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Summary

Sepsis is defined as an exaggerated, systemic inflammatory
response to infection and is a common condition in horses.
Systemic inflammatory response syndrome (SIRS) associated
with bacterial infection is a hallmark of sepsis. Sepsis in
neonatal foals is a common sequela of failure of passive
transfer and, in addition o development of SIRS, may be
characterised by bacteraemia, pneumonia, enterocolitis,
omphalophlebitis, meningoencephalitis or arthritis. Sepsis in
mature horses is most commonly observed secondary to
gastrointestinal lesions that result in disrupted mucosa and
bacterial translocation into circulation (endotoxaemia).
Pleuropneumonia and metritis may also cause sepsis in mature
horses. Diagnosis of sepsis is based on SIRS criteria as well as
suspected or confirmed infection. Due to the relatively low
sensitivity of microbial culture and the subjectivity of sepsis
scoring, many sepsis biomarkers are being studied for their
usefulness in diagnosis and prognostication of sepsis in horses.
Treatment of sepsis requires an intensive care approach that
includes antimicrobial drug administration, fluid resuscitation
and pressure support, and treatment for inflammation,
endotoxaemia and coagulopathy. Early recognition of sepsis
and prompt antimicrobial drug treatment are critical for a
successful outcome. Multiple organ dysfunction syndrome
may occur in severe cases of sepsis, with common
manifestations including laminitis and coagulopathies.
Although prognosis for septic mature horses depends highly on
the primary disease process, the overall survival rate in septic
neonatal foals ranges from 26 to 86%, with most studies
indicating a survival rate of 45-60%.

Intfroduction

Despite substantial advances in medical management, sepsis
continues to represent a leading cause of illness and death in
horses (Hoffman et al. 1992; Cohen et al. 1994; Werners et al.
2005; Peek et al. 2006). The body's systemic inflasmmatory
response fo microbial invasion can lead to rapid deterioration
despite pathogen confrol, which presents a challenge to
equine practitioners. Several terms have been used to
describe sepsis and its sequela. The American College of Chest
Physicians and the Society of Critical Care Medicine published
a consensus report of definitions in 1992 adopted by veterinary
specialists in order to provide accuracy and consistency
among practitioners (Bone efal. 1992). The ferm systemic
inflammatory response syndrome (SIRS) is used to describe
systemic inflammation that may be caused by infectious
agenfs (e.g. bacteria, fungi, viruses, efc.) or noninfectious
causes (e.g. frauma, burns, toxins, acidosis, etc.). When SIRS is
the result of infection, it is fermed sepsis. The most common
infectious agents associated with sepsis are bacteria. If
bacteria are present in the blood, the term bacteraemia is

used. Although it has been suggested that septficaemia be
eliminated from current usage because it does not
adequately describe the spectrum of organisms that may
invade the blood, it is defined as bacterial infection in the
blood in conjunction with SIRS. A frequent complication of SIRS
is the development of organ system dysfunction which is
called multiple organ dysfunction syndrome (MODS). The
term severe sepsis is defined as sepsis associated with
hypoperfusion, hypotension or organ dysfunction. If a pafient
with severe sepsis is hypotensive despite adequate fluid
resuscitation, the term septic shock is used. Finally, a syndrome
of immunosuppression that may result secondary to SIRS is
compensatory anti-inflammatory response syndrome (CARS)
and may lead to leucocyte anergy and increased
susceptibility to infection.

Endotoxaemia, defined as the presence of Gram-negative
bacterial lipopolysaccharide (LPS) within the blood, is a
common finding in bacteraemic neonatal foals and is a
common sequela of equine gastrointestinal disease,
pleuropneumonia and metritis  (King and Gerring 1988;
Steverink et al. 1994; Ryu et al. 2004; Vinogradov et al. 2008;
Hilton and Pusterla 2009; Lopes ef al. 2010; Senior et al. 2011).
By definition, dead Gram-negative bacteria or fragmented
LPS in the blood is not considered ‘infection,” but given the
similar proinflammatory response, endotoxaemia is considered
a subset of sepsis. Horses are exquisitely sensitive to the
presence of endotoxin in the blood. Once in the blood stream,
LPS may bind circulating LPS-binding protein (LBP), which as a
complex then binds the CD14 molecule on monocytic cells.
The resulting complex activates toll-like receptor 4 (TLR4) and
LPS is transferred to myeloid differentiation protein-2 (MD2)
(Werners and Bryant 2012). Pathogen associated molecular
patterns (PAMPs), including LPS, may be recognised by
pattern recognition receptors (PRRs) other than TLR4,
with each recognising specific ligands (Werners and Bryant
2012). Activafion of PRRs by PAMPs triggers intracellular
signalling which results in increased transcription of several
proinflammatory cytokines. These cytokines include ftumour
necrosis factor alpha (TNFa), interleukins (L)1, IL6, IL8 and IL12
(Pernerstorfer etal. 1999). Experimental intravenous (i.v.)
administration of LPS to horses increases gene expression of IL1,
IL6 and IL8 and TNFa., and also increases the concenfration of
IL6 and TNFa proteins in the circulation (MacKay et al. 1991;
MacKay and Lester 1992; Nieto et al. 2009). In addition, gene
expression of TLR4 and MD2 in equine peripheral WBC has
been shown to increase following endotoxin stimulation
(Fossum et al. 2012).

Proinflammatory cytokines such as TNFa, IL1 and IL6 induce
release of acute phase proteins from the liver. These include
fibrinogen, C-reactive protein, mannose-binding lectin,
complement, serum amyloid A, haptoglobin, cerruloplasmin
and vasoactive amines. Complement and IL8 induce
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neutfrophil chemotaxis which results in  neutropenia.
Simultaneous with  WBC activation, endotoxin binds to
complement proteins to activate the lectin-dependent and
alternative complement pathways, which further promote
inflammation through production of peptide products.
Infravascular coagulation is initiated primarily through tissue
factor activation. The net effects of proinflammatory
cytokines, acute phase proteins, procoagulants and
vasoactive mediators are hypoperfusion and subsequent
tissue hypoxia. Therefore, a relatively common sequela
associated with equine endotoxaemia is MODS, which may
manifest as laminitis or disseminated intravascular coagulation
(DIC) (Parsons et al. 2007). Manifestations of sepsis in neonatal
foals and mature (non-neonatal) horses will be discussed
separately, followed by diagnosis, freatment, MODS and
prognosis of sepsis in equids of all ages.

Manifestations of sepsis in neonatal foals

Risk factors

A major risk factor for development of sepsis is failure of passive
fransfer (FPT) (Jeffcott and Jeffcott 1974; Peek et al. 2006). The
‘open’ gut that persists for up to 24 h of age allows absorption
of bacteria through specialised enterocytes that, if unchecked
by immunoglobulin G (IgG), may overwhelm the innate
immune response and cause sepsis. Thus, bacterial
franslocation typically results in Gram-negative bacteraemia
and endotoxaemia (Koterba et al. 1984; Wilson and Madigan
1989; Marsh and Palmer 2001; Borchers et al. 2012). Other
routes of microbial invasion include the umbilicus, respiratory
and genitourinary fracts and disrupted skin or mucosal barriers.
Poor sanitary conditions and improper umbilical care are also
risk factors for development of neonatal sepsis. Early detection
of FPT is important in reducing morbidity and mortality in
neonatal foals and is typically done using a stall-side
commercial IgG test (SNAP Foal IgG Test Kit)'. This test is highly
sensitive for detection of FPT and provides rapid results but is
not very specific. In other words, FPT (<8 g/I IgG) is likely fo be
detected by the SNAP test but many foals with IgG <8 g/I IgG
do not have FPT (Metzger et al. 2006). Radial immunodiffusion
testing provides a more accurate and specific measurement
of blood IgG but cost and turnaround fime make this fest less
practical (Metzger et al. 2006).

Bacteraemia

Sepsis in neonatal foals can manifest in several different ways,
with many foals presented with bacteraemia (Russell et al.
2008). Gram-negative bacteria are isolated more commonly
than Gram-positive bacteria in bacteraemic neonatal foals
but the percentage of Gram-positive isolates has increased
significantly over the years (Marsh and Palmer 2001; Corley
et al. 2007; Hollis et al. 2008b; Theelen et al. 2014b). Common
Gram-negative bacteria isolated from foals include E. coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Salmonella
spp., Enterobacter spp. and Actinobacillus spp. (Wilson and
Madigan 1989; Marsh and Palmer 2001; Stewart et al. 2002;
Corley et al. 2007). Gram-positive organisms typically consist of
Streptococcus spp., Enterococcus spp. and Staphylococcus
spp. (Marsh and Palmer 2001; Corley et al. 2007; Hollis et al.
2008b), with the prevalence of Enterococcus spp. increasing
(Russell et al. 2008; Theelen et al. 2014b).
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Pneumonia

Septic pneumonia in neonatal foals may occur secondary to
haematogenous spread in bacteraemic foals or may occur
secondary to aspirafion. Abnormal perinatal respiratory
development, perinatal hypoxia or immunocompromise may
predispose or exacerbate septic pneumonia in some foals
(Paradis 1989). In one study, a diagnosis of SIRS was associated
with increased pulmonary infilfrates in the caudodorsal lung
fields of affected foals, which may have reflected vascular
leakage inregions of increased blood flow (Stewart et al. 1987;
Bedenice et al. 2003). In a retrospective evaluation of 65 foals
with sepsis, 19% had clinical evidence of pneumonia (Gayle
etal. 1998). It is important to note that in many septic foals,
respiratory rate and lung auscultation are normal despite
pulmonary involvement. Several studies have documented a
higher incidence of respiratory disease detected at necropsy
compared to ante mortem findings in septic foals (Koterba
et al. 1984; Raisis et al. 1996a).

Enterocolitis

Enterocolitis in neonatal foals is often caused by a primary
infestinal pathogen that disrupts the intestinal mucosa,
allowing bacterial franslocation and subsequent sepsis.
Common primary pathogens include Clostridium perfringens
types A and C, Clostridium difficile and Salmonella spp. In
neonatal foals diagnosed with sepsis, 32-62% of foals have
evidence of enteritis (Raisis ef al. 1996a; Gayle et al. 1998). Less
common causes of enterocolifis in neonatal foals include
rotavirus, Cryptosporidium spp., Strongyloides westeri and
coronavirus (Frederick et al. 2009).

Omphalitis/omphalophlebitis

Bacteria may gain access to the bloodstream of newborn
foals via the umbilicus but this is a less common route of entry
than the infestinal fract. Of 65 foals diagnosed with sepsis in
one study, 13% had omphadalitis or omphalophlebitis (Gayle
etal. 1998). The most common organism isolated from
infected umbilical remnants is E. coli (Adams and Fessler 1987;
Rohdich et al. 2009). A common complication associated with
omphalitis or omphalophlebitis is development of a patent
urachus, which occurred in 11 of 16 foals in one study (Adams
and Fessler 1987).

Meningoencephalitis

Meningoencephdlitis is a rare but severe manifestation of
neonatal foal sepsis. Of 9 neonatal foals with confirmed
bacterial meningoencephadalitis that presented to a referral
institution, all demonstrated abnormal mentation, while
recumbency and weakness were observed in 80% of foals (Viu
et al. 2012). Other clinical signs included decreased suckle
reflex (67%), abnormal pupillary light reflexes (60%) and seizures
and/or nystagmus (40%). The most frequently isolated
organism was E. coli (Viu ef al. 2012).

Septic arthritis

Haematogenous spread of bacteria to joinfs has been
reported to occur in 14-38% of neonatal foals with sepsis
(Gayle et al. 1998; Corley et al. 2007). Approximately 50% of
foals with septic arthritis have more than one joint affected,
with the tarsocrural and femoropatellar joints more commonly
seeded (Meijer et al. 2000). Orthopaedic infection should be
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considered the primary differenfial in a foal that exhibits
lameness and/or joint effusion (Sanchez 2005).

Manifestations of sepsis in mature horses

Gastrointestinal disease

Equine gastrointestinal disease that results in ischaemia or
inflammation may lead to loss of mucosal integrity and
subsequent migration of bacteria and LPS into the circulation.
It has been shown that up to 29% of horses presenting for colic
to a referral institution had detectable LPS in the circulation
and that increased levels of blood LPS were positively
correlated with mortality (Senior et al. 2011). Endotoxaemia
can occur secondary to infectious enterocolitis or
strangulating gastrointestinal lesions that lead to peritonitis.
Common infectious causes of colitis in adult horses include
equine neorickeftsiosis (Pofomac horse fever), Clostridium
perfringens, Clostridium  difficile  and  Salmonella  spp.
Bacteraemia caused by Neorickettsia risticii can induce SIRS in
cases of equine neorickettsiosis. In a retrospective study
investigating factors associated with survival in 44 horses with
equine neorickettsiosis, severity of colitis that was reflected by
electrolyte loss and prerenal azotaemia was predictive of
survival (Bertin et al. 2013). C. perfringens type C and, less
commonly, type A, can be a primary cause of enterocolitis in
adult horses, while C. difficile is offen associated with
antimicrobial use (Feary and Hassel 2006). Faecal samples
from 43 adult horses with clinical signs of acute colitis were
cultured for anaerobic bacteria; C. perfringens and C. difficile
were isolated in 40 and 5.4% of cases, respectively, while
Salmonella spp. were not cultured in any (Gohari et al. 2014).
Salmonella spp. (may) be fransiently shed in faeces of normal
horses, but can cause enterocoalitis in susceptible animals
(Schoftt et al. 2001; Ernst ef al. 2004). Equine coronavirus is a
newly emerging infectious disease in the United States that
causes anorexia, lethargy, fever and, occasionally, diarrhoea.
Although the mortality rate is low in affected adult horses,
deterioration of clinical signs may be associated with
gastrointestinal  tfranslocation of bacteria and subsequent
sepsis (Pusterla et al. 2013). Equine duodenitis-proximal jejunitis
(DPJ) is an inflammatory condition of the small intestine that
often results in severe endotoxaemia-associated SIRS (Davis
et al. 2003). Distinguishing DPJ from a surgical small intestinal
lesion can be challenging, as strangulating obstructive lesions
can cause similar clinical signs including SIRS secondary to
endotoxaemia, gastric reflux and colic. In a prospective study,
14% of horses with strangulating smaill intestinal lesions requiring
resection and anastomosis were bacteraemic, although this
percentage may have been falsely low given the poor
sensitivity of blood culture (Hurcombe et al. 2012).

Pneumonia

Sepftic pneumonia may occur secondary to bacterial, viral or
fungal infection. The most common respiratory tract disease
that results in sepsis is pleuropneumonia, with clinical signs of
SIRS typically evident during the acute stage of disease. The
most frequently isolated aerobic bacteria in cases of
pleuropneumonia are B-strepfococcus sp., Pasteurella sp.,
E. coli and Enterobacter sp. (Sweeney ef al. 1991). Anaerobic
species most commonly isolated include Bacteroides sp. and
Clostridium sp. (Sweeney etal. 1991). The survival rate for
horses with aerobic bacterial infections is higher than that of
horses with anaerobic or mixed aerobic and anaerobic
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infections and may be affected, in part, by the presence and
severity of sepsis (Sweeney et al. 1985, 1991).

Metritis

Septic metritis in horses is usually secondary to retained fetal
membranes, with ascending bacterial infection occurring
hours to days after parturition (Hudson et al. 2005). Risk factors
for retention of fetal membranes include mare age
(Provencher ef al. 1988), breed (Sevinga efal. 2004), both
short and long gestation (Sevinga et al. 2004), low serum
calcium concentration within 12 h post partum (Sevinga et al.
2002) and caesarean section (Abernathy-Young et al. 2012). If
bacteria are absorbed into the circulation from the infected
uterus, sepsis can result. In addition to signs of SIRS, horses with
septic metritis may also exhibit red-brown, foetid discharge
from the cervix or vulva. Although contagious equine metritis
(Taylorella equigenitalis) is a primary cause of metritis in mares,
it does noft typically cause systemic infection or sepsis (Erdman
etal. 2011).

Diagnosis

Although criteria for SIRS have not been definitively defined in
veterinary medicine, several equine studies have extrapolated
the SIRS definition from human medicine (Corley et al. 2005;
Schwarz et al. 2012; Aguirre et al. 2013; Epstein ef al. 2013;
Borde ef al. 2014). The definition of SIRS in people is based on
physiological parameters including body temperature, heart
rate, respiratory rate and abnormal leucocyte count (Bone
et al. 1992). The presence of 2 of the following abnormalities is
considered diagnostic for SIRS:

1) Hyperthermia or hypothermia.

2) Tachycardia.

3) Tachypnoea or hyperventilation.

4) Leucopenia, leucocytosis, or >10% band neutrophils.

Although these parameters are nonspecific, the SIRS
criteria do not apply when other noninflammmatory causes of
these clinical signs are present, such as pain, heat stress or
chemotherapy (Bone efal. 1992). However, definitive
diagnosis of bacterial sepsis is obtained through microbial
culture. Unfortunately, culture and antimicrobial suscepfibility
results are usually not available until more than 48 h after
admission and consequently, empirical treatment is often
instituted prior to diagnosis. Early antimicrobial tfreatment,
although warranted in suspect cases, may impede the
sensitivity of culture as a diagnostic test for sepsis. In addition,
false negative blood culture results may be due to low
numbers of circulating bacteria or a relatively low volume of
blood for culture and varying blood culture systems may yield
inconsistent results (Wilson and Madigan 1989). A weighted
sepsis scoring system is currently used as a diagnostic fool for
sepsis in neonatal foals, but demonstrates a relatively low
sensitivity and specificity (Brewer and Koterba 1988; Corley
and Furr 2003). Although clinicopathological findings such as
leucopenia, neutropenia with a degenerative left shift and
neutrophil toxicity have been associated with sepsis in horses,
lack of test specificity limits their usefulness in contributing to a
diagnosis of sepsis (Hurcombe et al. 2008). However, with
regard to predicting survival, white blood cell (WBC) counts
(>6.0 x 10°/) and neutrophil counts (>4.0 x 10°/l) are
significantly associated with increased odds of survival in
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sepfic foals (Gayle et al. 1998). Elevated plasma fibrinogen has
been associated with in utero infection and is associated with
nonsurvival, but is also a nonspecific indicator of inflammation
(Koterba et al. 1984). Hyperfibrinogenaemia was observed in
89% of neonatal foals with confirmed meningoencephalitis
(Viu et al. 2012). Increased blood L-lactate concentration and
persistence of hyperlactataemia are associated with
nonsurvival in horses with systemic illness, but a clear
association with bacteraemia is lacking (Castagnetti et al.
2010). Evaluation of blood L-lactate concentration at a single
fime point is a poor predictor of sepsis (Borchers et al. 2012),
but is consistently elevated in foals with meningoencephalitis
(Viu et al. 2012). Cytokine profiles in septic horses have varied
widely among studies and are not currently utilised for
diagnosis or prognostication of equine sepsis in neonatal foals
(Pusterla et al. 2006; Gold etal. 2007; Burton etal. 2009;
Castagnetti et al. 2012).

In recent years, biological laboratory markers (biomarkers)
have become important in diagnosing sepsis, guiding
antimicrobial therapy and assessing response to therapy in
human medicine (Mussap et al. 2013). Over 170 different
compounds have been tested as potential biomarkers in
human sepsis and biomarker development is an ongoing area
of research within the global sepsis field (Pierrakos and Vincent
2010). Proteins recently investigated for their potential use as
biomarkers for sepsis include include serum amyloid A (SAA),
C-reactive protein (CRP), haptoglobin (Hp), soluble CD14
(sCD14), adrenomedullin (AM) and procalcitonin (PCT) (Taylor
2014).

Serum amyloid A is a major acute phase protein in horses
that rapidly increases in response to inflammation (Chavatte
et al. 1992). There is evidence that infections are particularly
effective in inducing a strong SAA response, suggesting that
SAA concentration may be useful in distinguishing infectious
from noninfectious disease (Pepys et al. 1989; Vandenplas et al.
2005; Kjelgaard-Hansen and Jacobsen 2011). Serum amyloid A
has been advocated as a useful biomarker in the diagnosis of
equine neonatal sepsis, but periparturient events may influence
SAA concentrations (Chavatte et al. 1992; Stoneham et al.
2001; Duggan 2008; Paltrinieri et al. 2008). Initial studies in
neonatal foals suggest that quanfification of SAA can
differentiate infectious from noninfectious illness (Chavatte
et al. 1992; Stoneham et al. 2001). Concentrations of SAA have
been shown to be increased in adult horses with bacterial
pneumonia, influenza and septic arthritis (Hulten et al. 1999;
Hulten and Demmers 2002; Jacobsen et al. 2006). In one study,
clinically abnormal adult horses demonstrated a 20.5-fold
increase in median SAA compared to a relatively low (<2-fold)
increase in median WBC count and median plasma fibrinogen
concenfration (Belgrave et al. 2013). Increased concentrations
of SAA have been documented in mares with experimentally-
induced endometritis, with serum concentrations correlating
well with endometrial SAA expression (Christoffersen et al. 2010;
Coutinho da Silva et al. 2013).

C-reactive protfein is a well established biomarker of
infection and inflammation in human sepsis (Keshet et al. 2009;
Hofer etal. 2012). During the acute phase response to
bacterial infection in people, serum CRP concentration
increases within hours and can reach 1000-fold levels (Hofer
et al. 2012). Levels remain elevated during persistent infection
and then decrease rapidly (Vigushin et al. 1993). In man, serum
CRP concenfration may increase with many noninfectious
inflammatory conditions, including rheumatoid arthritis, acute
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myocardial infarction and pancreatitis (Vincent ef al. 2011). A
recent study evaluating plasma CRP concentrations in 40
septic, 40 sick nonseptic and 39 healthy control foals failed to
demonstrate an increase in any group (Taylor et al. 2013). The
accuracy of a single measurement for diagnosis of sepsis
varies widely, with the ideal timepoint for measurement and
peak levels in horses unknown (Pourcyrous etal. 1993;
Laborada et al. 2003). Serum CRP concenfrations have not
been shown to increase in adult horses with recurrent airway
obstruction or exercise-induced inflammation (Cywinska et al.
2012; Lavoie-Lamoureux et al. 2012) and CRP has not been
evaluated in adult horses with sepsis.

Haptoglobinis a protein produced in the liver and functions
to bind free haemoglobin following intravascular haemolysis.
Serum Hp concentrations have been shown to decrease
following haemolysis and increase following acute
inflammation in several species, including horses (Eurell et al.
1993; Hulten etal. 2002). In a human study, bacteraemic
patients had higher serum Hp concentrations compared to
patients without infection, suggesting that serum Hp
concenfration may have clinical utility in the diagnosis of sepsis
(Chavez-Bueno et al. 2011). A recent study investigating the
acute phaseresponse in critically il neonatal foals found that 40
sepfic  foals exhibited significantly lower plasma Hp
concentrations than 37 healthy foals, but there was no
evidence of increased haemolysis in the septfic group
(Zabrecky et al. 2013). In adult horses, serum Hp concentrations
have been shown to increase after elective and nonelective
surgery and in horses affected with recurrent airway obstruction
(Pollock et al. 2005; Lavoie-Lamoureux et al. 2012).

Membrane-bound CD14 is found on the surface of
monocyfes and macrophages. Binding of CD14 to the
LPS/LPS-binding protein complex friggers activation of TLR4,
which initiates transcription of proinflammmatory cytokines. A
soluble form of CD14 (sCD14) can be found in serum and is
thought to be a product of membrane-bound CD14 released
from cell surfaces (Bazil et al. 1986; Wagner et al. 2013). Soluble
CD14 can bind circulating LPS and transfer LPS to plasma
lipoproteins, thereby serving as an anti-inflamsmatory protein
(Kitchens and  Thompson  2005). Elevated  serum
concenfrations of sCD14 have been reported in man with
acute inflammation and sepsis and are likely a reflection of
LPS-induced cell activation (Kitchens et al. 2001). In one study,
sCD14 was found to be elevated in serum of 15 sepftic foals
compared to 15 healthy foals (Wagner etal. 2013). In a
second study, sCD14 was found fo be significantly increased in
serum from 55 adult horses with diseases commonly associated
with endotoxaemia compared to 23 healthy controls;
however, sCD14 concenfrations did not correlate with
outcome (Silva ef al. 2013).

Adrenomedullin is a circulating hormone synthesised by
the adrenal medulla, endothelial cells and vascular smooth
muscle cells (Kitamura et al. 1993; Hinson et al. 2000). This
peptide facilitates tissue perfusion through potent vasodilatory
and inotropic effects (Nishikimi et al. 2003; Gibbons et al. 2007)
and has been shown to increase rapidly following the onset of
sepsis in man and rodents (Wang et al. 1998; Koo et al. 2001).
Adrenomedullin is thought to contribute to hyperdynamic
circulation characterised by decreased mean arterial blood
pressure, decreased systemic vascular resistance and
compensatory increases in cardiac output and stroke volume
(Wang et al. 1998; Koo et al. 2001). In man, plasma AM levels
increase with various clinical diseases, with up to 50-fold
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increases observed in septic patients (Ueda etal. 1999;
Gibbons et al. 2007; Oncel et al. 2012). Although AM has not
been evaluated in adult horses, a recent study investigated
plasma AM concenfration in 3 groups of neonatal foals: sepfic,
sick nonseptic and healthy confrols (Toth et al. 2014). Ninety
critically ill foals (42 sepftic, 48 sick nonseptic) and 61 healthy
foals were included in the study. There was a é-fold increase in
the median plasma AM concenfration in critically ill foals
compared to healthy foals (P<0.0001), but AM levels were not
associated with sepsis (P = 0.71) or survival (P = 0.051). Plasma
AM concenfrations of 0.041 ng/ml provided a test sensitivity of
91% and specificity of 54% to predict illness, suggesting that
plasma AM concentration may serve as a marker of health in
foals.

In human medicine, serum procalcitonin concenfrations
are increased in patients with sepsis and are particularly useful
in distinguishing bacterial sepsis from other forms of infection
(Aikawa et al. 2005). Elevated serum PCT concentrations can
be observed with noninfectious inflammatory diseases, but
studies in man suggest that PCT is a more reliable marker of
sepsis than CRP  (Luzzani etal. 2003). To datfte, PCT
concentrations in veterinary species have not been useful in
the diagnosis of sepsis. A study investigating the expression of
molecular markers in blood of neonatal foals with sepsis found
no difference in PCT between 21 healthy foals and 49 sick foals
(Pusterla et al. 2006).

Other diagnostic fests in  neonatal foals include
ultrasonography of the umbilicus, since external umbilical
structures may appear normal even in foals with abscessed
umbilical remnants, and thoracic imaging if septic pneumonia
is suspected. Other tests may be required based on the
manifestation of sepsis in an individual patient. For example,
CSF cytology and culture are indicated in neonatal foals with
suspected meningoencephadlitis, while joint fluid cytology and
culture are indicated in foals with suspected septic arthrifis.
Blood or faecal PCR are indicated for horses with suspected
equine neorickettsiosis and anaerobic faecal culture and
analysis may be necessary in horses with diarrhoea when
clostridial enterocolitis and/or salmonellosis are suspected.
Finally, fracheal wash and/or pleural fluid culture are indicated
in horses with pleuropneumonia and culture of uterine fluid
may be warranted in cases of suspected metritis.

To summarise, definitive diagnosis of sepsis requires
detection of the clinical parameters of SIRS as well as
confirmation of bacterial infection. Given the high risk of
bacteraemia in neonatal foals, blood cultures are performed
routinely and positive results often confirm a diagnosis of sepsis.
In mature horses (and occasionally in neonatal foals), the
presence of SIRS in addition to isolation of bacteria from a
local infection are used to diagnose sepsis. Due to the
insensitivity of microbial culture, the presence of SIRS and a
strong suspicion of infection may justify a diagnosis of sepsis.

Treatment

Treatment of sepsis requires an intensive care approach that
includes antimicrobial drug administration, fluid resuscitation
and blood pressure support, and freatment for inflammation,
endofoxaemia and coagulopathy. Early recognition of
sepsis and prompt antimicrobial drug treatment are critical for
a successful outcome. Initially, a broad-spectrum bactericidal
approach should be based on prediction of likely organisms
(given the hospital or region's recent history) and should
not be delayed pending microbial culture results if there is a
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high suspicion of sepsis. Based on several anfimicrobial
sensitivity studies in foals with bacteraemia, the current
recommendation for empirical treatment of suspected
neonatal foal sepsis is a combination of an aminoglycoside
(amikacin: 21-25 mg/kg bwt i.m. or i.v. g. 24 h; gentamicin:
6.6mg/kg bwt im. or iv. g. 24h) with penicillin G
(sodium/potassium: 22,000-44,000 iu/kg bwt iv. g. éh;
procaine: 22,000-44,000 iu/kg bwt im. qg. 12h), ampicilin
sodium (15-50 mg/kg bwt im. or i.v. g. 6-8h), or a third-
generation cephalosporin (ceftiofur: 2-5 mg/kg bwti.m. ori.v.,
g. 6-12 h) (Wilson and Madigan 1989; Marsh and Palmer 2001;
Sanchez 2005; Theelen etfal. 2014a). Targeted therapy
should be implemented based on sensitivity results typically
available 4-7 days after submission. Aminoglycosides should
be avoided in foals with hypovolaemia or nephropathy and
fluoroquinolones (e.g. enrofloxacin: 5-7 mg/kg per os ori.v. g.
24 h) should be reserved for those cases with resistance to
other antimicrobials given the risk of arthropathy (Davenport
et al. 2001). Appropriate antimicrobial treatment of sepsis in
mature horses is based on culture and antimicrobial
susceptibility in cases of pleuropneumonia and metritis, while
oxytetracycline (6.6~-15mg/kg bwt iv. qg. 12-24h) is
considered the treatment of choice for horses suspected of
having equine neorickettsiosis (Bertin ef al. 2013). Horses with
antimicrobial-associated colitis or salmonellosis are typically
not treated with antimicrobials, but this may be necessary in
severe cases in order to prevent bacterial translocation and
subsequent bacteraemia.

Fluid therapy is an important component of therapy for
horses with hypovolaemia, hypotension, sepfic shock, or
acid/base/electrolyte disorders. Initial choices include a
combination of isotonic crystalloids (i.e. Plasmalyte, Normosol,
Lactated Ringers Solution) and colloids (plasma: 20 mi/kg bwt
i.v.; hydroxethyl starch: 10 ml/kg bwt iv.). Hyperimmune
plasma is often the colloid of choice since FPT is not an
uncommon finding in septic foals, and can also be used to
address low colloidal oncotic pressure and hypovolaemia.
Equine plasma specifically enriched with anti-endotoxin
antibodies has been shown to increase survival in sick
neonatal foals compared to foals receiving hyperimmune
equine plasma (Peek et al. 2006). Due to the relatively high
cost of plasma (currently ~$150/1), synthetic colloids may be
the only affordable choice for some owners. It is important to
note, however, that hydroxyethyl starches are no longer
recommended for freatment of sepsis in man due to increased
renal adverse effects and some studies indicating an increase
in mortality (Perner ef al. 2012; Mutter et al. 2013).

For horses that present in septic shock, fluids should be
administered initially at a ‘shock dose’ (20 mi/kg bwt) bolus
over 30 min and may need to be repeated 1-2 times
depending on response to therapy. Once normovolaemia is
achieved, a maintenance fluid rate of 60-100 mi/kg bwt/day
is typically adequate fo maintain hydration, although this may
need to be adjusted for ongoing losses in some cases. During
fluid therapy, it is important to monitor for clinical signs of
oedema, urine outfput, vital signs and exfremity temperature.
Clinicopathological values that should be routinely monitored
in neonatal foals include blood glucose, arterial blood gas
analysis and electrolyte concentrations.

Special considerations in neonatal foals include the
importance of reassessment and care to prevent
overhydration. In addition, supplementation of isotonic
crystalloids with dextrose is offen necessary since many foals
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present with hypoglycaemia. Judicious monitoring of blood
glucose during dextrose supplementation is important, as
many foals develop subsequent hyperglycaemia. Sick foals
with blood glucose concentrations <2.8 mmol/I or >10 mmol/I
were less likely to survive in one study, highlighting the
importance of maintaining euglycaemia in critically ill foals
(Hollis ef al. 2008a).

If multiple boluses of i.v. fluids are not successful in
restoring fissue perfusion, inopressor therapy should be
initiated. The drugs used most commonly to support
perfusion are dobutamine (1-15 pg/kg bwt/mini.v. continuous
rate infusion [CRI]), dopamine (1-20 ug/kg bwit/min i.v.
CRI), norepinephrine (0.05-1 pg/kg/min i.v. CRI), epinephrine
(0.01-0.05 mg/kg bwt iv.) and vasopressin
(0.0005-0.001 1U/kg/min i.v. CRI). In general, dobutamine is a
good first choice and 5 ug/kg bwt/min is a reasonable starting
point for horses not in septic shock. For those with evidence of
shock, up to 15ug/kg bwt/min may be used. The other
adrenergic agonists may be tried if dobutamine is
unsuccessful. It is important fo remember that the goal of
therapy is to return perfusion to minimally acceptable levels
and not to fry to achieve normal perfusion.

Nonsteroidal —anfi-inflammatory  drugs  (NSAIDs) are
important to address endotoxaemia and inflammation
associated with SIRS. Compared to phenylbutazone, flunixin
meglumine af 0.25 mg/kg bwt i.v. g. 8 h has been shown to be
more effective in confroling inflammation associated with
endotoxin in adult horses, but studies in foals are lacking
(Semrad et al. 1987). Adverse effects such as gastroduodenal
ulceration and renal papillary necrosis may occur, especially in
dehydrated animals, so caution should be used when
administering these drugs.

Steroid use in sepsis is controversial. It is well accepted
in human medicine that high doses of corticosteroids
are contraindicated in patients with sepsis and that
dexamethasone leads to harmfully prolonged suppression of
the hypothalamic-pituitary axis (HPA) (Cronin etal. 1995;
Batzofin efal. 2011). Hydrocortisone therapy at low to
moderate doses is currently recommended for septic shock in
selected human patients (Marik et al. 2008). There is some
evidence that neonatal foals exhibit cortisol insufficiency in
critical illness, but recent studies demonstrate the lack of
understanding of the HPA axis in septic horses (Hart ef al. 2009,
2011, 2012). Thus, to date, there is no evidence from which to
make recommendations regarding corticosteroid use in septic
horses.

Polymyxin B is a peptide antimicrobial drug that exhibits
anti-endotoxin effects by directly binding to the lipid A portion
of LPS (Morrison and Jacobs 1976). In an ex vivo model of
endofoxaemia, polymyxin B was found to inhibit TNFo. acfivity
from LPS-stimulated monocytes (Parviainen et al. 2001). In vivo
studies have shown beneficial effects of polymyxin B after
experimental induction of endotoxaemia in foals and adults,
supporting its use in clinical cases (Barton et al. 2004; Wong
et al. 2013). Caution must be used in horses with hypovolaemia
or concurrent kidney disease given the potentially nephrotoxic
properties of the drug. The recommended dosage for
polymyxin B is 1000-6000 u/kg bwt g. 8-12 h.

Ethyl pyruvate (EP) is a derivative of pyruvate that exerts
anti-inflammatory effects by blocking binding of DNA to NFkf
and inhibiting expression of proinflammatory cytokines (Fink
2003; Mizutani et al. 2011). In adult horses, EP has been shown
to inhibit clinical signs of endotoxaemia and decrease
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proinflammatory gene expression following LPS infusion,
without adverse effects (Cook et al. 2011; Schroeder et al.
2011; Jacobs ef al. 2012). Although EP may have therapeutic
application in endotoxaemic horses, it has not been tested in
clinical cases and is not currently available in a clinical setting.

Anti-gastroduodenal ulcer drugs may be used in adult
horses that are considered high-risk for gastric ulceratfion due
to stress or anorexia. Septic adult horses may benefit from
anti-ulcer medications, which should be recommended on an
individual basis. The use of these drugs is confroversial in sepftic
neonatal foals. Recent reports suggest that these medications
do not significantly decrease risk of ulcer formation and may
increase the risk of diarrhoea (Elfenbein and Sanchez 2012; Furr
et al. 2012). Therefore, gastroduodenal ulcer prophylaxis in
foals should be instituted on an individual basis.

Other treatments depend on prevailing circumstances for
each individual case and may include infranasal oxygen
insufflation and surgical freatment of septic joints or umbilical
infections. Bronchodilators such as albuterol (720 ug g. 4-6 h,
inhaler) may be useful in horses with septic pleuropneumonia.
Systemic low dose corticosteroid treatment may be beneficial
in modulating SIRS in sepfic horses, but further studies are
warranted before specific recommendations can be made
(Hart and Barton 2011).

Multiple organ dysfunction syndrome (MODS)

Dysfunction of 2 or more organs as a sequela to sepsis or septic
shock is defined as MODS. Although it may not be appropriate
to classify the hoof as an ‘organ,’ it is reasonable to include
laminitis in  the MODS criteria given that widespread
inflammation and coagulation disorders that lead to MODS in
patients with sepsis/septic shock also lead to laminitis in
carbohydrate and black walnut-associated laminitis (Parsons
et al. 2007; Visser and Pollitt 2011; Kwon et al. 2013). Similar to
SIRS criteria, MODS criteria have not been validated in the
horse. Extrapolation from human medicine (with the exception
of laminitis) defines MODS as dysfunction of 2 or more of the
following systems: laminitis, haemostatic, neurological, renal,
respirafory, intestinal, haemodynamic and hepatic (Bone
etal. 1992). Laminitis and haemostatic  dysfunction
(coagulopathies) will be discussed further.

Laminitis

In adult horses, one of the most devastating complications of
sepsis is the development of acute laminitis. In a refrospective
study comparing 73 hospitalised horses that developed
laminitis with 146 that did not, the diagnosis of endotoxaemia
was found to be the only factor significantly associated with
laminitis (Parsons et al. 2007). Although hypoxia and laminar
microthrombi formation are suspected to be involved in the
pathophysiology of endotoxin-mediated laminitis, several
attempts to induce laminitis by experimental infusion of LPS
have not been successful (Turek et al. 1985; Ward et al. 1987;
MacKay et al. 1991; MacKay and Lester 1992; Tadros and Frank
2012). Laminitis may also be induced by hyperglycaemia and
hyperinsulinaemia (insulin resistance) (de Laat etal. 2012;
Knowles ef al. 2012). In a refrospective analysis of 44 horses
diagnosed with equine neorickettsiosis, laminitis was present in
38% of horses, 88% of which were affected in all 4 feet (Bertin
et al. 2013). Prophylactic treatment with digital hypothermia
has been shown to decrease the incidence of laminitis in
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horses with colitis and may improve outcome in horses with
other forms of sepsis (Kullmann et al. 2013).

Disseminated intravascular coagulopathy (DIC)

A consequence of sepsis is coagulation abnormalities, which
can be dynamic and complicated. Systemic inflammation
associated with sepsis can cause widespread damage
to the endothelium, which promotes coagulation. This
hypercoagulable state can lead to microthrombi formation,
ischaemia and MODS (Taylor et al. 2001). As coagulation
factors are consumed, the patient enters a hypocoagulable
phase characterised by excessive bleeding (Epstein 2014). In
human patients with sepsis, administration of heparin is
recommended for those patients in a hypercoagulable state
(Zimmerman 2004). Heparin has been shown to decrease the
incidence of laminitis and increase survival in adult horses with
hypercoagulable DIC, but heparin may increase bleeding in
the hypocoagulable state; thus, its use in sepsis is confroversial
as these states may not be easily decipherable (Welch et al.
1992; Cohen etfal. 1994). Low molecular weight heparin
(LMWH; dalteparin) has reportedly fewer side effects than
unfractionated heparin in horses, with the recommended
dosage of 50iu/kg bwt g. 24 h SC (Feige et al. 2003). The
incidence of DIC in septic foals can reach up to 50% and is
associated with nonsurvival (Armengou et al. 2008; Bentz et al.
2009). Neonatal foals require a higher dosage of LMWH than
adults fo achieve anticoagulant activity blood levels and
dosing at 100 iu/kg bwt g. 24 h subcutaneously appeared safe
in a clinical study (Armengou etal. 2010). Hyperimmune
equine plasma containing coagulation factors may be
beneficial in treating or preventing the hypocoagulable state
of DIC (Welch et al. 1992). In both neonatal and mature horses,
freatment of the underlying disease is the most important
therapy for DIC.

Prognosis

Since sepsis is a common, ‘stand alone’ diagnosis in neonatal
foals, several studies have documented outcome. Survival
rates in septic neonatal foals are highly variable, with reported
short-term survival rates from 10 to 70% (Baker et al. 1986;
Hoffman et al. 1992; Raisis et al. 1996b; Gayle etal. 1998;
Stewart et al. 2002; Slack et al. 2005; Peek et al. 2006; Corley
et al. 2007). However, outcome has improved significantly over
time, which is likely due to early detection and treatment of at
risk foals. In general, it is appropriate to quote a prognosis for
short-term survival of approximately 50-60%, but individual
factors will greatly influence the outcome. Foals with
Gram-negative or mixed organism infections are more likely to
die than foals with Gram-positive infection (Barfon ef al. 1998;
Corley et al. 2007). Odds of survival also decrease if septic
arthritis is present, or if band neutrophils or serum creatinine
concenfration are significantly elevated (Sanchez et al. 2008).
Neonatal foals with confirmed meningoencephalitis have a
poor prognosis, with one study reporting an 11% survival rate
despite aggressive tfreatment (Viu ef al. 2012). There are few
studies regarding long-term outcome in septic foals. One study
reported that Thoroughbred foals with previous neonatal
bacteraemia had significantly fewer racing wins and total
earnings than siblings with no history of bacteraemia (Sanchez
et al. 2008). A second study reported that the development of
septic arthritis in  Thoroughbred racehorses significantly
decreased the likelihood that the horse would successfully
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race (Steel et al. 1999). Survival rates in matfure horses with
sepsis vary considerably with the primary disease process and
are not always due to sepsis itself. Thus, it is difficult fo
prognosticate as no studies have been done to evaluate a
large population of adult horses with the inclusion criteria of
strictly SIRS or sepsis, regardless of the primary disease.

Summary

Sepsis is defined as SIRS due to infection, with bacterial
infections predominating in equine cases. Sepsis continues to
represent a major cause of morbidity and mortality in neonatal
and mature horses. Although the word ‘sepsis’ has traditionally
been used to describe bacteraemia and SIRS in neonatal
foals, it is important to recognise that sepsis also occurs in
mature horses, most commonly due to infectious enterocolitis,
pleuropneumonia and metritis. Diagnosis of sepsis is difficult
since SIRS criteria are nonspecific and microbial isolation and
culture techniques are insensitive. Serum biomarkers are
currently being investigated for their potential role in diagnosis
and prognostication of sepsis. Successful freatment relies
on rapid intervention, particularly with antimicrobial drugs to
freat the primary disease, as well as hemodynamic support.
The survival rate of septic neonatal foals ranges from
approximately 30 to 85%, while outcome in mature horses with
sepsis depends on the primary infection, severity of disease
and complication rate.
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