 per leg  

 

Fibreglass casting material 2 per leg  

 

Elastoplast 1-2 per leg  
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Wedge sponge 1 per leg  

 

Pair of pliars 1  

 

Drip set tubing 1  

 

Scissors 1  

 

Oxytetracyclines 3-4g  

 

Cast Cutter or Dremmel (32 mm 540)  

 

Permanent Marking Pen  
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RATIONAL SELECTION AND USE OF ANTIMICROBIALS 

PROF BRUCE McGORUM, UNIVERSITY OF EDINBURGH 
 

Much of the following information on antimicrobial resistance and responsible prescribing is extracted from 
the British Equine Veterinary Association’s ‘Protect ME’ initiative (www.beva.org.uk/useful-
info/Vets/Guidance/AMR), which is authored by Prof Josh Slater and Dr Mark Bowen. This initiative aims to 
protect antimicrobial efficacy by (a) promoting responsible antimicrobial prescribing within equine practices, 
through adoption of standard evidence-based antimicrobial selection and administration regimens, (b) 
reducing the use of ‘restricted’ antimicrobials, and (c) promoting surveillance of antimicrobial efficacy and 
resistance within equine practices.  
 
Unfortunately antimicrobial resistance, whereby microbes that were previously sensitive to antibiotics develop 
metabolic resistance to the actions of antimicrobials, is increasing. Consequently some conventional 
treatments are now ineffective, resulting in prolonged illness and greater risk of fatalities in human and animal 
patients. While the focus of concern regarding antimicrobial resistance was previously in food producing 
animals, there is increasing concern on emergence of resistance in companion animals. The 4 main processes 
involved in the evolution of resistance include (a) acquisition of the resistance determinant, typically by 
acquisition of a plasmid which carries the resistance gene, (b) adaptation, (c) horizontal transmission of 
resistance genes among bacteria, and (c) transmission of resistant strains within the community following 
certain epidemiological and sociological patterns. Resistance is cumulative and often irreversible. Once 
resistance is acquired, resistant bacterial strains such as E. coli 1057 and MRSA and may pass between 
animals and animals. Any strategy to tackle antimicrobial resistance must therefore consider use of 
antimicrobials in both human and veterinary populations.  
 
Widespread antibiotic use is an important contributor to the increased prevalence of resistance genes. To 
reduce the possibility of antimicrobial resistance, it is therefore critical to prescribe and use antibiotics 
correctly. Thankfully, recent surveys in human hospitals indicate that voluntary reduction in the use of 
antibiotics can be achieved without detriment to patient health. Similarly, elimination of fluoroquinolones use 
in the Danish pig and poultry industries has been achieved without detriment to productivity. The World 
Health Organization has proposed several mechanisms to reduce the emergence of antimicrobial resistance 
including;  

• Develop standard treatment guidelines and surveillance of antimicrobial resistance 
• Enforce the ‘prescription only’ use of antimicrobials 
• Reduce antimicrobial use in food producing animals (especially fluoroquinolones) 
• Reduce the financial incentives that encourage use of antimicrobials. 

 
Many of these concepts have been repeated by the European Parliament, which raises the possibility that 
future legislation may restrict the availability of certain antimicrobials to the veterinary sector: 

• Prevent veterinary use of antimicrobials essential to human health, especially 3rd and 4th generation 
cephalosporins  

• Restrict the use of certain antimicrobials in the veterinary sector 
• Monitor the emergence and development of antimicrobial resistance 
• Prevent the prophylactic and preoperative use of antimicrobials in animals 

 
One of the key aims of the British Equine Veterinary Association’s ‘Protect ME’ initiative is to promote 
voluntary establishment of antimicrobial policies within each equine practice, by;  

• Identifying a list of common conditions encountered 
• For each condition, considering the likely pathogens 
• Using an evidence based approach, develop a practice policy for selection and usage of FIRST LINE 

and ALTERNATIVE antimicrobials in each of these clinical scenarios (see Figs 1 & 3). 
  

RATIONAL SELECTION AND USE OF ANTIMICROBIALS
PROF BRUCE McGORUM, UNIVERSITY OF EDINBURGH
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• Identification of suitable FIRST LINE antimicrobials for treatment in these clinical scenarios, is based 
on an understanding of the likely pathogens, the spectrum of activity of the available drugs and the 
pharmacokinetics /pharmacodynamics of these agents as well as the ‘cascade’. 

 
FIRST LINE antimicrobials should be licensed for use in the horse and should exclude 3rd & 
4th generation cephalosporins or fluoroquinolones. 

 
• Identify suitable ALTERNATIVE antimicrobials and protocols for their use. For example: if there is a 

specific contraindication for the FIRST LINE antimicrobial in an individual, the disease has an 
unusual presentation and clinical experience suggests that FIRST LINE antimicrobials will be 
ineffective OR following initial treatment failure pending results of bacterial culture and sensitivity. 

 
• Identify drugs categorised as PROTECTED by the practice. Develop protocols to be followed prior to 

the use of these drugs. As a minimum these should include;  
o 3rd & 4th generation cephalosporins 
o fluoroquinolones.  

 
• Identify drugs categorised as AVOIDED by the practice. As a minimum these should include novel 

drugs developed for the treatment of difficult infections in human patients such as 
o Chloramphenicol (other than ophthalmic use) 
o Imipenem 
o Vancomycin 
 

• Reduce antimicrobial prophylaxis by develop protocols for use of prophylactic antimicrobials eg 
o Define CLEAN, CONTAMINATED or HIGH-RISK surgery 
o Clean surgery (eg Periosteal strip) 
o Contaminated surgery (eg colic surgery) 
o High risk surgery (eg synovial sepsis) 
o Standing procedures (eg articular medication) 
o Disease prevention (Strangles, high risk foaling) 
 

• Reduce or replace antimicrobials 
o Wound debridement & drainage  
o Topical preparations 
 

• Use Gram’s smear and bacterial culture and sensitivity promptly 
o Gram’s smear can provide immediate information on bacterial populations (G-ve, G+ve, rods, 

cocci, mixed populations) and approximate burden which can aid selection of empirical 
antimicrobials  

o Use cytology where possible eg if neutrophils are absent from urine or tracheobronchial 
cultures, bacterial infection of urinary and respiratory tract is unlikely 

o Culture when clinical response is less than expected 
o Culture when long term therapy is required 

 
• Treat effectively: Enough drug for long enough then stop. Develop practice protocols for DOSE 

RATE, INTERVAL and ROUTE for antimicrobials. Note the inconsistencies between current 
marketing authorisations and the research literature (Fig 2). Accurate determination or estimation of 
body weight is essential to facilitate proper dosing wrt body weight.  

 
• Employ NARROW SPECTRUM drugs (eg penicillin) rather than drug combinations.  

 
• Monitor compliance to practice policy and the emergence of bacterial resistance 

o Record use of PROTECTED antimicrobials (see Fig 4) 
o Record when a cultured bacteria is ineffectively treated by protocol (Fig 5) 
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• Respond to emerging resistance and modify protocols. Use this information as part of your clinical 
audit log 

 
• Educate: Inform your team and your clients 

o Ensure that protocols and changes to protocols are cascaded through the entire team 
o Educate your clients to reduce pressure for inappropriate antimicrobial use 
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ANTIMICROBIAL ASSOCIATED DIARRHEA 
 
Antimicrobial associated diarrhoea (AAD) is the most commonly recognised adverse effect of antimicrobial 
treatment in horses, although its incidence is low given the frequency of antimicrobial administration. 
Symptoms vary from transient self-limiting diarrhoea to rapidly fatal toxic enterocolitis. AAD prolongs the 
duration of hospitalisation, increases diagnostic and therapeutic costs, and was associated with a lower case 
survival rate compared with other types of acute diarrhoea in one study (Cohen and Woods 1999). Virtually 
all antimicrobials have been implicated in AAD, but some pose a greater risk than others. Unfortunately our 
understanding of AAD is hampered by the following considerations;  

• Lack of Consistent Case Definition for AAD; There is no consistent case definition for human or 
equine AAD. A presumptive diagnosis of AAD is commonly made based on the occurrence of 
diarrhoea, which is otherwise unexplained, and which is temporally associated with antimicrobial 
therapy. Furthermore, there is a lack of consistency in the criteria used to indicate a temporal 
association between the onset of antimicrobial administration and diarrhoea. While a diagnosis of 
AAD is more likely to be made if diarrhoea occurs shortly after the onset of antimicrobial 
administration, some human studies include cases which develop diarrhoea up to 8 weeks after 
receiving antimicrobials (McFarland 2008).  

• Factors Other Than Antimicrobials May Cause Diarrhoea; In the clinical setting, it is rarely possible 
to establish a direct causal link between antimicrobial administration and the onset of diarrhoea. Many 
horses which develop diarrhoea while receiving antimicrobials have additional risk factors for 
developing enterocolitis including intercurrent disease, transportation, hospitalisation, surgery, 
alterations in food intake and diet, and other medical treatments.  

• A Variety of Pathogens & Pathogenic Mechanisms May Contribute to AAD; AAD is often subdivided 
into those cases which are associated with intestinal pathogens such as Clostridium difficile, 
Clostridium perfringens and Salmonella, and those in which a recognised pathogen cannot be 
demonstrated. Furthermore, the aetiology of equine AAD appears to differ with geographical location, 
perhaps reflecting regional differences in the prevalence, toxigenicity and/or antimicrobial 
susceptibility of intestinal pathogens.  

• Relative Paucity of Adequately Designed Equine Studies; In contrast to human AAD, only a few well 
designed and adequately populated studies have investigated equine AAD. Thus, there is a paucity of 
objective data to support some clinicians' strongly held beliefs regarding the association of particular 
antimicrobials with AAD.  

 

EPIDEMIOLOGY & RISK FACTORS  
Compared with the human field, less is known about the overall prevalence of equine AAD, and the 
proportionate risks associated with the use of individual antimicrobial agents in horses. Wilson et al (1996) 
reported the prevalence of diarrhoea after administration of trimethoprim-potentiated sulphonamides to be 3% 
(9/261 horses), which was not significantly different from that in the general hospital population. The 
prevalences of diarrhoea after oral administration of pivampicillin and trimethoprim/sulphadiazine were 3 and 
7%, respectively (Ensink et al 1996). The prevalence of diarrhoea in foals given erythromycin (36%, 26/73), 
was higher than that for foals receiving other antimicrobials (4%, 3/70) (Stratton-Phelps et al 2000). 
Conversely, the proportion of mature horses with diarrhoea or colitis which had a temporal association with 
antimicrobial administration varies considerably among studies, being reported as 22% (Cohen et al 1999), 
24% (Sutton et al 1999), 29% (Weese 2000), 52% (Herholtz et al 1999), 79% (Gustafsson 2004) and 94% 
(McGorum et al 1998).  

Equine AAD may be associated with the initiation or cessation of antimicrobial therapy, but most commonly 
occurs in the first few days after the start of treatment, indicating that the disturbance of the intestinal 
microflora may occur relatively soon after drug administration.  
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PATHOGENESIS OF AAD 
The most important of the many potential mechanisms which contribute to AAD is antimicrobial-mediated 
disruption of the normal enteric microflora and ecosystem (Figure 1). The microflora has a key role in 
microbial digestion, producing a wide array of metabolites which can influence the survival and colonisation 
of bacteria within this ecosystem. The enteric flora also influences fluid and ion transport across the large 
intestine. Indeed as microbially derived volatile fatty acids are one of the major solutes absorbed from the 
equine large intestine, the ionic composition and water content of large intestinal contents is largely dependent 
on the rate of microbial digestion. Consequently, many of the clinically mild AAD cases may reflect 
functional disturbances of intestinal carbohydrate, volatile fatty acid and bile acid metabolism, which in turn 
lead to osmotic diarrhoea. The normal balanced enteric microflora, and in particular the anaerobes, also 
contribute to 'colonisation resistance' which maintains the stability of the constituent populations, thereby 
inhibiting intestinal colonization by opportunistic and pathogenic bacteria. Many cases of antimicrobial-
associated severe toxic enterocolitis in horses are likely attributable to intestinal colonisation with C. difficile, 
C. perfringens and salmonella. These pathogens release exotoxins which cause mucosal damage and 
inflammation and alter the absorptive and secretory functions of the large intestine. However, a putative 
causal organism is identified in only approximately 50% of equine AAD cases (Gustafsson 2002). Additional 
mechanisms potentially contributing to development of AAD include a direct effect of antimicrobials on toxin 
production by enteric pathogens, a direct intestinal prokinetic effect, and hypersensitivity and toxicity 
reactions. 

The composition of the intestinal flora, and in particular the presence of potential pathogens such as C. 
difficile, C. perfringens and salmonella, their toxin profile(s) and their antimicrobial susceptibilities, are 
important determinants of a horse's susceptibility to develop AAD. The effect of an antimicrobial on the 
number of potential pathogens in the bowel is determined by the balance of its effect on the microflora that 
confers colonisation resistance and its direct effect on the potential pathogens. However, perhaps counter-
intuitively, the likelihood of a particular antimicrobial inducing C. difficile or salmonella-associated disease is 
not predicted by its efficacy against those pathogens. Thus aminopenicillins can precipitate C. difficile 
associated AAD even though most C. difficile strains are susceptible to aminopenicillins in vitro. This is 
because the intestine is readily recolonised by C. difficile spores or salmonella which have not been eliminated 
by antimicrobial treatment, or which are ingested after cessation of antimicrobial treatment. As the large 
intestine is an important reservoir of potential pathogens such as C. difficile, many apparently hospital 
acquired infections are caused by overgrowth of pathogens that were present within the horse's intestine prior 
to hospitalisation, as a result of loss of colonisation resistance.  

 

 

 



50 51

 

10 
 

PATHOGENESIS OF AAD 
The most important of the many potential mechanisms which contribute to AAD is antimicrobial-mediated 
disruption of the normal enteric microflora and ecosystem (Figure 1). The microflora has a key role in 
microbial digestion, producing a wide array of metabolites which can influence the survival and colonisation 
of bacteria within this ecosystem. The enteric flora also influences fluid and ion transport across the large 
intestine. Indeed as microbially derived volatile fatty acids are one of the major solutes absorbed from the 
equine large intestine, the ionic composition and water content of large intestinal contents is largely dependent 
on the rate of microbial digestion. Consequently, many of the clinically mild AAD cases may reflect 
functional disturbances of intestinal carbohydrate, volatile fatty acid and bile acid metabolism, which in turn 
lead to osmotic diarrhoea. The normal balanced enteric microflora, and in particular the anaerobes, also 
contribute to 'colonisation resistance' which maintains the stability of the constituent populations, thereby 
inhibiting intestinal colonization by opportunistic and pathogenic bacteria. Many cases of antimicrobial-
associated severe toxic enterocolitis in horses are likely attributable to intestinal colonisation with C. difficile, 
C. perfringens and salmonella. These pathogens release exotoxins which cause mucosal damage and 
inflammation and alter the absorptive and secretory functions of the large intestine. However, a putative 
causal organism is identified in only approximately 50% of equine AAD cases (Gustafsson 2002). Additional 
mechanisms potentially contributing to development of AAD include a direct effect of antimicrobials on toxin 
production by enteric pathogens, a direct intestinal prokinetic effect, and hypersensitivity and toxicity 
reactions. 

The composition of the intestinal flora, and in particular the presence of potential pathogens such as C. 
difficile, C. perfringens and salmonella, their toxin profile(s) and their antimicrobial susceptibilities, are 
important determinants of a horse's susceptibility to develop AAD. The effect of an antimicrobial on the 
number of potential pathogens in the bowel is determined by the balance of its effect on the microflora that 
confers colonisation resistance and its direct effect on the potential pathogens. However, perhaps counter-
intuitively, the likelihood of a particular antimicrobial inducing C. difficile or salmonella-associated disease is 
not predicted by its efficacy against those pathogens. Thus aminopenicillins can precipitate C. difficile 
associated AAD even though most C. difficile strains are susceptible to aminopenicillins in vitro. This is 
because the intestine is readily recolonised by C. difficile spores or salmonella which have not been eliminated 
by antimicrobial treatment, or which are ingested after cessation of antimicrobial treatment. As the large 
intestine is an important reservoir of potential pathogens such as C. difficile, many apparently hospital 
acquired infections are caused by overgrowth of pathogens that were present within the horse's intestine prior 
to hospitalisation, as a result of loss of colonisation resistance.  

 

 

 

 

11 
 

 

Fig 1: Mechanisms involved in development of AAD.  

 

 

WHICH ANTIMICROBIALS ARE ASSOCIATED WITH AAD IN THE HORSE? 
Almost all oral and parenterally administered antimicrobials have been associated with AAD in both humans 
and horses, although some antimicrobials clearly pose a higher risk. The relative risks posed by particular 
antimicrobials however may change over time because of acquisition of antimicrobial resistance by enteric 
pathogens. Thus while the risk of inducing human C. difficile-associated AAD was previously lower for 
fluoroquinolones than for cephalosporins, as a consequence of emergence of high level fluoroquinolone 
resistance in some strains of C. difficile, fluoroquinolones are now a major risk factor for infection with 
hypervirulent strains of C. difficile (Monaghan et al 2008). Similarly, the relative risks of particular 
antimicrobials for C. difficile-associated AAD in horses may change with alterations in the use of 
antimicrobials.  

Anecdotally, there appear to be geographical differences in the susceptibility of the local equine population to 
develop AAD after administration of a particular antimicrobial. Consequently knowledge of the antimicrobials 
which are associated with enterocolitis in a particular region is helpful when selecting antimicrobials. This 
may reflect regional differences in the composition of the enteric flora, the frequency of intestinal carriage of 
pathogens such as C. difficile, C. perfringens and salmonella, and the toxigenicity and antimicrobial spectrum 
of these pathogens. These factors in turn will be dependent in part on diet and management practices, which 
vary geographically. 

In contrast to the human field, the relative risks of individual antimicrobials for equine AAD have not been 
evaluated systematically and consequently there is a paucity of objective data. Hollis and Wilkins (2008) 
considered that the antimicrobials commonly implicated in equine AAD included enrofloxacin, trimethoprim-
sulphonamides, oxytetracycline, penicillin, ceftiofur, doxycycline, erythromycin, neomycin, lincomycin, 
clindamycin, moxifloxacin, florfenicol and tylosin. Magdesian et al (1997) described equine C. difficile-
associated diarrhoea associated with trimethoprim-sulphamethoxazole, ampicillin, metronidazole, penicillin 
and erythromycin, especially when used in combination. Weese (2000) reported that trimethoprim-
sulphonamides, penicillin G and ceftiofur sodium, alone or in combination, were most commonly implicated 
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in a series of 40 cases of AAD. Many authors report that tetracyclines, lincomycin, erythromycin and 
clindamycin are associated with a high risk of inducing equine AAD. However, when comparing the relative 
risks of antimicrobials, it is essential to take into consideration the frequency of usage of the antimicrobials so 
that an apparent increased risk does not simply reflect increased use of that antimicrobial. Thus, for human C. 
difficile-associated AAD, clindamycin and vancomycin pose a greater proportionate risk than other 
antimicrobials, but cases are more frequently associated with ampicillin and cephalosporins because these 
drugs are used more frequently. Furthermore, to meaningfully compare the relative risks of individual 
antimicrobials in relation to equine AAD, patient selection bias must be avoided by comparing the incidences 
of AAD in populations of horses which do not differ with respect to other risk factors for diarrhoea, such as 
intercurrent disease, hospitalisation, dietary changes and other medical and surgical treatments. Alternatively, 
a large scale longitudinal case-controlled study with subsequent multivariate risk factor analyses may facilitate 
the identification of the relative risks associated with individual antimicrobials and with non-antimicrobial-
associated factors. The oral presentation will provide a detailed review of the literature regarding the 
association between equine AAD and individual antimicrobials. 

The potential of an antimicrobial agent to induce AAD is largely dependent on its effect on the enteric 
anaerobes, which in turn reflects its spectrum of antibacterial activity, and the concentration of active drug 
within the intestine. Thus, antimicrobials which have poor efficacy against anaerobes, such as 
trimethoprim/sulphonamides, fluoroquinolones and aminoglycosides, are less likely to disrupt the enteric 
microflora than lincosamides, macrolides and β-lactams which have efficacy against anaerobes. The intestine 
appears to be a relatively independent pharmacokinetic compartment, and the concentration of active drug 
within the intestinal contents is determined by the route of administration, the dose administered, the 
proportion of drug which is absorbed from the intestine, and excreted in saliva, bile or mucus, and the extent 
to which the drug is inactivated by the intestinal contents. Antimicrobials which are incompletely absorbed 
from the gastrointestinal tract, or are excreted in the bile predominantly in active forms, have been implicated 
in equine AAD. While orally administered antimicrobials would intuitively appear to yield higher intestinal 
concentrations of antimicrobial, most case studies have shown equal or increased association of AAD with 
parenterally administered antimicrobials (Weese 2000; Gustafsson 2002). Administration of antimicrobials 
after withholding food may reduce the risk of AAD, because the bioavailability of orally administered 
antimicrobials is reduced when they are administered with food, as a result of drug binding to ingesta and 
reduced gastrointestinal transit time.  
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INTRODUCTION 
 
Stallions become sires based on three basic qualities: pedigree, performance record, and conformation.  
Even though stallions represent 50% of the breeding equation, the decision to retire a stallion to stud 
duty is made with little consideration to breeding capability or reproductive health.  As such, the equine 
breeding industry abounds with stallions whose level of fertility is less than optimal.   

Undesirable fertility can emanate from physical, mental or environmental aberrations that result in 
disruption of mating ability, and inefficient semen transfer from the stallion to the reproductive tract of 
the mare.  Oftentimes, subfertility results from disturbances in testicular, epididymal, or deferent duct 
function.  Some forms of subfertility may have a genetic basis, as evidenced by studies involving other 
species. Genetic-related causes of reduced fertility are only now being investigated in stallions.  
Nonetheless, subfertility is often associated with aging in stallions due to the poorly understood effects 
of age on testicular and/or epididymal functions.  Effects of long-term medications, such as 
progestogens or anabolic steroids, on testicular health and fertility of younger sires that have recently 
retired from a performance career must also be considered.  Other environmental effects, such as hot 
environmental temperature, fever, or genital trauma can also induce temporary or, in some instances, 
permanent subfertility or infertility.   

Taken together, these scenarios rationalize the need for veterinary intervention as a means to maximize 
the fertility of stallions.  This paper addresses the approach for assessing breeding records to determine 
how to best manage stallions in natural-mating program.  While stallions subjected to only natural 
cover conditions cannot benefit from many laboratory techniques that would likely to improve their 
breeding performance, one can implement methods to critically assess their fertility, and devise 
officially authorized strategies to enhance their productiveness. 

Assessment of Breeding Records 
Assessment of breeding records for a stallion is a logical starting point when determining causes of 
subfertility because critical analysis of these records will aid one in determining specific sources of a 
fertility problem, i.e., mare-related factors, management factors, and/or intrinsic stallion factors.  In 
most commercial programs, each of these factors contributes to the perceived fertility of a given 
stallion.   
Actual examples of mare factors that can impact a stallion’s fertility are presented in Tables 1 and 2.  
As noted in Table 1, the pregnancy rate for the stallion represented was higher for the first cycle of 
breeding, as compared to the second cycle of breeding.  This situation suggests that the mares that did 
not become pregnant during their first breeding cycle were less fertile than the mares that did become 
pregnant.  This is a common finding in the commercial setting, and the circumstance represents a 
potential confounding factor, when one is attempting to assess the intrinsic fertility of a stallion.   
Similarly, Table 2 demonstrates that mare category can negatively impact the perceived fertility of a 
stallion.  While pregnancy rate for the stallion represented is above average when bred to maiden and 
foaling (wet) mares, fertility is lower than average when the stallion is bred to barren mares.  This 
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again demonstrates that mare reproductive quality can confound one’s interpretation of a stallion’s 
intrinsic fertility. 
Management factors in commercial programs can also negatively impact a stallion’s perceived fertility.  
For instance, Table 3 represents two stallions with good fertility. The added effects of mare factors 
(determined by first- versus second-cycle pregnancy rate) and reduced opportunities to breed mares 
through the season (as determined by return rate for non-pregnant mares) can lead to reduced seasonal 
fertility rates in stallions with good intrinsic fertility. 

Other management factors can accentuate subfertility problems in stallions, and breeding records can 
help delineate how management efforts can be used to improve, rather than hinder, breeding 
performance.  Some stallions exhibit improved fertility when bred more frequently, whereas other 
stallions experience a decrease in pregnancy rate when breeding frequency is increased (Table 4).  
Close examination of breeding records will be able to demarcate these differences.    

In Table 4, Stallion 1 experienced an apparent improvement in fertility as breeding frequency increased 
from one to three times daily, and pregnancy rate also tended to increase from Session 1 to Session 3 
on days when three mares were covered.  Conversely, pregnancy rate declined precipitously when the 
stallion was allowed one or two days of sexual rest between covers.  Stallions like this are commonly 
encountered when evaluating breeding records.  Such stallions typically have large testes and tend to 
develop stagnant stores of sperm in the extragonadal ducts when not breeding frequently.  Sperm 
numbers in ejaculates are generally not the limiting factor for establishment of pregnancies.  
Management of this type of stallion in an effort to maximize reproductive efficiency will include 
covering of non-commercial mares to avoid periods of sexual abstinence that will negatively impact 
breeding performance.   This breeding strategy becomes especially important in the days and weeks 
prior to the onset of the commercial breeding season, as these stallions are generally quite susceptible 
to a condition termed “plugged ampullae” following extended periods of sexual rest.  On the contrary, 
Stallion 2 in Table 4 demonstrates that fertility of some stallions is lowered as breeding frequency 
increases.  As is evidenced with this stallion, pregnancy rates are often improved in the last covering 
session of the day when such stallions cover multiple mares in a day.  Possibly, mares in the last 
covering session of the day were being covered nearer to the time of ovulation, although the precise 
time of ovulation was not determined.  Stallions with this breeding scenario may be managed most 
effectively by limiting the number of mares that are covered per day so that the stallion can ejaculate 
the threshold number of normal sperm necessary to achieve an acceptable pregnancy rate.  
Alternatively, mares might be covered closer to the time of predicted ovulation in an attempt to reduce 
the need for extended sperm longevity in the mare reproductive tract. 
Reinforcement Breeding 

This breeding approach is becoming more widely used in natural cover programs; however, the 
technique is not authorized by certain governances.   As such, the technique should only be applied 
following authorization by the governing body of any breed registry.   
The technique involves collection of semen from the penis immediately upon dismount of a stallion 
from a mare following an ejaculatory mating.  The protocol recommended by the authors is to maintain 
the dismount semen sample at body temperature, strain it through a filter to remove extraneous debris, 
and then mix the filtered semen with a small volume (5-10 mL) of warmed good-quality semen 
extender.  The extended semen is then loaded into an all-plastic syringe and the filled syringe is affixed 
to a standard insemination pipette.  Covered mares are immediately placed in stocks and the perineal 
area is prepared for insemination of the extended dismount semen sample.  As the pipette and hand 
course through vagina, any fluids grossly free of urine or blood are also aspirated into the pipette, and 
then the contents are discharged into the uterine body.   

 

Table 5 provides data regarding 5 commercial stallions whose semen was sometimes used for 
reinforcement breeding of mares during a single season.  All of the stallions were located at the same 
breeding facility.  Three of the five stallions (60%) experienced an improvement in fertility when 
reinforcement breeding was utilized, as compared to traditional breeding. One stallion, Stallion A, 
tended to dismount mares prematurely, and dismount semen samples of this stallion were known to 
contain up to 5 billion sperm.  As such, the rationale for reinforcement breeding was apparent.  
Stallions B and C in Table 5 did not dismount prematurely during ejaculation, so the reason for any the 
beneficial effects of reinforcement breeding remain speculative.  Improved longevity of sperm viability 
may be a possibility, as metabolizable substrate (glucose) was available in the semen extender. It is 
also possible that simple deposition of sperm into the uterus that would otherwise be lost for breeding 
purposes may have resulted in colonization of the oviducts by increased sperm numbers.  Others have 
reported an improvement in fertility for a majority (8/13; 62%) of Thoroughbred stallions following 
reinforcement breeding. 
As another case study, a 4-year-old Thoroughbred stallion received a kick in the groin by a mare during 
his first cover of the commercial season, resulting in a basal penile hematoma with associated swelling 
of the prepuce and sheath.  No scrotal edema was detected, but the stallion was sexually rested for 13 
days before resuming breeding duty. The stallion’s resulting per-cycle pregnancy rate was 27% 
(14/51).  Examination of the stallion revealed that testicular volume was 300 mL (normal), but the 
collected ejaculate contained only 278 million sperm, with 45% being progressively motile and 44% 
being morphologically normal.  Spermatogenic efficiency (estimated to be 15%) and the sperm 
morphologic profile (26% abnormal heads, 16% abnormal midpieces, and 4% round germ cells) were 
consistent with ongoing testicular dysfunction.   Reinforcement breeding was initiated with the stallion, 
yielding a 67% per-cycle pregnancy rate (14/21).  The attending veterinarian then elected to 
discontinue reinforcement breeding and the resulting pregnancy rate was 10% (1/10). Reinforcement 
breeding was resumed, and per-cycle pregnancy rates for the next three months of the breeding season 
were 58% (35/60), 57% (41/72), and 58% (14/24), respectively.  While additional breeding soundness 
examinations were not performed, the stallion apparently recovered from the effects of the breeding 
accident, as he achieved a 58% per-cycle pregnancy rate when bred to 117 mares during the next 
breeding season, and a 57% per-cycle pregnancy rate when bred to 200 mares during the following 
breeding season.  While the beneficial effects of reinforcement breeding are circumstantial, this case 
study suggests that reinforcement breeding improved the pregnancy rate in a stallion whose fertility 
was temporarily impaired by a breeding accident. 

 
 

Table 1.  Effect of breeding cycle on pregnancy rate for an individual Thoroughbred stallion. 

Number of mares bred on  first estrous cycle 133 

First-cycle pregnancy rate 62% 

Number of mares bred on second estrous cycle 33 

Second-cycle pregnancy rate 53% 
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Table 2.  Effect of mare category (maiden, foaling, or barren) on pregnancy rate for an individual 
Thoroughbred stallion. 

 
Number of maiden mares 12 

Total number of maiden mare estrous cycles 17 

Per-cycle pregnancy rate in maiden mares 59% 

Number of foaling (wet) mares 87 

Total number of foaling mare estrous cycles 127 

Per-cycle pregnancy rate in foaling mares 62% 

Number of barren mares 21 

Total number of barren mare estrous cycles 42 

Per-cycle pregnancy rate in barren mares 43% 

 

 
 
Table 3. The additive effects of mare fertility and breeding opportunity (management factor) on 

pregnancy rate for two Thoroughbred stallions.  
 

     Stallion 1     Stallion 2 

Number of mares bred on  1st cycle 
 

133  135 

First-cycle pregnancy rate 
 

63%  67% 

Number of mares bred on 2nd cycle 
 

38  41 

Second-cycle pregnancy rate 
 

53%  68% 

Percentage of mares that were open on first  
breeding cycle that were bred on a second cycle 

78%  91% 

Seasonal pregnancy rate 86%  93% 

 

 

Table 4.  Effect of breeding frequency on pregnancy rate for two Thoroughbred stallions. 

 Stallion 1  Stallion 2 

Number of mares covered 79  126 

Per-cycle pregnancy rate on days when 1 mare covered* 39%  46% 

Per-cycle pregnancy rate on days when 2 mares covered** 48%  35% 

Per-cycle pregnancy rate on days when 3 mares covered*** 52%  22% 

Per-cycle pregnancy rate on Session 1 when 3 mares covered† 40%  18% 

Per-cycle pregnancy rate on Session 2 when 3 mares covered‡ 50%  9% 

Per-cycle pregnancy rate on Session 3 when 3 mares covered§ 67%  40% 

Per-cycle pregnancy rate following one day of sexual abstinence 25%  71% 

Per-cycle pregnancy rate following two days of sexual abstinence 18%  67% 

*Average per-cycle pregnancy rate on days when stallion bred only 1 mare 
**Average per-cycle pregnancy rate on days when stallion was bred to two nares 
***Average per-cycle pregnancy rate on days when stallion was bred to three mares 
†Average per-cycle pregnancy rate for the 1st breeding session of the day on days when the stallion was 
bred to three mares. 
‡ Average per-cycle pregnancy rate for the 2nd breeding session of the day on days when the stallion 
was bred to three mares. 
§Average per-cycle pregnancy rate for the 3rd  breeding session of the day on days when the stallion 
was bred to three mares. 
 
 
Table 5:  Effect of reinforcement breeding on per-cycle pregnancy rate for five stallions at a 

Thoroughbred breeding facility. 
 

Stallion Reinforcement  
breeding  

Per-cycle 
pregnancy rate (%) 

No 56/146 (38%)a A Yes 46/88 (52%)b 
No 78/137 (57%)a B Yes 56/77 (73%)b 
No 86/164 (52%)a C Yes 19/25 (76%)b 
No 108/204 (53%)a D Yes 12/24 (50%)a 
No 93/179 (52%)a E Yes 16/32 (50%)a 

a,bWithin stallion, values with different superscripts differ (p<0.05)  
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How to perform fast localized abdominal sonography (FLASH) in horses with colic  

U Kafka, Companion Animal Clinical Studies (Section of Diagnostic Imaging), Faculty of Veterinary Science, 

Onderstepoort, 0110 

The FLASH protocol was developed to assist clinicians without extensive ultrasound experience in an emergency 

setting to detect major abdominal abnormalities in horses with colic.  

Abdominal ultrasound (US) has been demonstrated to be accurate for detecting small intestine outflow obstructions 

and has become a part of the acute abdomen diagnostic work-up in many equine clinics. Focused assessment with 

US in trauma (FAST) was first described in human patients admitted at an emergency clinic for blunt abdominal 

trauma, its main aim was to detect free abdominal fluid. FAST was routinely performed in less than 10 minutes. 

The FLASH protocol can be successfully carried out in 15 minutes.  

The protocol and the US windows chosen for FLASH were established on the basis of available literature in order 

to explore topographical locations where abdominal US abnormalities are most commonly seen. The ventral 

thoracic window was chosen by the authors based on clinical experience, with the aim being to detect pleural 

effusion. Low frequency transducers are recommended, high frequency transducers cannot be used for the complete 

FLASH protocol.  

 

 

 

A definitive diagnosis is not possible using this protocol for a relatively high number of cases, therefore additional 

diagnostic tests should be performed.  

Although operators with little experience can perform FLASH, better results are generally obtained with 

experience. Furthermore, FLASH will primarily be used in emergencies in well lit rooms, alongside other 

simultaneous procedures, on horses experiencing pain, with portable equipment and limited time, all of which will 

reduce the diagnostic accuracy of FLASH.  

Horses with persistent symptoms and negative FLASH should still undergo a comprehensive abdominal US 

examination (or serial exams) as a part of follow-up during clinical observation. 

REFERENCES: 

1. Busoni V et al (2011) Evaluation of a protocol for fast localised abdominal sonography of horses (FLASH) 

admitted for colic. The Veterinary Journal 188 (2011) 77–82 

2. Blaivas M (2001) Triage in the trauma bay with the focused abdominal sonography for trauma (FAST) 

examination. Journal of Emergency Medicine 21, 41-44 

3. Boysen S R et al (2004) Evaluation of a focused assessment with sonography for trauma protocol to detect free 

abdominal fluid in dogs involved in motor vehicle accidents. Journal of the American Veterinary Medical 

Association 225, 1198–1204 

Left 1. Ventral abdomen Just caudal to the sternum - assess the most gravity dependent 

area of the abdomen 

 

2. Gastric window Level of the 10th left ICS in the middle third (dorso-ventrally) of the 

abdomen and then 2–3 ICSs cranial and caudal to the 10
th
 

 

3. Spleno-renal window Dorsal and middle third of the abdomen at the level of the 17th 

ICS 

 

4. Left middle third of the abdomen Move the probe around in the middle third of the 

abdomen 

 

Right 5. Duodenal window 14–15th right ICS in the dorsal part of the middle third 

(dorso-ventrally) of the abdomen 

 

6. Right middle third of the abdomen Freely move the probe around in the middle third 

of the abdomen 

T. Cranial ventral thorax Cranial ventral thorax just caudal to triceps  

 

HOW TO PERFORM FAST LOCALIzED ABDOMINAL 
SONOGRAPHY (FLASH) IN HORSES WITH COLIC 
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EQUINE HEPATIC DISEASE 

PROF BRUCE McGORUM, UNIVERSITY OF EDINBURGH 
 
Equine liver disease presents with a wide range of clinical complications, which reflect the diverse metabolic 
functions of the liver. Unfortunately from a diagnostic standpoint, none of the resultant clinical signs is 
pathognomonic for liver disease. In most cases, clinical signs occur only when hepatic failure ensues. 
 
Aetiology of equine hepatic disease 
Pyrollizidine alkaloid toxicity. In some regions this is the most commonly identified cause of equine liver 
disease (1,2). Horses eat plants containing pyrrolizidine alkaloids (Senecio spp.) when the young shoots grow 
up through grass, when the plant is cut and left on pasture, or when it is baled in hay.  
• Undifferentiated hepatic failure. An undifferentiated hepatopathy, where the aetiology could not be 

identified on biopsy and post mortem examinations, was the second most common cause in one study (1). 
• Haemachromatosis. An uncommon disorder characterised by excessive iron accumulation in the liver, 

resulting in iron-mediated hepatocyte damage. The diagnosis of this disorder is complicated by the fact 
that many horses with other causes of liver failure have increased hepatic iron concentrations.  

• Echinococcosis. Cysts are not uncommonly found in equine liver and lungs, but rarely cause clinical 
problems. 

• Liver abscessation. Rare in horses. 
• Aflotoxicosis. Horses ingesting mouldy feeds may develop a hepatopathy similar to that caused by 

pyrrolizidine toxicity, but with fewer megalocytes. 
• Hepatic neoplasia. Rare. 
• Cholangiohepatitis. Rare. Reflux of bacteria laden intestinal contents into the biliary tract resulting in 

gross hepatomegaly with multiple septic foci. Leads to recurrent pyrexia, inflammation and colic. 
• Obstructive cholelithiasis. Rare.  
• Leptospirosis. While approximately 35% horses show serological evidence of infection, clinical disease, 

including liver disease, is probably rare.  
• Liver fluke (Fasciola spp). Rarely encountered, with eggs being detected in approximately 0.1% horses in 

UK. However eggs are not detected in faeces from all affected horses since excretion may be intermittent, 
or infection is not patent.  

• Portocaval shunts. Rare cause of hepatic dysfunction in foals.  
• Tyzzer's disease. Rare, acute fulminating infectious hepatic necrosis cause by Clostridium piliformis. 
• Hyperlipaemia. Common cause of secondary liver failure, especially in ponies and donkeys. 
• Hyperadrenocorticism. May result in secondary hepatic fatty infiltration and dysfunction.  
• Viral hepatitis. Recent reports link hepatic disease with non-primate hepaci virus and GB virus, although 

the epidemiology is as yet unknown.  
 
Clinical signs of liver disease 
Equine hepatic disease results in a wide range of clinical and clinicopathological abnormalities, reflecting the 
diverse metabolic functions of the liver. Clinical signs almost always indicate that the liver disease has 
progressed to liver failure, which occurs when approximately 60-70% of the functional hepatocyte mass has 
been lost. Similar clinical signs are observed in acute and chronic hepatic disease, since, regardless of the 
cause and duration of the underlying disease, the onset of clinical signs is usually abrupt, and is usually 
followed by a fulminating clinical course. Less commonly, horses have a history of gradual weight loss, 
decreased appetite and recurrent bouts of photosensitisation before fulminant hepatic failure develops. None 
of the clinical signs is pathognomonic for liver disease. Indeed the most common signs including depression, 
anorexia, weight loss, poor exercise tolerance and abdominal pain are non specific. However other signs, such 
as photosensitisation, hepatic encephalopathy (HE), coagulopathy and bilateral laryngeal paralysis and more 
suggestive of hepatic disease. 
 
• Non-specific signs. These include depression, anorexia, reduced exercise performance and weight loss. 
• Jaundice. While the liver plays a central role in bilirubin metabolism, jaundice is an inconsistent finding 

in hepatic disease. The detection and interpretation of jaundice in the horse is complicated by the yellow 
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examination (or serial exams) as a part of follow-up during clinical observation. 
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Left 1. Ventral abdomen Just caudal to the sternum - assess the most gravity dependent 

area of the abdomen 

 

2. Gastric window Level of the 10th left ICS in the middle third (dorso-ventrally) of the 

abdomen and then 2–3 ICSs cranial and caudal to the 10
th
 

 

3. Spleno-renal window Dorsal and middle third of the abdomen at the level of the 17th 

ICS 

 

4. Left middle third of the abdomen Move the probe around in the middle third of the 

abdomen 

 

Right 5. Duodenal window 14–15th right ICS in the dorsal part of the middle third 

(dorso-ventrally) of the abdomen 

 

6. Right middle third of the abdomen Freely move the probe around in the middle third 

of the abdomen 

T. Cranial ventral thorax Cranial ventral thorax just caudal to triceps  
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EQUINE HEPATIC DISEASE 

PROF BRUCE McGORUM, UNIVERSITY OF EDINBURGH 
 
Equine liver disease presents with a wide range of clinical complications, which reflect the diverse metabolic 
functions of the liver. Unfortunately from a diagnostic standpoint, none of the resultant clinical signs is 
pathognomonic for liver disease. In most cases, clinical signs occur only when hepatic failure ensues. 
 
Aetiology of equine hepatic disease 
Pyrollizidine alkaloid toxicity. In some regions this is the most commonly identified cause of equine liver 
disease (1,2). Horses eat plants containing pyrrolizidine alkaloids (Senecio spp.) when the young shoots grow 
up through grass, when the plant is cut and left on pasture, or when it is baled in hay.  
• Undifferentiated hepatic failure. An undifferentiated hepatopathy, where the aetiology could not be 

identified on biopsy and post mortem examinations, was the second most common cause in one study (1). 
• Haemachromatosis. An uncommon disorder characterised by excessive iron accumulation in the liver, 

resulting in iron-mediated hepatocyte damage. The diagnosis of this disorder is complicated by the fact 
that many horses with other causes of liver failure have increased hepatic iron concentrations.  

• Echinococcosis. Cysts are not uncommonly found in equine liver and lungs, but rarely cause clinical 
problems. 

• Liver abscessation. Rare in horses. 
• Aflotoxicosis. Horses ingesting mouldy feeds may develop a hepatopathy similar to that caused by 

pyrrolizidine toxicity, but with fewer megalocytes. 
• Hepatic neoplasia. Rare. 
• Cholangiohepatitis. Rare. Reflux of bacteria laden intestinal contents into the biliary tract resulting in 

gross hepatomegaly with multiple septic foci. Leads to recurrent pyrexia, inflammation and colic. 
• Obstructive cholelithiasis. Rare.  
• Leptospirosis. While approximately 35% horses show serological evidence of infection, clinical disease, 

including liver disease, is probably rare.  
• Liver fluke (Fasciola spp). Rarely encountered, with eggs being detected in approximately 0.1% horses in 

UK. However eggs are not detected in faeces from all affected horses since excretion may be intermittent, 
or infection is not patent.  

• Portocaval shunts. Rare cause of hepatic dysfunction in foals.  
• Tyzzer's disease. Rare, acute fulminating infectious hepatic necrosis cause by Clostridium piliformis. 
• Hyperlipaemia. Common cause of secondary liver failure, especially in ponies and donkeys. 
• Hyperadrenocorticism. May result in secondary hepatic fatty infiltration and dysfunction.  
• Viral hepatitis. Recent reports link hepatic disease with non-primate hepaci virus and GB virus, although 

the epidemiology is as yet unknown.  
 
Clinical signs of liver disease 
Equine hepatic disease results in a wide range of clinical and clinicopathological abnormalities, reflecting the 
diverse metabolic functions of the liver. Clinical signs almost always indicate that the liver disease has 
progressed to liver failure, which occurs when approximately 60-70% of the functional hepatocyte mass has 
been lost. Similar clinical signs are observed in acute and chronic hepatic disease, since, regardless of the 
cause and duration of the underlying disease, the onset of clinical signs is usually abrupt, and is usually 
followed by a fulminating clinical course. Less commonly, horses have a history of gradual weight loss, 
decreased appetite and recurrent bouts of photosensitisation before fulminant hepatic failure develops. None 
of the clinical signs is pathognomonic for liver disease. Indeed the most common signs including depression, 
anorexia, weight loss, poor exercise tolerance and abdominal pain are non specific. However other signs, such 
as photosensitisation, hepatic encephalopathy (HE), coagulopathy and bilateral laryngeal paralysis and more 
suggestive of hepatic disease. 
 
• Non-specific signs. These include depression, anorexia, reduced exercise performance and weight loss. 
• Jaundice. While the liver plays a central role in bilirubin metabolism, jaundice is an inconsistent finding 

in hepatic disease. The detection and interpretation of jaundice in the horse is complicated by the yellow 

EQUINE HEPATIC DISEASE
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tinge present in the membranes of many normal grazing horses, and by the often marked increase in 
plasma bilirubin concentrations of anorexic/starved horses. 

• Photosensitisation. This is often one of the first complications to develop in subacute or chronic liver 
disease. Care must be taken to differentiate this from simple sunburn. It results from the cutaneous 
accumulation of phylloerythrin, which is produced by the gastrointestinal microflora from chlorophyll. 
Phylloerythrin which is absorbed into the portal circulation is normally removed by the liver. In horses 
with liver failure this removal is compromised and phylloerythrin accumulates. Exposure of 
phylloerythrin to ultraviolet radiation results in free radical formation and cell membrane damage. 
Manifested first as erythema on unpigmented hairless areas, progressing to painful exfoliative dermatitis 
with sloughing of affected areas. 

• Other cutaneous manifestations. Severe pruritus and generalised seborrhoea are not uncommon. The 
cause of pruritus, which is also a common and significant complication of cholestasis in man, is unknown, 
but may be due to bile salt deposition in the skin or to bile salt induced release of a pruritogenic substance 
from the liver. 

• Hepatic encephalopathy (HE). This presents with signs of diffuse cerebral disease, namely depression, 
excessive yawning, compulsive walking, circling, ataxia, somnolence, head pressing, apparent blindness 
and occasionally mania. The pathogenesis of HE is not fully understood, and is likely to be multifactorial 
(3), involving; 

(a) increased circulating levels of gut derived false neurotransmitters and neurotoxins including 
ammonia, amines and mercaptans which are normally metabolised by a functional liver. Since 
hyperammonaemia is only one potential metabolic derangement associated with HE, blood ammonia 
levels are poorly correlated with the severity of HE 
(b) increased plasma levels of aromatic amino acids (including phenylalanine, tyrosine and 
tryptophan) – these may also act as false neurotransmitters or alter neural function by interfering with 
monoamine metabolism 
(c) augmented activity of gamma butyric acid, the main inhibitory neurotransmitter of brain, due to 
increased absorption from the gastrointestinal tract, and increased uptake into the central nervous 
system  
(d) increased cerebral concentrations of an endogenous dietary derived benzodiazepine-like substance  
(d) glutamate mediated excitotoxicity 
(e) ‘trigger factors’ - metabolic abnormalities such as hypokalaemia, hypoglycaemia, hypoxia, 
hypovolaemia and alkalosis can precipitate HE. Attempted management of HE must therefore involve 
correction of these precipitating factors, since this alone may reverse HE. 

• Bilateral laryngeal paralysis. This is commonly encountered in horses with hepatic failure and HE, 
presenting as a life threatening upper airway obstruction with inspiratory dyspnoea and stridor. The 
pathogenesis of this complication is unclear. Some horses have only temporary dysfunction. Detailed post 
mortem examination of several cases has revealed no gross or histopathological abnormalities in the 
laryngeal musculature or in its innervation. It thus appears likely that this complication is due to a 
neuromuscular dysfunction. 

• Abdominal pain. This occasionally results from hepatomegaly or gastric impaction. Gastric impaction is 
likely to be an underdiagnosed complication of hepatic failure, probably resulting from reduced gastric 
emptying, as occurs humans with hepatic failure. While gastric impaction occasionally presents as severe 
colic, it more commonly presents as a mild insidious colic or sub-clinical complication. Unfortunately 
gastric impaction may result in fatal gastric rupture (4). 

• Alteration in faecal consistency. Constipation or, more commonly, cow pat faeces may result. 
• Coagulopathy. The liver synthesises many coagulation factors and thus plays a central role in 

haemostasis. While laboratory evidence of coagulopathy is common in hepatic failure, clinical 
coagulopathy is rare. This may be manifested as petechiation or abnormal bleeding. 

• Ascites and ventral oedema. Uncommonly recognised, except in horses with gross hepatomegaly which 
causes partial occlusion of venous and lymphatic drainage from the abdomen and from the caudal half of 
horse. 

Laboratory testing: As none of the clinical signs of liver disease is pathognomonic, biochemical tests are 
usually required to confirm a diagnosis of liver disease. These tests are also required to identify sub-clinical 
disease, which is common. While biochemical tests are relatively useful for detection of liver disease, they 
often provide less useful information on the severity and prognosis of liver disease than is obtained from 
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histopathological examination of liver biopsies. There are two broad categories of biochemical test, (a) 
indicators of hepatocellular damage, including the ‘liver derived enzymes’, and (b) indicators of reduced liver 
function, including bile acids, ammonia, albumin, coagulation factors, liver synthesised globulins and the ratio 
of branched:aromatic amino acids. These two categories of test provide complementary information. Given 
the different characteristics of each test, it is common to assay at least three tests, including (a) an index of 
acute hepatocellular damage such as glutamate dehydrogenase, (b) an index of cholestasis such as gamma 
glutamyl transferase, and (c) an index of impaired liver function such as bile acids (1-3).  
 
• ‘Liver derived enzymes’.  

(a) sorbitol dehydrogenase (SDH) and glutamate dehydrogenase (GLDH) are liver specific. These are 
intracytoplasmic and leak into the plasma from damaged hepatocytes. Elevated levels are usually 
indicative of acute hepatocellular disease, since serum levels peak approximately 1-2 days after an 
acute insult, and the half life is relatively short (half life 12-24h). SDH is relatively unstable in blood 
after collection and thus is less suitable when there is a delay in analysis. 
(b) gamma-glutamyl transferase (GGT) and serum alkaline phosphatase (SAP). These are present 
mainly in the epithelial cells lining the biliary tree and are elevated in conditions causing biliary stasis, 
whether intra-hepatic or post-hepatic. Only small amounts are present within hepatocytes. GGT is 
very sensitive and specific for hepatic disease, including chronic liver disease since it has a very long 
half life. Race horses may rarely have mild increases (50-140 IU/L) in GGT without any other 
evidence of liver disease; this may be due to focal lesions in the biliary system (e.g., parasitic cysts) or 
drug-induced increases in GGT. SAP is less sensitive and specific than GGT. It is best to use a 
combination of two enzymes (indicators of acute versus chronic disease, and indicators of 
hepatocelullar versus biliary disease), such as GLDH and GGT. 
(c) other ‘liver derived enzymes’ which may be elevated in liver disease, but which are not specific 
for liver disease include; lactate dehydrogenase (LDH) and aspartate aminotransferase (AST). 

• Bile acids. Approximately 95% of bile acids are restricted to the enterohepatic circulation; whereby they 
are conjugated in the liver, excreted in the bile and re-absorbed from the distal small intestine. As the 
proportion extracted from the plasma during recycling falls in liver dysfunction, increased serum bile acid 
levels indicate loss of approx >70% hepatic function mass (ie horses in liver failure). Serum bile acids 
levels also increase when hepatic blood flow is reduced as occurs in porto-systemic shunting. Values < 
20umol rule out liver disease fairly reliably, while levels >20umol are consistent with hepatic failure, and 
values >40umol are associated with a poor prognosis (an exception to this rule is acute liver failure 
associated with hyperlipaemia which may resolve with prompt and appropriate management). In contrast 
to dogs, there is no significant effect of eating/anorexia on equine bile acid levels and consequently it is 
not necessary to collect samples post-prandially.  

• Bilirubin. Not very useful diagnostically. Horses are unusual in that most of their serum bilirubin is 
unconjugated regardless of the aetiology of hepatic disease. The ratio of conjugated to unconjugated is 
thus rarely of diagnostic value. Furthermore, total bilirubin may be increased to 80-90umol/l by anorexia 
in horses without liver disease. 

• Ammonia. Blood ammonia may be increased in acute severe hepatic failure or end stage chronic hepatic 
failure, due to failure of hepatic conversion of ammonia to urea. Of limited use in practice since it requires 
analysis within 15 minutes of collection. As hyperammonaemia is only one cause of hepatic 
encephalopathy, there is a poor correlation between the blood ammonia level and the severity of hepatic 
encephalopathy. 

• Urea. As the liver is responsible for the conversion of ammonia to urea, plasma urea levels may be 
decreased in both acute and chronic hepatic failure in the horse. However, low plasma urea was not found 
to be a useful indicator of equine hepatic failure or encephalopathy (2,5). 

• Blood glucose. While the liver has an important role in carbohydrate metabolism, hypoglycaemia is rare 
except in horses with hyperlipaemia. Indeed, most horses with hepatic encephalopathy have 
hyperglycaemia (5). Hyperglycaemia may be due to glucose intolerance arising from insulin insensitivity, 
as occurs in humans with hepatic disease, or to increased cortisol release in response to stress. 

• Plasma proteins. Contrary to popular opinion, hypoproteinaemia and hypoalbuminaemia are rare in horses 
with liver disease (4,5). Indeed most horses with liver disease have hyperproteinaemia. The latter may 
reflect hyperglobulinaemia due to increased synthesis of alpha or beta globulins, and/or gamma globulins 
resulting from a humoral response to antigens from damaged hepatic tissue or to enteric bacterial antigens 
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which are normally removed by the Kupffer cells. Similarly, hypoalbuminaemia is uncommon in equine 
hepatic failure, since it is probably an indicator of the chronicity of hepatic failure, and since most horses 
with hepatic failure do not survive for long enough to develop significant hypoalbuminaemia.  

• Coagulation indices. Coagulation (APTT and PT) times are often prolonged. This may be an important 
consideration if liver biopsy is to be performed. 

• Routine haematology. Useful only in inflammatory conditions such as cholangiohepatitis and liver 
abscesses. 

• Urinalysis. Rarely useful. Bilirubinuria may occur, despite most bilirubin being conjugated in the horse. 
Some horses with liver disease will have glucosuria due to hyperglycaemia. 

• Peritoneal fluid analysis. This rarely gives useful diagnostic information, but is helpful at ruling out other 
diseases. Neoplastic cells may be detected. 

 
Hepatic ultrasonography: Ultrasonography is useful for evaluating the character of the liver parenchyma and 
the biliary system, in addition to guiding liver biopsy.  3-5 MHz sector scanners are most appropriate.  Good 
patient preparation is essential; closely clip the hair, degrease with alcohol, allow ultrasound gel several 
minutes to maximise contact and improve image quality.  Attaining a good image is problematic in obese 
horses and ponies.  The bulk of liver is situated on the right hand side, cranial and ventral to the right kidney, 
below the lung margin (7th to 15th intercostal spaces). Liver may also be imaged in the cranioventral abdomen 
in some horses. Masses (hydatid cysts, abscesses, neoplasia), inflammatory debris in the biliary tract, 
choleliths, biliary distension, vascular abnormalities and alteration in liver size (latter is somewhat subjective) 
may be detected in horses with liver disease. Unfortunately assessment of hepatic fibrosis, which has 
important prognostic significance, is problematic because the echogenicity of the parenchyma is not only 
influenced by the degree of fibrosis, but also by the horse’s body condition and by the power settings. 
 
Liver Biopsy: This is an essential part of the evaluation in horses with liver disease, yielding diagnostic and, 
most importantly, prognostic information. Indeed, application of a biopsy scoring system to histopathological 
findings in liver biopsies appears to be the most valuable technique for predicting survival in mature horses 
with liver disease (7). Ultrasonography aids selection of the optimal site and depth of sampling. If 
ultrasonography is not available, the site is on the RHS between the 12th-14th intercostal spaces within a 
triangle drawn between the tuber coxa, shoulder and elbow. Traditional or automatic, 14 gauge, 16 cm long 
‘Tru-cut’-type biopsy instruments are most commonly used.  Several biopsies are usually collected form each 
horse, and placed in formalin (histology) + sterile tube (bacteriology).  After this procedure, the horse is rested 
and monitored carefully; ultrasonography can be useful if hepatic bleeding is suspected. Non-hepatic tissues 
may be obtained with little consequence, however if there is concern over bowel penetration, antibiotics 
should be administered. Although serious haemorrhage is rare, it remains a potential risk of liver biopsy. Thus 
the potential benefits of this procedure should be seriously considered if there is laboratory (approx 40% of 
horses with liver disease) or clinical (approx 10% of horses with liver disease) evidence of coagulopathy, 
although there is no definitive association between risk of haemorrhage after biopsy and coagulopathy in 
humans and horses (6). Coagulation may be temporarily improved prior to biopsy by administration of 1-2 L 
platelet-rich plasma, but this is rarely practical.  

 
Treatment of equine liver disease 
Largely supportive until adequate liver function returns or regeneration occurs. Acute failure has best 
prognosis, while chronic liver disease with extensive fibrosis is hopeless.  
• Remove from source of hepatotoxins (if applicable and identifiable) 
• Dietary management - High carbohydrate diet (ideally in the form of simple sugars), Should be given 

frequently (ideally 6x daily). Supply higher than maintenance energy requirements, to meet increased 
demands of tissue repair ie 2.5% bw/day (4% bw as DMI). Low protein to minimise production of dietary 
amines which could exacerbate HE ie avoid alfalfa and legumes (high protein content). If 
photosensitisation is not a major problem - grazing should be encouraged. Alternatively, feed 2 parts 
soaked beet pulp and one part of maize in molasses, with fibre - in the form of fresh cut grass or grass 
nuts. Supplement vitamin B as brewer’s yeast supplement, Vitamins A and C as fresh grass. 

• Antibiotics - only indicated when suppurative cholangitis or abscessation suspected. Suitable empirical 
choices prior to obtaining sensitivity are penicillin-gentamicin or TMPS. 

• Tracheostomy - may be required if bilateral laryngeal paralysis 
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• Corticosteroids - no evidence to indicate inhibit development of liver fibrosis. May be contraindicated 
since increase metabolic load on liver, are metabolised by liver and stimulate gluconeogenesis and protein 
catabolism. May be indicated in cases of chronic non-suppurative cholangiohepatitis 

• Specific treatment of hepatic encephalopathy; avoid sedation (low dose alpha-2 agonists only if horse is 
uncontrollable and poses a danger to handlers) since most sedatives are liver metabolised and can 
exacerbate HE. Correction of metabolic, fluid and electrolyte abnormalities. Reduction in GIT 
production/absorption of potential neurotoxins using laxative (liquid paraffin), oral neomycin or 
metronidazole to reduce number of anaerobes and gram-negative urea splitting organisms which are major 
producers of gut derived neurotoxins. Lactulose to reduce intestinal neurotransmitter production and 
absorption.  
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PLEUROPNEUMONIA 

PROF BRUCE McGORUM, UNIVERSITY OF EDINBURGH 
 
Causes of pleural effusions 
 

• pleural infections (pleuropneumonia; bacterial, mycoplasma, viral or fungal) 
• thoracic neoplasia 
• penetration of chest wall, oesophagus, diaphragm and stomach 
• thoracic trauma 
• extension of peritoneal effusion  
• liver disease 
• congestive heart failure 
• hypoproteinaemia 
• diaphragmatic hernia 
• pulmonary hydatidosis  
• pulmonary granulomas 
• idiopathic  

 
Pleuropneumonia 
Clinical: Percussion is a perhaps underutilised in the detection of pleural effusions. 
 
Ultrasonography: best diagnostic modality for detecting and evaluating suspected pleural disease. 
Ultrasonography can be used assess the nature of pleural fluid (echodense, echolucent, gas echoes), volume of 
fluid, determine whether it is unilateral or bilateral, identify sequel such as fibrin deposition, loculi formation, 
pleural adhesions and pneumothorax, and select the optimal site for thoracocentesis. Gas echoes within pleural 
effusion have been described with anaerobic infections, gangrenous pneumonia, bronchopleural fistulae and 
iatrogenic leakage or air during thoracocentesis. Ultrasound can also detect concurrent cardiopulmonary 
lesions, such as pulmonary consolidation (hepatisation), compression atelectasis, abscesses, infarction and 
pericardial effusions.  
 
Thoracic radiography: Radiography is diagnostic of pleural effusion whenever a fluid line is noted that 
obliterates the normally distinct heart shadow and caudal vena cava. However, radiography does not permit 
identification of the affected hemithorax, assessment of the character of the fluid, or evaluation of the ventral 
lung field deep to the fluid. Radiography, ideally performed after thoracocentesis, may allow evaluation of the 
mid and dorsal lung fields for the presence of underlying disorders such as abscesses and neoplasms. 
Radiography may identify lesions within the axial lung fields, which cannot be identified by ultrasonography.  
 
Thoracocentesis and transtracheal aspirate: essential for cytological, biochemical and microbiological 
testing. Microbiology is often pivotal to the case outcome by guiding appropriate antimicrobial selection. 
Bacterial culture of both pleural fluid and transtracheal aspirates will optimize detection of organisms 
associated with pleuropneumonia.  
 
Pleuroscopy: rarely warranted in cases of pleuropneumonia. However, it may provide additional information 
regarding sequelae such as fibrin deposition, loculi formation, pleural adhesions, bronchopleural fistulas and 
lung abscesses.  
 
Haematology and biochemistry: pleuropneumonia commonly results in an inflammatory profile; ie 
leucocytosis, neutrophilia, left shift and toxic neutrophils, hyperfibrinogenaemia, hyperglobulinaemia and 
hypoalbuminaemia.  
 
Treatment of pleuropneumonia: requires early recognition and prompt initiation of appropriate treatment. 
Ideally treatment should be commenced within 48h of a predisposing event to prevent significant bacterial 
invasion of pulmonary parenchyma (Raidal 1995). Treatment is usually long-term and is determined by the 
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degree of cardio-pulmonary compromise evident at the time of diagnosis and by development of sequelae. 
Treatment involves; 

• Prompt administration of systemic, broad spectrum, bactericidal antibiotics 
• Drainage of pleural effusion 
• Ancillary treatments 
• Prompt recognition and appropriate treatment of sequelae 

 
Antibiotic therapy: Transtracheal and pleural aspirates should be cultured to provide retrospective 
antimicrobial sensitivity data. Empirical therapy should be commenced immediately. Analysis of Gram’s 
stained smears of aspirates aid selection of empirical antibiotics. Empirical combinations should be effective 
against many of the bacteria which cause pleuropneumonia and include penicillin, gentamicin and 
metronidazole, or ceftiofur and metronidazole. Thereafter antimicrobial selection should be based on the 
sensitivity of most recent isolates. It is important to recognize that most antibiotics are ineffective in the 
presence of exudates because of binding of antibiotics to components of purulent secretions, changes in pH or 
because of volume dilution of the drug to non-therapeutic levels. It is therefore essential to perform 
thoracocentesis in patients with significant volumes of pleural fluid.  
 
Pleural drainage: Pleural drainage should be performed to improve ventilation and remove microbes, toxins, 
inflammatory mediators and inflammatory debris. It may be performed intermittently or continuously, 
depending upon the degree of patient compromise, and the volume and nature of the fluid. Continuous 
drainage via an indwelling chest tube is indicated in most patients with pleuropneumonia, especially those 
with suspected anaerobic infections and those in which intermittent drainage is relatively ineffective. 
Intermittent drainage is reserved for horses with small volume (<5 litres) pockets of fluid. A 24 French blunt 
thoracostomy tube is recommended for most patients including foals, as smaller diameter tubes such as teat 
cannulae often become occluded by inflammatory debris. The optimal site is ideally defined by ultrasound 
evaluation, but the sixth or seventh intercostal space is usually suitable. It is not essential to select the most 
ventral site for tube insertion since lung expansion usually moves the fluid towards the internal tube opening.  
The site is surgically prepared and local anaesthetic (6-10 ml) is infiltrated from the skin to the sensitive 
parietal pleura. A stab incision is made with a #10 scalpel through the skin, and enlarged slightly to 
accommodate the chest tube and trocar. The tube is inserted directly between the ribs. Subcutaneous 
tunnelling is not recommended as this may lead to kinking and occlusion of the drain. As the insertion of large 
bore chest drains through the intercostal muscles requires considerable force, care must be taken to prevent 
advancing the drain too deeply when the resistance suddenly decreases when the tube enters the pleural cavity. 
The tube is anchored to the skin with a suture attached through ‘dog-eared’ adhesive tape or by a purse string 
suture to prevent slippage. The external opening of the tube is connected to a one-way valve to prevent air 
aspiration when fluid drainage is complete. A Heimlich valve, or a condom or a finger of a surgical glove with 
the closed end cut off, will suffice. For horses with bilateral effusions, bilateral indwelling tubes are placed 
only if drainage via a unilateral drain does not effectively drain both hemithoraces. Rapid removal of large 
volumes of pleural fluid should be avoided to prevent hypovolaemia, collapse and re-expansion pulmonary 
oedema. Indwelling tubes should be monitored regularly and can be kept in place as long as they are 
productive. Tubes should be removed when non-productive or if a painful local cellulitis ensues. Rare 
complications of chest drainage include (a) hypovolaemia and collapse if fluid is removed too rapidly, (b) 
local cellulitis, (c) pneumothorax, (d) cardiac dysrhythmia, (e) cardiac, pulmonary or diaphragmatic 
laceration, and (f) re-expansion pulmonary oedema.  
 
Pleural lavage: This may facilitate removal of tenacious exudate, bacteria, toxins, fibrin and inflammatory 
debris. It should be performed early in the disease course, prior to development of fibrin loculi and adhesions 
which would otherwise limits its value. 5-20 litres of warmed sterile saline are instilled via an ingress catheter 
into the dorsal pleural cavity, and the fluid removed via an egress catheter inserted in the ventral pleural 
cavity. It is rarely possible to recover the full volume of the instilled fluid. This technique is contraindicated in 
horses with patent bronchopleural fistulae as the lavage fluid will enter the airways and induce coughing.  
 
Intrapleural fibrinolytics: Intrapleural recombinant tissue plasminogen activator (r-TPA) may be administered 
to horses with fibrinous pleuropnemonia to dissolve fibrinous adhesions and reduce pleural loculations, 
thereby improving the efficiency of draining pleural fluid (Hilton & Pusterla 2009). While this treatment 
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provides short term benefit, as determined by ultrasonography, whether this translates to a long term reduction 
in morbidity and mortality is unknown. Considerations include significant cost, possible transient increase in 
pleurodynia and thrombolysis.  
 
Thoracotomy: Standing thoracotomy is indicated for horses with large quantities of thickened, organised 
fibrinopurulent debris or empyaema, especially those with foetid contents that cannot be removed by 
conventional pleural drainage and lavage. Patient selection is critical for a successful outcome. It is most 
benefit for horses with large, persistent, unilateral localised pockets of thick, inspissated debris following 
resolution of the disease in the contralateral hemithorax. The disease should be confined to one hemithorax or 
walled off from the remainder of the ipsilateral hemithorax. The mediastinum must be complete, or a visceral 
to parietal adhesion must seal off the abscess cavity from the surrounding ipsilateral pleural cavity. Prior to 
thoracotomy the area is fully investigated using ultrasonography. A large bore open thoracic drain is inserted 
into the lesion and the patient monitored for 2h; if this is well tolerated without development of unilateral or 
bilateral pneumothorax, it indicates that the lesion is walled off from the remainder of the pleural cavity. The 
onset of respiratory distress indicates development of pneumothorax and contraindicates the procedure. The 
surgical site is prepared and infiltrated with local anaesthetic. A vertical incision, capable of either finger or 
hand insertion, is made into the thorax, usually at the seventh or eighth intercostal space, from the level of the 
lateral thoracic vein to the ventral border of the latissimus dorsi. This allows removal of all accessible necrotic 
tissue and fibrin by both lavage and manual extraction using appropriate forceps. It is not necessary to remove 
all fibrin at this stage, as residues will be removed by flushing over the following days. The pleural cavity is 
then lavaged with warmed 1% povidone iodine solution. The contralateral pleural cavity is monitored for 
pneumothorax, which is managed by tube thoracostomy, if required. The incision is left open and debris 
removed daily manually and by flushing until granulation tissue closes the thoracic wound. Alternatively a rib 
resection or large thoracotomy may be performed to provide even greater access to the pleural cavity. These 
procedures however have increased post-operative morbidity and usually preclude return of the horse to 
athletic function. A loss of thoracic compliance compromises future athletic performance. 
 
Ancillary treatments: Supplemental oxygen may be administered to horses with significant hypoxaemia. 
Pleurodynia may be alleviated using NSAIDs, morphine, fentanyl patches (2 × 100 µg/h patches changed 
every 48h) or intercostal nerve block. Fluid and oncotic support may be required to counteract significant 
losses of fluid and protein into the pleural space. The effects of bacterial toxaemia may be minimised by 
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and a large bore trocar and catheter are inserted under ultrasound guidance into the mass to permit suction and 
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Repeated drainage may be required if the mass recurs. Drainage is best performed as a singular procedure; 
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indwelling tubes are not recommended since the triceps musculature causes crimping and blockage of the 
catheter and stimulation of the heart by the catheter may cause dysrhythmias.  
 
Extrapulmonary abscesses: Extrapulmonary (pleural) abscesses may require surgical drainage when antibiotic 
therapy alone is ineffective because of the thick capsule and large volume of exudate and necrotic debris. 
They are usually amenable to percutaneous drainage via a large (#20F to #40F) bore chest tube, inserted under 
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the chest wall and causing leakage of exudate into the thoracic cavity. Both suction and lavage are employed 
while moving the tube in-and-out to break up the debris. As the abscess is walled-off from the rest of the 
pleural cavity, a one-way valve is usually not required. Antibiotics are used, based on culture of harvested 
exudate. Anaerobic infections are often present and the necrotic debris is often foetid.  
 
Pleural empyaema: Accumulation of tenacious pus within the pleural cavity commonly necessitates 
thoracotomy.  
 
Bronchopleural fistula: These develop when gangrenous pneumonia, abscesses or neoplasia cause necrosis of 
peripheral lung tissue and lead to direct communication between the pleural cavity and the airways. Diagnosis 
is confirmed by pleuroscopy or by instillation of fluorescein dye (from sterile ophthalmic strips) into the 
pleural cavity, followed by observation of dye at the external nares or within the trachea. During pleural 
lavage patients with bronchopleural fistulae will often cough vigorously when lavage fluid enters airways. 
Fistulas commonly spontaneously seal due to development of adhesions between the adjacent visceral and 
parietal pleurae, or following resolution of the underlying lesion, although this may take several months. 
Partial pneumonectomy was used successfully to treat a bronchopleural fistula and pulmonary abscess in a 
filly (Sanchez et al 2002).  
 
Pulmonary thromboembolism: Pulmonary infarction due to thromboembolism can lead to sudden onset severe 
respiratory distress and serosanguinous respiratory secretions (Carr et al 1997). Ultrasonography will reveal 
extensive pulmonary consolidation. This complication has a guarded to grave prognosis.  
 
Re-expansion pulmonary oedema (RPE): this is a rare but life threatening complication which occurs during 
the evacuation of a pleural effusion or pneumothorax. The pathophysiology of RPE remains poorly 
understood. As the oedema fluid is rich in protein, it likely involves capillary leakage due to increased 
endothelial permeability and accompanying loss of integrity of the alveolar-capillary membrane. This may 
result from (a) mechanical stresses associated with capillary distension within the reinflated lung, (b) release 
of NO and inflammatory mediators from neutrophils within the lung, (c) reperfusion injury following 
reinflation of the previously nonventilated, nonperfused collapsed lung, leading to production of injurious 
oxygen free radicals, and (d) low levels of surfactant in chronically collapsed lungs. Oxygen supplementation 
and antioxidant administration may prevent oedema formation in experimental models. RPE is more likely to 
occur in a lung that has been collapsed for >3 days. Recommendations in human medicine for prevention of 
RPE include (a) maintaining pleural pressure above -20 cm H20 during thoracic drainage, (b) if pleural 
pressure is not monitored during the procedure, no more than 1 litre of fluid should be removed, (c) drainage 
should be halted if the patient has sudden chest tightness or the sudden onset of a cough, (d) as underlying 
pulmonary artery hypertension and hypoxaemia are risk factors for RPE, these patients should receive 
supplemental oxygen and close blood gas monitoring during drainage. Management of human RPE is mostly 
supportive, including supplemental oxygen, positive pressure ventilation and diuresis. If there is radiographic 
evidence of RPE but the patient is asymptomatic, no treatment is necessary.  

Haemorrhagic pulmonary infarction, necrotising pneumonia and pleuropneumonia; Carr et al (1997) 
reported 21 horses which had suppurative haemorrhagic pleural effusion associated with acute haemorrhagic 
pulmonary infarction, necrotising pneumonia, and, in some cases, pulmonary thromboembolism. This 
aetiology of this syndrome was not determined, but many cases followed strenuous exercise and the pathology 
resembled that of porcine Actinobacillus pleuropneumoniae infection. Actinobacillus spp. and Streptococcus 
equi var. zooepidemicus were cultured from some affected horses. The syndrome had a poorer prognosis than 
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conventional pleuropneumonia. Management included pleural drainage + lavage, broad spectrum 
antimicrobials (ampicillin, enrofloxacin, ceftiofur >>penicillin, oxytetracycline), NSAIDs, oxygen and fluids.  
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INTRODUCTION 

Approval of artificial insemination by most horse registries has resulted in commercial application of a 
multitude of assisted reproductive technologies to maximize the reproductive efficiency of stallions. 
Two relatively new strategies that are becoming more commonplace in equine breeding programs 
involve advancements in centrifugation of semen (cushioned centrifugation and gradient 
centrifugation) and application of deep-horn low-dose insemination. 

 
Cushioned Centrifugation of Semen  

Centrifugation of semen is oftentimes applied in equine breeding programs, so the value of 
improving centrifugation procedures to maximize sperm harvest, without associated sperm injury, 
becomes apparent.  Development of a more efficient centrifugation method, i.e., one that increases 
post-centrifugation recovery rate while maintaining semen quality would optimize the number of 
sperm in an ejaculate that are available for breeding purposes.  One of the main concerns, when 
attempting to maximize sperm recovery through centrifugation, is the adverse effect that 
centrifugation can have on the integrity of sperm.  Typically, an increase in centrifugation time or 
gravitational (g) force results in an increased sperm recovery rate, but can also lead to decreased 
sperm motility or quality due to the mechanical forces associated with centrifugation and excessive 
packing of the sperm. Ideally, centrifugation should result in a 100% sperm recovery rate with no 
resulting damage in sperm quality.  Previous studies have used a variety of centrifugation forces and 
times in an attempt to achieve this goal; however, such protocols can lead to a 15-20% loss of sperm 
that could otherwise be used for breeding purposes.   

Recently, a cushioned centrifugation procedure has been applied to stallion semen to maximize 
sperm harvest without attendant injury to sperm.  A non-ionic iodinated compound, iodixanol, was 
first reported for density-gradient cell fractionation, and has since been used as either a density 
gradient or as a cushion for centrifugation of sperm. Investigations regarding cushioned 
centrifugation of stallion semen with this product demonstrated excellent yields of sperm that were 
undamaged by the centrifugation process, but an optically clear centrifugation medium was required 
to reduce sperm losses.  

Results from our laboratory indicate that cushioned centrifugation of stallion semen in either 
conical-bottom tubes containing 3.5 mL of iodixanol solution as a cushion or nipple-bottom tubes 
containing 30 µL of iodixanol solution as a cushion can yield a high sperm harvest, while 
maintaining sperm function. Additionally, an optically opaque extender, as is typically used in the 
equine breeding industry, can be used to achieve this goal.  We recommend the nipple-bottom tubes 
over the 50-mL conical-bottom tubes for cushioned centrifugation when the sperm number in 
ejaculates relatively low (i.e., less than 2-3 x 109 sperm), or when it is necessary to separate more 
seminal plasma from sperm following centrifugation than is possible with cushioned centrifugation 
in conical-bottom tubes.  Recently, we have found that the volume of iodixanol solution can be 
reduced from 3.5 mL to 1 mL in conical-bottom tubes without impairing sperm harvest or semen 
quality. 
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Gradient Centrifugation of Semen 

Both continuous and discontinuous density centrifugation gradients have been used to separate sperm 
populations.  Continuous centrifugation gradients may be more sensitive for cell selection than 
discontinuous density gradients, but discontinuous gradients are useful when separating cell types with 
known densities, such as sperm.  Application of discontinuous density centrifugation gradients for 
sperm selection has had broad clinical application in recent years because these gradient procedures are 
relatively simple to perform, and have been shown to effectively separate sperm with various 
morphological features in an ejaculate. 
Using different concentrations of colloidal silica particles to form density gradients, cells are 
separated by specific gravity into different layers, based on isopycnic point. Density gradients are 
advantageous over other methods of sperm separation because the media does not penetrate cell 
membranes.  Further, colloidal silica does not osmotically stress sperm when added to culture 
medium; it can be formulated to create a high specific-gravity to separate dense cells; and it has a 
low viscosity so as to not impede sperm cell sedimentation.  The most well known discontinuous 
density gradient, commercialized as Percoll, contains colloidal silica particles coated with 
polyvinylpyrrolidone (PVP).  Polyvinylpyrrolidone coating is used to protect cells from the 
potentially toxic actions of colloidal silica.  Percoll was the most widely used discontinuous 
density gradient in clinical reproductive medicine until the mid-1990’s when reports of endotoxin 
contamination led to removal of this product for clinical use.  As a result, alternative discontinuous 
gradient solutions such as polysucrose and iodixanol, in combination (IxaPrep), and colloidal 
silanized silica particles (PureSperm® and ISolate®) were investigated for clinical application in 
assisted reproductive techniques.  Colloidal solutions with silanized silica particles have been used 
clinically as a human assisted reproductive technology with success comparable to Percoll.    
Centrifugation of equine semen through a silanated silica-particle solution (EquiPure™, Nidacon 
International AB, Mölndal, Sweden) has shown promise for “selecting” sperm with good motility, 
morphology, and chromatin quality, and enhancing the fertility of selected subfertile stallions.  Our 
laboratory has found that sperm recovery rate is higher, when using 15-mL capacity conical-bottom 
tubes, as compared to 50-mL capacity conical-bottom tubes; that use of a one-layer (EquiPure™ 
Bottom Layer) gradient yielded a higher sperm recovery rate than a two-layer gradient (Edmond AJ, 
Texas A&M University, Unpublished data. 2008); and that gradient volumes of 2, 3 or 4 mL in 15-mL 
centrifugation tubes yielded similar semen quality and sperm recovery.   
Centrifugation of semen through a silica-particle solution, such as EquiPure™, is not a logical 
approach for stallions with normal semen quality, as a relatively high percentage of the sperm 
population can be lost to use following centrifugation.  As this technique results in sperm separation 
based on sperm buoyancy or “isopynic point,” its use is most justified when an ejaculate contains a 
high percentage of sperm with morphologic defects, specifically sperm with abnormal heads, abnormal 
midpieces, bent midpieces, bent tails, coiled tails or premature (round) germ cells.  However, we have 
found that the technique will also improve chromatin quality in the recovered sperm population, 
regardless of sperm morphologic profile.   The technique can also be used when more complete 
separation of seminal plasma from sperm is desired. 
Low-dose insemination 

The threshold number of sperm that can be used to inseminate mares and yield a commercially 
acceptable pregnancy rate is not known, but this number is certainly impacted by the fertility of a given 
stallion, and by the semen processing method that is applied (e.g., cooled storage or crypreservation) 
prior to insemination. Using customary methods, mares are inseminated with 200-500 x 106 
progressively motile sperm deposited directly into the lumen of the uterine body when fresh semen is 

  

used.  However, one recent study revealed no difference between insemination doses of 50 or 300 x 106 

progressively motile fresh sperm.   
Rigby et al. demonstrated that only 0.0007% of sperm that are deposited into mare uteri actually gain 
access into the oviducts and are available for fertilization of an oocyte.  These same investigators, 
however, demonstrated that insemination in the tip of the uterine horn ipsilateral to an ovary containing 
a dominant follicle resulted in a greater percentage of oviductal sperm (77%) in the ipsilateral oviduct, 
as  compared to uterine body insemination (54%).    These data indicate that more sperm gain access 
into the oviduct of fertilization when the insemination location is the tip of the uterine horn, as opposed 
to the uterine body.   Morris and coworkers demonstrated that excellent pregnancy rates could be 
achieved by videoendoscope-assisted placement of as few as 1 x 106 sperm on the oviduct papilla of 
preovulatory mares when the semen was first centrifuged though a discontinuous Percoll density 
gradient. 

This breeding technique, termed deep-horn low-dose insemination, has been examined in the research 
setting, and applied clinically in recent years.  Two techniques are most commonly used for deposition 
of an insemination dose on or near the oviductal papilla: 1) use of a videoendoscope (termed 
hysteroscope) to visually locate the papilla and permit accurate placement of semen via a long catheter 
passed through the biopsy channel of the insertion tube, and 2) use of a flexible catheter (usually 
double-lumen) in which the catheter tip is guided to a position adjacent to the papilla by manipulation 
per rectum prior to deposition of semen.  The optimal method for low-dose insemination of mares is 
subject to debate.   One investigator stated that hysteroscopic insemination may be justified over 
transrectally-guided insemination unless a stallion’s fertility was excellent or sperm number exceeded 
25-50 x 106 in the insemination dose.  Others indicate that hysteroscopic insemination may yield better 
results than transrectally-guided insemination if the insemination dose contains less than 5 x 106 
progressively motile sperm.  Recent findings in our laboratory revealed no significant difference 
between the two methods when mares were inseminated with as little as 0.5-1 x 106 sperm from a 
stallion with known good fertility.  Certainly, the hysteroscopic technique has the disadvantages of 
increased equipment costs, labor force, and procedure time.  As such, the transrectally-guided approach 
would seem to lend itself more favorably to widespread application in the equine breeding industry.  
Heightened reproductive skill of the attending veterinarian, however, is necessary for this latter 
technique to be successful. 
The value of low-dose insemination for improving subfertility in stallions has been questioned, 
although successful results with this breeding strategy exist. These reports involved either 
hysteroscopic or transrectally guided approaches for low-dose insemination. 
 

Clinical Case 1 
A 12-year-old Quarter Horse was admitted to the Texas Veterinary Medical Center for assessment of 
fertility and to determine if altered strategies of breeding management could improve pregnancy rates.  
According to the owner, the stallion had been fertile in previous years, but per-cycle pregnancy rate 
dropped to approximately 35% in the previous season when covering approximately 90 mares.  
Combined testicular volume of this stallion was calculated to be 184 mL.  Predicted daily sperm output 
(DSO), as determined from testicular volume, was 3.7 x 109 sperm, but actual DSO was approximately 
1.7 x 109 sperm; therefore, spermatogenic efficiency was estimated to be less than 50%.  Ejaculates 
contained an average of 33% morphologically normal sperm and 38% progressively motile sperm. The 
most common morphologic defects were bent tails (average of 35%) and abnormally shaped midpieces 
(average of 33%).  The average percentage of progressively motile sperm following 24 hours of cooled 
storage of extended semen was 29%. 
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Centrifugation of extended semen was proposed as a means to increase sperm concentration in 
inseminates because sperm concentration in ejaculates was generally less than 100 x 106 per mL (range 
of 28 to 109 x 106/m; median of 68 x 106/mL).  Extended semen from the stallion was subjected to 
cushioned centrifugation for 20 min. at 400 x g, using glass nipple-bottom centrifuge tubes to reduce 
seminal plasma concentration and increase sperm concentration in resuspended sperm pellets.  
Reproductively normal mares were inseminated with processed semen to evaluate the effects of sperm 
number, storage time, and insemination method on fertility.  Owing to the costs associated with a 
breeding trial, the client was amenable only to insemination of a small group of mares to determine if 
simple concentration of sperm and transrectally-guided or hysteroscopic low-dose insemination 
techniques would result in pregnancy rates which would allow this stallion to be commercially viable 
(Table 1). 
While the number of mares inseminated in each of the five treatment groups was small, the outcome 
was sufficient to provide generalizations regarding treatment strategies for the subject stallion.  The 
results suggest that no difference in fertility existed between inseminates of 250 x 106 or 500 x 106 total 
sperm.  Cooled storage of semen had no apparent deleterious effect on fertility, and transrectally- 
guided insemination of semen yielded results that were similar to, or exceeded, that of hysteroscopic 
insemination.  A follow-up trial with cool-transported semen and transrectally-guided low-dose 
insemination resulted in recovery and transfer of 5 embryos from 4 mares inseminated.  

Semen from this stallion had not previously been subjected to cooled storage and transport.  The 
stallion was discharged with recommendations to use cushioned centrifugation of semen and 
transrectally-guided insemination with 250 million sperm per mare initially, with the prospect that 
sperm number in inseminates could be lowered if initial pregnancy results were favorable. In addition, 
the owner was informed of the potential value of cool-stored semen.  A decision was made to breed 
mares the following season primarily with fresh processed semen.   A total of 132 mares were bred 
over 170 cycles, with cool-transported semen used on only 3 occasions.  The stallion achieved a 
seasonal pregnancy rate of 85% with an average of 1.5 cycles per pregnancy (i.e., a per-cycle 
pregnancy rate of 66%).  

  
Clinical Case 2  
A 6-year-old Quarter Horse stallion was admitted to the Texas Veterinary Medical Center for a 
breeding soundness examination, and for potential therapeutic approaches to improve his fertility.  The 
stallion was administered an orally active progestogen, altrenogest (Regu-Mate®; Intervet/Schering-
Plough Animal Health, Millsboro, Delaware, USA), on a daily basis during his 4-year athletic career.  
The dosage of altrenogest administered was unknown to the owner of the stallion.  Only one mare was 
pregnant from the first 8 mares inseminated with entire ejaculates, resulting in a 12% per-cycle 
pregnancy rate. 

The stallion had a total testicular volume of 134 mL and a predicted DSO, based on testicular volume, 
of 2.5 x 109 sperm.  Actual DSO for the stallion was approximately 1 x 109 sperm, so spermatogenic 
efficiency was determined to less than 50%.  Ejaculates contained an average of 15% morphologically 
normal sperm and 34% progressively motile sperm.  The most common sperm morphologic defects 
were abnormally shaped midpieces (average of 28%) and bent tails (average of 22%). 
After consultation with the owner, a decision was made to inseminate a small group of reproductively 
normal mares by low-dose insemination techniques.  Semen-processing techniques consisted of 
cushioned centrifugation only or cushioned centrifugation, followed by density-gradient centrifugation 
through a silanated silica-particle solution (EquiPure™, Nidacon International AB, Mölndal, Sweden; 
Top Layer and Bottom Layer; i.e., two-layer approach) for 30 min. at 200 x g.  The density-gradient 

  

centrifugation procedure was used in an attempt to improve semen quality through separation of 
spermatozoal morphologic types based on isopycnic point (i.e., buoyancy).  Results of the clinical trial 
are provided in Table 2. 

Pregnancy rates appeared to improve as insemination dose by transrectally-guided technique  increased 
from 15 to 100 x 106 progressively motile sperm, suggesting a dose-dependent effect of insemination 
number on fertility.   Following cushioned centrifugation, no distinct advantage was gained by using 
hysteroscopic insemination, as compared to transrectally-guided insemination in the tip of the uterine 
horn.  Insemination in the tip of the uterine horn, however, yielded a higher pregnancy rate than 
standard insemination in the uterine body when the inseminate contained 100 x 106 progressively 
motile sperm.  Further processing of semen through EquiPure™ also appeared to improve pregnancy 
rates, in comparison with only cushioned centrifugation, when the inseminate contained 50 x 106 
progressively motile sperm. 

The stallion was discharged from the hospital with instructions to breed mares with a low-dose 
insemination technique, using a minimum of 100 x 106 progressively motile sperm following 
cushioned centrifugation or 50 x 106 progressively motile sperm following centrifugation in 
EquiPure™.  We also proposed that the insemination dose with EquiPure™-treated semen might be 
lowered, without impacting fertility negatively, but that this possibility should be tested before it could 
be recommended for commercial purposes.  We did not test the fertility of cool-stored semen so could 
not offer recommendations regarding its use.  The owner indicated that the stallion had normal fertility 
the following breeding season when mares were inseminated by a transrectally-guided technique using 
semen previously subjected to cushioned centrifugation.  The precise mare book, insemination doses, 
and fertility statistics were not available for inclusion in this communication.  
 
Clinical Case 3  
A 4-year-old Quarter Horse stallion was admitted to the Texas Veterinary Medical Center for 
evaluation of breeding soundness following his first season at stud where he achieved a 59% seasonal 
pregnancy rate when covering 165 mares.  Approximately one-half of the mares were bred with cool-
transported semen.  During that breeding season, progressive sperm motility was estimated to be 70% 
for 76 of the 84 semen collections performed, and the average total sperm number in the 84 ejaculates 
was approximately 5.349 x 109 sperm. The sperm concentration was estimated to be less than 100 x 106 
sperm/mL for 67 of the 84 ejaculates collected.   
The testicular volume of this stallion was determined to be 225 mL, resulting in a predicted daily sperm 
output of  4.6 x 109 sperm, assuming the testes were producing sperm with normal efficiency.  Four 
ejaculates were collected from the stallion.  The stallion’s actual sperm output on the 4th daily 
collection was 3.67 x 109 sperm, so spermatogenic efficiency was considered to be below normal.  The 
percentage of morphologically normal sperm in ejaculates averaged 38%, and the percentage of 
progressively motile sperm averaged 27%.  The most common morphologic defects were abnormally 
shaped midpieces (average of 30%) and bent tails (19%).   

Semen from three ejaculates was processed by cushioned centrifugation, or by cushioned 
centrifugation followed by centrifugation in EquiPure™ Bottom Layer. Semen was evaluated for 
sperm motion characteristics immediately following each processing step, and following 24 hours of 
cooled storage.  The effect of seminal plasma was also evaluated. The sperm morphologic profiles of 
unprocessed (raw) semen and EquiPure™-processed semen were also compared.  Data from a 
representative ejaculate are provided in Tables 3 and 4. 
From these data, one can surmise that the EquiPure™ centrifugation procedure considerably improved 
the semen quality of this stallion, as measures of sperm-motion characteristics and sperm morphology 



72 73
  

centrifugation procedure was used in an attempt to improve semen quality through separation of 
spermatozoal morphologic types based on isopycnic point (i.e., buoyancy).  Results of the clinical trial 
are provided in Table 2. 

Pregnancy rates appeared to improve as insemination dose by transrectally-guided technique  increased 
from 15 to 100 x 106 progressively motile sperm, suggesting a dose-dependent effect of insemination 
number on fertility.   Following cushioned centrifugation, no distinct advantage was gained by using 
hysteroscopic insemination, as compared to transrectally-guided insemination in the tip of the uterine 
horn.  Insemination in the tip of the uterine horn, however, yielded a higher pregnancy rate than 
standard insemination in the uterine body when the inseminate contained 100 x 106 progressively 
motile sperm.  Further processing of semen through EquiPure™ also appeared to improve pregnancy 
rates, in comparison with only cushioned centrifugation, when the inseminate contained 50 x 106 
progressively motile sperm. 

The stallion was discharged from the hospital with instructions to breed mares with a low-dose 
insemination technique, using a minimum of 100 x 106 progressively motile sperm following 
cushioned centrifugation or 50 x 106 progressively motile sperm following centrifugation in 
EquiPure™.  We also proposed that the insemination dose with EquiPure™-treated semen might be 
lowered, without impacting fertility negatively, but that this possibility should be tested before it could 
be recommended for commercial purposes.  We did not test the fertility of cool-stored semen so could 
not offer recommendations regarding its use.  The owner indicated that the stallion had normal fertility 
the following breeding season when mares were inseminated by a transrectally-guided technique using 
semen previously subjected to cushioned centrifugation.  The precise mare book, insemination doses, 
and fertility statistics were not available for inclusion in this communication.  
 
Clinical Case 3  
A 4-year-old Quarter Horse stallion was admitted to the Texas Veterinary Medical Center for 
evaluation of breeding soundness following his first season at stud where he achieved a 59% seasonal 
pregnancy rate when covering 165 mares.  Approximately one-half of the mares were bred with cool-
transported semen.  During that breeding season, progressive sperm motility was estimated to be 70% 
for 76 of the 84 semen collections performed, and the average total sperm number in the 84 ejaculates 
was approximately 5.349 x 109 sperm. The sperm concentration was estimated to be less than 100 x 106 
sperm/mL for 67 of the 84 ejaculates collected.   
The testicular volume of this stallion was determined to be 225 mL, resulting in a predicted daily sperm 
output of  4.6 x 109 sperm, assuming the testes were producing sperm with normal efficiency.  Four 
ejaculates were collected from the stallion.  The stallion’s actual sperm output on the 4th daily 
collection was 3.67 x 109 sperm, so spermatogenic efficiency was considered to be below normal.  The 
percentage of morphologically normal sperm in ejaculates averaged 38%, and the percentage of 
progressively motile sperm averaged 27%.  The most common morphologic defects were abnormally 
shaped midpieces (average of 30%) and bent tails (19%).   

Semen from three ejaculates was processed by cushioned centrifugation, or by cushioned 
centrifugation followed by centrifugation in EquiPure™ Bottom Layer. Semen was evaluated for 
sperm motion characteristics immediately following each processing step, and following 24 hours of 
cooled storage.  The effect of seminal plasma was also evaluated. The sperm morphologic profiles of 
unprocessed (raw) semen and EquiPure™-processed semen were also compared.  Data from a 
representative ejaculate are provided in Tables 3 and 4. 
From these data, one can surmise that the EquiPure™ centrifugation procedure considerably improved 
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were enhanced with this procedure.  The increase in the percentage of morphologically normal sperm 
following EquiPure™ Bottom Layer centrifugation was primarily attributable to reduced percentages 
of abnormal (irregular or bent) midpieces, and bent tails.  For this ejaculate, and others evaluated from 
this stallion, sperm velocity was increased when seminal plasma from the test stallion was replaced 
with that obtained a fertile control stallion.  For all treatments in Table 8, sperm motility values did not 
change appreciably following 24 hours of cooled storage, as compared to that evaluated prior to 
storage. 

A follow-up fertility trial was conducted with semen from this stallion to determine if insemination of 
mares with EquiPure™-processed semen would yield commercially acceptable pregnancy rates.  Ten 
reproductively normal mares were inseminated in this trial; each of five mares was inseminated once 
with 100 x 106 total sperm, and each of 5 mares was inseminated once with 200 x 106 total sperm.  The 
test stallion’s seminal plasma was replaced with that of a fertile donor stallion.  Seminal plasma from 
the donor stallion was procured by centrifuging raw semen for 1000 x g for 15 minutes, followed by 
filtration of supernate through tandom 5.0- and 1.2-micron pore-size nylon filters to remove any 
remaining sperm from the seminal plasma.  One-mL aliquots of seminal plasma were frozen in vials at 
-80 oC prior to use.  Inseminate volumes ranged from 0.25 to 0.58 mL, and a transrectally-guided low-
dose insemination technique was used.  The per-cycle pregnancy rates were 100% (5/5) for mares 
inseminated with 100 x 106 total sperm, and 4/5 (80%) for mares inseminated with 200 x 106 total 
sperm.  Two mares, one in each treatment group, experienced double ovulations, and each of these 
mares was diagnosed with twin pregnancies.  As such, pregnancy rate per ovulation was 100% (6/6) for 
mares inseminated with 100 x 106 total sperm, and 5/6 (83%) for mares inseminated with 200 x 106 
total sperm.  Based on the post-centrifugation recovery rate of sperm in this trial, the stallion would 
have had sufficient semen to breed 17 mares per ejaculate if mares were to be inseminated with 100 x 
106 total sperm. 
For the following commercial breeding season, 212 mares were inseminated, primarily using fresh 
EquiPure-treated semen with seminal plasma from a fertile donor stallion.  The stallion achieved a 
seasonal pregnancy rate of 91% in an average of 1.61 cycles per pregnancy (i.e., a per-cycle pregnancy 
rate of 62%). 
 

Summary 
Equine veterinarians may encounter owners of stallions who are seeking methods that can improve 
stallion breeding performance.  Breeding and semen-manipulation strategies can be applied to 
maximize the fertility of these stallions and to extend their productive life.  Any recommended 
breeding modifications can oftentimes be tested outside the commercial breeding season by conducting 
clinical fertility trials.  Recipient-mare herds retained by embryo-transfer facilities are an excellent 
source for such trials.  The information gained provides useful information for the stallion owner/agent 
as they prepare for a forthcoming breeding season. 
 

 

  

Table 1.  Effects of total sperm number, insemination volume, and method of insemination on 
pregnancy rate in mares, with semen from a single stallion. 
 

Total sperm 
in inseminate 

(x106) 

Storage time for 
processed semen 

(h) 

Volume of 
inseminate 

(mL) 
Method of 

insemination 

Per-cycle 
pregnancy rate 

(%) 
500 0 1 Transrectally-guided 4/6 (66%) 
500 24 1 Transrectally- 

guided 
4/6 (66%) 

250 0 0.5 Transrectally- 
guided 

5/6 (83%) 

250 24 0.5 Transrectally- 
guided 

4/6 (66%) 

250 0 0.2 Hysteroscopic 1/2 (50%) 
 
 
 
 
 
 
 
 
 
 
Table 2.  Effects of semen-processing technique, method of insemination, and number of progressively 

motile sperm in inseminates on pregnancy rate in mares, with semen from a single stallion. 
 

Centrifugation 
technique Method of insemination 

Progressively motile 
sperm in inseminate 

(x 106) 

Inseminate 
   Volume 
      (mL) 

Per-cycle 
 pregnancy rate 

(%) 
Cushioned method Transrectally-guided 15 1 0/6 (0%) 
Cushioned method Transrectally-guided 50 1 2/6 (33%) 
Cushioned method Transrectally-guided 100 1 5/6 (83%) 
Cushioned method Hysteroscopic 50 0.1 3/8 (38%) 
Cushioned method Standard uterine body 100 1 2/6 (33%) 
EquiPure™(two-layer) Hysteroscopic 50 0.1 6/8 (75%) 
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Table 3. Effects of semen processing protocol (simple dilution, cushioned centrifugation, or 
EquiPure™ Bottom Layer centrifugation), source of seminal plasma (same stallion or fertile 
control stallion), and storage time (0 or 24 h) on measures of sperm motility.  
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Simple dilution Same 30 0 54 21 176 
Cushioned centrifugation Same 30 0 59 33 121 
EquiPure™ Same 30 0 90 77 146 
EquiPure™ Control 30 0 93 82 224 
Simple dilution Same 30 24 50 20 136 
Cushioned centrifugation Same 200 24 59 29 152 
Cushioned centrifugation Same 30 24 56 33 135 
EquiPure™ Same 200 24 87 72 141 
EquiPure™ Control 200 24 89 73 208 

*Measurements for total motility (%), progressive motility (%), and curvilinear velocity (µm/s) were 
performed by computer-assisisted sperm motion analysis, as described previously.24 
 
 
 
 
 
 
 
 
Table 4. Effect of semen centrifugation through EquiPure™ Bottom Layer on sperm morphologic 

features, as viewed by differential-interference microscopy at 1250 x magnification. 
  

Sperm morphologic feature (%) Unprocessed  
(raw) semen 

EquiPure™- 
processed semen 

    Normal 40 76 
    Abnormal heads 5 1 
    Abnormal acrosomes 1 1 
    Tailless heads 3 2 
    Proximal protoplasmic droplets 10 5 
    Distal protoplasmic droplets 13 5 
    Abnormal (irregular) midpieces 28 6 
    Bent midpieces 13 3 
    Bent tails 19 5 
    Coiled tails 1 0 
    Premature (round) germ cells 1 0 
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 Overview 

 

Outbreaks of nosocomial disease in veterinary hospitals are likely to be under-represented in the 

literature but despite this a recent report described that 82% of American Veterinary Medical 

Association accredited hospitals had identified at least one outbreak of nosocomial disease in the 

previous five years.
1
  In addition 32% of these hospitals reported an outbreak in which the hospital was 

closed in order to control the outbreak.
1
  Such nosocomial infections adversely affect patient morbidity, 

patient mortality and client interests and present occupational health hazards in cases of zoonotic 

disease outbreaks.
2-4

  In addition hospital closure negatively impacts service delivery, public relations, 

hospital economics and clinical teaching (in the case of teaching hospitals).
3
 

 

Research and understanding of veterinary infection control is a growing field but infection control still 

remains reactive rather than proactive in many equine hospitals (Paul Morley pers.comm).  Reduction in 

nosocomial infection rate with infection control programs has been demonstrated in human hospitals.
5
 

While no such data is available for equine hospitals it seems reasonable that a similar effect would be 

seen in equine hospitals. 

 

A number of pathogens have been reported as causing outbreaks of nosocomial disease in equine 

hospitals including Salmonella
3,4,6-8

, methicillin-resistant Staphylococcus aureus (MRSA)
2,9,10

 and 

equine herpes virus-1 (EHV-1)
11-13

.  Some other pathogens are less likely to cause nosocomial 

epidemics in equine populations but remain of utmost importance due to the severity of clinical signs or 

fatality associated with infection e.g. Rabies.  

 

Some diseases to consider when designing a hospital infection control programme: 

 

• African horse sickness 

• Anthrax 

• Contagious equine metritis 

• Clostridial enteritis 

• Dermatophytosis 

• Equine herpes virus infection 

• Equine infectious anaemia 

• Equine influenza 

• Equine viral arteritis 

• Rabies 

• Rhodococcus equi infection 

• Rotavirus infection 

• Salmonellosis 

• Staphylococcosis (N.B. MRSA) 

• Strangles 

 

The following notes give more information on two organisms which have been associated with hospital 

epidemics: Salmonella and MRSA. 

 

Salmonellosis 

 

Equine salmonellosis is caused by Salmonella enterica, which consists of six subspecies and over 2000 

serovars, all of which are considered potentially pathogenic.
14

 Most clinical cases are associated with 

Salmonella enterica subsp. enterica.   
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The source of infection often remains unknown but the most likely route of infection is via oral 

ingestion of the organism.  The organism may be present in food or drinking water, in the environment 

or on animal caretakers.   

 

Clinical signs vary from inapparent infections to mild “cow-pat” diarrhoea to severe acute diarrhoea, 

with associated septicaemia in rare cases.   Horses with inapparent infections (i.e. horses which shed 

Salmonella but do not show clinical signs such as diarrhoea, pyrexia, dullness, leukopaenia) present a 

risk for undetected environmental contamination and spread of Salmonella to other horses. 

 

Salmonella shedding is much more common in horses presenting with colic or those with diarrhoea and 

or fever than in elective patients or non-gastrointestinal emergency admissions.
15

 

 

Diagnosis is usually based on culture of the organism from faecal samples.  Due to intermittent 

shedding of the organism five serial cultures are recommended to increase the sensitivity of this test. 

 

Bacterial isolation of Salmonella from faeces and the environment requires the use of selective 

enrichment and subsequent plating on multiple selective agars.  These processes inhibit the growth of 

other bacterial species in the sample which may greatly outnumber Salmonella species.  These methods 

are poorly standardised and vary greatly between laboratories.  In addition different Salmonella 

serotypes vary in their tolerance for selective media.
14

 

 

PCR detection of Salmonella specific genes may also be useful but both false positive and false 

negative results can occur. 

 

Methicillin-resistant Staphylococcus aureus (MRSA) 

 

Staphylococcus aureus is a common skin commensal of people.  Methicillin resistance is conferred by 

the mecA gene which encodes for an altered penicillin binding protein (PBP2a).  PBP2a has low affinity 

for all the beta-lactam antimicrobials (i.e. penicillins, cephalosporins and carbapenems).  This means 

that methicillin-resistant staphylococci are resistant to all antimicrobials in this group.   

 

The mecA gene is found on the staphylococcal chromosomal cassette (SCCmec).  As other resistance 

genes are also found on this cassette organisms carrying this cassette may be resistant to other 

antimicrobial classes, in addition to the beta-lactams.  Methicillin-resistance does not necessarily 

indicate increased pathogenicity. 

 

There are three ways in which people or animals may carry MRSA: 

 

• Contamination 

Bacteria are present on the skin for a brief period of time following contact with a 

contaminated, colonised or infected individual or a contaminated surface. 

 

• Colonisation 

Bacteria live and replicate on the skin for an extended period of time but do not cause signs of 

infection. 

 

• Infection 

Bacteria invade tissues and cause signs of inflammation and infection e.g. redness, heat, pain, 

swelling and discharge. 

 

Initial cases of MRSA infections in horses were associated with veterinary hospitals but more recently 

there has been increased awareness of community-acquired MRSA strains as well as hospital-acquired 

MRSA strains.
16-18

  Prevalence of nasal colonisation with MRSA in different equine populations has 

been shown to vary from 0-61%.
18-24

  Most colonised horses do not develop clinical infections but 

colonisation at the time of hospital admission has been identified as risk factor for development of 

infection in hospitalised horses.
25

 

 

MRSA colonisation of the general human population is estimated to be between 1-3%.  Higher 

frequencies (12-16%) of colonisation have been detected in large animal veterinary staff and people 

who work with horses.
26,27

  Importantly, hand washing following contact with infectious cases and 

between farms has been associated with decreased MRSA colonisation of equine vets.
28

 

 

MRSA is an opportunistic pathogen causing skin and soft tissue infections in previously injured tissues 

(e.g. surgical sites and wounds). 

 

When to suspect an MRSA infection: 

 

1) Delayed wound healing, especially if there has been prior antimicrobial treatment. 

2) Frequent contact with hospital environments, human patients or healthcare workers. 

3) History of MRSA colonisation or infection in the patient or people/animals with which the patient 

has contact. 

 

Detection of MRSA colonisation is usually by culture of MRSA from a nasal or perineal swab.  In cases 

of suspected infection a swab of discharge from the wound and a nasal and/or perineal swab should be 

sent for culture.  Enrichment methods have been shown to be more sensitive for isolation of MRSA 

from horses
16

, so request that your lab uses an enrichment technique. 

 

Horses with MRSA infections should be isolated from other horses and barrier nursing instituted to 

prevent colonisation of people handling the horse.  Topical management with drainage of affected areas 

and lavage with antiseptics such as iodine solution are preferred to systemic treatment with 

antimicrobial drugs. Resistance to methicillin, cefoxitin or ceftiofur indicates presence of the mecA 

gene: MRSA should be considered resistant to all beta-lactam drugs regardless of in vitro 

susceptibility drugs indicating otherwise. The wound should be keep covered to reduce 

environmental contamination and the stable should be disinfected regularly. 

 

Infection Control in Your Clinic 

 

• Wash your hands between patients EVEN IF YOU HAVE WORN GLOVES. 

• Use an alcohol based hand-sanitiser between patients. 

• Do not eat or drink in animal housing or clinical areas. 

• Disinfect nasogastric tubes and endoscopes between patients. 

• Designate an isolation area for hospitalised patients.  

• Define clinic criteria for admission or movement of a patient to the isolation facility. 

• Deal with isolated patients last. 

• Handle isolated patients with gowns, gloves and waterproof shoes. 

• Place footbaths outside stables of isolated patients. A peroxygen disinfectant such as Virkon–S 

® is recommended. 

• Do not share buckets or any other equipment between patients. 

• Carefully dispose of materials that have been in contact with patients with infectious diseases. 

• Develop an effective cleaning and disinfection protocol: 

1) Remove all visible organic material. 

2) Clean surfaces with a detergent. 

3) Rinse. 

4) Apply disinfectant e.g. 2-4% bleach or quaternary ammonium disinfectant 

compound (dilution rates vary with product) – allow appropriate contact time. 

5) Rinse (dependent on disinfectant used). 

6) Allow to dry. 

7) Application of a second disinfectant may be warranted in contaminated areas e.g. a 

peroxygen disinfectant. N.B. Bleach and quaternary ammonium disinfectants can 
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colonisation at the time of hospital admission has been identified as risk factor for development of 

infection in hospitalised horses.
25

 

 

MRSA colonisation of the general human population is estimated to be between 1-3%.  Higher 

frequencies (12-16%) of colonisation have been detected in large animal veterinary staff and people 

who work with horses.
26,27

  Importantly, hand washing following contact with infectious cases and 

between farms has been associated with decreased MRSA colonisation of equine vets.
28

 

 

MRSA is an opportunistic pathogen causing skin and soft tissue infections in previously injured tissues 

(e.g. surgical sites and wounds). 

 

When to suspect an MRSA infection: 

 

1) Delayed wound healing, especially if there has been prior antimicrobial treatment. 

2) Frequent contact with hospital environments, human patients or healthcare workers. 

3) History of MRSA colonisation or infection in the patient or people/animals with which the patient 

has contact. 

 

Detection of MRSA colonisation is usually by culture of MRSA from a nasal or perineal swab.  In cases 

of suspected infection a swab of discharge from the wound and a nasal and/or perineal swab should be 

sent for culture.  Enrichment methods have been shown to be more sensitive for isolation of MRSA 

from horses
16

, so request that your lab uses an enrichment technique. 

 

Horses with MRSA infections should be isolated from other horses and barrier nursing instituted to 

prevent colonisation of people handling the horse.  Topical management with drainage of affected areas 

and lavage with antiseptics such as iodine solution are preferred to systemic treatment with 

antimicrobial drugs. Resistance to methicillin, cefoxitin or ceftiofur indicates presence of the mecA 

gene: MRSA should be considered resistant to all beta-lactam drugs regardless of in vitro 

susceptibility drugs indicating otherwise. The wound should be keep covered to reduce 

environmental contamination and the stable should be disinfected regularly. 

 

Infection Control in Your Clinic 

 

• Wash your hands between patients EVEN IF YOU HAVE WORN GLOVES. 

• Use an alcohol based hand-sanitiser between patients. 

• Do not eat or drink in animal housing or clinical areas. 

• Disinfect nasogastric tubes and endoscopes between patients. 

• Designate an isolation area for hospitalised patients.  

• Define clinic criteria for admission or movement of a patient to the isolation facility. 

• Deal with isolated patients last. 

• Handle isolated patients with gowns, gloves and waterproof shoes. 

• Place footbaths outside stables of isolated patients. A peroxygen disinfectant such as Virkon–S 

® is recommended. 

• Do not share buckets or any other equipment between patients. 

• Carefully dispose of materials that have been in contact with patients with infectious diseases. 

• Develop an effective cleaning and disinfection protocol: 

1) Remove all visible organic material. 

2) Clean surfaces with a detergent. 

3) Rinse. 

4) Apply disinfectant e.g. 2-4% bleach or quaternary ammonium disinfectant 

compound (dilution rates vary with product) – allow appropriate contact time. 

5) Rinse (dependent on disinfectant used). 

6) Allow to dry. 

7) Application of a second disinfectant may be warranted in contaminated areas e.g. a 

peroxygen disinfectant. N.B. Bleach and quaternary ammonium disinfectants can 
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be used sequentially IF the surfaces are rinsed in between.  These two disinfectants 

should never be mixed together because of possible chlorine gas formation. 

• Educate EVERYONE (grooms, receptionists, vets, nurses, cleaners and visiting students) who 

works in the practice and CLIENTS so that they are aware of the common clinical signs, routes 

of transmission and zoonotic potential of equine infectious diseases. 

• Develop clinic guidelines for responsible antibiotic use – please refer to notes: Rational 

Selection and Use of Antimicrobials by Prof. Bruce McGorum 

 

Effective surveillance programmes are useful in guiding design or amendment of appropriate infection 

control programs, in assessing infection control programs and in controlling outbreaks of nosocomial 

disease
3,6,10,12,29-32

.  A number of factors may affect surveillance results including sample population 

and/or sites, sampling frequency, sampling technique, sample storage and culture technique 
2,16,31,33-36

. 

Surveillance may involve monitoring of pathogens in patients and/or in the environment and/or 

surveillance of hospital-acquired infections.  This will be discussed more in the lecture. 
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INVESTIGATION AND MANAGEMENT OF ACUTE RESPIRATORY DISTRESS IN ADULT 
HORSES 

PROF BRUCE McGORUM, UNIVERSITY OF EDINBURGH 
 
Acute URT obstruction is easily recognised by the characteristic inspiratory stridor, prolonged and laboured 
inspiratory phase, exaggerated intercostal muscle activity, nostril dilation and possible cyanosis. Most URT 
obstructions result from dynamic inspiratory airway collapse. Airway narrowing increases airflow velocity at 
the point of obstruction, further decreasing intraluminal pressure and exacerbating the obstruction (Bernoulli 
principal). Importantly, a moderate reduction in airway diameter can have a marked effect on resistance, 
because of the following equation; 
 
Resistance = 8   x   viscosity of air   x   length of airway / radius of airway4 

 
Causes of acute URT obstruction 

• Nostrils - bilateral nostril paralysis (CNVII) 
• Nasal cavity – trauma, venous and lymphatic congestion (prolonged low head carriage, prolonged 

general anaesthesia with low head position, bilateral jugular thrombosis, cranial thoracic mass, 
Horner’s syndrome), oedema (snake and insect bites, allergies, smoke inhalation, purpura 
haemorrhagica), neoplasia, sinus cysts, nasal surgery 

• Pharynx – oedema, retropharyngeal lymph node abscess, cellulitis, neoplasia, HYPP  
• Larynx – trauma, oedema, bilateral laryngeal paralysis, arytenoid chondritis, acute epiglottitis, 

laryngeal surgery, HYPP, hypocalcaemia 
• Trachea – trauma, tracheal collapse, masses 

 
General management of URT obstructions: Emergency temporary tracheotomy is often required to stabilise 
the horse prior to investigation of the aetiology and management of the underlying cause. Extreme care must 
be taken to avoid further stressing the horse, and sedation should be avoided where possible since this will 
exacerbate dynamic URT collapse. If the horse collapses, a patent airway may be more readily achieved by 
insertion of an orotracheal tube than tracheotomy. Insertion of a tracheostomy tube should immediately 
abolish the stridor and relieve respiratory distress; therefore if respiratory distress continues, secondary 
pulmonary oedema/haemorrhage or airway obstruction distal to the site of tracheostomy should be considered. 
Airway oedema may warrant administration of dexamethasone (0.1 mg/kg IV) or epinephrine (3-10ml of 
1:1000 epinephrine /450 kg IV, IM or SC). Calcium and dextrose may be warranted for hypocalcaemia and 
HYPP, respectively. Elevation of the head may help alleviate oedema and congestion. 
 
Bilateral laryngeal paralysis associated with hepatopathy: Hepatopathy is a common cause of bilateral 
laryngeal paralysis (Mayhew 1989; Pearson 1991; McGorum et al 1999; Hughes et al 2009). Indeed bilateral 
laryngeal paralysis was recorded in 7 of 50 horses with primary hepatic disease, all of which had 
encephalopathy and hyperammonaemia (McGorum et al 1999). Affected horses often have a loud inspiratory 
stridor, and are therefore typically presented for investigation of suspected primary URT obstruction. 
Hepatopathy appears to cause dysfunction of recurrent laryngeal nerves more than other peripheral nerves. 
Endoscopy reveals total bilateral paralysis, with both arytenoids being passively adducted to the midline 
during inspiration. Ponies appear to be more commonly affected than horses; this may reflect an increased 
frequency of liver failure in ponies compared with horses, or a true predisposition of ponies to develop this 
type of bilateral laryngeal paralysis. Laryngeal dysfunction may be temporary, resolving with restoration of 
hepatic function, but worsening again if the encephalopathy recurs. The pathogenesis of this complication is 
unknown. To date, no gross or histopathological lesions have been identified in the laryngeal muscles, 
recurrent laryngeal nerve or other peripheral nerves of affected horses. Reported cases have involved horses 
with hepatic failure and encephalopathy; whether it occurs in horses with compensated liver disease is 
unknown. While laryngeal paralysis has been reported in horses with pyrrolizidine alkaloid induced 
hepatopathy (Pearson 1991; McGorum et al 1999; Hughes et al 2009), whether pyrrolizidine alkaloids, which 
may be neurotoxic per se (Huxtable et al 1996), contribute directly to laryngeal dysfunction is unclear. Since 
the laryngeal paralysis may be transient, and since no neuropathology has been identified, it probably reflects 
neuromuscular dysfunction rather than neuromuscular pathology. Such dysfunction could potentially occur by 
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mechanisms akin to those which cause hepatic encephalopathy. Alternatively this form of laryngeal paralysis 
may represent a peripheral neuropathy which is a common complication of human liver disease. The 
pathogenesis of peripheral neuropathy in human liver disease is incompletely understood, but may involve (a) 
metabolic inhibition of axonal membrane function, (b) metabolic damage to Schwann cells and/or (c) 
disordered insulin metabolism akin to diabetic neuropathy.  

 
Post-anaesthesia laryngeal paresis: Unilateral or bilateral, total laryngeal paralysis is a rare, but potentially 
fatal, complication of general anaesthesia (Abrahamsen et al 1990; Dixon et al 1993 & 2001, Southwood et al 
2003). Proposed predisposing factors include dorsal recumbency with neck hyperextension and a dependent 
head position, pre-existing recurrent laryngeal neuropathy (RLN), large body size, prolonged duration of 
anaesthesia, hypotension, hypoventilation, hypoxaemia and post-anaesthetic myopathy. Contributory factors 
may include post-operative laryngeal oedema and inflammation, and laryngeal dysfunction associated with 
xylazine administration (Southwood & Gaynor 2003). Excessive extension of the head and neck, which could 
induce neural stretch injury or cause neural hypoxia via occlusion of the vasa nervorum may be involved. 
Alternatively, nerve damage may be a consequence of compression of the recurrent laryngeal nerve between 
the endotracheal tube and a rigid structure in the neck, such as the vertebrae. Affected horses develop an 
acute-onset, life-threatening laryngeal obstruction, with inspiratory dyspnoea, stridor and cyanosis. Extreme 
distress makes them difficult and dangerous to handle, and the condition can be rapidly fatal. Laryngeal 
obstruction is usually noted immediately following extubation, when the horse is encouraged to stand during 
recovery, or during vocalization when the horse is walking to the stall following recovery (Southwood et al 
2003). Laryngeal obstruction may also lead to potentially fatal pulmonary oedema and haemorrhage. 
Treatments have included emergency tracheal reintubation via the oral or nasal cavities, placement of a 
temporary tracheostomy tube, supplemental intranasal oxygen, anti-inflammatory drugs, and in horses with 
secondary pulmonary oedema, frusemide and corticosteroids. Horses which survive the acute obstruction have 
variable recovery of laryngeal function; some horses show complete resolution within 24h, while others have 
permanent laryngeal dysfunction. Southwood et al (2003) recommend avoiding hyperextension of the neck 
during anaesthesia, and having an emergency tracheostomy kit available when recovering horses. Previously 
reported cases of post anaesthetic death which were attributed to pulmonary oedema (Tute et al 1996) may in 
fact have been due to bilateral laryngeal paralysis with secondary pulmonary oedema. 

 
Hyperkalaemic periodic paresis; HYPP is a generalised myasthenic disorder that often causes episodic URT 
obstruction. While the nature of airway obstruction appears to be variable, obstruction is attributed to 
laryngeal spasm or paralysis in approximately 50% of cases. Appropriate medical treatment may ameliorate 
the severity and frequency of URT dysfunction associated with this disorder (Carr et al 1996). 
 
Smoke inhalation (notes adapted from Mair TS, 2006, Miscellaneous pulmonary disorders. In: Equine 
respiratory medicine and surgery, Elsevier). 
Aetiopathogenesis; The 3 stages of smoke inhalation injury are; 

• acute phase - URT obstruction and pulmonary failure 
• pulmonary oedema 
• bronchopneumonia 

In the acute phase (first 36h), thermal and chemical injury from smoke inhalation may produce a spectrum of 
lesions comprising oedema, congestion and necrosis of airways in the URT and lower respiratory tract (LRT), 
bronchoconstriction, injury to the lung parenchyma and degradation of pulmonary surfactant. Thermal injury 
to the upper respiratory tract peaks at 18-24h after exposure, and may cause URT oedema that necessitates 
emergency tracheotomy. Injury primarily results from inhalation of toxic chemicals, hot air and particles, 
including superheated particles (< 5 µm) which can reach to lower airways. Highly water-soluble gases 
including aldehydes, ammonia, chlorine, hydrogen chloride and sulphur dioxide cause immediate pulmonary 
injury, while insoluble gases such as phosgene oxide cause delayed pulmonary injury. CO and cyanide 
toxicities commonly contribute to mortality immediately following smoke inhalation, by impairing oxygen 
delivery and utilization. CO has a greater affinity than oxygen for haemoglobin, causing carboxyhaemoglobin, 
tissue hypoxia and death. Co toxicity is difficult to detect clinically because blood remains a bright, red colour 
(due to carboxyhaemoglobin), therefore, the clinician must anticipate CO toxicity in smoke inhalation 
patients. Clinical features of cyanide toxicity reflect severe hypoxia and metabolic acidosis, causing 
cardiovascular collapse, respiratory arrest and coma. 
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The second stage, characterized by pulmonary oedema, begins at approximately 24h. Clinical signs include 
tachypnoea, dyspnoea, paroxysmal coughing and nasal discharge. Pseudomembranous casts, comprising 
cellular debris, fibrin and proteinaceous exudate, may form in large to medium sized airways. Necrotizing 
bronchiolitis, intra-alveolar haemorrhage, thrombus formation, pneumothorax and massive pulmonary oedema 
are potential sequelae. Ruptured pulmonary bullae may cause pneumothorax, pneumomediastinum and 
subcutaneous emphysema. 
The third stage, characterised by bronchopneumonia, develops 5-7 days after smoke inhalation, however the 
development of bacterial infection may occur up to two weeks later. This is attributable to impaired 
pulmonary defence mechanisms including loss of mucociliary clearance, impaired alveolar macrophage 
function, and denuded respiratory epithelium. Clinical signs include continued cough and nasal discharge and 
onset of fever and depression. 
Investigation; Clinical signs of respiratory injury are often immediate, however, some horses may not exhibit 
signs for 2-3 days and should remain under close observation for at least 72h after smoke inhalation (Geor & 
Ames 1991). URT and LRT endoscopy is the most sensitive indicator of smoke inhalation injury. Thoracic 
radiography and ultrasonography may facilitate detection and monitoring of pulmonary oedema, 
consolidation, bronchopneumonia, pneumothorax and pneumomediastinum. Thoracic radiography may also 
identify pulmonary fibrosis which may develop several months after recovery. Serial blood gas analysis 
allows monitoring of respiratory function and carboxyhemoglobin concentrations should be determined to 
detect CO toxicity. Trans-tracheal lavage bacteriology may identify opportunistic pathogens. 
Management; Oxygen therapy is indicated in horses with smoke inhalation injury to facilitate removal of CO 
and improve pulmonary gas exchange (Kemper et al 1993). Tracheostomy may be necessary to overcome 
airway obstruction and to facilitate removal of casts from the LRT. Bronchodilators should be administered as 
early as possible. Frusemide (1-2 mg/kg) will reduce pulmonary oedema via diuretic and non-diuretic 
mechanisms. Fluid, electrolyte, and acid-base balance should be monitored when frusemide is administered 
repeatedly. Corticosteroids have been used successfully in horses with smoke inhalation injury to combat 
inflammatory pulmonary oedema and maintain surfactant production. However, the immunosuppressive 
effects of corticosteroids may unnecessarily predispose patients to bacterial bronchopneumonia and studies in 
humans and animals with smoke inhalation have failed to identify therapeutic benefit of corticosteroids. 
NSAIDs may be an alternative to corticosteroids to reduce pulmonary inflammation. DMSO has proven 
therapeutic benefit in some smoke inhalation patients, possibly by reducing inflammation and oedema via 
free-radical scavenging. Intravenous fluid therapy and oncotic support are essential components of treatment 
in human patients with severe pulmonary injury and cardiovascular shock, and have been successfully used in 
horses with severe smoke inhalation injury. However this must be done judiciously as clinicians must strike a 
careful balance between maintaining adequate plasma volume for the shocked patient and exacerbating 
pulmonary oedema. Prophylactic antibiotic therapy is controversial. Indiscriminate prophylactic use of 
antibiotics in human patients leads to the selection of resistant strains of bacteria and has not reduced mortality 
in smoke inhalation patients. Nonetheless, most equine clinicians consider administration of prophylactic 
antibiotics standard care in horses with severe pulmonary injury. 
Prognosis; Long-term prognosis for horses with smoke inhalation injury can be unpredictable. Some horses 
recover apparently uneventfully, while others have chronic exercise intolerance due to pulmonary fibrosis. 
 
Pulmonary oedema after URT obstruction; Severe URT obstruction may induce acute life threatening 
pulmonary oedema, with or without concomitant pulmonary haemorrhage. This complication may further 
compromise gas exchange, and must be addressed when treating URT obstructions. This complication has 
multi-factorial pathogenesis, including 

• excessively sub-atmospheric pressure which develops within the thorax as the horse attempts to 
inspire against the URT obstruction alters the capillary transmural pressure favouring extravasation of 
fluid from the pulmonary capillaries into the pulmonary interstitium and air spaces 

• excessively sub-atmospheric inspiratory intrathoracic pressure also increases venous return while 
impairing left ventricular function, causing pulmonary hypertension and cardiogenic pulmonary 
oedema 

• hypoxaemia resulting from URT obstruction may cause hypoxic pulmonary vasoconstriction which 
leads to pulmonary hypertension 

• sympathetic over-stimulation, release of vasoactive substances and hypoxic injury may increase 
pulmonary capillary permeability 
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ACUTE LOWER RESPIRATORY TRACT (LRT) OBSTRUCTION 
 
Recurrent airway obstruction (RAO); RAO or heaves (previously erroneously termed COPD) is the most 
common cause of chronic coughing in temperate climates. It is an airway inflammatory response to pro-
inflammatory agents in inhaled organic dust (including moulds, endotoxin, particulates, ammonia) originating 
from poorly conserved hay and straw. As a consequence of increased client awareness, RAO cases are often 
presented early in the disease course, when they have occasional coughing or mild exercise intolerance, and 
before they develop overt expiratory dyspnoea. Consequently fewer cases are now diagnosed confidently from 
history and clinical findings alone, and there is increased reliance on the use of ancillary diagnostic 
techniques. Controlled exposure to hay/straw may be done to exacerbate clinical signs and thereby aid 
diagnosis of mild cases. 
Pathophysiology; clinical signs reflect airway inflammation and obstruction, especially of bronchioles. There 
is bronchospasm, thickening of airway walls with oedema and leucocyte infiltration (predominantly 
neutrophils), mucus plugging and epithelial deciliation.  
Risk factors; age (>5yo), poor stable hygiene, genetic predisposition, respiratory infections and exposure to 
hay/straw early in life. 
Clinical signs; Coughing is most sensitive indicator of equine pulmonary disease, and most frequent 
presenting sign (85% incidence) for RAO. Coughing is usually exacerbated by exercise, and poor exercise 
tolerance is common. Bilateral mucopurulent nasal discharge is present in ~55% cases; the remainder have no 
nasal discharge because they swallow the increased volumes of mucopus. Overt expiratory dyspnoea leads to 
tachypnoea (>12/min), expiratory heaving and development of heave line. Severely affected horses have 
audible wheezes or crackles.  
Ancillary diagnostic tests; Endoscopy - increased volumes mucopus in thoracic trachea (grade 1-5). Tracheal 
aspirates, readily collected endoscopically, have >20% neutrophils. BALF has >5% neutrophils. BAL 
involves lavage of the distal airways with 250-300ml saline via an endoscope or a proprietary BAL tube under 
heavy sedation. Radiography and ultrasonography are of limited diagnostic value. Blood gas analysis, 
pulmonary mechanics testing etc are research rather than clinical tools. 
 
Summer pasture associated obstructive pulmonary disease (SPAOPD); Similar clinicopathological 
features to RAO, but affects pastured horses with no access to hay/straw. Clinical disease occurs between 
spring and autumn, with remission during winter. Some (frustrating!) horses have both SPAOPD and RAO. 
Severe and potentially fatal dyspnoea, rather than coughing and nasal discharge, is usual presenting sign. 
Crackles and wheezes commonly detected on auscultation. Diagnosis usually made on basis of history and 
clinical findings, although marked neutrophilia of tracheal mucus and BALF may be helpful. Aetiology is 
unknown, but likely represents a pulmonary hypersensitivity to inhaled pollens or outdoor moulds. 
Intradermal antigen testing with a wide variety of antigens has failed to identify the cause. Management is 
more problematic than for RAO. Some horses may improve when moved to a different environment. If this is 
not feasible, horses should be housed in a dust free environment as for RAO. Bronchodilators in combination 
with oral or inhaled glucocorticoids are usually administered, as bronchodilators alone commonly give only a 
partial and temporary improvement.  
 
Injury to the alveolar epithelial cells and/or pulmonary vascular endothelial cells (Alveolitis, ARDS and 
interstitial lung diseases); These disorders are poorly understood and probably under-diagnosed in horses. 
Over 130 different syndromes have been documented in man, although the cause is not identified in the 
majority of cases. Potential causes in horses include hypersensitivity pneumonitis (mould, avian or animal 
antigens), pulmonary contusion, severe sepsis, bacterial pneumonia and pleuropneumonia, aspiration 
pneumonia, smoke inhalation, inhaled toxic chemicals, disseminated intravascular coagulation, adverse drug 
reactions (including mycobacterial extracts in immunostimulants), plant toxins (Perilla frutescens, 
Eupatorium adenophorum, pyrrolizidine alkaloids), infectious agents (viruses including influenza, parasites, 
mycobacteria, Pneumocystis carinii), silicosis and systemic granulomatous disease. These disorders are 
characterised by an initial acute or chronic inflammatory alveolitis with injury primarily to the type I epithelial 
cells and/or pulmonary vascular endothelial cells. Inflammatory cells invade the alveoli and pulmonary 
interstitium, the dominant cell type being macrophages, lymphocytes, neutrophils, eosinophils or giant cells, 
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depending on the initiating cause. Serum proteins may leak into the alveoli and gross pulmonary oedema may 
occur. Alveolar and intravascular fibrin deposition interferes with gas exchange and predisposes to 
development of lung fibrosis and pulmonary vascular thrombosis. Consequently, if horses survive this early 
acute injurious phase, the inflammatory response may resolve fully within several days or irreversible 
interstitial fibrosis and granuloma formation may develop over a period of weeks to years.   
As these disorders reduce lung compliance, they cause predominantly inspiratory dyspnoea (fast shallow 
breathing pattern, with increased inspiratory effort and inspiratory duration), but a paradoxical breathing 
pattern may be noted. Fine crackles, especially at the end of inspiration, and wheezes are common. Breath 
sounds may be inaudible in severe cases. Weight loss, exercise intolerance and fever are common, while nasal 
discharge and coughing are usually minimal. Pulmonary hypertension, cor pulmonale, pulmonary fibrosis and 
cyanosis may result. Arterial blood gas analysis reveals severe hypoxaemia, reduced oxygen saturation and 
often hypercapnia. By definition, a diagnosis of acute lung injury (ALI) is based on PaO2/FiO2 <300 mmHg 
and a diagnosis of acute respiratory distress syndrome (ARDS) is based on PaO2/FiO2 <200 mmHg (Dunkel et 
al 2005). When horses are breathing room air (assuming FiO2 = 0.21), ALI and ARDS are diagnosed when 
PaO2 <63mmHg and PaO2 <42, respectively. Ultrasonography reveals multiple coalescing comet-tail or ring-
down artefacts, located predominantly in the caudodorsal lung field. Endoscopy may reveal frothy or viscous 
and highly proteinaceous fluid in the airways. Radiography may reveal an interstitial or mixed interstitial and 
alveolar pattern and nodules / granulomas. Haematology and clinical chemistry are usually indicative of non-
specific inflammation.  
Aggressive treatment must be initiated early in the acute inflammatory phase, to prevent acute respiratory 
failure and the subsequent development of irreversible pulmonary fibrosis. Putative causal agents should be 
eliminated, although these are rarely identified. Systemic drug administration is likely to be more effective 
than aerosol delivery because the severe limitation to ventilation will reduce drug delivery to peripheral 
airways. The mainstay of treatment is usually systemic administration of high doses of dexamethasone (0.1-
0.2 mg/kg IV q12-24h) or prednisolone sodium succinate (0.8-5.0 mg/kg IV q8-12h). Pentoxyfylline and 
NSAIDs may also be useful. Broad spectrum antibiotics are usually indicated, while TMPS is indicated for 
pneumocystis infection. If there is pulmonary oedema, frusemide, colloid support and judicious fluid therapy 
are essential. Inhaled frusemide (1 mg/kg IV q8-12h), which attenuates bronchospasm and exerts anti-
inflammatory and immunomodulatory effects by decreasing cytokine production, has been used in foals with 
ARDS with mixed results based on clinical impression (Dunkel et al 2005). As bronchoconstriction is not an 
important component of the pathology, bronchodilators are rarely beneficial, although β-adrenergic agonists 
may aid clearance of oedema. Supplemental oxygen is indicated in the acute stage, but severe hypoxaemia (by 
definition ALI cases have PaO2 <63mmHg when breathing room air) may be minimally responsive to oxygen 
therapy, indicating significant intra-pulmonary shunting. While administration of antioxidants should be 
theoretically beneficial by attenuating oxidant mediated pulmonary damage, this treatment has not been 
evaluated in horses with lung injury. While the mucolytic and antioxidant N-acetylcysteine is often 
administered as an expectorant, its use in horses has not been critically evaluated and efficacy data are 
required before this drug can be recommended. In human medicine, acetylcysteine does not aid clearance of 
secretions and may even be an irritant. Intratracheal or aerosol administration of surfactants may temporarily 
improve lung function after acute lung injury, but there is a paucity of published reports of surfactant use in 
equids (Perry 1993) largely because of the high cost. Both synthetic and animal derived surfactants (Lewis 
and McCaig 1993) are commercially available.  
 
Near drowning; this rare event may cause (a) laryngospasm, (b) dilution of surfactant leading to atelectasis 
and hypoxaemia, (c) alveolar oedema, and (d) aspiration pneumonia. Treatment may include intranasal 
oxygen, bronchodilators, frusemide, broad spectrum antimicrobials and surfactant therapy.  
 
Other causes of pulmonary oedema; 

• Acute URT obstruction  
• Cardiac failure 
• Smoke inhalation  
• Neoplasia 
• Infectious agents  
• Toxic reactions 
• Immune mediated & anaphylaxis 
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• Endotoxaemia and systemic inflammatory response syndrome 
• Pulmonary embolism 
• Volume overload 
• Idiosyncratic drug reactions 
• Idiopathic 

 
Clinical assessment of breathing patterns in horse with acute respiratory distress; Assessment of the 
breathing pattern can give valuable diagnostic information. Most dyspnoeic horses show an increased rate and 
depth of breathing. Slow deep breathing is a concern because it suggests severe upper or lower airway 
obstruction, when inspiratory or expiratory air flow is so severely restricted that the rate cannot be elevated. 
Fast shallow breathing is seen with conditions which make breathing painful, such as fractured ribs, and in 
conditions which impair lung inflation, including restrictive or interstitial lung diseases and pleural effusion. 
While most dyspnoeic horses with fixed obstructions have laboured breathing throughout the breath cycle, 
horses which have dynamic collapse of intrathoracic airways show dyspnoea predominantly during expiration. 
Horses with expiratory dyspnoea have a prolonged and laboured expiratory phase, an exaggerated expiratory 
contraction or 'heave' of the abdominal muscles and pumping of the anus. In contrast, inspiratory dyspnoea 
results in a prolonged and laboured inspiratory phase and exaggerated activity of the intercostal muscles 
during inspiration. In both types of dyspnoea, the nostrils are usually dilated throughout the breath cycle.  

Expiratory dyspnoea results from intrathoracic airway obstructions 
Inspiratory dyspnoea results from;  

 upper respiratory tract (URT) obstruction 
 restrictive pulmonary disorders (oedema, ARDS, pulmonary fibrosis) 
 pleural and chest wall disorders 

 
Diurnal variation in respiratory function; When managing horses with severe URT or LRT obstruction, 
remember that there is likely to be a nocturnal deterioration in airway function which may require additional 
monitoring and treatment.  
 
Endoscopic tracheal septum thickness scoring (TSTS); Increased thickness or blunting of the tracheal 
carina was previously considered to be a useful index of airway narrowing. However, Koch et al (2007) found 
that TSTS varied widely in clinically normal horses and was not correlated with mucus accumulation scores 
or airway neutrophilia. TSTS was significantly higher in horses ≥10 years. There was no significant difference 
in TSTS between clinically normal horses and RAO-affected horses in remission or in exacerbation. 
 
Assessing gas exchange; Arterial blood gas analysis is the method of choice for assessment of lung function 
(reviewed in detail elsewhere; Clutton RE 2006, Blood gas analysis. In: Equine respiratory medicine and 
surgery, Elsevier). Respiratory failure is defined as PaO2 <60 mmHg at sea level, either with (type I, normal 
PaCO2) or without (type II, hypercapnia) ventilatory failure. Venous blood gas analysis can provide an 
estimate of oxygen uptake (VO2) imbalance when the ratio of PaO2 or SaO2 divided by the ratio of PvO2 or 
SvO2 increases. It also can indicate serious shunt fraction when the ratio decreases. Unfortunately, mixed 
venous samples (from the pulmonary artery) are required for these calculations to be most valuable, with 
jugular venous samples providing only a trend. While pulse oximetry provides a non-invasive assessment of 
oxygen saturation, it has significant limitations in adult horses, including inaccurate readings due to poor 
contact, inadequate pulsatile flow in peripheries, skin and mucous membrane pigmentation, and motion 
artefact. Reflectance probes may be more useful than absorbance probes. Rectal probes are available, but poor 
contact can be a limiting factor. Furthermore, the relationship between PaO2 and SpO2 mean that pulse 
oximetry is insensitive for detecting abnormalities in pulmonary gas exchange. When SpO2 exceeds 90% (ie 
PaO2 >60mmHg), the oxyhaemoglobin dissociation curve is relatively flat, and large changes in PaO2 are 
associated with small changes in SpO2. SpO2 only declines when PaO2 falls to critical levels (ie PaO2 
<60mmHg). Similarly SpO2 may be within normal ranges in horses with critical hypoxaemia due to anaemia.  
 
MANAGEMENT OF ACUTE LOWER AIRWAY OBSTRUCTION  
 
Control of non-specific airway hyper-responsiveness; Horses with inflammatory disorders of the lower 
airways, such as recurrent airway obstruction (RAO), summer pasture associated obstructive pulmonary 
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disease (SPAOPD) and viral infections, often have exaggerated lower airway narrowing in response to a 
variety of endogenous and exogenous stimuli; this is termed non-specific airway hyper-responsiveness. 
Triggers can include allergens, cold air, dry air, exercise, organic and inorganic dust, ammonia, smoke and 
pharmacological agents (histamine and methacholine). While such stimuli do not cause respiratory distress in 
normal horses, they may contribute to severe, life threatening airway narrowing in horses with pre-existing 
airway inflammation. Airway inflammation leads to hyper-responsiveness by a variety of mechanisms. 
Hypertrophy of the epithelium and mucus-producing cells causes thickening of the airway wall internal to the 
smooth muscle layer so that a small contraction of the smooth muscle causes greater narrowing of the airway 
lumen than normal. Other causes of airway hyper-responsiveness include facilitation of acetylcholine release 
by inflammatory mediators, reduced inhibition of smooth muscle contraction as a result of decreased 
production of prostaglandin E2, lack of iNANC function and decreased activity of β-adrenoceptors. As airway 
hyper-responsiveness may persist for prolonged periods of time after apparent clinical resolution of airway 
inflammation, trigger factors must be avoided for long periods of time. Some RAO affected horses may have 
permanent airway hyper-responsiveness.  
For allergic airway diseases such as RAO and SPAOPD, all potential sources of the causal mould allergens 
must be eliminated. This is most easily achieved by keeping RAO horses permanently at pasture, while 
SPAOPD horses often benefit from housing in a dust free environment. For both conditions, bedding, feeding, 
ventilation and surrounding environment must all be considered;  
• Bedding - Use wood shavings or paper bedding and remove all wet bedding daily. Do not use deep litter 

shavings or paper as they rapidly develop heavy microbial contamination 
• Feeding - Haylage, chopped dried alfalfa, silage or complete cubed diets are suitable feedstuffs. Feeding 

soaked hay is ineffective as the spore challenge is not fully eliminated and, additionally, the nutritive 
content of the hay is reduced 

• Ventilation - The top door should be kept open at all times and a louvered vent (at least 0.3m2) should be 
present in the back wall of the stable 

• Surrounding environment - horses should be kept as far as possible from potential sources of allergens 
including stables containing hay and straw, piles of waste bedding and barns. 

Environmental control alone typically results in complete reversal of clinical signs of RAO, although it may 
take several weeks (depends on disease severity and duration). Airway hyper-responsiveness and mucus 
hypersecretion may remain for longer. Environmental control alone is rarely very effective for SPAOPD.  
 
Bronchodilators; Bronchodilators alleviate obstruction due to bronchospasm, but have limited effect on 
airway narrowing caused by mucus plugging, inflammatory cell infiltrates and oedema - this in part explains 
why they often fail to attenuate dyspnoea satisfactorily in disorders such as SPAOPD. Severely dyspnoeic 
horses may tolerate systemically administered medication better than inhaled medication. Further, as 
aerosolized drugs are poorly distributed in the lungs of horses with diffuse severe airway obstruction, systemic 
therapy may be preferred.  
Atropine (0.01-0.02 mg/kg IV = ~5-10 mg/horse); This is probably the drug of choice for treatment of acute 
bronchoconstriction. Its onset and duration of action are 10 mins and 2-12h, respectively. Significant side 
effects are rare at this dose, but higher and/or repeated doses may cause colic and drying of respiratory 
secretions. Because of these side effects atropine is not suitable for repeated use. 
Clenbuterol; As with all B2-agonists, clenbuterol induces bronchodilation, increases mucociliary clearance 
and has some beneficial anti-inflammatory action (reviewed by Laan). Clenbuterol treatment of RAO horses 
prior to hay dust exposure not only improved lung function, but also reduced BALF total cell and neutrophil 
counts and decreased alveolar macrophage cytokine expression of TNF-alpha, IL-1, IL-8 (Laan et al 2006). 
The effective dose range of clenbuterol is wide (approx. 4 fold). At the normal data sheet dose (0.8 ug/kg) 
clenbuterol is only effective in approximately 25% of cases, and the dose may need to be increased 
incrementally over several days to 3.2 ug/kg before a beneficial effect is seen in the majority of horses. Some 
horses do not respond even at this higher dose. Adverse effects, including sweating, tachycardia, excitement 
and tremor, are rare at lower doses, but are more common when the agent is administered IV. Drug therapy 
should not be commenced at the high dose, since this is likely to induce adverse effects. Regular 
administration of β2-agonists to human asthmatics results in deterioration in pulmonary function, increased 
airway responsiveness and more frequent exacerbations of bronchoconstriction. This is in part due to down 
regulation of β2-receptors by pulmonary inflammation, which reduces drug efficacy. Concomitant 
administration of glucocorticoids reduces this receptor down regulation and induces formation of new β2-
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receptors on pulmonary cells. It is therefore recommended that β2-agonists should only be used as short term 
rescue drugs and that airway obstruction should be addressed primarily by environmental control and by anti-
inflammatory therapy. Furthermore, prolonged use (>12 days) of β2-agonists results in tachyphylaxis which 
further limits their clinical benefit. Rapid IV administration of B2-agonist bronchodilators to acutely 
dyspnoeic horses may temporarily (lasting up to 4h) reduce PaO2 concentration, possibly due to drug induced 
pulmonary vascular dilation which exacerbates V/Q mismatching. While the clinical significance of this effect 
is probably minimal in most dyspnoeic horses, there are anecdotal reports of significant, life threatening 
exacerbations in some horses that have profound hypoxaemia. The clinical significance of this effect may be 
minimised by pretreating horses with intranasal oxygen prior to bronchodilator therapy. 
Inhaled bronchodilators; Salbutamol  (=Albuterol 1-2 ug/kg q3h) has a relatively short-duration action. 
Salmeterol (0.2-1 ug/kg q6-8h) is longer lasting and appears to have some anti-inflammatory properties, such 
as inhibition of leukotriene and histamine release from mast cells and the reduction of eosinophil activity. 
Ipratropium bromide has a rapid effect, lasts up to 6h  (2-3 ug/kg q6h) and may potentiate the bronchodilator 
effect of β2-agonists.  
 
Anti-inflammatory agents; RAO and SPAOPD affected horses benefit from prednisolone (1mg/kg/day PO), 
dexamethasone (0.04-0.1 mg/kg IV q24h), inhaled beclomethasone dipropionate (500 to 1500µg, BID) or 
fluticasone propionate (2000 µg, BID). The relative potencies of these inhaled glucocorticoids are fluticasone 
(potency 18) > beclomethasone (potency 13) > dexamethasone (potency 1). These are very effective for 
control of pulmonary inflammation in RAO, SPAOPD and inflammatory interstitial lung disease because they 
attenuate the inflammatory response which underlies most pulmonary diseases. They are the only agents 
which reduce non specific bronchial hyper-responsiveness, which is responsible for much of the pulmonary 
dysfunction associated with pulmonary inflammation. However, they afford no immediate improvement in 
airway function, but clinical signs, lung function and inflammation improve by 6-72h. Dexamethasone 
improves lung function maximally by day 7, with IV administration producing measurable therapeutic benefit 
within 2h and PO administration within 6h. Following cessation of one week of treatment, some therapeutic 
benefit can be detected seven days later. Administration of dexamethasone produces marked suppression of 
endogenous cortisol production (but not adrenal responsiveness), which persists for a few days after 
discontinuation of drug. Following inhalation of beclomethasone, clinical signs do not begin to improve until 
24h after administration. No clinical adverse effects to inhaled steroids have been reported in horses to date.  
 
Intranasal oxygen: Hypoxaemia due to V/Q mismatch or global hypoventilation is often readily corrected by 
administration of oxygen via an intranasal cannula. The aim is to increasing PaO2 to ~100 mmHg which 
results in fully saturated haemoglobin, although elevating PaO2 above 80mmHg (saturation >92%) is 
beneficial. The cannula is inserted into the nasal cavity until its tip is level with the medial canthus of the eye 
and secured in place. Generally, flows of 5–20 l/min are effective. Higher flows (20–30 l/min) are best 
delivered via two cannulae to reduce mucosal irritation, coughing and gagging. While it is commonly 
recommended that oxygen is humidified to reduce mucosal drying, effective humidification is probably not 
possible at the high flow rates. Following intranasal oxygen administration at 30 l/min, PaO2 increased to 319 
± 31 mmHg in control horses and 264 ± 69 mmHg in RAO horses (Wilson et al 2006). In RAO-affected 
horses, haemoglobin was saturated with oxygen flows of 5–10 l/min. Additionally, a large arterial to end-tidal 
gradient for CO2 in RAO horses was observed, indicating increased alveolar dead space ventilation. The 
benefits of intranasal oxygen are two-fold, namely (a) oxygen partly flushes the anatomical dead space during 
end exhalation and at the beginning of inspiration, thereby increasing the concentration and volume of oxygen 
available for inhalation, and (b) oxygen contributes directly to the inspired gas. The latter makes only a small 
contribution to the increased FiO2, because the oxygen flow into the nasopharynx at the highest flow rate was 
only 0.5 l/sec compared with a mean inspiratory flow rate of 3.4 l/sec and peak inspiratory flow rate of around 
5 l/sec in a normal horse at rest (Wilson et al 2006). Oxygen toxicity is unlikely to occur in adult horses 
receiving intranasal oxygen, because high inspired fractions of oxygen are unlikely to be reached using even 
bilateral nasal insufflation, but may be reached when tracheal, nasotracheal or endotracheal intubation with 
assisted ventilation is performed (Chevalier and Divers 2003). Current recommendations for safe 
administration are up to 24h with 100% oxygen and up to 48h with 60% oxygen. Interestingly, while 
intranasal oxygen may improve PaO2, there may not be a resultant clinical improvement in tachypnoea and 
tachycardia (Wilson et al 2006). This suggests that the genesis of the tachypnoea and tachycardia is not 
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hypoxaemia, but possibly increased activity of pulmonary vagal afferents. For this reason, arterial blood gas 
analysis may provide a more accurate assessment of the therapeutic benefit than clinical assessment.  

 
Why is my RAO horse not responding to treatment? 

• Wrong diagnosis – consider other disorders such as SPAOPD  
• Inadequate dust/allergen control – this is common - visit and assess environment 
• Failure of bronchodilator therapy – as discussed above, B2-agonists provide a beneficial effect only in 

some horses. Consider assessing the response to atropine. Also consider that airway obstruction may 
be due to mechanisms other than bronchoconstriction, such as mucus plugging and airway oedema, 
which may require glucocorticoids.  

• Irreversible airway remodelling – bronchiectasis is a reported sequel to RAO, but significant 
pulmonary fibrosis and emphysema are not thought to occur. Air trapping within the alveoli and distal 
airways does occur in RAO and SPAOPD, but this is reversible given appropriate management.  

 
 
MISCELLANEOUS PULMONARY DISEASES OF ADULT HORSES 
 
Lungworm (Dictyocaulus arnfieldi) infestation; Uncommon today because of widespread use of effective 
anthelmintics. Occurs in summer or autumn, in horses pastured with donkeys, which are natural, and usually 
asymptomatic, reservoir hosts. Infections in horses are usually non-patent and, consequently, the Baermann 
faecal flotation technique (used in cattle) is unreliable for diagnosis. Diagnosis confirmed by demonstrating 
eosinophilia (>3%) in tracheal mucus or BALF, rarely by endoscopic visualisation of larvae within the trachea 
or in respiratory secretions, or by positive response to anthelmintics. Affected horses, and in contact horses 
and donkeys, should be given an avermectin or benzimidazole and moved to clean pasture. 
 
Idiopathic pulmonary eosinophilia; Most eosinophilic lung diseases which affect horses in UK are unrelated 
to lungworm. These include eosinophil dominated acute alveolitis, chronic small airway diseases and chronic 
interstitial diseases. These are of unknown aetiology but often respond favourably to corticosteroids. 
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STRANGLES 

PROF BRUCE McGORUM & DR SCOTT PIRIE, UNIVERSITY OF EDINBURGH 
 
Disease background: strangles is caused by infection with Streptococcus equi (S. equi subspecies equi), a 
Lancefield group C streptococcus that is an obligate pathogen of the upper respiratory tract of equids. The 
disease has been recognised in equine populations since classical antiquity and was named by Schutz in 1888. 
It has a high morbidity (approaching 100% in a closed group of susceptible individuals) and a reported 
mortality of between 1% and 20%. The prolonged clinical course, extended recovery period, highly 
contagious nature and relatively high carrier status associated with strangles makes it one of the most feared 
diseases encountered by horse owners, and one with a potentially high economic impact. Although the clinical 
signs and pathology of equine strangles are well documented, key areas of pathogenesis (particularly in 
relation to early colonisation of the respiratory tract and associated lymph nodes) remain incompletely 
understood. 
 
Pathogenesis: 
The incubation period is 3-4 days (with a range of 2-15 days). Nasopharyngeal infection with S. equi generally 
follows contact with a shedding carrier horse, an acutely infected contact horse or via shared water and feed 
receptacles (Fig 1); therefore multiple cases often occur within a short time period on a single premise. The 
general horse population can be considered as either at (a) “low risk” of disease, whereby they live within a 
closed population which rarely, if ever travels to other premises/events etc.; (b) “medium risk” of disease, 
whereby they live within a closed population which regularly travels to other premises/events etc.; or (c) “high 
risk” of infection, whereby they live within an open population, with regular movement on and off the 
premises. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Cycle of transmission between acutely infected or chronic carrier horses and susceptible horses.  
 
The agent can remain viable on doors and in stables for many months. Nasopharyngeal infection is then 
followed by rapid spread (within hours) to the draining lymph nodes where bacterial multiplication proceeds 
despite a massive polymorphonuclear leucocyte infiltration. These events result in the development of 
submandibular and retropharyngeal lymph node abscesses which ultimately rupture either externally through 
the skin or internally through the respiratory tract mucosa, usually into the guttural pouches. The duration of 
disease in uncomplicated cases is usually 2 to 3 weeks; however, in some cases, clinical complications will 
prolong and/or change the course of the disease (see later). 
 
Sufficient evidence exists to suggest that the successful infection of the host by S. equi is highly dependent on 
a specific molecular configuration of virulence characteristics. Adherence to host tissue is a pre-requisite for 
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outbreaks of respiratory disease, especially in young horses in training. Likely that other, as yet unidentified 
viruses and bacteria are also involved.  
 
Inflammatory airway disease (IAD);  

• International Workshop (Anon 2003) definition - “non-septic airway disease in younger, athletic 
horses that does not have a clearly defined definition”! 

• Likely reflects a clinical syndrome with variable aetiology & consequences 
 

IAD is typified by some of the following:  
• cough 
• nasal discharge  
• accumulation of secretions in the trachea 
• cytological evidence of airway inflammation 
• poor exercise performance 
• delayed recovery following exercise 
 
Importantly, there are no: 
• changes in pattern, rate & depth of breathing 
• clinical signs of systemic illness  
• haematological / serum biochemical abnormalities 

 
Does IAD limit athletic performance? 

• 65-76% horses with poor performance had lower respiratory tract (LRT) inflammation (Malikides 
et al 2002, Bracher et al 1991) 

• NO - no detectable differences in blood gases at submaximal exercise (Nyman 2003) 
• YES 

o IAD horses have increased airway reactivity (Hoffman et al 2003)  
o greater hypoxaemia during submaximal exercise (Couëtil et al 1999)   
o higher blood lactate and lower blood bicarbonate & pH post-exercise (Couëtil & 

DeNicola 1999)  
 
IAD – Prevalence 

• Studies largely based on Increased tracheal mucus score & tracheal aspirate (TA) neutrophilia 
indicate 11 – 50% of Thoroughbred & Standardbreds have IAD (Burrell 1985, Sweeney et al 
1992, Burrell et al 1996, Chapman et al 2000, MacNamara et al 1990) 

 
IAD – Incidence 

• Longitudinal study (UK) - 10 cases/100 horses/month - Mean duration 8 weeks (Wood et al 1999) 
• 41% of racehorses with no tracheal inflammation developed airway inflammation within 2 weeks 

of stabling (Australia, Malikides 2003), half of which still had airway inflammation at 28 days  
 

IAD – Age distribution 
• Generally younger horses at increased risk (Burrell et al 1996, Chapman et al 2000,Christley et al 

2001, Newton et al 1999) 
• increased exposure to infectious agents? 
• lower immunity to pathogens? 
• From first to second year of training  

o >50% reduction in incidence of S. pneumoniae  
o 30% reduction in incidence of S. zooepidemicus 
o Reduced tolerance to inhaled pro-inflammatory agents? 

• But affects older National Hunt horses – association with start of athletic career rather than age? 
IAD – Aetiology 
• Unlikely attributable to a single agent 
• Infectious versus Non-infectious 
• Most likely to be a combination of both!!!! 
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IAD – Risk Factors 
• High intensity exercise (Moore 1996, Christley et al 2001, McCarthy et al 1991) Compromises 

pulmonary macrophage & peripheral lymphocyte function, increases serum cortisol, pulmonary 
oxidative stress, increased LRT penetration of inhalants, EIPH, cold / dry air (Davis et al 2005) 

• Transportation (Moore 1996, Racklyeft et al 1990, Raidal et al 1995) Causes immunosuppression, 
increased exposure to environmental agents, alterations in airway bacterial flora due to prolonged 
head elevation 

• Mixing with other horses (Burrell et al 1996) 
• Housing (Clarke et al 1987, Burrell et al 1996, Sweeney et al 1992,Christley et al 2001,Holcombe et 

al 2001, Malikides 2003) 
• High dust environment prolongs coughing (Burrell et al 1996). % neutrophils in TA significantly 

associated with airborne endotoxin concentration (Malikides et al 2003). Risk of IAD decreases with 
the duration in stable – suggests tolerance  (Christley et al 2001) 

 
Role of bacteria & mycoplasmas in IAD 
• Association found between; Numbers of bacteria in TA samples, Presence of intracellular bacteria, 

Clinical signs, and LRT inflammation score (Burrell 1985, Burrell et al 1996, Chapman et al 2000, 
Christley et al 2001, Newton et al 1999, Wood et al 1993, 1994, 1999, 2005) 

• Significant bacterial count in TA in: 60% of 1,235 TAs from 724 horses in training with LRT 
inflammation (Chapman et al 2000). 42% of coughing young racehorses in training (Christley 2000) 

• “Association” – but is it cause or effect??  
• Longitudinal study (UK) – bacteria responsible for most of the LRT inflammation in young 

racehorses in training (Wood et al 1999, 2005). 80% of IAD horses had >105 cfu/ml TA. Only 4% 
IAD horses had no growth in TA 

 
Which bacteria are implicated? 

Streptococcus zooepidemicus      50-66%  
Streptococcus pneumonia (Capsule type 3, younger horses <2yo)     20%  
Pasteurella spp.        50%  
Bordetella bronchiseptica        few 
Actinobacillus spp.       few 
Mycoplasma (M. felis, M. equirhinis)    few-20% 
Mixed infections are common 
4-60% IAD horses have no significant growth 
 
Sub-populations of IAD? 
• Bacterial IAD 

 known pathogenic bacteria or mycoplasma  
 103 colony forming units/ml of TA 
 neutrophilic inflammation 
 absence of upper airway contamination when sampling 

• Non-bacterial IAD 
 Neutrophilic inflammation (>5% of total BAL cells, >20% of total TA cells) 
 Metachromatic cell inflammation (mast cells 2% of total cells) 
 Eosinophilic inflammation (>5% of total cells) 

 
Role of viruses in IAD 
Only small % of outbreaks is virus positive. No clear association with seroconversion (Burrell et al 1996, 
Wood et al 1999, Christley et al 2001, Newton et al 1999, Wood et al 1994, Burrell et al 1994) 
 
Diagnostic considerations 
• Is coughing an accurate diagnostic indicator of IAD? 

o Poor sensitivity (38-50%) Burrell et al 1996, Rush Moore et al 1995 
o Good specificity (84%) Burrell et al 1996, Christley, Malikides 
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TA cytology in diagnosis of IAD 
• IAD horses have tracheal aspirate neutrophilia (threshold >20%). This threshold is used because; 

o >80% of clinically normal racehorses have <20% neutrophils in TA 
o 90% of horses in race training have <10% neutrophils in TA (Chapman et al 2000) 
o Strong association between >20% neutrophils & signs of respiratory disease & likelihood of 

significant bacterial isolation (Chapman et al 2000, Christley et al 2001) 
 

TA bacteriology in diagnosis of IAD 
• Bacterial infection or contamination during sampling? 
• How was sample collected? 
• Is there neutrophilia? 
• Are the bacteria pathogens or contaminants? (Staphylococcus & Pseudomonas likely contaminants) 
• Are there squamous epithelial cells 
• >103 colony forming units/ml – indicates significant growth 
 
Lung function testing in diagnosis of IAD 

• Traditional methods – too insensitive (ΔPpl, Dynamic compliance, Pulmonary resistance) 
• Alternative methods – under investigation (Airway reactivity, Forced oscillatory mechanics, 

Forced expiratory manoeuvres, Capnography) 
 
Treatment of IAD – none of these have been evaluated scientifically 

• Rest 
• Dust free environment 
• Antibiotics -ideally based on culture & sensitivity  

o oxytetracycline (5 mg/kg i/v, SID) 
o ceftiofur sodium (2.2 mg/kg, i/m SID) 
o enrofloxacin (5 mg/kg i/v, PO, SID or BID) 
o trimethoprim-sulphas (30 mg/kg, SID or BID)  

• Glucocorticoids 
• Bronchodilators  
• Antioxidants 
• Immunomodulators - alpha-interferon? 

 
 
Pulmonary fibrosis associated with gamma-herpes virus infections; Pulmonary fibrosis is usually a sequel 
to many interstitial lung diseases which result from injury to the alveoli and/or the pulmonary endothelium, 
including acute respiratory distress syndrome (ARDS), smoke inhalation and inflammatory or toxic alveolitis. 
However, pulmonary fibrosis has also recently been associated with gamma herpes virus infection. The 
recently described equine multinodular pulmonary fibrosis (EMPF) is a chronic fibrosing disorder of adult 
horses which is presumed to be associated with equine herpes virus type 5 (EHV-5). Asinine pulmonary 
fibrosis (APF), which affects adult donkeys, is associated with asinine herpes viruses 4 and 5. As pulmonary 
fibrosis results in restrictive pulmonary dysfunction, affected equids have a short shallow breathing pattern 
with predominantly inspiratory effort. There may also be coughing, depression, weight loss, lethargy and 
fever. Diagnosis may involve clinical history, physical examination, endoscopy, thoracic radiography, 
ultrasonography, pleuroscopy, haematology, clinical chemistry and biopsy. EMPF may be confirmed by PCR 
detection of EHV-5 DNA or by histological identification of eosinophilic intranuclear viral inclusion bodies in 
tissue samples or airway aspirates.  
The clinician should attempt to prevent the development of fibrosis in horses which have acute injury to the 
alveoli and/or the pulmonary endothelium by early and aggressive treatment of the early interstitial 
inflammatory response. However, once pulmonary fibrosis is established, the prognosis is generally poor. 
Clinical improvement has been reported in cases of EMPF following prolonged treatment with antiviral drugs 
and corticosteroids.  
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African horse sickness (AHS) is an insect-borne (Culicoides spp.), highly fatal disease of horses 

caused by the African horse sickness virus (AHSV). Four AHS control zones occur within the 

Republic of South Africa (RSA) and the outbreak investigated occurred within the AHS surveillance 

zone (AHS SZ) within the Western Cape Province of RSA. Outbreaks of AHS have occurred within 

the protection and surveillance zones in the past, the most recent occurring in 1999 (serotype 7, 

outbreak active during March through May), 2004 (serotype 1, outbreak active during January 

through March) and 2006 (serotype 1 and 5, outbreak active during March through June). The 2011 

outbreak of AHS serotype 1 more thoroughly described occurred between February and May 2011, 

which is during the late summer and autumn months and corresponds with the period of highest 

appropriate vector activity. 

 

The 2011 outbreak began in the small informal settlement of Mamre in the AHS SZ. This community 

keeps horses in very communal type conditions and the animals are free to roam within the town’s 

confines. The initial detection was based on clinical and post mortem signs associated with acute 

AHS. The outbreak most affected Mamre but there were cases in other small settlements within 20 

kilometres. In total there were 73 confirmed cases during the outbreak and a location specific 

incidence of the disease within Mamre itself reached 18% as 57 of the cases occurred in this area. The 

total outbreak case fatality rate was 88%. 

 

The source of the 2011 outbreak was never confirmed although it is thought to be as a result of an 

unreported movement into the surveillance zone.  The source of the 1999, 2004 and 2006 outbreaks 

was suspected as being as a result of the introduction of an AHS infected horse into the respective 

outbreak areas. Private veterinarians have played an integral role in the detection of the AHS 

outbreaks since 1999 and this highlights their integral role in the passive surveillance system utilised 

in the Western Cape AHS control zones.  

 

Control measures implemented during the 2011 outbreak included equine owner education, 

movement control in the district and a ring vaccination campaign with AHS vaccine which included 

serotype 1. The vaccination campaign influenced the extent and impacts of the outbreak and an 

estimated 95% coverage of equines within the outbreak zone was attained. The control measures 

implemented in 2011 were similar to the measures implemented during the recent AHS outbreaks in 

the AHS surveillance and protection zones. 
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AHS outbreak fatalities have a major impact on the livelihoods of the farmers and owners directly 

associated with the affected horses but the impact of these outbreaks as a whole, particularly in the 

AHS surveillance and protection zones, is significant in terms of the decrease in export potential of 

equines from the AHS free zone in the Western Cape Province. 
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ABSTRACT 

Current and possible future vaccines against AHS 

Dr Theresa Smit and Dr Jeanette Verwey 

Onderstepoort Biological Products Soc Ltd (OBP) 

  

African horse sickness (AHS) is a vector-borne disease affecting all equids, and resulting in 

high mortality in susceptible horses.  The location of the Onderstepoort complex owes itself 

to the devastating impact of AHS on horses at the turn of the 20th Century which instigated 

the development of a preventative measure, namely a vaccine, against the disease.   

For over a century the devastating impact and losses associated with AHS have been 

significantly curtailed in South Africa, through the use of various modifications of the live 

attenuated vaccine, produced by Onderstepoort Biological Products (OBP).   The extent of 

minimising the impact of the disease is however, to a large extent related to the effective and 

regular use of the vaccine.  Within South Africa there are an estimated 350 000 horses, of 

these about half are registered thoroughbreds which are required to be vaccinated annually.  

Many other horses on farms or riding stables, particularly in high risk AHS areas are also 

usually vaccinated annually.  Nonetheless, we believe that a large percentage (>45%) of 

horses remain unvaccinated, as do most other domestic equid species (donkeys and mules).     

For some time, there have been concerns about the safety and efficacy of the current live 

attenuated vaccine and claims of vaccine failure.  It would be naïve of OBP to deny or ignore 

potential safety and efficacy problems and not to attempt to address these or provide safer 

and better alternative vaccines.  Strategically, OBP has invested in research and 

development to improve the existing live attenuated vaccine, as well as developing 

alternative vaccine formats.  This presentation will outline some of the production processes 

and challenges, as well as OBP’s investments into AHS vaccine research and development.  

 

CURRENT AND POSSIBLE VACCINES AGAINST AHS
Dr Theresa Smit and Jeanette Verwey
Onderstepoort Biological Products Soc Ltd (OBP) Management of Stallions With Reduced Libido 

Dickson D. Varner, DVM, MS, Diplomate ACT 
Department of Large Animal Clinical Sciences 

College of Veterinary Medicine and Biomedical Sciences 
Texas A&M University 

College Station, TX  77845 
 
IINTRODUCTION 

A variety of scenarios can negatively impact the breeding behavior of stallions.  More common 
situations involve novice stallions, stallions with physical ailments, stallions subjected to inferior 
breeding management, and stallions with extreme mare book sizes. 

My approach to poor breeding/libido stems from previous experiences, but I am also heavily 
reliant on the invaluable works and experience of a close colleague, Dr. Sue McDonnell, 
University of Pennsylvania.  As an international authority on equine behavior, Dr. McDonnell 
has made monumental contributions to our understanding of the general social and the specific 
breeding behaviors of free-running equids.  Furthermore, she has explored the application of 
such conditions, as well as pharmacological aids, to commercial stallions in an effort to enhance 
their breeding performance. 

History 

While often considered a mundane part of the examination process, gathering of pertinent history 
regarding a stallion may be one of the most constructive elements of the diagnosis and treatment 
of poor breeding performance.   Facts regarding previous and current management conditions 
and stallion-handling skills should be disclosed and thoroughly dissected.  A detailed account of 
previous and current medications, illnesses, and injuries should also be procured.  A 
comprehensive historical account can be quite time-consuming and may require discussions with 
numerous parties; nonetheless, the information uncovered by this process may prove vital to 
determining appropriate diagnostic and therapeutic strategies. 

Novice Stallions 

Novice stallions have often retired from an athletic career where they had been housed in semi-
isolation from other horses.  Many of these stallions had never experienced unsupervised 
interaction with other horses from the juvenile-peripubertal transition period onwards.  Such 
stallions may not have learned naturally derived socialization skills, especially in a sexual 
context, as most are not intermixed with fillies and mares from the time of weaning.   When 
exposed, under restraint, to a mare in estrus for the first time in a breeding-shed environment, 
novice stallions often appear playful and/or confused, and sometimes frightened.  Furthermore, 
personnel at some artificial-insemination facilities are hesitant to allow mounting of a mare by 
the stallion, as they perceive that such action will impair their ability to train the stallion to 
mount a breeding dummy.  Mare selection may also not be adequate for initial stallion exposure.  
When obtaining the historical account, one may discover that a novice stallion may have been 
treated short-term or long-term with a progestagen compound in an effort to suppress 
aggressiveness or sexual behavior.   On the other hand, the stallion may have previously been 
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reprimanded severely or repeatedly when expressing sexual interest in, or aggressiveness to, 
other horses when in athletic training. 

In my view, a good starting point with timid or disinterested stallions is to determine the baseline 
circulating testosterone concentration.  This value will aid in determining if a stallion has an 
endrocrine profile consistent with that of a “harem” or “bachelor” status, as it relates to free-
running social status.1  Circulating testosterone concentration for some novice stallions can even 
be 100-300 times lower than that reported for free-running bachelor stallions; however, 
circulating estrogen and gonadotropin concentrations can be within the normal range for mature 
breeding stallions (personal observations).  The reason for such a marked suppression in 
testosterone production by these stallions remains an enigma, but a semi-isolated domesticated 
environment may be a big contributor to this finding. 

The stallion-handling ability of personnel, with this stallion and other stallions, should be closely 
observed, both in breeding and non-breeding settings.  This will give one the opportunity to 
determine whether restraint is inconsistent or overzealous.  The location of, and distracting 
conditions within, the breeding area should also be assessed, as the environment may not be 
favorable for success.  Mare selection is of paramount importance, as a solicitous mare in natural 
estrus generally optimizes sexual interest of a stallion.  

Management tools, rather than pharmaceutical aids, should be used to achieve a good outcome, 
where possible.  Patience and persistence under good management generally lead to goal 
accomplishment.   Minimal stallion restraint is generally of paramount importance, and some 
unwanted behavior by a novice stallion should often be tolerated until the stallion becomes 
comfortable in the act of breeding.  At that time, stallion etiquette can be refined.  Availability of 
an assortment of gentle mares in physiologic estrus will permit some flexibility in the training 
session(s).  The stallion may develop more confidence when several mares are in close 
proximity, and the stallion may display mare preferences for close interactions.  Where possible, 
a mare should not be fitted with a muzzle twitch when interacting with a stallion, as this 
procedure restricts mobility and generally results in the mare assuming a non-estrus, and 
sometimes anxious, posture.  The stallion should not be confined to the hindquarters of the mare, 
but should be permitted to investigate the neck and head regions of the mare, and this should be 
accomplished on a loose lead.  Sometimes, a change of stallion handler is all that is needed for a 
successful outcome.  Self-confidence of the stallion can be enhanced by turning the stallion loose 
in a small enclosure with a safe barrier that retains direct contact with free-running mares or 
mares under lead.  This paradigm eliminates direct restraint of the stallion that may otherwise 
subdue his sexual interest.  It can also be structured to allow extended pre-copulatory contact 
with mares. 

Refractory cases may benefit from a complete change of environment.  Some stallions will 
readily begin breeding when simply removed from the assorted suppressive signals that exist at a 
previous facility. Creation of a setting conducive to achieving a “harem stallion” mindset may be 
needed.2   This environmental alteration can be as simple as changing the stallion’s usual housing 
from a stallion barn (where the stallion surrounded only by other stallions) to a mare barn (where 
the stallion is surrounded only by mares). 2 Alternatively, the stallion can be placed in a paddock, 
or paddock attached to a stall/enclosure, that is separate from other stallion quarters, but in close 
proximity to mares.  Stallions can also be released in a paddock with a kind mare in natural 

estrus to aid in developing confidence; however, there is an inherent risk of injury to either 
animal when this technique is used.   

Pharmacologic aids can be used in conjunction with managerial alterations for stallions which do 
not appear to be making progress toward breeding.  Type(s) of medication is (are) dependent on 
historical assessment and examination findings.   

• Non-steroidal anti-inflammatory drugs (NSAIDs) - If musculoskeletal discomfort appears to 
be an underlying problem, than treatment with a non-steroidal anti-inflammatory drug may 
be indicated.  A variety of NSAIDS are available for this purpose, and they vary in their 
mechanism of action and efficacy.  Phenylbutazone has been an efficacious treatment in 
many cases, but treatment for several days may be required to achieve a suitable response.3  
One should guard against side effects of this medication on other body systems.  
Gastrointestinal-protectant drugs (e.g., omeprazole) and renal monitoring are recommended.  
Diagnostic tests are recommended to aid in determining the source of musculoskeletal pain 
before administering analgesics.  

 
• Antianxiety drugs – If a stallion appears intimidated, or has a history of negative experiences 

during the act of breeding or with handlers, then treatment with an anxiolytic drug may help 
to reverse suppressed behavior.  Diazepam (0.05 mg/kg [20 mg maximum for 500-kg 
stallion]; slow intravenous bolus; 5-15 min prior to training session) is a psychoactive drug 
that has been shown to be beneficial in a portion of these cases.3,4  Some individuals will 
develop ataxia and/or sedation with this medication, such that the training session must be 
postponed until these outward signs have dissipated.  Other benzodiazepine-class drugs have 
not been tested critically for use in stallions.  One benzodiazepine derivative (tofisopam) is 
reported to have reduced side effects in humans (i.e., possesses anxiolytic properties, but 
without the sedative and motor function-impairing side effects) but it is not available in the 
U.S.   Interestingly, the D-enantiomer of tofisopam, i.e., dextofisopam, is now available in 
the U.S. as a treatment for irritable bowel syndrome in humans. 

 
The dibenzazepine drug, imipramine, has been used in humans for depression and enuresis.  
Although its mechanisms of action are not fully understood, imipramine is known to affect 
many neurotransmitter systems, and to possess antidepressant, anxiolytic, and analgesic 
effects, with various potential untoward side effects.  McDonnell and coworkers have 
reported on use of imipramine to facilitate erection and ejaculation in stallions, but the 
specific psychoactive effects of this drug in stallions are not well understood.7    The author 
has used this compound singularly with success in selected novice stallions that were slow to 
start breeding, so it is likely to have psychoactive properties in stallions. 

 
Many other drug classes with documented anxiolytic properties are prescribed for use in 
humans, but are largely unstudied in horses.   In addition, many other compounds with 
purported anxiolytic properties have been used in humans.  These range from selected 
antihistamines, to a host of herbal substances, to melatonin.  Their effects on horses are 
generally unknown. 

 
• Hormonal treatments – The effects of gonadotropin-releasing hormone (GnRH) on the 

pituitary-gonadal axis are well established; however, an immediate increase in sexual interest 
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and arousal of stallions has also been described following a single intravenous bolus (500 µg) 
of GnRH.7  Upon exposure to an estrous mare, testosterone-supplemented pony geldings 
receiving chronic GnRH administration (25 µg, subcutaneously every 3 h for 3 wk) also 
exhibited an increase in flehmen response frequency and attention duration, but with no 
corresponding increase in erection or mounting responses. 7,8  In another study, testosterone-
treated pony geldings receiving the same GnRH administration schedule for 12 d responded 
with a significant improvement in several endpoints of sexual behavior.9  McDonnell has 
recommended a treatment regimen of 50 µg GnRH subcutaneously at 2 and 1 h prior to 
anticipated breeding, stating that this regimen generally doubles circulating testosterone 
values, and that repeated administration has not resulted in downregulation of the 
hypothalamic-pituitary-gonadal axis or negatively impacted fertility.3,10  This author has 
experienced only limited success with this treatment regimen for clinical cases with reduced 
libido/investigative behavior. 

 
While used commonly for diagnostic purposes (e.g., for cases of suspected cryptorchidism or 
to aid in defining hypothalamic -pituitary involvement in testicular dysfunction), 
administration of human chorionic gonadotropin (hCG) to stallions as a treatment for reduced 
libido is largely unstudied.  Experiments involving gonadotropin-suppressed men reveal that 
hCG can be used to elevate serum and intratesticular testosterone concentrations, even when 
administered at very low doses.12   Circulating testosterone concentration will increase 
significantly in stallions following administration of hCG, and will often remain elevated for 
2 to 3 days; however, the long-term side effects following repeated usage in stallions have 
not been examined.  While formation of anti-hCG antibodies occurs following injections of 
the hormone, some investigators have reported that formation of anti-hCG antibodies in 
mares following repeated injections does not affect ovulation;11 conversely, others suggest 
that repeated administration of hCG in mares will negatively affects its efficacy at inducing 
ovulation.13    Repeated administration of hCG (2500 IU, twice weekly) to pre-pubertal colts 
has been used to promote descent of inguinal testes in horses.  Limited studies suggest that 
this treatment may be useful for this purpose;14,15  however, follow-up studies on the impact 
of such treatment on stallion fertility at maturity have not been reported.   

 
Some controversy surrounds the use of exogenous testosterone to stimulate sexual arousal of 
stallions.  Testosterone replacement therapy has long been used to induce and maintain 
secondary sex characteristics, sexual behavior and coital function in boys/men afflicted with 
congenital/acquired hypogonadism.16  Establishment  of fertility is not an anticipated 
outcome with this treatment when used singularly in men.17  Early studies involving stallions 
revealed that repeated high doses of testosterone propionate (200 µg/kg; i.e., 100 mg/500 kg; 
intramuscularly, every other day for 88 d) to sexually mature stallions resulted in reduced 
testicular size, sperm production, and sperm quality, but the effects were largely reversible 
following cessation of treatment.  These same experimental endpoints were basically 
unaffected by a lower dose of testosterone propionate, (50 µg/kg; i.e., 25 mg/500 kg, 
intramuscularly, every other day for 88 d).18,19  Measures of libido (i.e., erection time, 
erection-to-mount interval, and mounts per ejaculation) were unaffected by testosterone 
supplementation.19  Despite these findings, exogenous testosterone has been used 
successfully by the author to improve sexual arousal  and breeding behavior  in novice 
stallions which were nonresponsive to other treatment approaches listed above, or in 

Stallions with Physical Ailments 
 
Stallions which deviate from normal health can have reduced libido and/or ejaculatory 
dysfunction.  Some stallions with high libido can maintain acceptable breeding behavior and 
ejaculatory function, even when aggravated by moderate to severe pain.  Other stallions may 
have suppressed breeding behavior, even when subjected to minor pain.  The list of ailments that 
can lead to such breeding disorders is wide-ranging.  Some of the conditions that have negatively 
affected breeding performance of stallions examined by this author are listed below: 
 

Disorders of the genital system Non-genital disorders 
Active or previous lesions of the penis/prepuce Laminitis (front or hind limb) 
Penile deviations or developmental abnormalities Navicular disease 
Previous priapism, penile paralysis or paraphimosis Back/hock/stifle disorders 
Active scrotal lesions Sacroiliac/pelvic disorders 
Penile tumescence within sheath Cervical/shoulder disorders 
Seminal vesiculitis Flexor tendon abnormalities (front or hind limb) 
Epididymitis Previously ruptured peroneous tertius  
Orchiitis Active suspensory ligament injury (front or hind limb) 
Periorchitis Polysaccharide storage myopathy 
Existing torsion of spermatic cord (180o) Hyperkalemic periodic paralysis (heterozygous) 
Previous torsion of spermatic cord (360 o) Equine protozoal myelitis 
Ampullar adenocarcinoma Equine herpesvirus (neurologic form) 
Occluded ampullae Gastric ulcers 
Previous inguinal herniation Aortic-iliac thrombosis 
Unilateral inguinal cryptorchidism Abdominal incision pain 
Pronounced hydrocele Bladder calculi/enteroliths  
Urethral defects (rents) Previous tail block(s) 

Table 1: Examples of ailments which can result in suppressed breeding performance. 
 
As noted from the extensive list of disorders noted above, the diagnostic and therapeutic 
approaches will vary markedly, depending on the suspected underlying problem.  Involvement of 
specialists (e.g., internal medicine, surgery, or radiology) with puzzling cases can often lead to 
identification of underlying problems and implementation of appropriate treatments.  
 
Stallions Subjected to Inferior Breeding Management 
 
Inappropriate breeding behavior of stallions is oftentimes associated with substandard stallion 
management.  Inferior stallion handling is a common cause of misconduct in the breeding arena.  
Improper stallion handling techniques can lead to situations where stallions become frantic or 
shy, or circumstances where stallions become exceedingly aggressive, uncontrollable, and 
dangerous.  The skilled stallion handler does not handle all stallions in the same manner; rather, 
the technique for care and restraint is adjusted to meet the needs/psyche of each individual 
stallion.  Stallion handling should not be taken lightly as miscues or overzealous restraint can 
result in stallion behavioral traits that can become extremely difficult to correct.  Stallion 
handlers lacking the skills or knowledge to properly handle stallions are advised to read 
thoroughly and understand published works on the topic,24 attend courses on the topic 
(http://research.vet.upenn.edu/HavemeyerEquineBehaviorLabHomePage/Equine 
ShortCoursesatNewBoltonCenter/JustStallionHandling/tabid/2976/Default.aspx) , and/or 
apprentice with accomplished and knowledgeable stallion handlers.   
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The configuration of, and conditions within, the breeding area are integral to breeding 
performance of stallions.   Most breeding areas are indoors or under cover to permit continuation 
of breeding activities during undesirable weather conditions.  Poorly designed breeding sheds 
with limited space, unreliable flooring/footing, obstructions, or an improperly constructed 
breeding dummy (for artificial-insemination facilities) detract from a safe and efficient breeding 
environment.  Similarly, excess personnel, unprofessional conduct, or other environmental 
distractions can deter stallions during the act of breeding.    In artificial insemination programs, 
improper selection, preparation, or use of an artificial vagina can be disruptive to the breeding 
performance.  Simple optimization of these factors will oftentimes correct the breeding behavior 
of stallions. 
 
As reviewed above (novice stallions), housing conditions for a stallion can have a major impact 
on breeding performance.  This management factor is oftentimes overlooked when efforts are 
made to improve stallion breeding behavior.  One must recognize that stallions are individuals, 
and that daily care and housing should be tailored to individual needs of stallions.  
Pharmacologic aids for correcting breeding performance cannot offset significant breaches in 
stallion management. 
 
Proper mare selection for breeding plays an essential role in stallion breeding performance.  
While this part of the breeding equation is sometimes not possible to control, involved personnel 
should be cognizant of the fact that mares with inappropriate actions in the breeding shed can 
provoke situations that will be troubling to the stallion or result in physical injury to the stallion 
or personnel.  Stallions with a reserved breeding demeanor oftentimes are fastidious about 
factors such as mare receptivity, mare color, or mare type (e.g., some stallions are known to have 
improved sexual behavior when exposed to estrous mares with a foal at their side).  Some 
stallions exhibit improved pre-coital interaction with mares that are in naturally occurring estrus, 
as compared to mares in pharmacologically induced estrus (S. McDonnell, personal 
communication, 2012).   Ovariectomized mares are generally sexually less desirable to stallions 
than ovary-intact mares in physiologic estrus.  Notations should be made about such stallion 
preferences, such that subsequent breeding conditions can be optimized, where possible.  
 
Stallions with Extreme Mare Book Sizes 
 
Pressures within the equine breeding industry often demand that popular sires be bred to a large 
number of mares.  Given the hand-breeding practices for natural cover in years’ past, most find it 
extraordinary that some stallions are now breeding up to 4-6 times as many mares as once 
thought achievable during a structured breeding season.  In addition, many stallions are subjected 
to dual-hemisphere breeding schedules.  These nuances have led to concerns regarding 
maintenance of stallion libido under such breeding conditions.  Surprisingly, most stallions seem 
to tolerate the added breeding pressure without a significant reduction in libido, provided that 
stallion fertility is acceptable (to avoid an onslaught of mares returning for breeding over 
multiple estrous cycles).  It might be that such an increase in breeding frequency should not be 
considered outside the realm of possibility.  Others have reported that domestic stallions under 
free-running pasture conditions will mate quite frequently (as often as every 1 to 2 hours) 
throughout the day and night; yet, excellent fertility persists.2,25   Given this information, it 
would seem prudent to simulate natural breeding conditions, where possible, to improve arousal 

of those stallions whose libido appears to have waned in traditional hand-mating conditions.   
The inherent risk of injury to stallions and mares subjected to pasture breeding are apparent.  
While horse-inflicted injury in free-running feral or semi-feral equids is minimal, the sudden 
intermingling of domesticated horses is troublesome.  Nonetheless, one can apply other nature-
based management schemes to bolster breeding performance of stallions under hand-mating 
conditions.  Examples include: 
 
• housing a stallion with reduced libido in quarters separate from other stallions, but in close 

proximity to mares, in an effort to establish a harem-stallion mindset; 
• regularly using a commercial breeding stallion as a “teaser stallion” for identifying mares in 

behavioral estrus such that the stallion gets considerable exposure to mares; 
• verifying that all mares in the breeding area express good sexual receptivity before allowing 

the commercial stallion to interact with them; 
• placing several estrous mares (on lead) in a spacious breeding area in addition to the mare to 

which the stallion will breed to help stimulate arousal of the stallion; 
• avoiding excessive mare restraint (e.g, lip twitch, ear twitch, or foreleg strap), where 

possible, such that the visual cue (posture) of the mare will more closely simulate that of an 
estrous mare in a natural setting;  

• using a cotton pledget to lightly dampen the buttocks and/or tail head of less sexually 
receptive mares with fresh urine of a mare in strong behavioral estrus as an aid to bolster 
sexual arousal of a stallion;   

• minimizing stallion restraint during the mating process; and 
• permitting more nose-nose contact of mare and stallion as a pre-copulatory communication, 

where possible,  as opposed to restricting the stallion’s interaction to the mare’s hindquarters.  

Stallions in artificial insemination programs are not subjected to the same breeding frequency as 
hand-mated stallions, even though their mare books can be higher.  Typically, semen is collected 
from these stallions using an artificial vagina, with a breeding dummy as a mount source.  
Despite the reduced breeding frequency of stallions used for artificial insemination (generally 
only 3 to 4 times per week), the incidence of reduced libido in these stallions is higher than that 
of stallions in natural covering conditions.  This may be attributed, in part, to stallion-handling 
differences between these two diverse breeding scenarios.  However, likely contributors are the 
heightened man-made excursions from that of natural mating.  The situation can be hampered 
further by factors such as a poorly constructed mounting dummy, an improperly prepared 
artificial vagina, or improper selection of mares for stallion sexual arousal.  Management 
personnel should be cognizant of the idiosyncrasies that exist among stallions and adjust their 
breeding tactics to accommodate the needs of individual stallions.  For instance, some stallions 
perform admirably when allowed to mount a mare in behavioral estrus, as opposed to a breeding 
dummy, for semen collection using an artificial vagina.   

The breeding performance of stallions can sometimes be aided by administration of various 
pharmacologic compounds, as described above (novice stallion), but this approach cannot be 
expected to yield a successful outcome if management conditions are undesirable.   
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Disease background: strangles is caused by infection with Streptococcus equi (S. equi subspecies equi), a 
Lancefield group C streptococcus that is an obligate pathogen of the upper respiratory tract of equids. The 
disease has been recognised in equine populations since classical antiquity and was named by Schutz in 1888. 
It has a high morbidity (approaching 100% in a closed group of susceptible individuals) and a reported 
mortality of between 1% and 20%. The prolonged clinical course, extended recovery period, highly 
contagious nature and relatively high carrier status associated with strangles makes it one of the most feared 
diseases encountered by horse owners, and one with a potentially high economic impact. Although the clinical 
signs and pathology of equine strangles are well documented, key areas of pathogenesis (particularly in 
relation to early colonisation of the respiratory tract and associated lymph nodes) remain incompletely 
understood. 
 
Pathogenesis: 
The incubation period is 3-4 days (with a range of 2-15 days). Nasopharyngeal infection with S. equi generally 
follows contact with a shedding carrier horse, an acutely infected contact horse or via shared water and feed 
receptacles (Fig 1); therefore multiple cases often occur within a short time period on a single premise. The 
general horse population can be considered as either at (a) “low risk” of disease, whereby they live within a 
closed population which rarely, if ever travels to other premises/events etc.; (b) “medium risk” of disease, 
whereby they live within a closed population which regularly travels to other premises/events etc.; or (c) “high 
risk” of infection, whereby they live within an open population, with regular movement on and off the 
premises. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Cycle of transmission between acutely infected or chronic carrier horses and susceptible horses.  
 
The agent can remain viable on doors and in stables for many months. Nasopharyngeal infection is then 
followed by rapid spread (within hours) to the draining lymph nodes where bacterial multiplication proceeds 
despite a massive polymorphonuclear leucocyte infiltration. These events result in the development of 
submandibular and retropharyngeal lymph node abscesses which ultimately rupture either externally through 
the skin or internally through the respiratory tract mucosa, usually into the guttural pouches. The duration of 
disease in uncomplicated cases is usually 2 to 3 weeks; however, in some cases, clinical complications will 
prolong and/or change the course of the disease (see later). 
 
Sufficient evidence exists to suggest that the successful infection of the host by S. equi is highly dependent on 
a specific molecular configuration of virulence characteristics. Adherence to host tissue is a pre-requisite for 
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subsequent disease induction and several S. equi adhesins (microbial surface components that bind ligands in 
host tissue or body fluid) have been identified, the most well studied being the microbial surface components 
recognising adhesive matrix molecules (MSCRAMMs). This group of adhesins are capable of binding 
fibrinogen and fibronectin. Evasion of host defences is another beneficial feature in the successful 
establishment of infection and permits the maturation of abscesses. S. equi employs various methods of host 
defence evasion including both direct and indirect interference with opsonisation by the hyaluronic acid 
capsule and the M protein SeM and competitive binding of the Fc portion of IgG by SeM.  
 
Clinical signs and diagnosis: 
The classical signs of strangles are fever, bilateral purulent nasal discharge, transient dysphagia and very 
swollen submandibular and retropharyngeal lymph nodes (occasionally sub-parotid lymph nodes) which 
abscessate and ultimately rupture either externally or internally (guttural pouches). Occasionally, the lymph 
node enlargement may be sufficient to cause a degree of inspiratory dyspnoea. Confirmation of diagnosis is 
traditionally by bacteriological culture and subsequent biochemical identification of the strangles agent and 
differentiation from the more common Streptococcus zooepidimicus var zooepidemicus bacteria, a common 
opportunistic pathogen of the upper and lower respiratory tract in the horse. A more sensitive method of 
diagnostic confirmation is the use of the polymerase chain reaction (PCR) technique. Material which can be 
submitted for culture/PCR includes purulent discharge collected at the external nares, swabs collected from 
the pharyngeal region and either aspirates or washes transendocopically obtained from the guttural pouches. 
The likelihood of identifying a positive case is significantly increased if guttural pouch washes are submitted 
for PCR and culture, in comparison to pharyngeal swabs and certainly nasal swabs. Endoscopic examination 
of the guttural pouches is also of value as swollen/abscessed retropharyngeal lymph nodes or empyaema are 
commonly present. These endoscopic findings are sufficiently suggestive of strangles that disease containment 
measures should be implemented immediately if they are observed. There has been recent interest in the use 
of serology to support a diagnosis of strangles; however, such a modality is more suited to the screening of 
new arrivals for potential carrier status (see later). 
 
Treatment: 
There is much disagreement regarding the treatment of strangles and many advocate the use of penicillin in 
the early stages. However, upon consideration of the fact that the bacteria gains access to the lymph nodes 
within hours of infection and rapidly initiates the development of microabscesses (within 1 to 2 days), this 
treatment approach may theoretically delay maturation of these abscesses without eliminating them 
completely. This in turn may result in a prolongation of the course of the disease. If large palpable abscesses 
have already developed, it is highly unlikely that antibiotics will result in their resolution. Treatment is 
therefore limited in many cases to supportive and symptomatic care. This includes the provision of soft feeds, 
the judicial use of non-steroidal anti-inflammatory drugs to control fever, topical treatment of abscesses etc.  
  
Potential sequelae:  
Most cases of strangles recover rapidly following lymph node rupture; however, local complications have 
been reported to occur in approximately 20% of affected animals. These generally result from extension of 
infection/inflammation to adjacent structures (e.g. purulent sinusitis, periorbital abscessation, facial cellulitis 
or damage to cranial nerves resulting in laryngeal paralysis, facial paralysis or Horner’s syndrome). Other 
lesions recognised at post mortem examination of more severe cases include necrotizing or suppurative 
bronchopneumonia (secondary to aspiration of exudate from the nasopharynx), which may extend to pleural 
surfaces, resulting in pleuropneumonia. Bastard strangles is a rare complication whereby abscessation occurs 
in other tissues including mediastinal and mesenteric lymph nodes and physes. Affected horses present with 
fever, malaise, weight loss and signs related to local abscessation. Poor prognosis. Purpura haemorrhagica is 
an immune (type 3) mediated vasculitis occurring 1-3 months after strangles infection. Signs include 
generalised oedema, petechiation, pyrexia, commonly resulting in multi-organ failure. High (~50%) mortality. 
Treat with immunosuppressive dose of dexamethasone, penicillin and supportive care.  
In addition to being an important initial site of S. equi colonisation, the guttural pouches are also integral to 
the S. equi carrier state. Rupture of retropharyngeal lymph nodes into the guttural pouch may result in guttural 
pouch empyaema in a proportion of affected animals. Diagnosis of guttural pouch empyaema is best achieved 
by endoscopic examination of both pouches. In such cases where the accumulation of purulent material within 
the guttural pouch does not resolve (either spontaneously or with therapeutic intervention) this phase is 
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succeeded by gradual inspissation of exudate and the formation of chondroids. Composed of proteinaceous 
debris entrapping viable bacteria, such chondroids remain a “silent”, yet significant source of infection to 
other horses and are thought to be the major reservoir of Strep. equi infection. Recent work has shown that the 
likelihood of detecting such “silent carriers” may be increased by serological screening (e.g. of new arrivals to 
a yard), which is a considerably more simple and cost-effective exercise than multiple guttural pouch 
examinations.  
 
Treatment of guttural pouch empyaema in the early stages, when the pus is still in liquid form, involves the 
promotion of drainage. This may simply be achieved by feeding the horse from the ground. The altered head 
position achieved during this exercise results in the openings (ostia) into the guttural pouch lying ventral to 
any pus within the pouch. Also, the guttural pouch ostia will usually open during deglutition. However, in 
some cases, the guttural pouches may become so full with pus that this may constrict the drainage ostium and 
further impede the already poor natural drainage of this structure. Such cases may require assisted drainage 
and lavage, which is best achieved by insertion of a Foley catheter into the guttural pouch.  Inflation of the 
Foley catheter balloon with 30ml water will minimise the chances of the catheter becoming displaced. The 
catheter can be left in position for a week and repeated lavage performed throughout this period. Guttural 
pouch lavage in a clinical facility does carry a high risk of contaminating equipment, buildings and personnel 
and so the utmost care must be taken when instituting infection control measures to prevent spread of 
infection to other patients. 
 
When drainage (natural or therapeutic) fails to resolve a case of guttural pouch empyaema, the residual pus 
within the guttural pouch will become firmer over time; initially having a “cottage cheese”-like consistency, 
then developing into chondroids. It may be possible with persistence to lavage semi-solid material through an 
in-dwelling Foley catheter; however as the material becomes more chondroid-like, treatment is extremely 
difficult. In the early stages of chondroid formation, the material is too thick and formed to lavage, yet too soft 
to efficiently remove with transendoscopic basket forceps. In such cases, there may be little option but to 
isolate the horse and wait for the chondroids to become firmer, thus rendering them suitable for removal with 
transendoscopic basket forceps. Even at this stage, however this method of removal may not be suitable; for 
example, the number of chondroids may be excessively high (some cases have >100) or endoscopic access to 
the floor of the medial compartment of the guttural pouch may be difficult. In such instances, surgical removal 
of chondroids is usually the only alternative treatment option. The best surgical approach appears to be the 
modified Whitehouse approach (essentially a laryngoplasty approach). The light from an endoscope within the 
medial compartment (trans-illumination) of the affected guttural pouch can more safely direct the surgical 
dissection towards the appropriate drainage site on the medial compartment floor, because this area contains 
very many major blood vessels and nerves that easily can be damaged during the procedure. Following 
physical surgical removal of the chondroids, extensive lavage of the guttural pouch should be performed and 
the guttural pouch examined endoscopically to ensure that none remain. These wounds are best left open to 
drain as they are grossly contaminated. 
 
Disease containment:  
In light of the highly contagious nature and welfare implications of strangles and the potentially huge 
economic impact that a strangles outbreak may have, one of the most important factors that has to be 
considered by both the horse/yard owner and the attending veterinary surgeon following suspicion or 
diagnosis of a case of strangles is disease containment. As the disease is transmitted by horse-to-horse contact 
or via fomites, then the primary aim is to prevent (where possible) direct or indirect contact between both 
clinical cases and healthy horses and between horses which have been in contact with clinical cases and those 
which have not. Aerosol transmission over long distances is thought not to be an important feature of 
transmission of Strep. equi (c.f. respiratory viruses). A standard protocol is firstly to prevent all horse 
movement on and off the yard to minimise any transmission to other yards, and secondly to divide the 
population of horses on the yard into 3 groups; namely, “diseased”, “in-contact healthy horses” and “non-
contact healthy horses”. These 3 groups should ideally be separated to avoid direct transmission and managed 
by separate personnel to avoid indirect transmission. If the latter is not feasible, then personnel dealing with 
more than one group should be educated about the risks of indirect transmission and change clothing, boots 
etc. between groups and use separate utensils, grooming kits etc. for each group. Where possible, they should 
deal with the healthy group first. All groups should be monitored closely (ideally twice daily rectal 
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temperature recordings) and as the “outbreak” progresses, it is likely that horses may require to be moved 
from the “in-contact healthy horse” group to the “diseased” group. This decision may be simply based on an 
elevation in rectal temperature; in other words, it is not usually considered prudent to wait for all the classical 
signs of strangles to appear before this movement is initiated. This would increase the risk of transmission 
between horses in the “in-contact healthy group”. A final and important exercise which should be undertaken 
at least 1 month following cessation of the outbreak is the attempted identification of carrier animals (reported 
to be as high as 10%). This would ideally involve endoscopic examination of the guttural pouches of all 
recovered cases to both rule out any visual evidence of guttural pouch empyaema and to obtain guttural pouch 
lavages to submit for culture and PCR analysis. In most cases, a carrier will have visual evidence of guttural 
pouch abnormalities during endoscopic examination; however a negative culture and PCR result in a horse 
with no visual abnormalities within the guttural pouch adds reassurance that the case has no residual Strep. 
equi bacteria. As with diagnostic confirmation, guttural pouch lavages are superior to pharyngeal swabs which 
in turn are superior to nasal swabs. Also, using a combination of culture and PCR increases the sensitivity of 
detection. Furthermore, serial sampling at weekly intervals will also significantly increase the sensitivity of 
detection of carriers. 
 
Prevention:  
This is largely achieved through appropriate quarantine and screening measures. Although sometimes cost 
prohibitive, new arrivals at a yard should be isolated for a 3 week period to ensure no clinical signs of 
strangles develop before introduction to the yard. During this period, samples should be obtained from the 
horse and submitted for culture and PCR. As previously highlighted, optimal samples are guttural pouch 
washes; however pharyngeal swabs are easier to obtain, yet less useful. The sensitivity of the screening 
process is increased if serial samples are obtained, ideally 3 at weekly intervals. Vaccines have been available 
in some countries for a number of years. The efficacy of adjuvanted extract vaccines, containing the 
immunogenic SeM protein, has been disappointing and reactions at the injection site are frequently reported. 
A higher level of immunity has been achieved with modified live vaccines, although residual virulence has 
been reported. Current work is focused on developing appropriate recombinant vaccines, and preliminary data 
obtained from recent vaccine trial looks promising. 
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Peritonitis is probably under-diagnosed in equine practice because the clinical signs can be subtle and non-
specific, and many cases will self-resolve with minimal (or despite!) veterinary intervention. Careful clinical 
evaluation and routine abdominal paracentesis prevents this diagnosis being overlooked, aids selection of 
appropriate treatment, and facilitates monitoring of case progress.  
 
Structure and function: The peritoneum is a single layer of mesothelial cells lining the viscera (visceral 
peritoneum) and the inside of the abdominal wall, pelvic canal and diaphragm (parietal peritoneum). This 
layer acts as a semi-permeable barrier to diffusion of water and small molecular weight solutes from the 
blood. Mesothelial cells, macrophages, lymphocytes, neutrophils, mast cells and eosinophils enter the fluid to 
perform immune functions. Peritoneal fluid (PF) produced by the mesothelium tends to move cranially and 
ventrally towards the diaphragm. Fluid, solutes and small particles exit the cavity through small 
subendothelial pores, while cells and larger molecules exit via stomata in the diaphragm and enter the thoracic 
duct.  
 
Definitions: Peritonitis is inflammation (septic or non-septic) of the visceral and/or parietal mesothelial lining 
of the abdominal cavity. It can be classified according to the cause (idiopathic/primary versus secondary), 
onset and duration (peracute versus acute versus chronic), extent (localised versus diffuse) and bacterial 
involvement (septic versus sterile). In the acute contamination stage, which generally lasts 3-6 hours, 
inflammation results in transformation and desquamation of mesothelial cells, chemotaxis of inflammatory 
cells (especially neutrophils), exudation of fluid, proteins and fibrin into the cavity, and a reduction in 
fibrinolytic activity of peritoneal fluid. These responses may have a beneficial effect by localising and 
‘walling off’ the peritonitis, and clearing foreign and inflammatory debris. However if this response is 
unsuccessful, contamination may rapidly extend throughout the abdominal cavity resulting in acute diffuse 
peritonitis + septicaemia. Unfortunately the associated overt inflammatory responses to pro-inflammatory 
agents such as endotoxin may result in detrimental endotoxic, hypovolaemic and septic shock, with resultant 
hypovolaemia, hypoproteinaemia and circulatory collapse. Sequelae include adhesion and abscess formation, 
ileus, bowel obstruction, ischaemia and laminitis which all contribute to significant morbidity and mortality.  
 
Causes 

• Idiopathic; Most cases in the UK are classified as idiopathic (primary is a less appropriate term). 
Indeed, in a recent study, a presumptive cause of peritonitis was identified in only 15 of 65 cases, with 
the remaining 40 being classified as idiopathic (Henderson et al 2008). However, it should be 
remembered that these cases have similar causes to the ‘secondary’ cases; and the failure to identify 
the cause simply reflects the difficulty in identifying many of these causes, unless exploratory 
laparoscopy or laparotomy is performed. Many idiopathic cases are not severely affected and resolve 
rapidly without requirement for such invasive diagnostic investigations.  

 
• Causes of peritonitis in neonates; meconium rupture, ruptured bladder, urachal sepsis, 

gastric/duodenal perforation, septicaemia, enteritis, ischaemia, ascarid impaction, intussusception, 
abscessation, Rhodococcus equi and neoplasia. 

 
• Perforation of GI tract; rupture of stomach, caecum or colon, spontaneous SI perforation, 

strangulating lesion, non-strangulating obstruction, foreign body penetration, iatrogenic (post surgery, 
enterocentesis, castration, rectal tear, biopsies of liver rectum and uterus) and intestinal ischaemia. 
The severity of peritonitis, and of the associated pain and toxaemia, will depend on the amount and 
nature of the GI contents which leak into the cavity. Gastric acid, pancreatic enzymes and bile are 
very irritant, and cause significant pain and inflammation in humans. Leakage of contents from the 
distal GI tract is associated with greater numbers of bacteria including anaerobes which lead to 
endotoxaemia. Despite leakage of numerous types of bacteria under such circumstances, beyond the 
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acute septic peritonitis phase, established infections are usually restricted to gram negative aerobes 
and anaerobes.  

 
• Perforation of urogenital tract; uterine/vaginal perforation during covering/foaling,  

 
• Trauma (blunt or penetrating); ruptured viscus, splenic/hepatic injury, gunshot, external penetration. 

 
• Others; primary infectious (Actinobacillus equuli, Strep equi equi, Strep equi zooepidemicus, 

Rhodococcus, Corynebacterium pseudotuberculosis), proximal enteritis, abscesses, pancreatitis, 
hepatic lobe torsion, neoplasia, cholelithiasis, inflammatory enteritis. Cyathostomins, tapeworms and 
other parasites are often implicated yet are rarely definitively proven as the cause of idiopathic 
peritonitis. 

 
Clinical signs 
These are very variable, depending on the underlying cause of the peritonitis, the extent and stage of the 
response, and in particular on the amount and nature of the contamination. Most signs are non-specific, 
including depression, lethargy, colic, tachycardia, pyrexia, ileus, weight loss and diarrhoea. Mild cases may 
have only mild depression, while horses with acute fulminant shock due to gastrointestinal rupture will have 
profound depression, abdominal pain (visceral and parietal), and cardiovascular collapse.  
 
Parietal versus visceral pain – Inflammation of the parietal peritoneum, which is innervated by the phrenic and 
intercostal nerves, results in somatic pain, with boarding of the abdomen, reluctance to move, a rapid shallow 
breathing pattern, and (possibly) pain on palpation over the affected area. In contrast, inflammation of the 
visceral peritoneum, which is innervated by small sensory C fibres, leads to typical signs of abdominal colic 
(pawing, flank watching, rolling). 
 
Diagnosis 
Given that clinical signs are frequently non-specific, diagnosis often requires demonstration of grossly 
abnormal PF.  
 
Abdominal paracentesis: Described in detail in standard equine texts. The favoured and easiest technique uses 
a 19 gauge 5cm needle via the ventral midline at the most dependent point of the abdomen. Needle is 
advanced quickly into the linea alba, then slowly advanced until fluid is obtained. Apposition of the needle 
against moving bowel is noted by ‘flicking’ of the needle, this should prompt slight withdrawal of the needle. 
Some cases may require insertion of two or three needles before PF is obtained; sometimes PF is not be 
obtained despite numerous attempts! Prior knowledge of depth required to penetrate the skin, abdominal 
musculature and intra-abdominal fat, by use of ultrasonography, may help in some cases. Some horses have a 
deep fat layer and a spinal needle may be required. Alternatively, a teat cannula may be used; this requires 
local anaesthesia and a stab incision (# 15 scalpel blade) through the linea alba. Care must be taken with the 
latter technique to shield the collecting tubes from skin bleeding. Collect PF into EDTA (cytology) and sterile 
(bacteriology) containers.  
 
Problems such as iatrogenic vessel or splenic puncture and iatrogenic bowel puncture may confuse your 
interpretation of PF but are rarely serious. Iatrogenic GI puncture may be differentiated from true leakage of 
GI contents by (a) assessment of clinical signs – horses with GI leakage will be systemically sick, (b) 
repeating paracentesis at several different sites – GI content leakage will yield abnormal samples at all sites, 
and (c) ultrasonography – see below. Midline subcutaneous infection occurs rarely as a result of iatrogenic 
bowel penetration, therefore short term antibiosis following enterocentesis is advised by some. 
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Assessment of peritoneal fluid (PF) 
 Normal Peritonitis 
Gross appearance Clear or slightly turbid 

Colourless to straw coloured 
Increased turbidity 
Abnormal colour 
Altered viscosity (usually increased) 
Presence of blood, plant material 
Increased cell pellet  

Odour None Malodour suggests anaerobic 
contamination, usually indicating GI 
leakage 

TP (g/L) <25 (usually <15) >25 
TNCC (x109/L) <5 (usually <2)  >10 (some studies use >5) 
Differential cell 
count 

20-90% neutrophils 
5-60% mononuclear cells or 
mesothelial cells 
0-35% lymphocytes 
0-5% eosinophils 
0-1% basophils 

Most commonly increased numbers of 
degenerate & non-degenerate neutrophils 
Reactive macrophages & mesothelial cells 
(care - latter look like neoplastic cells) 
Neoplastic cells 
Increased eosinophils in parasitic peritonitis 

Microscopy  Intra- and extracellular bacteria (perform 
gram stain) 
Plant material* 

Biochemistry  Low pH (<7.3) & glucose (<1.7mmol/l) 
concentrations suggestive of septic 
peritonitis 

*In some cases of GI rupture, plant fibres may be absent in PF. For example following rupture of the greater 
curvature of the stomach, large plant fibres may be sequestered in the omentum. However in these cases the 
PF usually contains large numbers of bacteria.  

 
 

Bacteriology 
A Gram stain can be readily assessed for the presence of intra- and extra cellular bacteria; this may yield 
useful information regarding aetiology and may aid selection of antimicrobials. The morphology of these 
bacteria can give some indication of aetiology eg high numbers of morphologically diverse gram +ve and 
gram –ve bacteria suggest GI leakage, while a uniform gram +ve cocci may suggest a streptococcal abscess. 
Aerobic & anaerobic culture is required, given the frequent occurrence of anaerobic bacteria. Limitations to 
culture include (a) time requirement means that results are often obtained retrospectively, (b) the presence of 
antibacterial molecules in PF may inhibit culture of bacteria. Culture can be improved by using blood culture 
media and antimicrobial removal devices.  
 
Ultrasonography 
In a recent study (Henderson et al 2008), ultrasonographic abnormalities were detected in approximately 50% 
of cases of peritonitis. While many of these abnormalities supported a diagnosis of peritonitis (eg increased 
volume of PF), the underlying cause was rarely identified using ultrasonography. Abnormalities include; 

• Peritoneal fluid – increased volume, gas bubbles, inflammatory debris, digesta 
• Peritoneum – thickening of visceral and/or parietal peritoneum due to fibrinous and fibrous 

deposition; adhesions to abdominal contents 
• Ileus – a frequent consequence of peritonitis (inflammatory or mechanical)  
• Primary cause of peritonitis – bowel thickening, neoplasia, abscesses, intussusception, lesions in 

spleen or liver 
 
Per rectum palpation 
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This may identify a primary cause such as an abscess or neoplasm. A ‘gritty’ sensation, and possibly crepitus, 
may be appreciated if gastrointestinal rupture has occurred.  
 
Haematology & clinical chemistry 
Acute septic peritonitis may result in leucopaenia, neutropaenia, haemoconcentration, metabolic acidosis, 
azotaemia, electrolyte imbalances, hypoproteinaemia, while chronic peritonitis may be associated with 
leucocytosis, hyperfibrinogenaemia, hyperproteinaemia and hyperglobulinaemia. 
 
Exploratory laparoscopy or laparotomy 
These procedures will increase the proportion of cases in which an underlying cause is identified. Indeed, 
Dyson (1983) recommended that all horses with peritonitis should undergo laparotomy. The author however 
reserves this procedure for those which (a) have GI leakage, (b) fail to respond to medical treatment, or (c) 
have a known lesion that requires further investigation or management via laparotomy.  
 
Other investigations: Nuclear scintigraphy with radio-labelled leucocytes, faecal egg count, tapeworm 
ELISA.  
 
Treatment 
Most mild cases, including most cases of idiopathic peritonitis have a high survival rate with antibiotic 
treatment alone, because the peritoneum is very efficient at localising and clearing foreign and inflammatory 
debris. More severely affected horses require prompt and aggressive management. Euthanasia on humane 
grounds may be indicated for horses with gastrointestinal rupture and for horses in fulminant endotoxic, 
hypovolaemic and septic shock.  
Treatment is aimed at: 
(a) correction of the underlying cause, if one is identified. Larvicidal doses of anthelmintics are often 

administered to horses if an alternative cause of peritonitis cannot be identified.  
(b) removal of inflammatory, microbial and food debris. While thorough lavage can really only be performed 

via a midline laparotomy incision, the author considers that standing lavage via a peritoneal drain may be 
beneficial, especially when performed early in the disease process. Most cases of idiopathic peritonitis do 
not require lavage. A large diameter (eg 18 FG 15cm pleural drains) catheter is inserted through the 
ventral midline under sedation and local anaesthesia. The catheter is inserted through a stab incision (#15 
scalpel blade) in the linea alba that is wide enough to permit easy entry of the catheter. This catheter can 
be used for both ingress and egress, or a separate ingress catheter can be inserted in the left flank. Large 
volumes (>20 L) of polyionic fluid (+ heparin) are instilled, the drains closed, the horse walked gently for 
several minutes to aid mixing of fluid throughout the abdomen, then the fluid drained via the egress drain. 
Drains may be sealed and left in situ for several days, and lavages performed 1-3 times daily depending 
on colour and turbidity of the egress fluid. Rare complications include failure to recover much of the 
instilled fluid (NB this is common in hypovolaemic horses, as a result of rapid systemic absorption of 
fluid – must use larger volumes, less dwell time), gastrointestinal perforation, pneumoperitoneum and  
leakage of fluid around the drain leading to cellulitis.  

(c) controlling microbial infection. Given the frequency of mixed bacterial contamination from the 
gastrointestinal and urogenital tracts, broad spectrum coverage that has efficacy against gram negative 
bacilli and anaerobes, is warranted. Penicillin, gentamicin and metronidazole is a suitable empirical 
combination, pending results of culture. May require prolonged antibiotic administration. 

(d) pain control. NSAIDs are indicated to attenuate effects of endotoxaemia and inflammatory mediators, and 
to control pain. More potent analgesics (eg morphine) may be indicated if there is significant parietal pain. 

(e) reversal of endotoxic, septic and hypovolaemic shock. This may include hypertonic saline (1-2 L IV), 
colloids (Voluven), plasma (2-10 L IV), crystalloids, polymixin B (2000-6000 IU/kg q12h), NSAIDs.  

(f) correction of acid base, electrolyte abnormalities and hypoproteinaemia. 
(g) minimising complications. Frog pads may be used to reduce the risk of laminitis. Heparin may be 

administered in an attempt to reduce adhesion formation, although this has not been adequately evaluated 
in horses.  

(h) nutritional support and TLC.  
 
Monitoring progress 
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Progress is monitored by repeated (a) clinical examinations, (b) peritoneal fluid analyses. This will indicate 
whether there is a gradual resolution or a requirement for more intensive intervention such as exploratory 
laparotomy. 
 
Prognosis: what to tell the owner 
Published short- and long-term survival rates are quite variable among studies, and largely reflect the 
variability in case aetiology and severity. Reported short-term survival rates are 86% (Henderson et al 2008), 
70% (Dyson 1983), 57% (Mair et al 1990) and 53% (Feige et al 1997). Overall long term survival of all cases 
of peritonitis in a recent retrospective analysis of cases was 84% (Henderson et al 2008). Most cases of 
uncomplicated idiopathic peritonitis do well both short term (92% survival) and long term (82% survival). 
The most common complication post discharge was, unsurprisingly, colic. Complications necessitating 
euthanasia usually occur in the first 4 months post discharge. 
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MANAGEMENT OF ACUTE DIARRHOEA IN ADULT HORSES 

PROF BRUCE McGORUM, UNIVERSITY OF EDINBURGH 
 

Diarrhoea is defined as passage of faecal material with increased water content;  
• Reflects disruption of normal balance between fluid/electrolyte secretion and absorption 
• Adult horses – almost exclusively due to disorders of the large intestine (LI - normally reabsorbs approx. 

100L/day), although may be a secondary response to another disease process (e.g. endotoxaemia, liver 
disease) 

• Acute diarrhoea may result in significant water and electrolyte losses and acid-base disturbances (normal 
adult horse produces approximately 11-13kg faeces/day; some acute colitis cases produce >90L (kg) 
diarrhoea)  

 
1. Mechanisms 

• Malabsorption - decrease in functional absorptive surface area 
• Increased secretion - LI inflammation 
• Dysmotility -poorly understood in horses (eg stress / excitement / antimicrobials) 
• Osmotic overload - dysbiosis (antimicrobials), carbohydrate overload, MgSO4 
• Increased hydraulic pressure from blood to intestinal lumen eg congestive cardiac failure, portal 

hypertension 
 
2. Aetiology 
• Salmonellosis; Zoonosis. S. typhimurium is most pathogenic serotype. 10-20% horses reported to be silent 

shedders; however actual prevalence of salmonella shedding is ~1-2%. Source of infection to other horses. 
Susceptibility to infection increased by stress, antibiotic treatment, GI surgery or disease, general 
anaesthesia and dietary change. Primarily affects caecum and colon - proliferation and colonisation 
inhibited by resident GI flora. Can survive and multiply within macrophages – may result in systemic 
dissemination of bacteria (septicaemia: more common in foals). Four recognised syndromes: (1) latent 
carrier states; (2) depression, fever, anorexia, neutropaenia (no diarrhoea); (3) enterocolitis with diarrhoea; 
(4) septicaemia (with or without diarrhoea). Enterocolitis may be preceded by colic, diarrhoea usually 
occurs 24-48h following fever, associated with signs of endotoxaemia and endotoxic shock, reduced 
intestinal sounds followed by an increase in intestinal sounds. Transrectal palpation and abdominal US 
reveal fluid-filled colon and caecum. Survivors may develop chronic, mild to moderate diarrhoea with 
protein-losing enteropathy – poor prognosis if persists beyond 4 to 5 weeks. 

• Clostridium difficile; produces several toxins (toxin A has clear association with enterocolitis). Clinically 
similar to other forms of acute diarrhoea. Reported association with antibiotic treatment (erythromycin); 
reports of acute diarrhoea in mares whose foals are receiving oral erythromycin therapy. Clinical course - 
usually acute (few predromal signs; c.f. salmonellosis) with poor prognosis. Diagnosed by culture of 
organism (difficult) and detection of toxins (ELISA). 

• Clostridium perfringens; classified types A, B, C, D, E depending on pattern of exotoxin production. C. 
perfringens type A – most common isolate from healthy horses and diarrhoeic cases. Virulent strains of C. 
perfirngens type A (and type C) may also produce an enterotoxin (alter enterocyte permeability to water 
and result in cell necrosis). Clinically similar to other forms of acute diarrhoea. Reported association with 
antibiotic treatment. Clinical course - usually acute (few predromal signs; c.f. salmonellosis) with poor 
prognosis. Diagnosis – culture of organism (>100cfu C. perfingens type A/g faeces [often > 1 x 106 
CFU/g]) and associated detection of enterotoxin (ELISA). 

• Antibiotic associated colitis; A number of antibiotics have been implicated including (erythromycin, 
TMPS, penicillins, tetracyclines, clindamycin, lincomycin). C. perfringens, C. difficile and Salmonella are 
most common causes of antibiotic-associated diarrhoea. Disruption of normal GI flora (esp. obligate 
anaerobe commensals) which normally compete with potential pathogens by (i) interaction with receptors 
on mucosal surface, (ii) production of toxic short-chain fatty acids (SCFAs), (iii) production of 
bacteriocins. Diarrhoea results from (i) colonisation by pathogens and (ii) reduction in SCFA production 
(thus reducing sodium and water absorption by colonic mucosa). More problematic when antibiotics 
administered orally or when antibiotics with extensive enterohepatic circulation are administered.  
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• Cyathostominosis; mass emergence of hypobiotic larvae (usually late winter and spring) resulting in 
mucosal injury and inflammatory reaction. Common. Clinical signs vary from weight loss, ill thrift, 
ventral oedema and soft faeces to severe acute enterocolitis (mass emergence of larvae). Acute diarrhoea 
may progress to chronic diarrhoea. Haematology – neutrophilia may be present / serum biochemistry – 
often hypoalbuminaemic (may have elevated a and b globulins – resulting in a normal total protein 
concentration). Faecal worm egg count likely negative as infection not patent at time of disease – 
diagnose by demonstrating larvae in faeces.  

• Right dorsal colitis due to NSAID toxicity (sometimes idiosyncratic). Acute signs include anorexia, 
depression, diarrhoea, fever, endotoxaemia. Ultrasonography may reveal thickening of right dorsal 
colon/colonic oedema. Hypoalbuminaemia.   

• Arsenic; Ingestion of arsenic-containing herbicides and insecticides results in widespread cellular injury – 
multi-organ failure, including acute haemorrhagic colitis. Clinical signs: depression, weakness, colic, 
haemorrhagic diarrhoea. Death may occur prior to development of diarrhoea. Initial clinical signs may be 
difficult to distinguish form other forms of acute colitis. Diagnosis: blood and urine arsenic concentration 

• Carbohydrate overload; Over-eating of soluble carbohydrates – overwhelms small intestinal digestive 
capabilities - high percentage enters large intestine – rapid fermentation by gram positive lactic acid-
producing bacteria – decreased caecal pH – death of gram negative bacteria – endotoxin release and 
absorption. High osmotic load in large intestine and pro-secretory effects of acid luminal contents and 
inflammatory mediators results in diarrhoea. Ileus and fermentation results in gas distension and colic. 
Clinical signs vary depending on the amount of carbohydrates consumed; vary from mild diarrhoea to 
signs comparable with severe acute colitis (incl. endotoxaemia). 

• Anaphylaxis 
• Potomac horse fever (not UK) 

 
Clinical examination: Signs include fever, dehydration, endotoxaemia (injected mucous membranes, 
prolonged CRT, tachycardia, poor pulse pressure, cool peripheries, abdominal distension, DIC (thrombosis, 
petechiation and coagulopathy). Increased borborygmi, laminitis, ventral oedema (protein loss).  
 
Clinical pathology 

• PCV  - dehydration. N.B. consider blood loss in face of dehydration 
• Serum protein concentration  - dehydration. N.B. consider protein loss in face of dehydration 
• Cytology - Leucopaenia, especially neutropaenia. Band neutrophils. Thrombocytopaenia. May 

precede diarrhoea 
• Acid base status - metabolic acidosis 
• Electrolyte abnormalities - Hyponatraemia, hypochloraemia, hypokalaemia 
• Azotaemia - Serum BUN & creatinine, pre-renal or renal 
• Evaluation of faeces - Gross appearance, Odour, Sand, Cyathostomin larvae, Leucocytes & epithelial 

cells, Faecal occult blood & albumin (Succeed Test Kit), Bacterial culture (sampling critical) for 
Salmonella & Clostridia. Toxin ELISA for C. difficile, C. perfringens, PCR for Salmonella 

 
Ultrasonography 

• Fluid LI contents 
• Mural thickening 
• Right dorsal colitis – focal mural thickening RDC 
• Peritonitis 

 
3. General treatment approach to acute diarrhoea 

• Isolation & biosecurity! 
• Replacement of fluid losses 
• Replacement of electrolyte losses 
• Replacement of protein losses 

 
Fluid replacement 

• Resuscitation fluids  
– polyionic crystalloids (LRS) 
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– hypertonic saline (7.2-7.5% NaCl)(2 litres IV). Useful if severe hyponatraemia. 
Contraindicated if severely dehydrated. Results in 

• ↑ circulating volume (+2-3x infused volume) for ~1h 
• Rapid restoration of mean arterial pressure 
• Increased myocardial contractility? 
• Increased cardiac output 
• Improved oxygen delivery 
• Reduces capillary endothelial swelling 
• Must follow up with large volume (10x) isotonic crystalloids within 2h 

– colloids 
• Rehydration fluids - polyionic crystalloids (LRS) 
• Maintenance fluids - polyionic crystalloids commonly used but not ideal. Maintenance (c.f. 

resuscitation) fluids generally require lower [Na] and higher [K]. If resuscitation fluids used – may 
see electrolyte and acid-base derangements after 36-48h including hypernatraemia, hypokalaemia, 
hypocalcaemia, hypomagnesaemia. 
 

• Usually acute diarrhoea cases require IV fluids since need rapid resuscitation & depressed horses do 
not drink enough. Requires careful catheter care! Catheter sites = Jugular v, Lateral thoracic v, 
Cephalic v, Saphenous v. Mild cases - can administer oral fluids via indwelling nasogastric tube if no 
small intestinal ileus; 4-8L every 20-30min. 
 

• Estimation of fluid volume requirement 
– Deficit = 5-15% body wt 
– + Maintenance= 50 ml/kg/day ie 25 L/500kg horse/day 
– + Ongoing losses (ie diarrhoea) = up to 50-100 L/day 

 
Acid base & electrolyte balance 

• Acid-base balance. Initially restore circulation. IV NaHCO3 – controversial. Difficult unless can 
quantify using blood gas analysis. Acute diarrhoea typically causes hyponatraemia, hypochloraemia, 
hypokalaemia, metabolic acidosis 

• Administer Na & Cl as hypertonic saline or LRS 
• Potassium - PO – 30g KCL bid. IV - maximum 15-20 mEq/L, 0.5 mEq/kg/h. Serum K poor reflection 

of body status 
• Offer salt / electrolyte licks or pastes 

 
Protein & colloid replacement 

• GI protein loss may cause interstitial oedema formation (organ dysfunction). Reduced oncotic 
pressure may worsen with crystalloid fluid administration (haemodilution) 

• Consider administration of colloid solutions 
– Plasma (4-8 ml/kg) 
– Pentastarch 
– Hydroxyethyl starch (Hetastarch)  
– Voluven (bolus 4ml/kg, thereafter up to 50ml/kg/day) 
– N.B. When using synthetic colloids – plasma protein may be poor indicator of plasma oncotic 

pressure 
 

Attenuate effects of endotoxaemia 
• Polymixin B. 5000 iu/kg in 500ml saline 3doses q8h. Binds lipid A on LPS 
• Hyperimmune plasma (2-10 L, 4ml/kg/h) 
• NSAIDs. Low dose. Meloxicam > flunixin 

– Bio-Sponge (Di-Tri-octahedral Smectite). Adsorbed 99% of C. difficile & C. perfringens 
toxins in vitro (Weese et al 2002). 500g in 3L water by stomach tube 2-4x daily 

 
Antimicrobials 

• Controversial 
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• Broad spectrum antibiotics- ?indicated in neutropaenic horses since risk of septicaemia. My approach 
is to stop existing antibiotic therapy where possible and administer metronidazole if suspect clostridial 
colitis 

 
Control of colonic inflammation and reduction in fluid secretion  

• Prostaglandins likely play a role in infectious diarrhoea (Salmonella, Clostridia) 
• COX inhibitors (NSAIDs) – antisecretory effects; however PGE2 and PGI2 are critical for mucosal 

repair – therefore NSAID use is controversial. Meloxicam preferable to flunixin? 
• Metronidazole (oral) 
• Bismuth subsalicylate (3-4L every 4 to 6h) 
• Biosponge (Di-Tri-octahedral Smectite) adsorbed 99% of C. difficile & C. perfringens toxins in vitro 

(Weese et al 2002). 500g in 3L water by stomach tube 2-4x daily 
• Free radical scavenger (DMSO – 0.1 to 1g/kg iv every 12 to 24h in 10% solution – poor evidence of 

efficacy) 
 
Control of endotoxaemia 

• Low dose NSAIDs (0.25mg/kg flunixin meglumin every 6 to 8h)  
• Polymixin B - 5000 iu/kg in 500ml saline 3doses q8h. Binds lipid A on LPS 
• Hyperimmune plasma (2-10 L, 4ml/kg/h) 

 
Promotion of mucosal repair  

• Sucralfate (20mg/kg orally every 6h) – efficacy in large intestine is questionable 
• Misoprostol (synthetic PGE analogue) - 2mg/kg orally 3 to 4 times daily – especially for treatment of 

NSAID toxicity – side effects!! 
• Psyllium mucilloid (5 tablespoons once to twice daily) added to diet – increases production of SCFAs 

– energy source for enterocytes, stimulate salt and fluid absorption, hasten epithelial maturation 
 
Control of pain 

• Mild to severe pain associated with, dysmotility, gas/fluid distension, ischaemia, infarction, colonic 
inflammation, colonic necrosis, perforation 

• NSAIDs. Care re. mucosal healing 
o COX-2 inhibitors (with little activity against COX-1) may be useful analgesics 
o COX-2 specificity unproven in horses 
o Best avoid NSAID use at high doses if possible 

• Alpha-2 agonists (xylazine, detomidine, romifidine) – temporary relief 
• Butorphanol (0.1mg/kg i.m every 6h or as continuous i.v. infusion 13.2m/kg/hr) 
• Lidocaine CRI (loading dose 1.3mg/kg i.v. [slow over 5 mins] – followed by 3mg/kg/h continuous 

infusion)  
• Codeine (1-3 mg/kg PO SID or BID) 
• Buscopan 

 
Anticoagulation 

• Heparin 
• Aspirin (10mg/kg PO sid, eod) 
• Low molecular weight heparin  
• Dalteparin (Fragmin 50 iu/kg SC SID) - Activates antithrombin enhancing inhibition of Factor Xa & 

thrombin (IIa) 
 
Re-establishing normal flora 

• Caecal or faecal transfaunation can be a valuable procedure. Aids repopulation of intestinal bacterial 
and protozoal microflora. Procedure: Collect caecal contents at post mortem from recently dead (<6h) 
horse, filter through muslin cloth to remove fibrous material and administer to diarrhoeic horse by 
stomach tube. Keep fluid warm to prevent death of protozoa and bacteria. Often rapidly improves 
faecal consistency. 
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• Probiotics - Little work to support efficacy in the horse. Probiotic containing non-pathogenic yeast 
Saccharomyces boulardii reduced severity & duration of AAD in 14 horses (Desrochers et al 2005). 
However, Lactobacillus rhamnosus strain GG did not colonise adult equine GIT (Weese et al 2003). 
Sour milk (1L/100kg) advocated in C. perfringens type A infection. 

• Nutrition - Pelleted diet. Frequent meals. Restrict long stem roughage to reduce mechanical load on 
colon. Increase caloric intake - add 200-500ml vegetable oil to pelleted feed 

 
Specific therapies 

• Cyathostominosis - single moxidectin + dexamethasone 
• CHO overload – Starve. Mineral oil / MgSO4. Biosponge. NSAIDs. Ice packing feet + frog supports. 

May require large amounts of bicarbonate containing solutions i.v.  
 
Prognosis 
• Early recognition & aggressive (costly!) treatment is essential 
• Death from 

– Hypovolaemic & endotoxic shock 
– Multi-organ failure 
– GI perforation 
– Acute renal failure 
– Dysrhythmia 
– Laminitis 

• Jugular thrombosis 
• Medullary solute washout – PU/PD 
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Case Studies 
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Case # 1: 4-year-old Thoroughbred stallion 
 
History: 
 
 Retired from racing previous Fall. 
 No semen evaluations were performed prior to breeding season. 
 As of March 15, only 8 mares pregnant of 18 bred (natural cover). 
 Stallion has been breeding 1-2 mares per day. 
 Stallion is on well-managed farm and is booked to 70 mares for   
 breeding  season. 
 Breeding soundness examination performed on March 22. 
 Most recent breedings were at 8:30 am and 2:20 pm on March 21 
 
 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 
 
 

INTERACTIVE DISCUSSION REGARDING SUBFERTILE 
STALLIONS
Dickson D. Varner, DVM, MS, Diplomate ACT 
Department of Large Animal Clinical Sciences
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Case # 1: 4-year-old Thoroughbred stallion 
 
History: 
 
 Retired from racing previous Fall. 
 No semen evaluations were performed prior to breeding season. 
 As of March 15, only 8 mares pregnant of 18 bred (natural cover). 
 Stallion has been breeding 1-2 mares per day. 
 Stallion is on well-managed farm and is booked to 70 mares for   
 breeding  season. 
 Breeding soundness examination performed on March 22. 
 Most recent breedings were at 8:30 am and 2:20 pm on March 21 
 
 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 
 
 

Case # 2:  9-year-old Quarter Horse stallion 
   
History: 
 
 2/25 and 0/25 pregnant during last two breeding seasons.  
 Two previous semen evaluations revealed no significant problems 
 Sexually rested for 2 weeks prior to evaluation 
 
 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 
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Case # 3: 8-year-old Quarter Horse stallion 
 
History: 
 
 Normal pregnancy rates in three previous breeding seasons. 
 Developed neurologic signs previous November. 
 Treated for several months with dexamethasone, sulfadiazine, and pyrimethamine 

for suspected EPM. 
 Prior to evaluation, the neurologic signs were subsiding. 
 Admitted for breeding soundness examination on June 15. 
 
 
 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 
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 Treated for several months with dexamethasone, sulfadiazine, and pyrimethamine 

for suspected EPM. 
 Prior to evaluation, the neurologic signs were subsiding. 
 Admitted for breeding soundness examination on June 15. 
 
 
 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 

Case # 4: 10-year-old Quarter Horse stallion 
 
History: 
 
 Extensive hemospermia during the previous week. 
 No blood detected in semen during previous breeding seasons. 
 Admitted for examination in January. 
 
 
 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 
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Case # 5: 5-year-old Thoroughbred stallion 
 
History: 
 
 Stallion still at track but recently retired from racing. 
 Request for first-season infertility examination in November. 
 
 
 
 
 
 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 
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Case # 5: 5-year-old Thoroughbred stallion 
 
History: 
 
 Stallion still at track but recently retired from racing. 
 Request for first-season infertility examination in November. 
 
 
 
 
 
 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 
 

Case # 6: 5-year-old Thoroughbred stallion 
 
History: 
 
 Recently retired from racing but still at track (November). 
 Initial examinations revealed that stallion was not eligible for first-year infertility 

policy. 
 Owner/agent request further investigation. 
 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 
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Case # 7: 9-year-old Quarter Horse stallion 
 
History: 
 
 Purchased the previous year by current owner 
 Semen quality judged as favorable, but no pregnancies established 
 Owner/insurance company request further investigation. 
 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 
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History: 
 
 Purchased the previous year by current owner 
 Semen quality judged as favorable, but no pregnancies established 
 Owner/insurance company request further investigation. 
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Case # 8:  4-year-old Quarter Horse stallion 
 
History: 
 
 Stallion has started a dual career of performance and breeding this season. 
 Initial reproductive examination revealed no sperm in ejaculate.  Multiple attempts 

were made to collect semen, but were unsuccessful 
 Stallion admitted to hospital for further investigation. 
 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 
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Case # 9: 7-year-old Thoroughbred stallion 
 
 
History: 
 
 Stallion had 2% per-cycle pregnancy rate (1/60) when bred for 27 days during first 

season at stud at 4-year-old. 
 Acquired by insurance company. 
 Problem persisted in subsequent seasons (16 foals to date from 4 breeding seasons). 
 Small testes and reduced semen quality. 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 

Case # 10: 14-year-old Thoroughbred stallion 
 
History: 
 
 Presented with history of reduced fertility. 
 Had 76% seasonal pregnancy rate last season 
 Bred 130 mares by natural cover with a per-cycle pregnancy rate of 42%. 
 Had similar pregnancy rate the three previous years  

 
 
 
 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 
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Case # 11: 9-year-old Quarter Horse stallion 
 
History: 
 
 Passed a breeding soundness examination as a 5-year old, based on sperm output, 

semen quality, and testicular size 
 Semen concentration and sperm output were frequently low during the past two 

breeding seasons but semen quality was normal 
 Stallion “suffered a tail-head injury” two years prior to our examination  

 
 
 
 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 

Case # 12: 5-year-old Thoroughbred stallion 
 
History: 
 
 First year at stud 
 One of 61 mares pregnant 
 Pre-season breeding soundness examination revealed no abnormalities 
 No history of illness or medications  
  Owners request another examination 

 
 

 
 
 
 
Diagnostic Approach: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Options: 
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