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Diagnosis and treatment of non-infectious and infectious
tfoal diarrhoea
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Diagnose und Behandlung nicht infektiéser und infektiéser Durchfallerkrankungen beim Fohlen

Durchfallerkrankungen sind ein héufiges Problem beim heranwachsenden Fohlen. Nicht-infektiése Durchfallursachen beinhalten unter
anderem wéhrend der Zeit der Fohlenrosse auftretende und ernéhrungsbedingte Durchfélle. Die Erkrankungen sind meist mild und selbst-
limitierend und bedirfen keiner speziefischen Behandlung. Gastroduodenalgeschwiire sind selten mit Durchfall verbunden und beheben
sich mit Behandlung des Primérproblems. Schwerwiegende, oft multi-systemische Erkrankungen, die intensive medizinische Versorgung
erfordern, sind mit hypoxisch-ischémischer Enteropathie und nekrotisierender Enterokolitis verbunden. Seit langem bekannte infektiose
Durchfallerreger umfassen Rotaviren, Salmonella spp. und Cryptosporidien, deren Diagnose mit Hilfe von kommerziellen Testkits und
mikrobakterieller oder parasitologischer Kotprobenuntersuchung erstellt werden kann. Die Diagnose von Erkrankungen verursacht durch
Clostridium difficile oder perfringens ist schwieriger, da der Erreger bei gesunden, wie auch bei erkrankten Fohlen vorkommen kann. Neben
symptomatischer Behandlung, die hauptséchlich in der Korrektur von Flussigkeits- und Elektrolyteverlusten sowie im Ausgleich des Séure-
Basenhaushalts besteht, sind evt. bei Clostridiosen Metronidazol, Di-tri-octahedral smectite und Saccharomyces boulardii hilfreich. Altere
Fohlen kénnen an Gewichtsverlust, Hypoproteinédmie und Durchfall verursacht durch kleine Strongyliden oder Lawsonia intracellularis lei-
den. Wéhrend der Nachweis von kleinen Strongyliden intra vitam schwierig ist, kann L. intracellularis durch Antikérper im Serum oder durch
PCR an Kotproben nachgewiesen werden. Die Therapie beinhaltet Fenbendazol in kleinen laviziden Dosen und lipophile Antibiotika.

Schlisselwérter: Fohlen, Fohlendurchfall, Enterokolitis, Enteritis

Summary

Diarrhoea is a common problem affecting foals of all ages. Common non-infectious causes of mild to moderate diarrhoea include foal heat
diarrhoea and nutritionally induced diarrhoea. Clinical signs often resolve spontaneously without or with only minimal treatment. Gastrodu-
odenal ulceration rarely presents as diarrhoea and resolves once the underlying cause is corrected. Neonatal foals may suffer from hypoxic-
ischaemic enteropathy and necrotising enterocolitis; both are associated with severe, often multi-systemic disease and require intensive medi-
cal therapy. Long established infectious causes of foal diarrhoea include rotavirus, Salmonella spp. and Cryptosporidium. Diagnosis can be
established using commercially available assays, consecutive faecal cultures or PCR and acid fast faecal staining, respectively. Recent evi-
dence suggests that Clostridium difficile and perfringens may be part of the normal gastrointestinal flora of equine neonates, but can also
be associated with cases of mild to severe, and even fatal diarrhoea. Due to their occurrence in normal and diseased animals, diagnosis is
difficult and further investigations are required to document their role in foal diarrhoea. Correction of fluid, electrolyte and acid-base abnor-
malities is the most important treatment of diarrhoea regardless of the underlying aetiology and, depending on age and physiological sta-
tus, systemic antimicrobials and nutritional support. Although controlled clinical trials are lacking, there is some limited evidence suggesting
that freatment with metronidazole, di-tri-octahedral smectite and Saccharomyces boulardii may be beneficial in foals suffering from clostri-
dial diarrhoea. Infectious agents affecting older foals include small strongyles and Lawsonia intracellularis, both more recently recognized
pathogen causing weight loss, severe hypoproteinaemia and mild to severe diarrhoea. While diagnosis of cyathostomiasis is difficult to esta-
blish intra vitam, L. intracellularis may be diagnosed by serology or identification of the organism by faecal PCR. Treatment consists of larvi-
cidal doses of fenbendazole and systemic antimicrobials with excellent intracellular penetration, respectively.
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Introduction Cryptosporidium, and, under certain circumstances, clostridi-

al species demanding additional protective measures to pre-

Diarrhoea is a common problem affecting foals of all ages vent transmission to caretakers and veterinarians dealing with

with the risk being highest in foals less than 7 days old
(Cohen 1994). Although frequently mild and self-limiting, the
disease has the potential to progress rapidly and to develop
into a life threatening problem. Some infectious agents have
the ability to spread rapidly amongst a susceptible popula-
tion, potentially affecting multiple foals on one farm and,
once established on a premise, may reoccur during successi-
ve foaling seasons, increasing the work-load and causing sig-
nificant economic damage. Furthermore, some infectious
agents have zoonotic potential, namely Salmonella spp. and
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diseased animals. Rapid and accurate identification of the
offending organism is therefore necessary, although someti-
mes challenging. Unfortunately, clinical signs and laboratory
findings in diarrhoeic foals are similar, regardless of the
underlying aetiology, making diagnoses based solely on clini-
cal presentation almost impossible and additional diagnostic
tests essential for identification of the organism involved. To
complicate matters further, some agents can be found in nor-
mal and diseased animals alike, have fastidious growth
requirements when cultured, or may not be recognized by
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laboratories not accustomed to horse specimens. A thorough
knowledge of the prevalence of an organism in a population
of healthy individuals as well as diagnostic tests available for
a given organism and their sensitivity and specificity are the-
refore essential and have been reviewed previously (Dunkel
and Wilkins 2004). This review article summarises the most
common non-infectious and infectious causes of diarrhoea in
foals, discusses diagnostic options, describes supportive care
for diarrhoeic foals and discusses specific treatments availa-
ble against offending organisms.

Supportive treatment for foals with diarrhoea

In any foal with diarrhoea the most important treatment goal,
regardless of the aetiology, is maintaining a normal electroly-
te, fluid and acid-base balance. In neonatal foals, monitoring
and sustaining normal cardiovascular function, prevention of
secondary infections and provision of adequate nutrition pre-
sents additional therapeutic challenges. The specific require-
ments of the neonatal foal are addressed in a separate article
describing supportive care for the weak and septic neonate.

Before treatment is initiated, blood samples should be obtai-
ned for determination of electrolyte and acid-base status,
total plasma protein concentration (TP) and a complete blood
count (CBC); in foals less than 1 months of age, a sterile
blood sample for blood culture should be collected and in
neonatal foals serum IgG concentration should also be deter-
mined. The most common electrolyte abnormalities encoun-
tered are hyponatraemia, which can be profound and life-
threatening in itself, hypocalcaemia and, less frequently,
hypochloraemia (East et al. 1998, MacKay 2001). Lactic aci-
dosis is a common finding due to rapid fluid loss leading to
hypovolaemia, dehydration and poor peripheral perfusion.
Prerenal azotaemia, hypo-, normo-, or hyperglycaemia and
hypo-, normo-, or hyperproteinaemia may be identified. TP
concentration and packed cell volume (PCV) need to be vie-
wed in light of the hydration status, as severe dehydration
may mask hypoproteinaemia and anaemia. A CBC may reve-
al leucocytosis or, more commonly, leucopenia with an incre-
ased percentage of band neutrophils (East et al. 1998, Mak-
Kay 2001, Magdesian et al. 2002).

If hypovolaemia is identified, initial fluid resuscitation should
be aimed at replacing existing deficits rapidly to establish nor-
mal perfusion as quickly as possible. A balanced, glucose-
free electrolyte solution given as fluid boluses of 10-20ml/kg
over 15-20min is an adequate choice as initial resuscitation
fluid. Some clinicians prefer a combination of crystalloids and
colloids for resuscitation to achieve greater and longer lasting
expansion of the intravascular volume. Equine plasma
(10ml/kg/h with a total volume of 1.0-2.0L) or a synthetic
colloid, such as heta- or pentastarch (3-5ml/kg as a bolus up
to a maximum of 10ml/kg/d) may be used for this purpose
(Magdesian 2005). After each bolus, hydration and periphe-
ral perfusion of the patient should be assessed and additio-
nal boluses given as needed, up to approximately 80ml/kg/h.
Once normovolaemia is established, the fluid therapy plan
consists of providing maintenance requirements and repla-
cing ongoing losses. Although some authors suggest lower
maintenance needs for neonatal foals without diarrhoea (Pal-
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mer 2004), 80-120ml/kg/d are widely used as an estimate
for the daily fluid requirements of foals and may be most
appropriate for diarrhoeic foals (Hepburn 2007). Estimated
fluid losses are added to the maintenance requirements and
the total calculated fluid volume can be given as a constant
rate infusion or divided into 4-8 boluses per day. As ongoing
fluid losses are difficult to approximate and may vary throug-
hout the day, foals need to be assessed frequently and the flu-
id plan adjusted as necessary.

Due to the compromise of the gastrointestinal barrier and the
possibility of bacterial translocation, broad spectrum antimi-
crobials, such as a combination of a B-lactam and an ami-
noglycoside or a cephalosporin with extended gram-negative
coverage, are recommended in any compromised foal (Mag-
desian 2005); depending on the severity of the underlying
condition, either oral or intravenous administration can be
chosen. Due to the relatively small muscle mass of foals in
comparison to adult horses, multiple inframuscular injections
should be avoided. If hypoproteinaemia is severe or IgG con-
centrations low, intravenous plasma or, if a low oncotic pres-
sure is the main concern, alternatively a synthetic colloid can
be administered.

Many diarrhoeic foals continue to nurse and, as long as the
foal is haemodynamically stable and able to stand and nurse
effectively, should be allowed to do so. Depressed, recumbent
or haemodynamically unstable foals require nutritional support
either by supplementary enteral feedings of milk or milk repla-
cer by nasogatric tube or by supplying intravenous glucose or
parenteral nutrition. The caloric requirements of a healthy, acti-
ve, growing foal are approximately 100-170kcal/kg/d, while
provision of maintenance requirements of 40-50kcal/kg/d is
probably more appropriate for a compromised neonate

(Ousey et al. 1996, Paradis 2001 and 2003).

Non-infectious causes of foal diarrhoea

Foal heat diarrhoea

Foal heat diarrhoea is a descriptive term applied to mild, self-
limiting diarrhoea occurring in temporal association with the
mare’s first oestrus 5-15 days after parturition. Although the
exact cause has not been established, the diarrhoea is cur-
rently thought to be hypersecretory in origin and most likely
associated with the establishment of a normal gastrointestinal
flora (Masri et al. 1986). Foals remain bright, alert and syste-
mically healthy and specific treatment is not necessary. Dia-
gnosis is established by the combination of mild, self-limiting
diarrhoea and the typical age. Signs of systemic disease such
as loss of appetite, fever, depression or dehydration indicate
a more serious underlying pathophysiology and warrant
immediate investigation (Wilkins 2004).

Hypoxic-ischaemic enteropathy
Neonatal foals, sometimes only a few hours old, may suffer

from diarrhoea. The underlying pathophysiology is part of the
perinatal asphyxia syndrome (PAS), a syndrome which occurs

Pferdeheilkunde 24



B. Dunkel

as a result of in utero compromise, intra or post partum com-
plications or failure to adapt rapidly to the extra uterine envi-
ronment after parturition. One or more organ systems may be
affected, such as the central nervous system (hypoxic-ischae-
mic encephalopathy; HIE), kidneys or the gastrointestinal tract
(Wilkins 2004). Organ dysfunction is associated with tissue
hypoxia during periods of hypoperfusion and/or hypoxaemia
with subsequent reperfusion injury often contributing to organ
damage. Clinical signs may be evident shortly after birth or
manifest within the first 48h of life: signs associated with com-
promise of the gastrointestinal system include intolerance of
enteral feeding, meconium retention, abdominal distension,
ileus, mild to moderate colic, nasogastric reflux and passage
of watery to bloody faeces (Slovis 2003, Wilkins 2004). Affec-
ted foals frequently suffer from multi-systemic problems with
weakness, inability to stand and nurse, obtundency or seizu-
res associated with HIE often being the predominating clini-
cal signs. Failure of passive transfer with or without the pre-
sence of early sepsis and the inability to maintain normal
homoeostatic function such as regulation of blood pressure,
glucose metabolism and thermoregulation often complicate
the clinical picture. Diagnosis is established by ruling out
infectious causes of diarrhoea and is supported by the pre-
sence of signs associated with hypoxic-ischaemic damage to
other organ systems. These foals require intensive medical
therapy and it is often necessary to either withhold enteral fee-
ding completely or only feed very small quantities at the time,
a strategy referred to as trophic feeding, in an attempt to sti-
mulated mucosal and intestinal maturation and increase
motility and secretion of enteric hormones (Simmer 2007). In
either case, parenteral nutrition is an absolute necessity to
maintain sufficient caloric intake until the patient is haemody-
namically stabile and is able to tolerate adequate quantities
of enteral nutrition.

Necrotizing enterocolitis

Necrotizing enterocolitis (NEC) is a multi-factorial, often life
threatening disease of predominantly premature human
infants which has been described in foals (Cudd and Pauly
1987, Wehrli Eser et al. 2002). Predisposing factors in
human neonates include prematurity, intestinal ischaemia-
reperfusion injury, enteral feeding and infectious disease.
During periods of haemodynamic compromise, cardiac out-
put is redistributed to meet the demands of central organs. As
a consequence, blood is shunted away from the mesenteric
vasculature and oxygen supply is unable to meet the demand
of the tissue, resulting in ischaemic injury and, in the worst
cases, ischaemic necrosis of the infestine (Horton 2005).
Release of inflammatory cytokines into the circulation and
translocation of bacterial products or even bacteria through
the increasingly permeable mucosal barrier contribute to the
development of sepsis in theses patients. Enteral feeding and
infection have also been associated with NEC; feeding may
promote overgrowth of potentially pathogenic bacteria;
however, the disease has also been described in neonates
who have never been fed and no specific bacterial or viral
organism has been consistently isolated (Horton 2005, Pato-
le 2007). Clinical presentation in human neonates depends
largely on the stage of the disease: Early in the disease pro-
cess, signs of generalised sepsis such as depression, changes
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in body temperature, feed intolerance with gastrointestinal
reflux, ileus, hypotension and glucose instability predominate.
Later on, abdominal distension and pain, haemorrhagic diar-
rhoea and even intestinal perforation with septic peritonitis or
pneumoperitoneum may occur. The involvement of gas-pro-
ducing anaerobic bacteria may account for the development
of pneumatosis intestinalis, visible on radiographs or during
ultrasonographic examination, in some of the cases (Horfon
2005). Clinical signs in foals resemble those described for
human neonates closely (Cudd and Pauly 1987, Wehrli Eser
et al. 2002). Management of these foals involves treatment
of haemodynamic and metabolic instabilities and sepsis;
parenteral nutrition is indicated until the patient has stabili-
sed. Surgical resection of affected intestine, as it is common-
ly done in human neonates, has not been described in foals
to the author’s knowledge.

Nutritional diarrhoea

Orphaned or hospitalized foals fed with milk or a milk repla-
cer with a different nutrient composition than mares” milk or
with milk replacer which has been made up too dilute or too
concentrated may develop mild to moderate diarrhoea. Mid-
lactation milk from mares contains approximately 1.3% fat,
1.9% protein, 6.9% sugar and 50.6kcal/100ml energy (Offe-
dal et al. 1983), compared to cows’ or goats’ milk, the two
most commonly used substitutes for mares’ milk, contents of
fat and protein are lower and lactose concentration is higher.
Nutritional diarrhoea may be prevented or limited by feeding
of mares’ milk whenever possible, gradual introduction of a
new feed source and attention to the energy content, compo-
sition and preparation of milk replacers used.

Lactose intolerance due to lactase deficiency has also been
reported in foals recovering from infectious diarrhoea caused
by organisms that affect the small intestinal brush boarder
enzymes, most commonly rotavirus or clostridial organisms
(Weese et al. 1999). Lactose intolerance may be suspected in
any foal with protracted diarrhoea after recovery from enter-
itis. A definite diagnosis of lactose intolerance can be made
by a lactose tolerance test or, alternatively, foals may simply
be supplemented with commercially available lactase.

Other causes

Diarrhoea is an infrequent clinical sign of gastroduodenal
ulceration with signs of gastrointestinal discomfort, bruxism,
ptyalism and reflux due to mechanical outflow obstruction
being far more prevalent (Becht and Byars 1986, Bernard
2004). An association between rotavirus and occasionally
Salmonella induced diarrhoea has been anecdotally reported
(Becht and Byars 1986), but a definite causative relationship
has so far not been demonstrated. As a greater incidence of
ulceration has been reported in foals with other clinical disor-
ders or exposed to stressful events (Furr et al. 1992, Murray
1989), foals suffering from diarrhoea may be predisposed to
the development of concurrent gastrointestinal ulceration.
Many clinicians consider it therefore prudent to treat foals in
potentially stressful situations prophylactically with anti-ulcer
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medications such as histamine type 2 receptor antagonists,
proton pump inhibitors or sucralfate. However, others have
suggested that in critically ill neonatal foals with haemodyna-
mic disturbances poor perfusion of the gastric mucosa is the
main predisposing factor for gastric ulceration and improving
perfusion will be sufficient to prevent clinically significant ulce-
ration. This suggestion is supported by the fact that post mor-
tem examination of neonatal foals treated with and without
anti-ulcer medications revealed no differences in the occur-
rence, the subjectively judged severity and location of ulcers
between the two groups. As the acidic environment also ser-
ves as a protective barrier against colonialisation of the
gastrointestinal tract by potentially harmful bacteria, the indis-
criminate use of anti-ulcer medications in foals with diarrhoea
can not be recommended, but requires careful consideration
of the age of the patient, the underlying disease process and
expected benefits from the treatment (Wilkins 2004).

Rare cases of diarrhoea induced by ingestion of foreign mate-
rial, such as sand, have been reported in older foals (Ramey
and Reinertson 1984). Diagnosis may be based on the pre-
sence of sand in the faeces, abdominal radiographs or ultra-
sonographic examination. Specific freatment, although con-
troversial due to its lack of proven efficacy in adult horses with
experimentally induced sand accumulation, may include psyl-
lium administration in cases of sand induced diarrhoea
(Hammock et al. 1998).

Infectious diarrhoea

Rotavirus

Rotavirus causes diarrhoea in children and youngsters of
many mammalian species; although considered species spe-
cific, experimental cross species infection has been reported
(Nakagomi and Nakagomi 2002). Group A rotfavirus is
responsible for most infections occurring in foals aged 1
week up to 3 months, with most cases being identified within
the first month of life. Occasionally, disease in younger and
older foals has been reported (Browning et al. 1991, Conner
and Darlington 1980). The virus is highly contagious and
frequently involves multiple animals in a herd (Conner and
Darlington 1980); in-contact animals may become subclini-
cally infected (Netherwood et al. 1996). The virus has a spe-
cific tropism for the mature enterocytes located at the villus
tip of the jejunal and ileal mucosa. Destruction of these cells
leads to villus atrophy with subsequent impaired digestion
and absorption of nutrients. Undigested nutrients accumula-
te in the gastrointestinal lumen where they function as osmo-
tically active molecules resulting in water loss into the intesti-
nal lumen and give rise to bacterial fermentation. Replace-
ment of the denuded epithelium of the villus tip by less matu-
re crypt cells additionally favors maldigestion and increased
fluid and electrolyte secretion info the enteric lumen (Colbe-
re-Garapin et al. 2007). Diagnosis can be established by
virus isolation, electron microscopy or commercially availa-
ble test kits either based on enzyme immunoassays or latex
particle agglutination. Test kits are probably the most practi-
cal means of establishing a diagnosis in routine veterinary
practice and have been shown to perform with good sensiti-
vity and specificity (Conner et al. 1983, Otfo et al. 1997).
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Only 2-8% of healthy foals have been found to shed rotavi-
rus (Browning et al. 1991) and if the virus is identified in a
foal in the appropriate age group with signs of diarrhoea the
likelihood of it being the aetiologic agent is high, particular-
ly if multiple animals are involved. As no specific therapy is
currently available for treatment of viral enteritis, supportive
care of affected foals with replacement of fluids and electro-
lytes has utmost priority. Depending on the age of the foal
and the severity of the disease, systemic antimicrobials are
indicated if translocation of bacteria across the damaged
mucosa is a concern.

Clostridium perfringens

Clostridium perfringens is a ubiquitous organism, which can
be cultured in moderate to large numbers from up to 90% of
healthy neonatal foals and most likely represents part of the
normal microflora of this age group. The prevalence decre-
ases with age, but the organism can still be found in 30-35%
of brood mares and foals 1-2 months of age (Tillotson et al.
2002). The organism is categorized into types A-E based on
the expression of one or a combination of major lethal exo-
toxins. All C. perfringens types produce a-toxin which is not
thought to be a significant enteric virulence factor (Jones
2000). Enterotoxin, the toxin responsible for food poisoning
in man, can be produced by all types, but is most common-
ly associated with type A (Jones 2000). The toxin is identified
in approximately 2-6% of all Clostridium perfringens isolates
(Jones 2000). The role of enterotoxin as a virulence factor in
equine gastrointestinal disease remains controversial. Alt-
hough accounting for only 10% of isolates from foals, enter-
otoxigenic strains were significantly associated with diar-
rhoea in one report (Netherwood et al. 1998b) and enter-
otoxin was detected in 28% of foals with diarrhoea, while the
toxin or isolates carrying its gene were identified in 0-2% of
normal foals (Tillotson et al. 2002, Weese et al. 2001).
Nevertheless, due to its infrequent presence it has been sug-
gested that the toxin alone can not account for the overall
association of C. perfringes with diarrhoea in foals (Nether-
wood et al. 1998b). Beta-toxin, produced by types B and C
and B2-toxin produced by certain strains of type A, have
comparable biological activities and C. perfringens types A
and C are most frequently associated with diarrhoea in foals
while type B and D have been only sporadically reported
(Stubbings 1990). Beta-toxin is susceptible fo intestinal enzy-
matic digestion and it has been suggested that trypsin inhi-
bitors present in colostrums may predispose neonates with
adequate passive transfer to the pathogenic effects of the
toxin (East et al. 1998).

While type A, including strains expressing the f2-toxin, can be
isolated from a large percentage of healthy foals, type C
appears to be rarely found in healthy animals (Tillotson et al.
2002) and, if isolated from cases with enterocolitis, the orga-
nism is associated with severe disease and a high mortality
(East et al. 1998). Most reported cases of enterocolitis in neo-
natal foals associated with either C. perfringens type A or C
describe severe, rapidly progressing, often haemorrhagic to
necrotizing, enteritis and enterocolitis with marked systemic
effects and frequently fatal outcome (Bueschel et al. 1998,
Dickie et al. 1978, Drolet et al. 1990, East et al. 1998,
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Howard-Martin et al. 1986, Pearson et al. 1986). Clinical
signs in these cases reflect the severity of the underlying dise-
ase and include colic, alterations in haemogram, electrolyte
and acid base status, abnormal peritoneal fluid and intestinal
mural emphysema visible on abdominal radiographs or ultra-
sonographic examination (East et al. 1998). However, a large
survey including foals less than 1 year of age in the UK indi-
cated that, although the organism was significantly associated
with approximately 50% of fatal cases recorded, overall fata-
lity was low and most C. perfringens-associated diarrhoea
cases were not severe (Netherwood et al. 1998b, Netherwood
et al. 1996). It is unknown whether this discrepancy indicates
an increased pathogenicity of the organism in neonates, as
suspected for C. perfringens type C, or whether its high pre-
valence in normal neonatal foals may simply make it the most
readily isolated and therefore most frequently incriminated
organism in severe cases of neonatal enterocolitis.

Definite diagnosis is difficult as large numbers of C. perfrin-
gens can be isolated from healthy neonatal foals and no mar-
kers for pathogenic sub-population have been identified
(Netherwood et al. 1998a, Tillotson et al. 2002) . Culture
and subsequent genotyping of isolates may be helpful in
identifying the presence of C. perfringens type C, the orga-
nism with the most certain association with severe clinical
disease in neonatal foals (East et al. 1998, Tillotson et al.
2002). A commercially available ELISA for detection of enter-
otoxin is frequently used clinically, but the significance of eit-
her a positive or negative finding in light of the uncertain role
of enterotoxin in foal diarrhoea is questionable. Gram stai-
ning has been proposed as a rapid, but crude method to
identify large numbers of clostridial organisms of any species
in faecal smears, although in approximately 60% of culture
positive samples gram positive rods could not be detected
(Tillotson et al. 2002). Unfortunately, the clinical relevance of
even a positive finding is minimal.

Early and aggressive treatment including fluid therapy and
haemodynamic and nutritional support as necessary is indi-
cated in foals that show systemic signs of disease, as the pro-
gression of the disease is rapid and, in the case of C. per-
fringens type C infection, often fatal despite intensive treat-
ment (East et al. 1998). Specific treatment options for clostri-
dial diarrhoea are discussed below.

Clostridium difficile

Clostridium difficile has gained increasing atftention in recent
years as a cause of antimicrobial associated diarrhoea in
man and animal species and is currently one of the most
important nosocomial pathogens in human hospitals (Kee/
and Songer 2006). Although the pathogen has been identi-
fied in a wide variety of species, lesions may vary between
and even within different age groups of one species. In adult
horses, intestinal lesions are largely limited to caecum and
colon, although the suggestion that C. difficile is involved in
the pathogenesis of proximal duodenitis-jejunitis has recently
resurfaced (Arroyo et al. 2006). Foals suffer from predomi-
nantly small intestinal disease, although parts of the large
intestine may also be involved (Jones et al. 1988, Keel and
Songer 2006, Magdesian et al. 2002). The best described
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virulence factors of the organism include toxin A and B,
potent enterotoxin and a cytotoxins, respectively, which appe-
ar to act synergistically in damaging the intestinal mucosa.
Additional effects include initiation of the inflammatory casca-
de with widespread leucocyte activation, predisposing the
host to development of an systemic inflammatory response
and sepsis (Keel and Songer 2006). Binary ADP ribosyltrans-
ferase (CDT), a third important toxin of C. difficile, has been
identified in equine isolates (Arroyo et al. 2007, McGurrin et
al. 2007). While rarely found in adult horses without signs of
gastrointestinal disease or previous antimicrobial treatment,
Clostridium difficile and its toxins can be isolated from heal-
thy, neonatal foals and in slightly older foals treated with anti-
microbials. One study cultured the organism from 30% of
healthy foals 0-13d old, but prevalence of the organism
declined rapidly during the next months of life. However, 15-
44% of foals without signs of gastrointestinal disease pre-
viously treated with antimicrobials were found to carry the
organism (Baverud et al. 2003). Although implicated as a
causative agent of foal diarrhoea since 1987 (Jones et al.
1988, Jones et al. 1987, Weese et al. 1999), the role of C.
difficile as a primary enteropathogen in foals with adequate
transfer of passive immunity has only recently been demon-
strated by Arroyo et al. by successful experimental infection
(Arroyo et al. 2004). Clinical signs in these foals varied from
none in one foal to mild abdominal discomfort, pasty faeces
and, in severely affected animals, colic and watery diarrhoea
(Arroyo et al. 2004).

Diagnosis of C. difficile associated diarrhoea is most com-
monly established by either anaerobic culture of the organism
with or without subsequent demonstration of either toxin
encoding genes by PCR or demonstration of one or both of
the main toxins by enzyme immunoassay. Alternatively, faeces
may only be screened for the presence of one or both toxins
without additional culture. However, definitive diagnosis of C.
difficile induced diarrhoea remains difficult. As outlined
above, the organism and its toxins can be found in normal
neonatal foals less than 2 weeks old and older foals pre-
viously treated with antimicrobials, indicating that neither a
positive culture nor demonstration of toxin A or B provides
definite evidence that C. difficile is the primary pathogen.
Exclusion of enrolment of the organism is equally challenging
as sample handling requires meticulous attention. Survival of
C. difficile rapidly declines within 48-72h if samples, stored
at 4°C, are exposed to air (Weese et al. 2000). Although the
toxins are more resistant and can be recovered even from
samples stored aerobically at 4°C for at least 30d, a single
toxin negative sample, particularly if taken early in the disea-
se process may not be sufficient to rule involvement of toxi-
genic C. difficile out (Arroyo et al. 2004, Weese et al. 2000).
Equally, culture and toxin may rapidly become negative wit-
hin 48-72h after initiation of treatment with metronidazole
(Arroyo et al. 2004).

There is some, although limited, evidence in mature horses as
well as in foals that metronidazole may be beneficial in cases
of suspected or confirmed clostridial diarrhoea (Arroyo et al.
2006, Arroyo et al. 2004, Weese et al. 2006). Foals experi-
mentally inoculated with C. difficile became culture and toxin
negative 48-72h after initiation of metronidazole therapy,
however, a self-limiting effect of the infection could not be
ruled out as no untreated control group was investigated
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(Arroyo et al. 2004). Resistance to metronidazole has been
reported in 19% of isolates from adult horses and foals and,
in another study, in 43% of isolates obtained from foals (Jang
et al. 1997, Magdesian et al. 2002). Antimicrobial resistance
appears to depend to a degree on the geographical location,
as no resistance was detected in a recent investigation in Swe-
den (Baverud et al. 2003) and determination of an antimi-
crobial sensitivity pattern of isolates may be advisable if the
organism is frequently encountered or a case does not
respond to treatment. Administration of di-tri-octahedral
smectite (Bio-spongeTM) may be beneficial as it has been
shown to adsorb a large variety of clostridial as well as other
enteric toxins in vitro (Lawler et al. 2008, Martirosian et al.
1998, Weese et al. 2003). Although administration of the
product to young foals has been anecdotally associated with
constipation and colic, the product is used widely without
apparent adverse effects. Interference of smectite with
absorption of colostral antibodies may occur if the product is
administered prophylactically to foals less than 8h of age and
delay of prophylactic administration on endemic farms for
> 6-8h after ingestion of colostrum has been suggested (Law-
ler et al. 2008). Further treatment options include oral admi-
nistration of Saccharomyces boulardii, a non-pathogenic
yeast which has been advocated for prevention and treatment
of C. difficile associated colitis and other forms of diarrhoea
in man; investigation of the yeast in a limited number of hor-
ses indicated some potential benefits in adult horses with coli-
tis (Desrochers et al. 2005).

Salmonella

Salmonella spp. cause enteritis and enterocolitis in horses of
all age groups; in foals specifically, the organism is fre-
quently associated with neonatal sepsis with or without diar-
rhoea and has been significantly associated with severe and
often fatal diarrhoea in foals up to 1 year of age (Nether-
wood et al. 1996). Other manifestations in neonates and
older foals include arthritis, osteomyelitis, physitis and a case
of septic meningoencephalomyelitis has recently been repor-
ted in a neonatal foal (Patterson-Kane et al. 2001). Virulen-
ce factors include the ability to adhere to and invade the
intestinal mucosa, production of entero- and cytotoxins and
stimulation of a severe local and systemic inflammatory
response (Murray 2002). Enteroinvasive serotypes may
account for the frequently concurrent presence of enter-
itis/enterocolitis and bacteraemia/sepsis in equine neonates
(Magdesian 2005). The prevalence of Salmonella spp. in
healthy foals has not been extensively investigated, reports
range from 0.02% to 1% (Dwyer et al. 1990, Netherwood et
al. 1996, Tillotson et al. 2002), but neonatal foals appear to
have an increased susceptibility to Salmonella infection and
at least one hospital outbreak of salmonellosis could be tra-
ced to an infected foal (Schott et al. 2001). Diagnosis relies
on guidelines established for adult horses; due to the inter-
mittent shedding pattern 3-5 faecal cultures obtained at 24
hour intervals have been recommended to rule out Salmo-
nella infection with >90% confidence (Cohen et al. 1996;
Palmer et al. 1985). PCR has been suggested as a useful
diagnostic tool for detection of Salmonella shedding due to
higher sensitivity, more rapid results and requirement of
fewer samples (Amavisit et al. 2001, Cohen et al. 1996).
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However, false negative results may occur due to the pre-
sence of inhibitory substances (Amavisit et al. 2001). The
high sensitivity of the test may also lead to the detection of
non-viable or very low numbers of organisms of unknown
clinical significance.

Lawsonia intracellularis

Lawsonia infracellularis, a gram negative obligate intracellular
organism, infects rapidly dividing epithelial crypt cells of pre-
dominantly the small, but in some species also parts of the lar-
ge infestine. In horses, the small intestine is most commonly
affected, but lesions can extend to caecum and colon (Frank
et al. 1998, Lavoie et al. 2000, Schumacher et al. 2000, Wil-
liams et al. 1996). The disease has been reported sporadical-
ly in foals and weanlings 3-8 months of age but older animals
may also be affected and outbreaks involving several foals
have been reported (Deprez et al. 2005, Lavoie et al. 2000,
McGurrin et al. 2007). Clinical presentation includes rapid
weight loss, poor body condition, lethargy, depression, diar-
rhoea, mild to severe colic and peripheral oedema, often
accompanied by other diseases including parasitism, gastric
ulceration, upper airway infection and bronchopneumonia.
Hypoproteinaemia is often profound and thickened small inte-
stine may be visualized ultrasonographically (Lavoie et al.
2000, McGurrin et al. 2007, Schumacher et al. 2000). Dia-
gnosis can be based on serology, demonstration of faecal
shedding of the organism by PCR or immunoperoxidase stai-
ning or, in selected cases, examination of infestinal biopsies
(Schumacher et al. 2000). In a recent outbreak, neither PCR
nor serologic examination identified all cases involved and
concurrent use of both tests may be advisable (McGurrin et al.
2007). Culture of the organism is impractical due to the orga-
nism'’s fastidious growth requirements (Knittel et al. 1998). The
organism appears to be sensitive to several lipophilic or
amphoteric antimicrobials and erythromycin with or without
rifampin, oxytetracycline and doxycycline have been suggested
(Sampieri et al. 2006). To combat the severe small intestinal
inflammation and thickening, use of corticosteroids may be
indicated (McGurrin et al. 2007). Nutritional management
can be challenging due to often severe depression and pro-
found inappetance on the one hand and reduced infestinal
absorption on the other. An oral glucose absorption test may
reveal severely compromised absorptive capacities in some
cases and parenteral nutrition may be required until small inte-
stinal function has sufficiently recovered (Dunkel, unpublished
observation).

Cryptosporidium

Cryptosporidium parvum, a coccidial parasite invades the
apical border of small intestinal villous epithelial cells in hor-
ses. Initially associated with diarrhoea in immuno-compromi-
sed foals (Mairet al. 1990, Snyderet al. 1978), mild to seve-
re and occasionally fatal diarrhoea has been recognised in
immuno-competent foals as young as 4d of age (Gajadhar et
al. 1985, Grinberg et al. 2003). Older foals can develop
chronic, intermittent diarrhoea, which may be present for
several months (Xiao and Herd 1994b).
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Cryptosporidium may be identified in 0-31% of healthy foals
from 7 days to 23 weeks of age depending on the diagnostic
method employed (Cole et al. 1998, Coleman et al. 1989,
Xiao and Herd 1994a). Oocyst excretion starts at around 5-
10 days of age although earlier shedding has been observed,
peaks at 5-8 weeks and decreases with age (Cohen and
Snowden 1996, Xiao and Herd 1994a). The association bet-
ween Cryptosporidium shedding and diarrhoea increases
with increasing numbers of oocysts detected in the faeces
(Netherwood et al. 1996). Diagnosis may be achieved by
acid-fast staining of faecal smears, immunofluorescent anti-
body assays or flow cytometric examination of faecal sam-
ples. Multiple samples may be required due to the intermittent
shedding pattern (Xiao and Herd 1994a). Although multiple
treatments have been investigated, none has been proven to
be effective in foals (Cohen and Snowden 1996).

Other parasites

Strongyloides westeri is one of the first parasites found in foals
and diarrhoea has been reported in heavily infested animals
(greater than 2000 eggs/gram faeces) (Brown et al. 1997,
Netherwood et al. 1996). The prepatent period is 10-12 days
and the parasite is spontaneously shed after a few months
(Brown et al. 1997, Lyons et al. 2001). Prevalence of the
disease has been significantly reduced with regular dewor-
ming programs using ivermectin and benzimidazoles (Brown

et al. 1997, Ludwig et al. 1983).

Larval cyathostomiasis has gained increasing atftention as
cause of weight loss, diarrhoea and hypoproteinaemia in
equids. Although reported in horses of all ages, younger
horses between 1 and 3 years of age appear to be affected
more frequently (Lyons et al. 2000, Peregrine et al. 2006).
Some species of small strongyles are reported to infect youn-
ger foals with the parasites establishing maturity once the
animal has reached 6-10 weeks of age (Lyons et al. 2001).
The clinical signs observed are thought to be attributed to
sudden eruption of large numbers of encysted larvae, alt-
hough the full pathogenesis is still poorly understood (Lyons
et al. 2000). Diagnosis of cyathostomiasis is challenging
and definite confirmation can so far only be obtained by post
mortem examination or, in selected cases, by examination of
large intestinal or rectal biopsies (Love 1992, Peregrine et al.
2006). Faecal examination may reveal L4 larvae and adult
parasites in 30% or strongyle eggs in 36% of horses with cli-
nical signs compatible with cyathostomiasis, respectively
(Smets et al. 1999). Treatment includes larvicidal doses of
fenbendazole (10mg/kg for 5 consecutive days) (Lyons et al.
2000).
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