
1

Introduction
Neonatal sepsis; one of the most challenging 
conditions facing equine practitioners and the 
major cause of death in foals < 7 days old6. 
Over the past 20 years there have been major 
advances in the medical management of sep
tic foals but mortality remains high10. Most 
retrospective studies cite figures of around 
70% survival for hospitalised septic neonatal 
foals1. Sobiraj et al cited a cure rate of only 
13%22. Sanchez et al (3) found that of 423 
bacteraemic foals, 254 survived (60%)21. 

When compared to their healthy siblings 
there were no statistical differences in the % 
of race starts or % of winners to race starts, 
but there was a decrease in the total number of 
wins and total amount of earnings21. It has 
been shown that that there was no impact on 
sales income for foals at public auction (foal 
sales, yearling sales and two year old sales) 
that had been hospitalised under the age of 
125 days when compared to their controls7. 

These studies show that treatment of these 
neonates can be financially viable and clini
cally rewarding. It doesn’t change the fact that 
sepsis is in fact the leading cause of morbidity 
and mortality in this population. Why is this? 
This is a multifactorial answer including: the 
complex nature of sepsis itself with subtle and 
often insidious initial clinical signs of sepsis. 
Often by the time sepsis is detected, the causa
tive agent has been established for a con
siderable period of time. Success in treating 
these foals requires an early diagnosis and 
treatment initiation, focusing on supporting 
the neonatal vital systems and neutralising the 
effects of the causative organisms.

This article will review the syndrome of 
sepsis, clinical signs and diagnostic aids used 
in neonatal sepsis. A second article will dis
cuss the treatments, outcomes and prognosis 
for equine neonatal sepsis.

Sepsis – the silent killer
The longstanding and previously accepted 
theory on the cause of sepsis, “a condition in 
which the body’s cells generate fever, shock 
and often death, thought to occur when poi
sons from bacterial infection interfere with 
the cells” has been in constant review over the 
last 20 years. Sepsis is an ever expanding          
area15. It is now known for it to be a complex 
system involving endothelial cells, platelets, 
leucocytes, cytokines, inflammatory media
tors, the coagulation system and dysregu
lation of the endocrine system12, 8. 

Tissue damage stimulates the immune sys

tem, of which overactivation or suppres sion 
leads to systemic inflammatory response                    
syn  drome (SIRS), which can ultimately lead 
to multiorgan dysfunction syndrome 
(MODS) and death16. The transition from 
SIRS to severe sepsis and septic shock in
volves a plethora of pathogenic changes in
cluding circulatory abnormalities, which re
sult in wide spread tissue hypoxia.

Attempts at trying to interfere with the 
actions of bacterial toxins to attempt to modu
late the septic process, are often unrewarding. 
Although bacterial infection may be the initial 
trigger for SIRS, the inflammatory process 
itself results solely from the production of 
endogenous mediators. It is now recognised 
that sepsis is a complex multifactorial res
ponse to the tissue insult16. Without changing 
vete rinary treatment regimes to meet these 
new advances in understanding sepsis, we 
stand no chance against this silent killer. To 
continue with just the use of antimicrobials 
would be like continuing to throw soldiers 
over the top, as in World War I. The generals 
continued to send soldiers over the top without 
acknow ledging their tactics were outdated 
and they needed to change. 

The classic, most common presentation of 
sepsis has been that of disseminated gramneg
ative bacterial infections and the release of 
their endotoxins. The most common isolates 
include E. coli, Klebsiella spp., Actinobacillus 
spp. and Pseudomonus spp. It has become ap
parent that an identical syndrome occurs with 
grampositive bacterial infections, viral infec
tions19, trauma, hypovolaemia, haemorrhage, 
immunological and drug reactions16. Gram 
positive infections in neonates are increasing 
as is the incidence of Enterococcus spp. infec
tions, which is of concern as these bacteria 
have the ability to transfer resistance genes18.

There is mounting evidence that there are 
changes in hormonal concentrations and me
tabolism in sepsis, including increasing evi
dence that the hypothalamic pituitary adrenal 
axis has dysfunctional regulation in sick neo
nates. The cortisol response to illness is not 
sufficient, resulting in cardiovascular collapse 
and unregulated excessive systemic inflam
matory responses. Cortisol is vital for the 
stress response when dealing with critical ill
ness. It can be difficult to determine cause and 
effect once treatments are instigated, but rela
tive adrenal insufficiency may be associated 
with nonsurvival12.
Key take-home message: Although bacteria 
and their products may be the initial stimulus 

of the body’s inflammatory response, the            
response itself is due to the production of en-
dogenous mediators. Treating the bacteria 
alone is not enough. The whole inflammatory 
response needs capping and modulating as 
well as neutralising the primary cause.
The pathophysiology of SIRS
SIRS is not necessarily associated with the 
presence of bacterial infection. It represents a 
common terminal phase of the inflammatory 
response due to activation of multiple proin
flammatory pathways. It is defined by the                  
pre sence of two or more of the following2:
• Fever or hypothermia (>39.2 or <37.2)
• Tachycardia (>120bpm)
• Tachypnoea (>30bpm) or hypocapnia 

(<32mmHg partial pressure C02)
• Leukocytosis or leucopaenia                      

(>12 or < 4.0 X 10 9/l)
• Increased numbers of immature   

granulocytes (> 10% bands).
These signs are thought to be due to proin
flammatory mediator activation. When occur
ring in a regulated fashion, the inflammatory 
response is essentially protective, with en
hanced killing of microbes, enhanced immune 
stimulation and increased activity of the sys
tems required for healing processes to occur. 

SIRS occurs when these systems become 
out of control. With the systemic activation of 
numerous pro-inflammatory mediators, (cyto
kines, phospholipid derivatives, complement 
components, reactive oxygen species, vaso
active gases), there becomes an excessive      
detrimental response.

Due to widespread endothelial activation, 
there is altered vascular homeostasis, ultimately 
leading to septic shock (hypotension, hypoper
fusion, non-responsive to fluid therapy). 

Widespread activation of the clotting system 
with excessive fibrin deposition (due to im-
paired plasmin activation – one of the major 
mediators of fibrinolysis) leads to a con-
sumptive coagulopathy ending in disseminated 
intravascular coagulation.

The overwhelming effects on the cardio
vascular system potentially lead to involve
ment of all body systems with renal, hepatic, 
gastrointestinal, musculoskeletal, neurologi 
cal, respiratory and circulatory pathology all 
occurring, leading to MODS.
Signs and manifestations
The development of SIRS in the equine neo
nate is a complex process, involving numerous 
initiating factors, inflammatory mediators, and 
variable degrees of organ dysfunction. It can be 
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difficult to determine the underlying disease 
pro cess when presented with a neonate with 
SIRS. Treatment of SIRS and its sequelae must 
be directed at resolution of the initiating stimu
lus, modulation of the inflammatory process 
and maintenance of organ function.

The requirement for basic supportive thera
pies (IVFT, antimicrobials, anti-inflammato
ries) is necessary, regardless of the aetiology. 

Early signs are often subtle and insidious in 
onset. Sepsis should be the number one condi
tion at the forefront of the practitioners mind 
when presented with sick equine neonates, 
prompting immediate action as these early 
signs can rapidly progress to septic shock and 
death despite aggressive treatment.

Foals frequently show clinical signs only af
ter the causative agent has been established for 
a considerable period of time. 
The foal may: 
• nurse less frequently or sucking may be 

completely absent
• spend increased periods of time lying down
• general lethargy, progressing to recumbency
• Pyrexia, tachycardia and tachypneoa may 

all become apparent. But, less than 50% of 
septic foals are pyrexic upon presentation.

• Hypothermia may be present due to hypo
volaemia and hypoperfusion leading to poor 
peripheral circulation. This is then com
pounded by dehydration with the offsuck 
foal.

• Mucus membranes may become congested, 
hyperaemic, with petechial haemmorhages. 
Beware scleral haemorrhage, once thought 
to be a sign of a traumatic birthing process, 
these are often found in completely normal 
foals.

• Petechiation may be seen within the ear      
pinnae and at the coronary bands.

Sepsis can show more localised effects: uve

itis, dermatitis, diarrheoa, colic, seizures, joint 
effusions, lameness, respiratory distress and 
umbilical remnant structure pathology. Many 
umbilical issues will be externally normal, 
and only detected upon transabdominal ultra
sonography.
Key take-home message: Initial signs can be 
subtle. Consider all body systems to be in-
volved, either primarily or secondarily due to 
hypoperfusion and dehydration. 
Laboratory findings
Normal newborn foals will have a neutro
phil:lymphocyte of > 2:1, representing normal 
adrenocortical function. Leucopaenia is the 
most common finding in sepsis, but if blood 
samples are taken later on in the disease pro
cess, normal WBC values or neutrophilia may 

be detected. Premature foals will often have 
low WBC values in the absence of sepsis, but 
they will not have the presence of toxic neutro
phils and a degenerative left shift as seen in the 
septic neonates, if their prematurity is uncom
plicated. Neutropaenia with band cells and 
toxic changes are suggestive of a systemic in
flammatory response and should prompt rapid 
further investigation14.

Increased fibrinogen at birth suggests that 
there were problems already present in utero, 
due to its slow response to inflammation and its 
relatively long halflife.

Increased serum amyloid A, (SAA) 
(>100mg/ml), an acute inflammatory protein is 
also indicative of sepsis, although beware false 
negatives. There have been cases of sepsis 
where early laboratory findings have given low 
SAA values (<25mg/ml)9. But it is still recom
mended as a detection method for sepsis as well 
as monitoring response to therapy23.

Hypoglycaemia is common. Any foal off 
suck for greater than three hours will be hypo
glycaemic (<4mmol/l). Hypoglycaemia or ran
dom fluctuations in response to treatment may 
be representative of endocrine dysfunction.

Azotemia (>180mmol/l) is a common find
ing and may be due to premature placental 
separation (PPS), dehydration, acute kidney 
insult, or part of MODS. Failure for creatinine 
values to decrease in response to therapy may 
suggest renal pathology rather than PPS.

Lactate, essentially a measurement of the de
gree of anaerobic metabolism, is often in
creased and can be used as a prognostic indica
tor3. Following trends, i.e. the foal’s ability to 
reduce lactate in response to treatment, may be 
of more use than a once off value.

Blood culture samples should be taken from 
all foals presented with a suspicion of sepsis. A 
positive blood culture is the gold standard for 
diagnosing bacteraemia, but foals can be septic 
and not necessarily bacteraemic16. A NEGA
TIVE blood culture does not rule out sepsis. 
This test has been reported to have variable 
sensitivities; some reports quoting false nega
tives as high as 37%14. There is a positive cor
relation between a positive blood culture and 
nonsurvival in hospitalised foals3, but in the 
same study, there was no significant difference 
in lactate values between blood culture positive 
and blood culture negative foals. This has been 
found in other studies5,26. Blood for culture 
should ideally be taken before the instigation of 
any antimicrobial therapy, but waiting 48 hours 
for results before starting antimicrobials is con
traindicated.  Several blood samples should be 
taken over a period of several hours for culture, 
in an attempt to increase the chances of having 
a positive culture. If antimicrobials have been 
instigated, time the sampling for when the drug 
dosing is at its ‘trough’ phase i.e. just prior to 
the next administration. Because of the low 
sensitivity of the test, bacterial cultures should 
be taken from other suspected areas of infec
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Fig. 1: Simplified schematic flow diagram of the inflammatory process leading to SIRS and MODS

A REVIEW OF DEFINITIONS
Infection: Inflammatory response to the                 
pre sence of micro organisms or the                                                                                    
invasion or normally sterile host tissue by 
micro organisms
Bacteraemia/septacaemia: Presence of                  
viable bacteria in the bloodstream
Systemic inflammatory response syndrome 
(SIRS): Systemic response to an array of 
severe clinical insults
Shock: SIRS induced hypotension refrac-
tory to fluid resuscitation in association with 
hypoperfusion
Sepsis: SIRS due to infection
Severe sepsis: Sepsis associated with organ 
dysfunction, hypoperfusion or hypotension
Septic shock: Sepsis induced shock
Multi organ dysfunction syndrome (MODS): 
Altered organ function in an acutely ill patient 
requiring intervention to maintain homeostasis.
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tion; urine, peritoneal fluid, synovial fluid, 
cerebrospinal fluid, transtracheal aspirate 
samples and umbilical remnants. Strict                      
asepsis must be adhered to when collecting 
any of these samples.
Key take-home message: Do not with hold            
antimicrobial therapy in a sick equine neo-
nate. Assume that a sick equine neonate is 
septic until proven otherwise. 
Sepsis Scores
Making a definitive diagnosis of sepsis, with a 
causative agent can be difficult in the neonate. 
Actions and treatment plans must be instiga
ted early, be aggressive and be dynamic, with 
constant patient reassessment. The gold stan
dard for diagnosing sepsis is a positive bac
terial culture in a foal demonstrating signs of 
SIRS, but many septic foals will have nega
tive bacterial cultures.

As an aid to diagnose these foals, as sepsis 
can often remain clinically silent in the early 
stages, various sepsis scores have been in
vented and modified since the first equine 
neonatal sepsis score sheet in 1984. This had a 
sensitivity of 93% (true positives) and speci
ficity (true negatives) of 83%. Four main                     
categories were assessed: 
• complete blood count (neutrophil count, 

presence of bands, toxic changes, fibri-
nogen levels), 

• other laboratory data (glucose, Zinc 
turbi dity test results for failure of pas
sive transfer (FPT), oxygen tensions, 

metabolic acidosis), 
• clinical examination (petechiations, fever, 

coma, convulsions, hypotonia, involve
ment of other body systems; Uveitis,      
swollen joints, respiratory distress) 

• historical risk factors (placentitis, maternal 
illness, dystocia, prematurity etc.). 

Several variations have been made over the 
years, with the most recent published reeva
luation being in 201424. This gives a sensi
tivity of 56.4% or 84.4% and specificity of 
73.4% or 41.8% depending on whether the 
cut off score used for sepsis was greater than 
7 or 11.

If nothing else, as well as identifying high 
risk individuals, a sepsis score sheet ensures 
that a full history, clinical examination and 
base line laboratory data are taken and                      
assessed, upon being presented with a sick 
equine neonate. No sepsis score sheet will 
take the place of clinical judgement and                    
experience. 
Identifying the high risk foals
Several historical risk factors have been 
linked to neonatal sepsis20. These can be                      
divided into:

• Mare risk factors
• Foal risk factors
• Gestational/parturition risk factors
Mare risk factors include placentitis, mate r
nal illness, early lactation, poor nutritional 
status, recent transport stress, poor mother
ing and poor colostrum production. Foal fac
tors include prematurity, FPT and localised 
disease (uveitis, diarrhea, open wounds, sep
tic arthritis, pneumonia). Gestational risk 
factors include dystocia, prematurity and 
premature placental separation.
Routes of invasion of bacteria
Foals may become infected in utero or in 
the postnatal period. In mares with placenti
tis, bacteria may penetrate the placental
choroidal barrier, gaining access to the 
foal’s blood stream. Bacteria may also enter 
the amniotic fluid, and thus be able to enter 
the foals respiratory and gastrointestinal 
systems. Cytokinemia, a potentially fatal 
immune reaction consisting of a positive 
feedback loop between cytokines and white 
blood cells, with highly elevated levels of 
various cytokines, resulting from placental 
infection or insult, is a major contributor to 
Neonatal Encephalopathy (NE) in infants, 
and probably foals, with incidence of NE 
increased with the presence of maternal                
fever, something veterinarians have sus
pected for the last decade or so.  This could 
also contribute to equine neonatal sepsis.

In the postnatal period, the most common 
route for pathogens to gain entry into the foal 
is now thought to be through the ’ open gut’. 
Exposure to pathogens whilst udder seeking, 
whilst the gut is still ‘open’, and able to ab
sorb immunoglobulins as well as pathogens, 
is a major risk factor for developing sepsis. 
Hence any conditions which may delay the 
foal going onto successfully suck will in
crease the risk of sepsis (NE, prematurity, 
twins, dystocia, musculoskeletal problems 
etc.) due to the translocation of bacteria 
across the open gut wall.

Other routes of infection include inha
lation, the umbilicus, wounds and direct 
trauma.

Bear in mind that SIRS itself can be                
triggered by factors other than bacteria, as 
pre viously discussed.

Summary
The understanding of sepsis, its propagation 
and its treatment are key factors in equine 
neonatal care, as sepsis remains the number 
one killer of foals less than 7 days old. Treat
ment of SIRS requires the same supportive 
therapies, no matter what the inciting cause, 
but by identifying the causative agent, more 
targeted therapies can be instigated. These 
will be discussed in the following article: 
The treatment, prognosis and prevention of 
equine neonatal sepsis.

Fig. 3: Petechial haemorrhages of the mucus 
mem branes

Fig. 5: The intensive care required to treat sep-
tic foals. Its not just antimicrobials anymore

Fig. 4: Localised disease seen here as umbili-
cal remnant infection, but bearing in mind most   
umbilical remnant pathology palpates normally 
and requires ultrasonography to identify patho-
logical structures.
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1.  The leading cause of morbidity and mortality in foals   
< 7 days of age is:

a Trauma
b Sepsis
c Post foaling haemmorrhage
d Neonatal isoerythrolysis
e Asphyxia
2. SIRS represents
a A systemic response to an array of severe clinical insults  

with excessive activity of the anti inflammatory response
b The clinical response to infection
c Cardiovascular dysfunction leading to hypoperfusion
d Tissue hypoxia 
e Bacterial infection
3. Sepsis represents
a Localized bacterial infection
b Tissue hypoxia leading to cardiovascular collapse
c SIRS due to bacterial infection
d Bacteraemia
e SIRS due to viral infection
4. The most common cause of equine neonatal sepsis is:
a grampositive bacteria
b herpes virus
c endocrine dysfunction
d gramnegative bacteria
e mixed bacterial infections
5. Two of the most common isolates in equine neonatal  

sepsis are:
a E. coli
b Enterococcus
c Streptococcus
d Klebsiella
e Staphylococcus

6. Sepsis should be considered in:
a All sick equine neonates presented to the veterinarian
b Only foals that are collapsed
c Only in foals with positive blood cultures
d Only in foals with failure of passive transfer
e Only in foals from sick mares
7. Areas to look for petechiation are (pick 3):
a Coronary bands
b Ear pinnae
c Tail base
d Gums
e Sclera
8. The most common route for organisms to gain   

entry into the foal is:
a Via the umbilicus
b Inhalation
c Ingestion
d Direct trauma
e Across the open gut
9. Serum Amyloid A is
a an acute inflammatory protein
b a marker of renal insult
c a marker of anaerobic metabolism
d always >100mg/ml in septic neonatal foals
e a marker of failure of passive transfer
10. Blood culture samples
a Will always be positive in septic foals
b Have a very high sensitivity for sepsis
c Should be collected in all foals with a clinical   

suspicion of sepsis
d MUST be collected prior to starting antimicrobials
e Are rarely useful in guiding the management of   

septic foals
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