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Introduction
Sepsis is a major cause of morbidity and 
mortality in foals < 7 days old1. As our 
knowledge and understanding of this 
complex pathological system increases, 
hopefully our ability to treat successfully 
will continue to improve.
The insidious onset of sepsis and 
difficulty in identifying the initiating 
trigger factor can make identifying and 
treating sepsis a challenge. This article 
will review the treatment modalities 
available to practitioners for sepsis.

Aims of treatment
Sepsis is now considered to be the result 
of the systemic inflammatory response 
(SIRS) to bacterial infection. As well as 
the inciting trigger factor, the effects of 
the body’s own endogenous mediators 
need considering in the treatment plan. 
The aims of treatment should include the 
basic supportive therapies regardless of 
the causative agent. This should include 
and this article will focus on:
• Antimicrobials
• Fluid therapy and cardiovascular 

support
• Anti inflammatories
Respiratory support, nutritional support 
and treatments aimed at modifying the 
bodys inflammatory response and coa gu
lation sys tem should also be con sidered.
If the causative agent can be identified 
then this will allow for a more directed 
approach of both basic and directed 
therapies. Early goaldirected therapy has 
been shown to provide significant benefits 
with respect to outcome in human patients 
with severe sepsis2. In equine neona
tology, identifying the causative agent 
can be very difficult. 
Supportive therapy and nursing should 
not be overlooked as these are vital for     
a successful outcome in equine neo
natology.
Recumbency will cause several comp
lications to the sick equine neonate in
cluding:
• Patent urachus
• Hypoxia
• Corneal ulceration

• Pressure sores and dermatitis
• Hypoglycaemia
• Orthopaedic issues
• Mare rejection
• Gastric ulceration 
Key take home message. It is not always 
imperative to reach a specific definitive 
diagnosis. Assume, until proven other 
wise that the sick equine neonate is 
septic, treat appropriately and provide 
ample supportive therapy. Consider all 
body systems to be involved until pro ven 
otherwise. Go hunting for a causative 
agent: blood cultures, tracheal wash 
samp ling, urine sampling, abdomino
centesis and synoviocentesis as deemed 
clinically relevant. Employ the use of 
ultra sonography for umbilical, thoracic 
and abdominal ultrasonography to search 
for foci of infection.

Antimicrobials
The most common pathogens involved in 
equine neonatal sepsis are gramnegative 
bacteria, but there are increased incidents 
of grampositive sepsis3,4,5. This needs to 
be borne in mind when selecting anti
microbials for treatment. A positive blood 
culture is the gold standard for diagno
sing sepsis, but not all septic foals are 
bacteraemic6, in fact it is reported that up 
to 37% of cases are false negatives7. 
Suspect sepsis in all clinical ly sick 
neonates until proven otherwise. Broad
spectrum antimicrobials should be ini
tiated as soon as possible. Do not wait for 
culture results before starting anti micro
bial therapy. Selection of appro priate 
anti microbials re quires knowledge and 
under standing of the;
• Likely organisms and their general 

sensitivity patterns that are going to be 
involved

• Farm history
• Previous culture and sensitivity results 

from other ‘on farm’ cases
• Pharmacokinetics of that drug, i.e. 

what the body will do to that drug with 
special attention to penetration and 
reaching therapeutic concentrations 
for the sus pected organisms. Certain 
drugs will re quire dosing alterations in 

neonates due to the increased content 
of total body water and therefore 
volume of distribution. Doses based 
on pharmacokinetic studies in foals 
should be used8

• Pharmacodynamics, i.e. what the drug 
will do to the body with special atten
tion to any adverse side effects, e.g. 
nephrotoxicity, hyperthermia, poten
tial effects on cartilage

Antimicrobial administration is usually 
required for a prolonged period (24 
weeks). Financial and the practical 
implications also need to be considered 
when selecting your drug therapy.
A good first choice is a combination of an 
aminoglycoside preferably amikacin in 
the foal 2530mg/kg i.v. SID, combined 
with penicillin. Once daily dosing of 
amikacin has been shown to be less 
nephrotoxic than repeated daily dosing at 
a lower dose rate. Intramuscular peni cillin 
(2050000iu/kg i.m. BID) injections can 
become painful for the neonate, so i.v. 
crystalline penicillin may be preferred 
(2050000iu/kg i.v. QID). Amino glyco
sides do have the potential to cause 
nephro toxicity through accumulative 
dosing so renal parameters and drug assays 
should be measured. 
Alternatively, third and fourth generation 
cephalosporins may be considered, 
(Ceftiofur 10mg/kg i.m. or i.v. infusion 
BIDQID, Ceftriaxone 25mg/kg slow 
infusion i.v. SIDBID). Ceftiofur must not 
be given as a rapid i.v. injection due to 
rapid renal clearance and failure of the 
drug to then reach and maintain MIC’s. 
The higher doses will provide broader 
gramnegative cover. Cefquinome is 
licensed at 1.0mg/kg i.v./i.m. SIDBID, 
but pharma cokinetic studies have shown 
that a higher, off license dose of 4.5mg/kg 
is recommended for septic neonatal foals9.
Until biochemistry results are obtained it 
may be worth avoiding drugs that under
go signi ficant hepatic metabolism, i.e. 
chlora m phenicol. If anaerobic cover is 
required then the use of metronidazole 
can be considered (1525mg/kg BIDTID 
PO or per rectum). Once culture results 
are obtained then antimicrobials can be 
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changed accordingly, bearing in the mind 
the pharmacological differences between 
in vitro and in vivo activities.
It also must be remembered that the 
judicial use of antimicrobials is crucial 
due to the serious problem of increasing 
antimicrobial resistance. Strategies need 
to be developed for the correct use of 
antimicrobials. This includes having the 
knowledge of the most likely pathogens 
involved and local resistance patterns10.

FluIdS And CARdIOVASCulAR 
SuppORT

Aims of fluid therapy
Improve perfusion and treat 
hypovolaemia
Increase oxygen delivery to tissues
Provide for maintenance requirements
Replace ongoing losses (reflux, blood 
loss, diarrheoa)
Correct acid base disturbances
Meet sodium requirements
Provide glucose
Try to separate from nutrition
Correct anaemia (blood transfusions)
Provide immunotherapy and normalise 
coagulation (plasma)

Fig 2. The aims of fluid therapy

This is an essential part of therapy. If there 
are signs compatible with haemodynamic 
shock (poor mentation, cold extremities, 
weak peripheral pulses etc) then an initial 
rapid bolus infusion of 20ml/kg (1l/50kg 
foal) of a nonglucose containing polyionic 
fluid (LRS) over 1020 minutes will provide 
rapid volume expansion. The use of glucose 
for rapid infusion is contraindicated due to 
the risk of damage to brain cell membrane 
function. This treatment should be insti
gated as soon as possible and can be 
repeated 34 times for a 50kg foal.
Response to therapy can be monitored by 
clinical demeanour, heart rate, skin turgor, 
mucous membranes, pulse quality, urine 
output (26ml/kg/hr, minimum 100ml/hr 
50kg foal, average usually 300ml/
hr/50kg), blood pressure (if equipment 
allows) and blood lactate values (ideally 
de creasing – beware reperfusion injury). 
Gut sounds will also return, legs will 
warm up and core temperature should be 
increasing.
If volume expansion fails to improve the 
foal and the situation allows, the use of 
positive ionotropes eg. dobutamine, dopa
mine, norepinephrine may be used. How

ever the use of these drugs requires 
continuous infusion pumps and monitoring 
of blood pressure. At this stage it is 
recommended to either refer to a hospital 
or admit to your own clinic.
The type of fluid used for maintenance 
depends upon whether fluid can be given 
as a constant rate infusion (CRI) or 
whether bolus therapy will have to be 
instigated. Which route is taken depends 
on the veterinarian’s time, farm location, 
owner ability and facilities available.
Once shock fluid therapy has been 
provided, the need for ongoing fluid 
therapy needs to be established. If CRI can 
be provided then dextrose solutions of 5% 
can be used. This will prevent sodium 
overload and provide sufficient free water 
to restore intracellular and interstitial 
requirements. If bolus therapy is to be 
provided, then dextrose solutions >12% 
are contraindicated and a compromise 
has to be reached in which fluids to use.
Out in the field, fluid boluses are more 
commonly used as maintenance of intra
venous lines can be challenging, parti cularly 
if the foal remains in a stable with the mare 
and owners/lay staff are left to monitor. The 
amount of fluid needed over the day, needs 
to be carefully considered, particularly in 
foals with diarrhea where losses may be 
larger than anticipated. The total amount of 
fluids needed should be calculated for the 
day and then divided into bolus 
administrations depending on the condition 
of the foal, logistics of the attending vet and 
capabilities of the owners/laystaff. Ideally 
bolus admini stration should be limited to 12 
liters per bolus. Fluid choices should be 
dictated by the needs of the foal, but 
generally the sodium load administered with 
this route will be greater than that of constant 
rate infusion, as dextrose should not be 
administered by bolus at large concen tration, 
i.e. more than 12.5%. Care has to be taken if 
adding potassium to fluids being 
administered as a bolus. This approach can 
potentially result in sodium overload, but 
will work well in a foal that is nursing. The 
best fluid for bolus use in the author’s 
opinion is 0.45% saline and 12% dextrose if 
calories are needed, although this is less than 
ideal. Magnesium, potassium and B vitamins 
can then also be added intermittently.
Key take home message: rapid bolus 
therapy should be promptly instigated when 
presented with the collapsed foal. Warmed, 
nondextrose containing polyionic fluids 
are the fluid of choice. A 1 litre bolus for a 
50kg foal, given over 20 minutes can be 
repeated 3 4 times.

 Body mass Fluid rate 50kg foal

 First 10kg 100ml/kg/day 1000ml/day
 Second 10kg 50ml/kg/day 500ml/day
 All additio  25ml/kg/day 750ml/day
  nal kg’s  
   2250ml/day

Fig.1 ‘dry’ maintenance fluid 
calculation table

Anti-inflammatories and    
anti-endotoxins
These should not be overlooked when 
treating septic equine neonates as they 
could be beneficial. The use of polymixin B 
has been shown to significantly lower blood 
lactate11. Meloxicam is well tolerated in 
neonatal foals. Other treatments to consider 
include DMSO infusions, low dose fluni xin 
regimes, magnesium sulphate, vitamin E 
and plasma therapy. Plasma is a very useful 
fluid. Not only does it provide volume 
expansion, it enhances immune function 
and increases oncotic pressure. 
It is recommended that plasma should be 
given to any sick neonate, irrespective of 
IgG levels. If IgG levels are unacceptably 
low, plasma therapy should be aimed at 
increasing IgG to > 8g/l.
Plasma transfusions have been proven to 
enhance neutrophil function in septic foals. 
It has also been suggested that hospitalised 
foals have decreased phagocytic functions. 
These findings may warrant the use of 
plasma in hospitalised foals irrespective of 
their presenting IgG levels12. Plasma will 
also provide platelets and coagulation 
factors. Pentoxyifyline, low molecular 
weight heparin and normal heparin should 
also be considered in the hypercoaguable 
septic patient. 
Hydrocortisone is frequently used to treat 
human sepsis13. It may improve endothelial 
function, and induce some degree of arte
riolar vasoconstriction. Low dose hydro
cortisone therapy (LDHC) modulates 
inflammatory responses in adults and 
improves outcomes in septic adults and 
neonates, whilst high dose corticosteroid 
therapy has been associated with decreased 
survival in human patient14,15. It has been 
shown that LDHC in equine neonates 
ameliorates endotoxin induced proinflam
matory cytokine expression without im
pairing innate immune responses that are 
required to combat bacterial infection16. 
Perhaps low dose cortisone therapy should 
be considered when treating equine neo
natal sepsis, but further work is required to 
verify this. 
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Vitamin C has many important actions 
including aiding with correct endothelial 
function. In rats, vitamin C has been shown 
to improve microcirculatory perfusion17.
nutritional support
Nutritional support is vital. Malnutrition 
has been proven to compromise recovery. 
Sick foals will have increased metabolic 
rates, disturbed utilisation of nutrients, 
decreased suck reflexes and appetite. Ileus 
is a common complication of HIE and 
SIRS. 
Key take home message: If enteral feeding 
is to be employed then the gut must be 
ready for this. The meconium must have 
been passed or be in the process of passing 
through, there must be no gastric reflux 
present and no abdominal distension 
present. Gut sounds must be present on 
auscultation. Ultrasonography must not 
reveal any small intestinal distension and 
the foal MUST NOT BE HYPOTHERMIC. 
Ideally fresh mares milk is the best option 
for the neonates because of its unique 
nutrient composition, increased bio avail
ability of nutrients, immunologic pro
perties, promotion of maternalneonate 
bonding, and present of hormones, en
zymes, and growth factors.
If fresh mare’s milk is not available then 
the next best thing is frozen mares milk, 
followed by goat’s milk, followed by 
commercial replacers. If commercial re
placers are used, ensure consistency in 
mixing up. It may be prudent to start at 
50% strength when initiating enteral 
feeding. Ensure excellent hygiene.
If unable to stand or nurse, enteral feeding 
is best given via an indwelling nasogastric 
tube.
The most common problem with providing 
enteral nutrition is overfeeding. Aim to 
initially provide 5% body weight over the 
first twentyfour hours, divided into 12 2 
hourly feeds (200ml q. 2 hrs) then increase 
up to 10% of body weight throughout the 
second day, then increase this to 25% body 
weight/24hrs over the next couple of days. 
The normal healthy TB foal should gain 
approx. 12kg per day. Ideally the neonatal 

foal should not go for longer than 3 hours 
without feeding.
If enteral feeding cannot be tolerated 
parenteral nutrition should be considered. 
This will require infusion pumps or con
trolled IV giving sets, regular blood glu
cose monitoring, triglyceride monitor ing 
if lipids are included in the solution and 
over the wire double lumen catheters. It is 
costly and requires full hospitalisation of 
the foal.
Respiratory support
Assume any foal that is in lateral re
cumbency for prolonged periods of time is 
HYPOXIC.
Increased periods of recumbency, poor 
perfusion and weakness can result in 
ventilation/perfusion mismatch.
Maintaining the foal in sternal recumbency 
can improve oxygen tensions by 10%. 
Concerted efforts should be made to 
maintain the foal in sternal recumbency.
Intranasal oxygen can easily be supplied 
with the use of small oxygen canisters, 
humidifiers and the placement of Ryles 
tubes. Sterile water should be used in the 
humidifiers and the oxygen lines changed 
daily. Flow rates vary from 210 l/min.   10 
l/min will provide almost 100% oxygen. 
Too high a flow rate can cause oxygen 
toxicity.
Coupage can encourage drainage of fluids.
Acetylcysteine nebulisers may enhance the 
removal of mucus and fluid.
Respiratory stimulants may also be con
sidered – caffeine, naloxone and doxo pram.
If available, regular blood gas assessment 
should be used to monitor response to 
therapy.
Mechanical ventilation can be carried out 
in a referral NICU unit. 
nursing care
Cleanliness is essential. Measures should 
be taken to prevent iatrogenic contami
nation/infection:
• Strict hand washing
• Use of disposable gloves
• Foot dips and overshoes

• Cleaning and sterilisation of equipment
• Frequent changing of foal bed/towels/

blankets/pillows etc
• Daily changing of i.v. lines/oxygen 

lines, catheter caps etc.
An important part of the recovery phase is 
physiotherapy and stimulation. Time 
should be taken manipulating and stimu
lating foals. It is important to assist the foal 
to stand and encourage them to move as 
soon as possible. They should be taken out 
into the sun and fresh air on a regular basis.

Control of seizures
Diazepam is the drug of choice for emer
gency control of seizures (0.050.4mg/kg– 
one 10mg vial per 50kg foal – i.v.). This 
can be repeated upto 4 times. Oral diazepam 
is not recommended due to its short halflife 
and the oral route may induce tolerance. If 
seizures are refractory to diazepam or 
becoming more and more frequent, CRI of 
a drug may be required. Midazolam is 
preferred for CRI: add 45 mls 0.9% saline 
to 5 ml midazolam (5 mg/ml) administer at 
2 – 6 ml/hour for a 50 kg foal. Phenobarbital 
may also be used for longer term seizure 
management.
Pentobarbital should only be used when 
seizures are refractory to all other drugs 
due to its profound respiratory and cardio
vascular depressant effects. Acepromazine 
should be avoided as it lowers the seizure 
threshold point.
Phenytoin may be used orally for longer 
term therapy, although it can have erratic 
plasma levels. It alters membrane 
potentials and amino acid and neuro
transmitter con centrations. It inhibits the 
generation of repetitive action potentials 
(10mg/kg po).
Gabapentin and allopurinol have also been 
used with some success.

Summary
The treatment of septic foals can be hugely 
time consuming but also hugely rewarding. 
A full understanding of the concept of 
sepsis and the treatment modalities avail
able will improve the success rate and 
quality of care given to the equine neonate.
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SAVC Accreditation Code: AC/1374/15. To answer  the questions visit www.sava.co.za and log into the members section. 
Click on Cpd and log in.  VetCpd web system code: a61531 for this article.
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1. When devising a treatment plan for the suspected septic foal
a) A specific diagnosis must first be made before instigating 

treatment
b) The treatment plan must consider the body’s own endogenous 

response to the inciting trigger factor
c) You must wait for culture results prior to instigating 

antimicrobial therapy
d) Basic supportive therapy including broad spectrum 

antimicrobials, fluid therapy and cardiovascular support and anti 
inflammatories should be provided

e) Antimicrobials should only be used if a positive blood culture is 
obtained.

2. Aminoglycosides
a) Should not be used in equine neonates due to their potential 

nephrotoxicity
b) Provide broad spectrum antimicrobial activity
c) Are time dependent antimicrobials
d) Are safe to use in equine neonates, as long as renal parameters 

and or drug assays are monitored
e) Should be divided into smaller, more frequent dosages than once 

daily dosing

3. The ideal fluid for rapid treatment of heamodynamic  
shock is

a) Lactated ringers solution
b) 5% glucose
c) 10% glucose
d) plasma
e) hydroxyethylstarch

4. A rapid bolus infusion to treat haemodynamic shock  
a) Can be repeated 34 times
b) Should be 20ml/kg
c) Should be 200ml/kg
d) Should not be repeated within 20 minutes of the first bolus
e) Should be given over 60 minutes

5. It is recommended that plasma therapy
a) Should only be given to foals with IgG <8g/l
b) Should only be given to foals with IgG > 8g/l

c) Should be given to all sick equine neonates
d) Should be used to treat haemodynamic shock
e) Has no benefits in sick equine neonates

6. Enteral feeding must not be employed if
a) Gut sounds are present
b) Nasogastric reflux is present
c) The foal is hypothermic
d) The meconium has passed or is in the process of passing through
e) Fresh mares milk is not available

7. Enteral nutrition should initially aim to provide
a) 5% of body weight divided into 4 feeds over 24 hours
b) 5% body weight divided into 12, 2 hourly feeds over 24 hours
c) 25% body weight divided into 12, 2 hourly feeds over 24 hours
d) 25% body weight divided into 4 feeds over 24 hours
e) as much as the foal wants to take in at each feed

8. Intra nasal oxygen
a) Should only be provided to the collapsed foal
b) Should be given at as high a flow rate as the regulator allows
c) Should only be used when blood gases can be monitored
d) Should ideally be humidified
e) Will, alone reverse ventilation:perfusion mismatch

9. The sick foal in lateral recumbency
a) Should be left to rest as much as possible
b) Should be maintained in sternal recumbency as much as possible
c) Can be assumed to be hypoxic
d) Can be assumed to be hypothermic
e) Should be turned frequently, alternating left and right lateral 

recumbency, rather than attempting sternal recumbency

10. The drug of choice for initial, emergency management of 
seizures is

a) Phenobarbital
b) Pentobarbital
c) Acepromazine
d) Phenytoin
e) Diazepam


