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EXTRA LABEL DRUG USE AND COMPOUNDING 
Heather Knych, DVM, PhD, DACVCP 

 
TYPES OF DRUGS: 
FDA approved drugs include pioneer (“legend”) and generic drugs.  Pioneer drugs are the first 
approved version of a new drug.  These compounds have been subject to extensive testing to 
ensure safety and efficacy.  Additionally, the manufacturer is required to demonstrate that the 
manufacturing process is consistent, that sterility is maintained, that the concentration and purity 
of the product does not change from batch to batch and that labeling and advertising are accurate 
and complete.  Generic medications may be produced once the patent has expired on a pioneer 
product.  Manufacturers are required to demonstrate that the generic product is bioequivalent to 
the pioneer product.  Both pioneer and generic drugs are subject to adverse event reporting, and 
this is public record.  FDA approved pioneer drugs are issued a New Animal Drug (“NADA”) 
number and a generic drug an Abbreviated New Animal Drug (“ANADA”) number.  These can 
be found on the drug container and are an indicator that the product is an FDA approved product. 

In contrast to pioneer and generic drugs, compounded drugs are not FDA approved.  
Compounding is the manipulation of an approved drug by a veterinarian or pharmacist upon the 
prescription of a veterinarian, to meet the needs of a particular patient.  By this definition, actions 
such as mixing of two drugs in the same syringe, preparing a suspension from crushed tablets, or 
adding a flavoring, are considered compounding.   
 
EXTRA LABEL DRUG USE: 
Extra Label Drug Use (ELDU) is the use of a medication in a manner other than that defined on 
the label.  This includes using the drug in a species other than that for which it is approved, using 
a different dose, different route of administration or different dosing interval.  Prior to 1994 and 
the passage of the Animal Medicinal Drug Use and Clarification Act (AMDUCA), extra-label 
drug use in veterinary medicine was technically Illegal.  The passage of AMDUCA allows for 
ELDU where the animal’s health is threatened, or the animal may suffer or die without treatment 
and provided one of the following conditions is met: 

• No animal drug approved for the intended use OR 
• There is an approved animal drug for the intended use, but it does not contain the active 

ingredient that is needed OR 
• There is an animal drug approved for the intended use, but the approved drug is not in the 

required dosage form OR 
• There is an animal drug approved for the intended use, but the approved drug is not in the 

required concentration OR 
• In the context of a valid veterinary client patient relationship (VPCR), the approved drug 

has been deemed clinically ineffective when used as labeled. 
 
In non-companion animals it is considered acceptable to prescribe an approved human drug for 
ELDU even if an approved animal drug is available.  Economic reasons are considered 
acceptable justification for this. 
 
COMPOUNDING: 
Compounding whereby the active ingredient is an FDA approved product is permitted under the 
Food, Drug and Cosmetic (FD&C) Act and AMDUCA, provided ELDU requirements are met.  
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Compounding is the modification of an approved drug to sufficiently treat a patient and increase 
the likelihood of efficacy.  Compounding should NEVER be done to mimic a commercially 
available product and cost is not considered an acceptable reason for using a compounded 
product.  Using a compounded product that mimics a commercially available product is 
acceptable if the approved form is not available (i.e. there is a shortage).  Additional examples of 
appropriate compounding include adding flavorings to increase the palatability of the drug, 
formulation of a different strength or changing the form to make it easier to administer.   

In contrast to compounding from an FDA approved product, compounding from bulk 
substances is not permitted under the FD&C Act.  A bulk substance is a substance that is used to 
make a drug that becomes an active ingredient in the finished dosage form of the drug.  These 
are not FDA approved as they have not been reviewed by the FDA for safety, efficacy, proper 
manufacturing or accurate packaging and labeling.  Additionally, there is no requirement for 
reporting of adverse effects to the FDA. 
 Although compounding from an FDA approved product is preferred to a bulk substance, 
the FDA does recognize that in some cases it may be necessary to compound from the latter.  
However, an FDA approved product is preferable because a bulk substance does not have the 
same assurance of safety, efficacy, and quality as FDA-approved and indexed products.  
Additionally, the bulk substance used in the approved version of a drug has passed stringent tests 
of analysis regarding drug ingredients and presence of contaminants but the same may not be 
true for compounded substance made from bulk substances.  In 2022, after a public comment 
period, the FDA finalized and released the Guidance for Industry (GFI) #256 which addressed 
compounding of animal drugs from bulk substances.  Under GFI#256, the following conditions 
should be met:  

• By/under supervision of vet or pharmacist in licensed pharmacy 
• Should only be done if FDA-approved drugs are not medically appropriate to treat the 

animal. 
• All substances meet USP standards. 
• Should not be a copy of an approved marketed drug. 
• Office stock should not be compounded from bulk substances except in limited instances. 
• Specific labeling requirements: “This is a compounded drug. Not an FDA approved 

drug.” 
• Report adverse events to FDA 

   
Office Use of Compounded Products: 
Under AMCUDA, compounding is meant to be for an individual patient to address that specific 
patient’s need.  Office use, however, is obtaining a compounded medication not pursuant to a 
patient-specific prescription.  The FDA frowns on this because of the lack of regulation of 
compounded products but does recognize that sometimes it is necessary to start therapy 
immediately, using a compounded product.  This should only be used when no other option is 
available.  Under GFI #256, the FDA permits compounding from bulk drug substances 
nominated and approved for use as office stock under these circumstances.  These substances are 
listed on the “List of Bulk Drug Substances for Compounding Office Stock Drugs for Use in 
Nonfood-Producing Animals.”1  Veterinarians may nominate substances to this list. 
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Expiration versus Beyond Use Dates: 
An expiration date is the time during which a conventionally manufactured drug product may be 
expected to maintain its labeled identity, strength, purity, and quality if stored as labeled.  A 
conventionally approved product is an FDA approved product.  Establishing expiration dates 
involves product specific studies.  These studies evaluate the specific formulation, in the specific 
container it is stored in, under the storage conditions listed on the label.  A beyond-use-date is 
the time period beyond which a compounded product should not be used.  For most compounded 
products, an expiration date is not appropriate because these drugs have not undergone full 
stability studies to determine expiration dates.  Beyond-use-dates are based on data for similar 
products or United States Pharmacopoeia (USP) default dates and are estimated using the date 
and time the preparation is made.  Regardless of the USP default date, the beyond-use-date 
should not be beyond the expiration date of any component of the product.   
 
Risks of compounded products 
Although compounding is a necessary component of veterinary medicine, use of compounded 
medications is not without risks.  These include (1) concentrations that differ from the label dose 
(greater or lesser than), (2) lack of stability, (3) toxic excipients and (4) pharmacokinetic 
concerns (i.e. poor absorption of oral formulations). 
 
Selection/Evaluation of Compounding Pharmacies 
Choosing a quality compounding pharmacy can be challenging.  State Pharmacy Boards can 
provide lists of licensed compounding pharmacies.  Another resource for selection of a 
compounding pharmacy is the Pharmacy Accreditation Board.2  This organization assesses 
pharmacies for compliance with USP standards.  Accreditation is voluntary but shows the 
pharmacy is committed to meeting standards for quality and safety.  Accreditation involves an 
inspection and a fee.  Warning letters can be found on the FDA-CVM’s website.3  Word of 
mouth is also an excellent way to find a quality compounding pharmacy.    
 
VETERINARY MEDICAL DEVICES: 
Although some companies may market veterinary drugs as veterinary devices, they are not the 
same.  The product is a drug if (1) it relies on a chemical action in or on the animal’s body to 
achieve its effect or (2) If it needs to be metabolized by the animal’s body to work.  It is 
important to note that veterinary medical devices are not FDA approved products.  The FDA 
does NOT require formal pre-market approval of devices.  Manufacturers are NOT required to 
list their products with the FDA-CVM and there are No mandatory adverse event reporting 
requirements for veterinary medical devices.  It is the responsibility of the manufacturer to assure 
safety, effectiveness, and proper labeling. 
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OVERVIEW OF ANTIBIOTIC USE IN HORSES 
Heather Knych, DVM, PhD, DACVCP 

 
RATIONAL USE OF ANTIBIOTICS: 
The goal of antibiotic therapy is to administer doses sufficient to reach concentrations at the site 
of infection that can kill or suppress microbes to the extent that they can be eliminated by the 
animal’s immune system. The following should be considered when developing a treatment plan: 

• Does the diagnosis warrant antibiotic therapy? 
• What is the likely causative organism? 
• What is the in vitro antibiotic susceptibility of the organism? 
• Where is the infection located and will the antibiotic penetrate the infection? 
• Will the antibiotic be effective in the local environment of the organism? 
• What antibiotic formulation/dose regimen is necessary to reach/maintain the appropriate 

concentration for an appropriate duration of time? 
• What are the potential adverse drug effects and do the benefits of treatment outweigh the 

risks? 
• Is there an FDA approved product that can be used as labeled?  Can you determine an 

appropriate withdrawal time for performance horses? 

SUSCEPTIBILITY TESTING: 
It is not always necessary to culture samples from patients with an infectious disease as often 
times the practitioner can base a diagnosis on clinical experience. Susceptibility testing should be 
considered for complicated, chronic, or recurrent infections, or a nonresponsive infection with a 
history of previous antibiotic therapy.  Although susceptibility testing is not a perfect tool and is 
only one of several tools, it can be useful in designing an effective treatment plan.  In most cases, 
antibiotic susceptibility testing determines and reports the concentration of an antibiotic that is 
necessary to inhibit the growth of bacteria (minimum inhibitory concentration; MIC).  The MIC 
represents what is needed at the site of infection to treat the causative organism but does not take 
into consideration the pharmacokinetics of the drug. 

Different tests are available for determining antibiotic susceptibility with each offering 
advantages and disadvantages.  The disk diffusion (Kirby Bauer) method utilizes antibiotic 
impregnated disks that are placed on an agar, previously inoculated with the bacterial isolate.  
Each disk contains a single concentration of an antimicrobial.  The antimicrobials diffuse 
outward from the disk into the agar with the concentration of drug decreasing as the distance 
from the disk increases.  If growth of the microbe is inhibited by the drug, an area of no growth 
(area of inhibition) around the disk will be observed.  After 24 hours, the diameter of the zone of 
inhibition is measured and the isolate is deemed “susceptible” (S; large zone of inhibition), 
“intermediate” (I) or “resistant” (R; growth inhibited only in close proximity to the disk).  The 
diameter sizes corresponding to these classifications are established by the Clinical and 
Laboratory Standards Institute (CLSI).  A “R” classification suggests that it is unlikely the 
concentration can be reached in the patient at the recommended dose.  This method is considered 
qualitative as an MIC value is not provided.   

In contrast to disk diffusion, the broth dilution assay is a quantitative test that does 
generate an MIC value.  With this method, a series of test tubes or wells on a plate containing 
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increasing concentrations of a drug (twofold dilutions), are inoculated with a standard number of 
organisms.  After a standard period of time, the tubes or wells are evaluated, using an analytical 
instrument, for detectable growth of the organism.  The MIC of the drug is the lowest 
concentration necessary to inhibit bacterial growth.            

A third test utilized for susceptibility testing is the E-Test (Epsilon test).  This method 
utilizes a strip that contains increasing concentrations of a drug.  The strip is placed on an agar 
plate inoculated with the causative organism.  The point at which the zone of inhibition intersects 
with the strip is read as the MIC.  Although more expensive, this method tests a larger range of 
MICs compared to the broth dilution assay. 
 
Interpretation of Susceptibility Testing:    
Designation by the diagnostic lab as “S,” “I,” or “R” is based on likelihood of susceptibility, 
which is based on whether the recommended (label) dose is likely to generate plasma drug 
concentrations that will equal or exceed the MIC of the causative organism.  The “SIR’ 
designation reflects how close the MIC is to the breakpoint (MICBP).  The MICBP is established 
by the CLSI.  The MICBP is determined by the pharmacokinetics of the drug (i.e. Cmax), using the 
recommended dose of the drug, the MIC of the organism, and the clinical response to the drug as 
observed in a population of patients.  The MICBP is specific for the animal species, disease, 
pathogen, antimicrobial, and dosage regimen.  If the MIC of the infecting organism is less than 
the breakpoint it is deemed “S”, if it is close to or equal to the breakpoint it is classified as “I” 
and if it is greater than the MIC it is considered “R.”  Using these criteria, a microbe is 
considered “S” when it is inhibited by a concentration of drug that is readily achievable in 
plasma after administering recommended doses.  A drug deemed “I” would be less desirable than 
one designated as “S”, as therapeutic efficacy is less predictable and only likely to be achieved if 
the infection is in a site where the drug is concentrated.  Breakpoints are updated periodically by 
CLSI, as new information regarding organism susceptibility and drug pharmacokinetics becomes 
available.  It is important to note that equine specific MICBP don’t exist for every drug and 
therefore may be extrapolated from human data.  While in some cases this might be comparable 
(i.e. IV administered drugs), in other cases, because of pharmacokinetic differences, the MICBP 
may not be appropriate (i.e. oral drugs).  In this case, having the actual MIC value from the 
diagnostic lab to compare to results from pharmacokinetic studies can be helpful.  Some 
suggested susceptibility breakpoints for oral antimicrobials as recommended in another 
publication1 are listed below. Please note these are for adult horses and NOT foals.  

1. Chloramphenicol:  ≤ 1 µg/mL after a dose of 50 mg/kg PO, q 6-8 hours.  
2. Enrofloxacin:  ≤ 0.12-0.25 µg/mL after oral dosing at 7.5 mg/kg once a day (CLSI, 2020 

for ≤ 0.12 µg/mL, (0.25 µg/kg considered I); Magdesian, 2019 for ≤ 0.25 µg/mL).  
3. Trimethoprim-sulfamethoxazole or trimethoprim-sulfadiazine:  ≤ 0.5 µg/mL for the 

trimethoprim/≤ 9.5 µg/mL for the sulfonamide component. [Some labs report the 
combined MIC as ≤ 10 µg/mL].  These recommendations are for doses of 30 mg/kg PO, 
q 12 h, except for Equisul SDT, which is dosed at 24 mg/kg q 12 h [Aurora 
Pharmaceutical, LLC].  

4. Minocycline ≤ 0.12 µg/mL after a dose of 5 mg/kg PO, q 12 h; Minocycline ≤ 0.25 
µg/kg, after a dose of 4 mg/kg PO, q 12. 
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5. Doxycycline ≤ 0.12 µg/mL after a dose of 20 mg/kg PO, q 12 h. Note, this dosage 
regiment is not recommended in horses due to risks of adverse effects, including fatal 
enterocolitis; Doxycycline ≤ 0.25 µg/mL after a dose of 10 mg/kg PO, q 12 h. 

ANTIBIOTICS 
Availability and Extra-label Use of Antibiotics: 

There are a limited number of antibiotics that are Food and Drug Administration (FDA) 
approved specifically for use in horses and those that are labeled for use in this species have 
limited label indications (specific bacterial pathogens) or are approved for administration via a 
single route.  Antibiotic formulations approved for use in horses include amikacin, gentamicin, 
trimethoprim-sulfadiazine, penicillin, ampicillin, and ceftiofur.  The limited number of 
antibiotics approved for use in horses, necessitates extra-label use and although this is permitted 
under the Animal Medicinal Drug Use and Clarification Act (AMDUCA), it is the responsibility 
of the clinician to ensure appropriate and judicious use.  This includes knowledge of the MIC for 
the organism to be treated, as this may differ from the MIC for the organism that the drug is 
labeled for, and an understanding of the pharmacokinetics of the antibacterial agent in the horse, 
especially if the drug is labeled for use in a different species.   

Aminoglycosides, such as amikacin and gentamicin, are important therapeutics in equine 
medicine.  They are effective against Enterobacteriaceae and Pseudomonas and are sometimes 
used in the treatment of methicillin-resistant Staphylococcus aureus (MRSA; extra-label use).  It 
is important to note that aminoglycoside antibiotics exhibit age-dependent pharmacokinetics with 
lower peaks, higher troughs, and longer elimination half-lives in foals less than 2 weeks of age.  
This may necessitate increasing the dose and possibly extending the dosing interval in this age 
group, compared to adult horses.  Although FDA approved equine formulations of amikacin and 
gentamicin are available, the approved route of administration is limited to intra-uterine infusion 
and as such extra-label administration, including systemic or intra-articular, is common.  
Systemic administration is necessary to reach common sites of infection outside of the uterus. 
Intra-articular administration, in the case of amikacin, allows for attainment of higher therapeutic 
concentrations in synovial fluid in the case of a septic joint, as compared to systemic 
administration.  Regional perfusion has proven effective in achieving high local concentrations 
of amikacin in the distal limb 2–4.  An advantage to intra-articular and regional perfusion includes 
a reduction in required doses as compared to what would be needed if administered systemically 
to reach these sites, thereby decreasing the potential for adverse effects. 

Potentiated sulfonamides are broad-spectrum antibiotics and commonly used in 
veterinary medicine.  While some of the more common equine pathogens, such as 
Enterobacteriaceae, are often resistant, other organisms such as Staph aureus, including some 
strains of MRSA, and Streptococcus zooepidemicus are usually susceptible to potentiated 
sulfonamides.  Sulfonamides are ineffective in pus and necrotic tissue.  A powder and oral 
suspension, as well as tablets are available, however, only the powder and oral suspension are 
FDA approved for use in horses; therefore, the use of trimethoprim-sulfamethoxazole tablets 
would constitute extra-label use.  The use of these tablets in equine medicine has become a point 
of debate.  According to AMDUCA, extra-label administration is only warranted if there is no 
approved drug that is labeled for such use in that species or that contains the same active 
ingredient in the required dosage form and concentration.  Since the oral trimethoprim-
sulfadiazine suspension and powder are FDA approved for use in horses, justifying tablet 
administration should be for a medical and not economic reasons.  Although many veterinary 
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formulations are labeled for once daily administration, published reports indicate that twice daily 
administration is better for achieving effective concentrations5,6.   

Ceftiofur, also frequently used in equine medicine, is labeled for use in the treatment of 
respiratory infections caused by Streptococcus equi subspecies zooepidemicus in horses.  It is 
also used extra-label to treat Enterobacteriaceae and other Gram-negative infections.  Currently 
there are two FDA approved equine ceftiofur formulations, including a sterile sodium powder 
and a sustained release crystalline free acid suspension, both labeled for intramuscular 
administration.  Extra-label administration (IV or SQ) of ceftiofur, at higher than label doses, has 
been reported for foals 7 with concentrations exceeding the MIC in nearly 79% of susceptible 
bacteria commonly isolated from neonates.  There are also reports of administration via regional 
intravenous perfusion (2 grams of ceftiofur sodium).  Investigators reported concentrations 
exceeding the MIC of common pathogens for greater than 24 hours in synovial fluid 8 and 
subcutaneous tissue 9.   

Penicillin is used at extra-label doses to treat susceptible infections, including 
Streptococcus equi subsp. zooepidemicus and Streptococcus equi subsp. equi.  Potassium (IV) 
and procaine (PPG; IM) penicillin formulations are the two formulations most used, with the 
latter being the FDA approved formulation for horses.  An advantage to the PPG formulation is 
that less frequent administration is required, the disadvantages are injection site reactions and the 
potential for adverse effects (i..e. CNS stimulation with inadvertent intravascular administration) 
associated with procaine administration.  It should be noted that for many bacterial species that 
affect horses, the label dose of 6000 IU/kg IM q 24 h for PPG is inappropriate, and the clinical 
standard has dictated a dose of 22,000 IU/kg IM q 12.  Recently, one group of investigators 
described a hybrid protocol, whereby potassium penicillin was administered IV at 0 and 6 hours 
followed by IM administration of PPG at 12 hours 10.  Although there was variability between 
horses, concentrations exceeded the MIC90 for Streptococcus spp. for >50% of the 24 hour 
testing interval 10.  In humans, carbapenems, such as imipenem and meropenem, are used for 
infections caused by organisms resistant to other antimicrobial agents.  There are anecdotal 
reports of their use in veterinary medicine for the treatment of neonatal sepsis caused by 
organisms resistant to other antibiotics, as well as published reports describing pharmacokinetics 
following both systemic administration and regional limb perfusion in adult horses 11–13.  
Although effective concentrations are reportedly achieved following administration via these 
routes of administration and extra-label use would be permitted under AMDCUA, because of the 
importance of these drugs in human medicine, use in veterinary medicine should be reserved for 
the treatment of bacterial infections where there is documented resistance to all other 
antimicrobials. 

 Tetracyclines (doxycycline and minocycline), rifampin and macrolides (erythromycin, 
azithromycin and clarithromycin) are also commonly used extra-label in equine medicine. 
Doxycycline is available in a suspension formulation and as tablets and is administered orally.  
Concentrations adequate for killing susceptible intracellular bacteria (MIC <=0.25 uµ/mL) has 
been achieved following administration of 20 mg/kg PO once a day,14 though it is usually 
administered at a dose of 10 mg/kg PO twice a day in practice.  Minocycline has been studied in 
adult horses (2.2 mg/kg IV and 4 mg/kg IG) 15 and foals (4 mg/kg IG route)16.  In both, drug 
concentrations in pulmonary epithelial lining fluid (PELF) and bronchoalveolar lavage (BAL) 
cells were determined to be sufficient to be effective against susceptible bacteria, including 
pneumonia caused by Strep spp.  There are currently no veterinary labeled rifampin products, 
which necessitates the use of human labeled products in horses.  In foals, extra-label 
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administration of rifampin capsules (10 mg/kg PO administered once per day) resulted in 
concentrations 1.5-2.4 times the MIC90 of rifampin alone in PELF and 2.0-3.3 times the MIC90 in 
BAL cells for Rhodococcus equi 17.  While the MIC of rifampin is unknown in the presence of 
macrolides or azalides, it would be expected to be lower than that of rifampin alone due to 
synergism, which has been demonstrated between rifampin and azithromycin or clarithromycin 
(Giguere et al., 2012).  Rifampin is often administered at a dose of 5-10 mg/kg PO, q 12 h in 
clinical practice.  For the treatment of Rhodococcus equi or Lawsonia intracellularis in foals, 
macrolides or azalides are commonly administered along with rifampin.   
 
Compounding: 
Chloramphenicol oral suspension or paste is commonly compounded for administration to 
equine patients.  Although there are FDA approved tablets for use in dogs, ease of administration 
as well as the safety to both the horse and handler can arguably be used as justification for 
choosing a compounded chloramphenicol paste or suspension.  Use of these compounded 
formulations, however, must be weighed against the potential risks of compounded drugs.  
Reported risks include actual concentrations that are not in agreement with the label 
concentration which in extreme cases can lead to death (Desta et al., 2011; Thompson et al., 
2011), changes in the concentration of the same compounded formulation over time and variable 
pharmacokinetics 18,19.   
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PHARMACOLOGICAL TREATMENT OF PAIN 
Heather Knych, DVM, PhD, DACVCP 

NOCICEPTION AND PAIN: 
Pain is defined as “an unpleasant sensory and emotional experience associated with actual or 
potential tissue damage.”   Perception of pain begins with stimulation of nociceptors located in 
tissues. Stimulation of these nociceptors, whether from chemical or physical (heat, cold, or 
mechanical pressure) signals generates an impulse that travels to the dorsal horn, where it 
stimulates second-order neurons in the spinal cord gray matter. Signals are transmitted to the 
second-order neurons through fast-conducting (Aδ) or slow-conducting (C) fibers. Finally, the 
signal is transmitted through specific pathways to the thalamus, brainstem, and limbic system. 
Chemical mediators, released in response to stimulation of the pain pathways, function in 
transmission of peripheral pain as well as signal processing in the dorsal horn. Glucocorticoids, 
endogenous opioids, catecholamines, endorphins and enkephalins, substance P, excitatory and 
inhibitory neurotransmitters (aspartate, γ-aminobutyric acid, and prostaglandins), and 
monoamines appear to be the most prominent. These mediators serve as important targets for 
pharmacologic intervention. 

Resolution of acute pain states may occur with discontinuation of the stimulus and appropriate 
intervention.  Descending inhibitory pathways originating from the brain or the use of alternate 
non-painful afferent input, such as ice, at the site of injury may also lead to modulation of 
neuronal input.  Without these, nociceptive input can result in continued peripheral and central 
sensitization which can lead to hypersensitivity (reduction in the intensity of the stimulus 
required to cause pain), allodynia (typically non-painful stimulus is now perceived as pain), 
hyperalgesia (exaggerated response to a noxious stimuli) and hyperpathia (persistence of pain 
after removal of a noxious stimuli).  

ASSESSMENT OF PAIN: 
Assessment of pain in horses can be challenging and to most effectively recognize pain, a multi-
faceted approach may be necessary.  Over the last several years, there has been significant efforts 
to develop tools that consider physiologic (heart rate, respiratory rate, etc) and behavioral indices 
for horses in different clinical situations (e.g. orthopedic pain, colic).  Scales have been 
developed for various parameters to assess not only the presence or absence of pain but also the 
severity.  The AAEP lameness and the horse Grimace Scale are examples of approaches to 
assessing pain.  The Grimace Scale, originally developed in horses undergoing castration, 
correlates six facial expressions with the degree of pain.1  It is important to note that many of the 
pain scales assess acute or nociceptive pain in adult horses.  Other tools may be necessary to 
assess chronic pain or pain in foals.   

THERAPY: 
With surgical or acute pain, nociception is considered an adaptive, protective strategy.  The 
associated inflammatory response is a necessary part of the healing process.  In this scenario, the 
goal of therapy is to normalize pain sensitivity and prevent it from progressing to a maladaptive 
state.  Early treatment and the use of multiple drugs that target different sites in the nociceptive 
pathway (multimodal therapy; Figure 1) can help minimize development of a chronic condition 
and prevent less severe adverse effects.  The most used classes of drugs for the treatment of pain 
include anti-inflammatory drugs, opioids, a2- adrenergic agonists and local anesthetics.  
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Additional drugs that are less studied but that may have a place in pain management for horses 
includes tramadol, gabapentin, and ketamine.  

Figure 1. Examples of multimodal approaches and neural targets (stars) to maximize the 
management of conditions characterized by nociceptive, inflammatory, or complex pain in 
horses. Note. Reprinted from “Pain Management in Horses” by Guedes, A., 2017, Veterinary 
Clinics of North America: Equine Practice (Equine Pharmacology), 33, p. 181-211.

Opioids: 
Opioids are potent analgesic agents used in horses, primarily for management of intraoperative 
and postoperative pain or in combination with a sedative to provide chemical restraint for 
procedures conducted on standing horses.  Excitement is often observed when opioids are 
administered as sole agents to pain-free horses; however, stimulation is rarely observed when 
opioids are administered with sedatives or in horses undergoing surgery.  It’s important to note 
though that the lack of excitement while undergoing surgery may be simply because of the lower 
doses that are often administered.  

Opioid receptors, classified as µ, k, or d, are found at both spinal and supraspinal levels and in 
peripheral tissues such as the synovial membrane and cornea. In the brain, binding of an agonist 
to an opioid receptor releases the inhibition of adrenergic and serotonergic pathways, ultimately 
increasing the activity of descending inhibitory pathways. In peripheral tissues, opioids modulate 
the actions of C fibers already sensitized by inflammation.  Commonly used opioids in the horse 
include butorphanol (agonist-antagonist) and morphine (agonist), and to a lesser extent, fentanyl 
(agonist) and tramadol (agonist). More recently, hydromorphone administration to horses has 
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been reported.2,3  Butorphanol is arguably the most commonly used opioid in the horse. It is 
effective for treatment of mild to moderate pain and is used frequently in combination with other 
sedatives, such as a2-adrenergic agonists, for standing chemical restraint and as part of a 
preanesthetic protocol. Its excitatory effects are believed to be less than those of pure µ-receptor 
agonists, but this may also be a result of the dose administered. When administered alone at the 
label dose (0.1 mg/kg), ataxia, increased locomotion, tachycardia, and muscle fasciculations 
develop.  

Morphine is the prototypical opioid, however, it is used less frequently in horses because of 
reports of excitation, behavioral changes, and increased locomotor activity when used at higher 
doses. Another concern regarding the use of morphine in horses lies in its effects on 
gastrointestinal motility and the increased potential for colic. Like butorphanol, morphine is 
often used in combination with a sedative for chemical restraint in the standing horse or as part 
of a preanesthetic protocol. Non-systemic routes of administration (epidural or intraarticular) 
appear to reduce the severity of the adverse effects observed with systemic administration. 
Opioid receptors have been identified in the equine joint and intraarticular injection of 0.05 
mg/kg of morphine appears to induce long-lasting analgesia (up to 24 hours) in experimentally 
induced synovitis.4  

Tramadol is a synthetic opioid agonist as well as a neuronal serotonin and norepinephrine 
reuptake antagonist.  It is used to treat mild to moderate pain in small animal species but studies 
describing its analgesic effects in the horse are limited. In one study in horses, IV doses of 2 and 
3 mg/kg did not result in an antinociceptive effects and higher doses resulted in excitation.  Part 
of the analgesic effect of tramadol has been attributed to its O-desmethyltramadol metabolite, 
which appears to be 200 times as potent as tramadol. Although the horse is adept at rapidly 
generating the active metabolite, the rate at which the O-desmethyltramadol metabolite is 
conjugated for elimination is just as rapid and may limit any associated analgesic effects 
accompanying tramadol administration. 

a2-adrenergic receptor agonists
a2-adrenergic receptor agonists provide sedation, muscle relaxation and are potent analgesic

agents, especially in the treatment of visceral pain.  In most cases, the sedative effects of the a2-
adrenergic agonists will outlast the analgesia.  The most used a2-adrenergic agonists in equine 
medicine are xylazine and detomidine, and, to a lesser extent, romifidine and dexmedetomidine.  
The overall effects of the drugs are the same, with the differences being with respect to a2:a1-
adrenergic receptor selectivity, chemical structure and pharmacokinetics.  Of the a2-adrenergic 
agonists used most commonly in horses, xylazine (160:1; a2:a1) is the least selective for the a2-
adrenergic receptor and is considered to be the least potent of the a2-adrenergic agonists. 
Relative to xylazine, detomidine (260:1) has a higher a2:a1-adrenergic receptor selectivity. The 
a2:a1-adrenergic selectivity for romifidine has not been reported, but clinically it appears to fall 
between that of xylazine and detomidine. Many of the adverse effects associated with a2-
adrenergic agonist administration have been attributed to the a1-adrenergic receptor. Adverse 
effects include bradycardia, atrioventricular blockade, transient hypertension (followed by 
hypotension), and a transitory decrease in respiratory rate with a mild increase in PaCO2 and 
decrease in PaO2. Additional effects include decreased gastrointestinal motility and colic, 
hyperglycemia, hypoinsulinemia, increased micturition, and profuse sweating.  
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a2-Adrenergic receptors are found in both the brain and the spinal cord, and the analgesic 
effects of a2-receptor agonists are seen after both parenteral and epidural administration. 
Although a2-receptor agonists are most commonly administered systemically (intravenous or 
intramuscular), epidural administration can minimize (but not necessarily alleviate altogether) 
the sedative and cardiovascular effects of this class of drugs. After epidural administration, 
xylazine has a faster onset of effect and longer duration of action, and it appears to be effective at 
lower doses than other a2-receptor agonists. With respect to systemic doses, epidural doses of 
xylazine (0.17 to 0.25 mg/kg) tend to be lower, whereas detomidine (0.02 to 0.06 mg/kg) 
requires a similar dose for both routes of administration.  

Detomidine can also be administered sublingually. Although the pharmacokinetics and the 
sedative and cardiac effects have been reported, at present no information is available regarding 
the analgesic effects of this formulation. Cardiac effects appeared to be less after sublingual 
administration, compared with intravenous administration.  

Local Anesthetics 
Local anesthetics (lidocaine, mepivacaine, bupivacaine, ropivacaine) block nerve conduction and 
are administered in a localized region or in some cases systemically (lidocaine).  When 
administered in a localized region of the body, they induce a loss of sensation without the loss of 
consciousness or alteration in CNS activity that is observed after systemic administration of 
other sedatives and anesthetic agents. They not only act on pain fibers, but also produce loss of 
sensation of temperature, touch, and pressure. Adverse effects of systemic overdoses of local 
anesthetics include CNS toxicosis, ranging from depression to excitation to muscle twitching and 
convulsions, and cardiovascular reactions including bradycardia, conduction disturbances, 
myocardial depression, hypotension, and cardiovascular collapse in extreme cases.  

Local anesthetics are commonly used in the horse is for diagnostic purposes as part of a 
lameness evaluation to localize the source of pain. However, local infiltration of this class of 
drugs can also provide pain control, either before or after surgery.  Mepivacaine tends to be 
longer lasting and less irritating than lidocaine. If a longer-term effect is desired, bupivacaine 
administration can provide up to 4 to 6 hours of analgesia. Intraarticular administration of local 
anesthetics is used for the diagnosis and management of lameness and surgery of the joints.  
Chondrotoxicity has been reported in an in vitro study in horses but in an in vivo study no 
increase in collagen degradation biomarkers were noted following intra-articular administration 
of lidocaine and bupivacaine.  Until more data is available, it would be prudent to assess each 
clinical situation individually and weigh potential risks with benefits.   

Epidural administration is another common route for administration of local anesthetics. Onset 
of analgesia is rapid (within 15 minutes), and the duration of analgesia is about 3 hours for the 
perineal region. Moderate hind limb ataxia has been observed with this route of administration 
but appears to resolve within an hour of administration. Systemic administration of lidocaine for 
analgesic purposes has also been reported.  

Gabapentin: 
Gabapentin is a first-line drug for the treatment of neuropathic pain in humans.  It inhibits high 
voltage activated calcium channels by interacting with the α2δ-1 subunit, which is upregulated in 
chronic and neuropathic pain.  Oral bioavailability in horses is poor (~16%).  Reports describing 
the efficacy of gabapentin as an analgesic in horses are conflicting.  The drug was not effective at 



5 

decreasing lameness in chronically lame horses5 but was reportedly effective for the treatment of 
neuropathic pain in one case report.6   
Ketamine: 
NMDA receptor activation can lead to the development of hyperalgesia and central sensitization.  
Ketamine is an NMDA receptor antagonist and is commonly used as an anesthetic induction and 
maintenance agent but that also has analgesic properties.  Although there is limited evidence of 
its antinociceptive effect and very few clinical reports in horses, infusions of subanesthetic doses 
may be effective as adjunctive treatment for the management of laminitic pain (see below).7 
Acetaminophen: 
Acetaminophen affects serotonergic, opioid, nitric oxide, and cannabinoid pathways.  There are 
also reports that it is a weak prostaglandin inhibitor.  Studies suggest that at doses of 20-30 
mg/kg PO, it is comparable to flunixin and phenylbutazone in experimental models of 
lameness.8,9  In another study, acetaminophen (20 mg/kg PO) had a significant and sustained 
thermal anti-nociceptive effect.10  Studies assessing GI effects appear to be favorable with no 
evidence of gastric ulceration noted following administration of 30 mg/kg q12h for 21 days.11    

PHARMACOLOGIC TREATMENT OF NOCICEPTIVE PAIN: 
Activation of high-threshold peripheral nociceptors can lead to nociceptive pain.  The most 
effective method for managing nociceptive pain is to interrupt neurotransmission near the injury 
or surgical site by administering local anesthetics (Table 1).  a2-receptor agonists, which decrease 
afferent activity and activate descending inhibitory neurons and opioids, which decrease Aδ and 
C-fibers neurotransmitter release resulting in reduced responsiveness of projection neurons, can
also be used to modulate nociceptive pain.  The two drugs in combination, provide greater
sedative and analgesic effects and are commonly used for perioperative pain control.

PHARMACOLOGIC TREATMENT OF INFLAMMATORY PAIN: 
With inflammatory pain, changes in central and neural pathways occurs due to sensitization and 
lowering of the activation threshold of peripheral nociceptors by inflammatory mediators.  
Treatment options for inflammatory pain are listed in Table 1. 

PHARMACOLOGIC TREATMENT OF NEUROPATHIC PAIN: 
Pain Control for Laminitis  
The pain associated with laminitis is a result of inflammation, facilitation of central nerve 
transmission and neuropathic pain.  Inflammatory pain is a result of peripheral sensitization 
because of enhanced responsiveness of high threshold C fibers by chemical mediators released as 
part of the inflammatory process.  The pain observed within the first 48-72 hours of clinical 
signs, is primarily attributed to inflammation.  Facilitation of pain transmission within the central 
nervous system and the increase in excitability of spinal synapses are caused by the release of 
excitatory chemicals.  Neuropathic pain results from the presence of chemical markers of nerve 
injury in the lateral digital nerve.  Peripheral and central sensitization and neuropathic pain 
become more important as contributors to laminitis pain as the disease progresses.   

Several classes of drugs are used for the treatment of pain associated with laminitis including 
NSAIDs, a2-receptor agonists, opioids, lidocaine, gabapentin, and ketamine.  More recently, 
published reports suggest that soluble epoxide hydrolase inhibitors may have a role in the 
treatment of pain from laminitis.12  Starting NSAID (phenylbutazone, flunixin meglumine) 
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therapy early on during the developmental stage has been shown to be most beneficial.  The 
addition of other analgesics to NSAID based treatment helps to address other aspects of pain and 
may allow for administration of a lower NSAID dose, thus decreasing the risk of NSAID-related 
side effects.  The long-term use of opioids in the treatment of laminitis induced pain must be 
weighed against the potential for decreased gastrointestinal motility, which may predispose 
horses to colic.  Regional administration (perineural or epidural) of opioids my decrease the 
likelihood or severity of adverse effects, such as decreased gastrointestinal motility.  Tramadol 
has been assessed for pain management in horses with chronic laminitis.  While improvement in 
off-loading frequency was noted at 10 mg/kg q12h PO, this dose was also associated with signs 
of colic.13,14  When tramadol was administered at a dose of 5 mg/kg q12 hours PO for 7 days, a 
transient (3 days) improvement was noted.7  When tramadol (5 mg/kg q12h PO for 7 days) was 
combined with a subanesthetic dose of ketamine (0.6 mg/kg/h IV for 6 hours) for the first 3 days 
of treatment, an improvement was noted for up to 3 days after discontinuing tramadol.7  These 
results suggest that tramadol alone may not be satisfactory as a monotherapy for the treatment of 
chronic laminitis and that ketamine may be a useful component of a multimodal approach for the 
treatment of chronic laminitis.7  In one case report, gabapentin (2.5 mg/kg PO) had good efficacy 
as an adjunctive analgesic for the treatment of laminitis pain.6   

Table 1. Treatment options for nociceptive, inflammatory, and nociceptive pain. 

Type of Pain Treatment Options 
Nociceptive Local or general anesthetics 

Opioids 
a2-adrenergic agonists 

Inflammatory COX inhibitors (NSAIDs) 
Soluble epoxide hydrolase inhibitors 
Local anesthetics 
Opioids 

Neuropathic Tramadol 
Ketamine 
Soluble epoxide hydrolase inhibitors 
Gabapentin 
Local anesthetics 
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NON-STEROIDAL ANTI-INFLAMMATORY DRUGS IN EQUINE 
MEDICINE 

Heather Knych, DVM, PhD, DACVCP 
 
INTRODUCTION: 
Inflammation occurs as a result of damage to tissue.  In the early (acute) stages, the body 
attempts to return normal function to the injured tissue.  However, over time and with chronic 
inflammation, detrimental effects can occur.  The release of arachidonic acid is the first step in 
the inflammatory cascade.  This initiates what is referred to as the arachidonic cascade.  As part 
of this cascade, cyclooxygenase (COX) and lipoxygenase (LOX) enzymes generate several 
eicosanoids (thromboxane, prostaglandins, and leukotrienes) which play a key role in the 
inflammatory process.  It is important to note, that although eicosanoids participate in the 
inflammatory cascade, some are also necessary for normal cellular function and maintaining 
homeostasis. 

It is well established that PGE2 lowers nociceptor thresholds and can therefore potentiate the 
effects of substances that cause pain.  During inflammatory pain, prostaglandins (primarily 
PGE2) are generated at peripheral terminals of sensory neurons causing hyperalgesia.  In addition 
to acting at peripheral sites, there is evidence that Nonsteroidal Anti-Inflammatory Drugs 
(NSAIDs) also act centrally to reduce hyperalgesia.  In addition to inhibition of PGE2 production 
in the CNS, other central mechanisms mediated by endogenous opioid peptides as well as 
inhibition of serotonin or excitatory amino acids have been proposed.  

Non-Steroidal Anti-Inflammatory Drugs are effective for the treatment of soft tissue, 
musculoskeletal and abdominal inflammation, and pain.  These drugs are potent anti-
inflammatory drugs by virtue of their ability to decrease the production of inflammatory 
eicosanoids (prostaglandins and leukotrienes), through inhibition of cyclooxygenase (COX-1 and 
COX-2) enzymes.  Traditionally, compounds that have a greater selectivity for COX-2, which is 
often associated with the signs of inflammation, relative to COX-1, the so-called “housekeeping 
enzyme,” have been thought to have a better safety profile.  However, it is important to note that 
COX-2 is also constitutively expressed in several tissues (i.e. brain, spinal cord, kidney, etc) and 
plays a role in normal cellular processes.  It is now widely accepted that both COX-1 and COX-2 
play a role in maintaining mucosal integrity in the upper GI tract as well as renal perfusion1,2.    

There are currently six Food and Drug Administration (FDA) approved NSAIDs labeled for 
use in the horse, including flunixin meglumine (FM), phenylbutazone (PBZ), ketoprofen, 
diclofenac, meclofenamic acid and firocoxib (Table 1).  While all are effective anti-inflammatory 
agents, they vary with respect to their COX-1: COX-2 selectivity, as well as pharmacokinetic 
properties.   
 
GENERAL PROPERTIES AND PHARMACOKINETICS: 
Most NSAIDS are weak acids and are well absorbed following oral administration.  They are 
highly plasma protein bound and are predominately distributed to extra-cellular fluid (ECF) with 
only low concentrations found in normal tissue and joint fluid.  However, in damaged joints and 
tissues, NSAID concentrations can reach therapeutic concentrations.  Persistence of the drug in 
inflammatory exudate can be prolonged compared to plasma concentrations, explaining the 
prolonged duration of anti-inflammatory effect, relative to the plasma pharmacokinetics.  Most 
NSAIDs undergo hepatic metabolism followed by renal elimination.    
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CLINICAL INDICATIONS: 
Musculoskeletal Inflammation and Pain: 
Phenylbutazone and FM are the most prescribed NSAIDs in equine medicine.  It is thought that 
PBZ is best for orthopedic pain and FM for colic and visceral pain.  Phenylbutazone is effective 
for the treatment of orthopedic pain in horses.  The recommended dose of PBZ for the treatment 
of orthopedic pain is 4.4 mg/kg q12h for the first dose, followed by 2.2 mg/kg q12h on 
consecutive days.  Both PBZ (4.4 mg/kg IV SID for 4 days) and FLU (1.1 mg/kg IV SID for 4 
days) significantly improved lameness scores and force plate evaluations in navicular syndrome.3  
Administration of 2.2 mg/kg IV ketoprofen and 4.4 mg/kg IV PBZ resulted in comparable 
improvements in hoof pain indices and lameness scores in horses with chronic hoof pain.4  In 
another study, PBZ (4.4 mg/kg IV) was found to be superior to ketoprofen (2.2 mg/kg IV) in 
reducing lameness in a model of acuate synovitis.  The authors concluded that PBZ may be more 
useful than ketoprofen in the treatment of acute synovitis or joint inflammation.5 

The COX-2 selective NSAID, firocoxib, is effective in the treatment of naturally occurring 
osteoarthritis with improved lameness scores and mobility observed following chronic 
administration (0.1 mg/kg q24h x 14 days).6  In a clinical trial, PBZ (4.4 mg/kg PO q 24 h)  and 
firocoxib (0.1 mg/kg PO q 24 h) administration resulted in comparable improvements in 
lameness parameters (lameness score, joint swelling, joint circumference and range of motion) in 
horses with osteoarthritis.7 

Diclofenac is a NSAID used extensively in human medicine.  Currently the only DLC product 
approved for use in veterinary medicine is a topical liposomal preparation (Surpassâ), labeled 
for the control of pain and inflammation associated with osteoarthritis in horses.  The label 
instructions indicate that a 5-inch ribbon should be applied over the affected area twice daily for 
up to 10 days.  The reported benefit to a topical formulation such as this one, is the lack of 
systemic absorption.  It is applied and acts locally, decreasing systemic concentrations, thereby 
decreasing the likelihood of adverse side effects reported for systemic administration of 
NSAIDs.  The efficacy of this preparation in the treatment of inflammatory conditions in the 
horse has yielded highly variable results and may be dependent on the inflammatory model 
utilized. Prostaglandin E2 (PGE2) production in transudate was significantly decreased following 
a single topical administration of DLC in carrageenan-induced inflammatory model.8 
Application of diclofenac liposomal cream resulted in significant improvement in lameness in an 
experimental model of osteoarthritis.9   Conversely, DLC did not appear to have an effect in an 
acute synovitis model.10  The investigators also noted an increase in PGE2  concentrations, 
compared to the control group.   

Although not FDA approved for use in horses in the United States, meloxicam is commonly 
used in equine practice in other countries.  It is effective for the management of orthopedic post-
operative pain and inflammation.11  Experimentally, meloxicam administration (0.6 mg/kg PO q 
24 h x 7 days) significantly reduced lameness and effusion and decreased synovial fluid 
biomarkers of inflammation, matrix metalloproteinase activity and cartilage turnover in the 
treatment of acute synovitis.12 

Recently, a new transdermal flunixin meglumine product labeled for use in cattle has been 
approved by the FDA.  As transdermal administration is non-invasive, the purported benefits of 
this product include reduced handling of animals and ease of administration (Banamine 
Transdermal® label).  This formulation is not approved for use in horses, however, there is one 
report describing the pharmacokinetics and effects on inflammatory biomarkers (eicosanoids) 
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following administration of a 500 mg dose.13  Serum concentrations were lower than that 
described following intravenous administration of a comparable dose but still resulted in 
concentrations adequate to elicit an anti-inflammatory effect for 24-72 hours utilizing a well-
established ex-vivo model of inflammation.13  The terminal half-life following transdermal 
administration was prolonged (24.3 ± 9.17 hours) compared to oral, intramuscular and 
intravenous administration suggesting that absorption is rate limiting process following 
administration by this route.13 

Grapiprant (Galliprantâ) is a prostaglandin E2 receptor antagonist that has been found to be an 
effective anti-inflammatory in dogs and that is devoid of some of the adverse effects associated 
with traditional NSAIDs that elicit their effects through inhibition of PGE2 production.  Although 
the therapeutic concentration is unknown for horses, administration of the  label dose for dogs (2 
mg/kg oral) did not achieve levels determined to be therapeutic in dogs.  14,15.  Using an ex vivo 
EP4 receptor assay, administration of an oral dose of 15 mg/kg suggests a short duration of EP4 
receptor engagement (2-4 hours).16  Assuming a correlation between the EP4 receptor assay and 
clinical effects, the short duration of EP4 receptor antagonism is not likely to be clinically 
beneficial in horses.  Administration of a much higher dose would be necessary, which is not 
practical using currently available formulations (60 and 100 mg tablets) and would likely be cost 
prohibitive.   
 
Colic: 
Non-Steroidal Anti-Inflammatory Drugs are routinely used to reduce the effects of endotoxemia 
and visceral pain in patients with colic and colitis.  Clinically, FM is the most used NSAID for 
the treatment of colic and associated endotoxemia.   Experimentally, both FM and PBZ have 
been shown to be effective in preventing adverse effect associated with endotoxemia.     

While FM remains one of the mainstays for the treatment of colic, inhibition of repair 
mechanisms in the injured intestine, as well as a reduction in intestinal motility, following 
administration of non-specific COX inhibitors has been well established.17–19  While non-
selective NSAIDs such as FM, slow mucosal recovery in ischemic-injured jejunum, the COX-2 
selective NSAID, firocoxib does not appear to affect recovery.19  Since the degree of visceral 
analgesia was comparable between FM and firocoxib, firocoxib may be advantageous in horses 
recovering from ischemic intestinal injury.   
 
Pyrexia: 
A dipyrone formulation (Zimeta®) was recently approved by the FDA for use in the horse. The 
label indication is for the treatment of pyrexia, however, dipyrone is also thought to have mild 
analgesic and anti-inflammatory properties.  Dipyrone is not as effective as FM for the treatment 
of visceral pain.  
 
ADVERSE EFFECTS: 
Non-Steroidal Anti-Inflammatory Drugs are relatively safe at therapeutic doses, however, 
adverse effects can occur in susceptible populations, at high doses or with long-term 
administration.  Gastrointestinal effects, such as gastric ulcers, right dorsal colitis and renal 
toxicity are the most common adverse effects associated with NSAID administration.  The 
likelihood of gastric ulcer formation increases with higher doses.  Administration of a proton 
pump inhibitor, such as omeprazole has been shown to be effective in preventing and treating 
gastric ulceration associated with NSAID administration.  Recently a group of investigators 
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demonstrated that horses treated with omeprazole in combination with PBZ (4.4 mg/kg PO q12 
h) had an increased incidence of intestinal complications (colic, impactions diarrhea, 
enterocolitis and typhlocolitis).20 

Right dorsal colitis is most common with excessive or prolonged PBZ administration, 
however cases have been reported with FM, firocoxib and meloxicam.  Acute signs of right 
dorsal colitis include colic, anorexia, lethargy, depression, fever, and diarrhea.  The chronic form 
may manifest as intermittent colic episodes, ventral edema, and weight loss.  Laboratory findings 
include hypoalbuminemia.   In the case of right dorsal colitis, all NSAIDs should be 
discontinued, and alternate analgesics (opioids, alpha-2-agonists, or lidocaine) administered for 
pain management. 

Renal papillary necrosis can occur with NSAID administration, particularly with PBZ, due to 
inhibition of the synthesis of prostaglandins that play key roles in renal blood flow, water 
excretion and electrolyte balance.  In the hydrated animal, COX inhibition by NSAIDs likely has 
little effect on renal hemodynamics, however, when an animal is hypovolemic, dehydrated or has 
renal disease, loss of prostaglandin production can result in vasoconstriction of the afferent 
arteriole, loss of medullary perfusion and redistribution of blood flow to the renal cortex. 
 
USE OF ANTI-INFLAMMATORY DRUGS IN PERFORMANCE HORSES: 
While the administration of therapeutic substances, such as anti-inflammatory drugs, is necessary 
for effective treatment of equine athletes, equally as important is ensuring the safety and welfare 
of the horse.  Non-Steroidal Anti-Inflammatory Drugs are highly regulated in equine competition 
because of their potential to mask injuries during performance and in the case of horseracing, 
interfere with detection of lameness during pre-competition fitness and lameness 
examinations.  In the United States, controlled therapeutic medication and anti-doping is 
regulated as part of the Horseracing Integrity and Safety Act (HISA).  In other equine 
disciplines, oversight of medication monitoring may be under the purview of The United States 
Equestrian Federation (USEF) or the International Equestrian Federation (FEI).  Under HISA, 
PBZ, FM and ketoprofen are the only permitted controlled therapeutic NSAIDs with a restricted 
administration time (RAT) of 48 hours.  This corresponds to a laboratory screening limit (SL) of 
300, 4.0 and 2.0 ng/mL in blood for PBZ (4.4 mg/kg IV single dose), FM (1.1 mg/kg IV single 
dose) and ketoprofen (2.2 mg/kg IV single dose), respectively.  The USEF does not permit 
administration of approved NSAIDs within 12 hours of competition and does not allow 
administration of a second NSAID within 72 hours of competition. 
 
CONCLUSION: 
While the use of this class of drugs is imperative in veterinary medicine, for the effective 
treatment of pain and inflammation in equine patients, it is important that they be used 
judiciously.  Administration at recommended dose rates and avoidance of “stacking” of NSAIDs, 
along with careful monitoring, especially with chronic administration is suggested to decrease 
the likelihood of the development of adverse effects. 
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Table 1. Food and Drug administration approved non-steroidal anti-inflammatory drugs 
approved for use in horses. 
 

Drug Formulation Route Dose (mg/kg) 

    
Phenylbutazone Tablets, Paste, 

Powder 
Injectable 

PO 
 

IV 

4.4 mg/kg q24h 
2.2 mg/kg q12h 

2.2- 4.4 mg/kg q12h 
Flunixin meglumine  Injectable 

Paste, Granules 
IV, IM 

PO 
1.1 mg/kg q24h 

1.1 mg/kg q24h 
Ketoprofen Injectable IV 2.2 mg/kg q24h 
Firocoxib Injectable 

Tablets, Paste 
IV 
PO 

0.09 mg/kg q24h 
0.1 mg/kg q24h 

Diclofenac Liposome-cream Topical 73 mg (5 inch strip) q12h 
Meclofenamic Acid Granules PO 2.2 mg/kg q24h 

Dipyrone Injectable IV 30 mg/kg q12h or 24h 
 
 
 
References: 
1. Wallace, J. L. Prostaglandins, NSAIDs, and gastric mucosal protection: why doesn’t the 

stomach digest itself? Physiol Rev 88, 1547–1565 (2008). 
2. Giovanni, G. & Giovanni, P. Do non-steroidal anti-inflammatory drugs and COX-2 selective 

inhibitors have different renal effects? J Nephrol 15, 480–488 (2002). 
3. Erkert, R. S., MacAllister, C. G., Payton, M. E. & Clarke, C. R. Use of force plate analysis to 

compare the analgesic effects of intravenous administration of phenylbutazone and flunixin 
meglumine in horses with navicular syndrome. Am J Vet Res 66, 284–288 (2005). 

4. Owens, J. G., Kamerling, S. G. & Barker, S. A. Pharmacokinetics of ketoprofen in healthy 
horses and horses with acute synovitis. J Vet Pharmacol Ther 18, 187–195 (1995). 

5. Owens, J. G., Kamerling, S. G., Stanton, S. R., Keowen, M. L. & Prescott-Mathews, J. S. 
Effects of pretreatment with ketoprofen and phenylbutazone on experimentally induced 
synovitis in horses. Am J Vet Res 57, 866–874 (1996). 

6. Orsini, J. A., Ryan, W. G., Carithers, D. S. & Boston, R. C. Evaluation of oral administration 
of firocoxib for the management of musculoskeletal pain and lameness associated with 
osteoarthritis in horses. Am J Vet Res 73, 664–671 (2012). 

7. Doucet, M. Y. et al. Comparison of efficacy and safety of paste formulations of firocoxib and 
phenylbutazone in horses with naturally occurring osteoarthritis. J Am Vet Med Assoc 232, 
91–97 (2008). 

8. Caldwell, F. J., Mueller, P. O. E., Lynn, R. C. & Budsberg, S. C. Effect of topical application 
of diclofenac liposomal suspension on experimentally induced subcutaneous inflammation in 
horses. Am J Vet Res 65, 271–276 (2004). 

9. Frisbie, D. D., McIlwraith, C. W., Kawcak, C. E., Werpy, N. M. & Pearce, G. L. Evaluation of 
topically administered diclofenac liposomal cream for treatment of horses with experimentally 
induced osteoarthritis. Am J Vet Res 70, 210–215 (2009). 
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10. Schleining, J. A. et al. Liposome-based diclofenac for the treatment of inflammation in 
an acute synovitis model in horses. J Vet Pharmacol Ther 31, 554–561 (2008). 

11. Walliser, U. et al. Evaluation of the efficacy of meloxicam for post-operative 
management of pain and inflammation in horses after orthopaedic surgery in a placebo 
controlled clinical field trial. BMC Vet Res 11, 113 (2015). 

12. de Grauw, J. C., van de Lest, C. H. A., Brama, P. a. J., Rambags, B. P. B. & van Weeren, 
P. R. In vivo effects of meloxicam on inflammatory mediators, MMP activity and cartilage 
biomarkers in equine joints with acute synovitis. Equine Vet J 41, 693–699 (2009). 

13. Knych, H. K. et al. Pharmacokinetics of transdermal flunixin meglumine and effects on 
biomarkers of inflammation in horses. J Vet Pharmacol Ther 44, 745–753 (2021). 

14. Knych, H. K., Seminoff, K. & McKemie, D. S. Detection and pharmacokinetics of 
grapiprant following oral administration to exercised Thoroughbred horses. Drug testing and 
analysis 10, 1237–1243 (2018). 

15. Cox, S. et al. Determination of grapiprant plasma and urine concentrations in horses. 
Veterinary anaesthesia and analgesia 47, 705–709 (2020). 

16. Hoffmann, S. L., Seminoff, K., McKemie, D. S., Kass, P. H. & Knych, H. K. 
Pharmacokinetics of grapiprant and effects on TNF-alpha concentrations following oral 
administration to horses. J Vet Pharmacol Ther 45, 467–472 (2022). 

17. Campbell, N. B. & Blikslager, A. T. The role of cyclooxygenase inhibitors in repair of 
ischaemic-injured jejunal mucosa in the horse. Equine Vet J Suppl 59–64 (2000) 
doi:10.1111/j.2042-3306.2000.tb05335.x. 

18. Van Hoogmoed, L. M., Snyder, J. R. & Harmon, F. In vitro investigation of the effect of 
prostaglandins and nonsteroidal anti-inflammatory drugs on contractile activity of the equine 
smooth muscle of the dorsal colon, ventral colon, and pelvic flexure. Am J Vet Res 61, 1259–
1266 (2000). 

19. Cook, V. L., Meyer, C. T., Campbell, N. B. & Blikslager, A. T. Effect of firocoxib or 
flunixin meglumine on recovery of ischemic-injured equine jejunum. Am J Vet Res 70, 992–
1000 (2009). 

20. Ricord, M. et al. Impact of concurrent treatment with omeprazole on phenylbutazone-
induced equine gastric ulcer syndrome (EGUS). Equine Vet J 53, 356–363 (2021). 
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Peri-Sesamoidean approach Basilar Sesamoidean approach

• All 4 approaches

• Proximal is at the top

• Top circle is the proximal pouch approach

• Bottom circle is the distal pouch approach

Clinical use of the basilar sesamoidean approach
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• Potential concern with IA antibiotic use

• In vitro & In vivo dose dependent cytotoxicity, joint inflammation, & cartilage breakdown

• Aminoglycosides among the most toxic

• Even at the lowest commonly used clinical doses- 125 mg

• 31.25 mg (1/8ml) amikacin administered IA still reached MIC levels of 100x those of common equine pathogens

• Beta-lactams potentially least toxic

Pezzanite et al Equine Vet J 2020 v52 p715-724
Pezzanite et al Front Vet Sci 2021 doi: 10.3389/fvets.2021.676774
Pezzanite et al Equine Vet J 2022 v54 p24-38
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Sutured Sutured
Sutured, patient removed 
cast q 1 week, dehisced, 

then bandaged 1 week
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Equus v254 May 1998

Photos courtesy of Dr. Julie Cary
Robert Jones Bandage

These are all just variations of a single layer full limb bandage.
AKA a single stack bandage

Equus v254 May 1998

Photos courtesy of Dr. Julie Cary
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You never know when you’ll be called to help a horse.
New KSU grad, small animal interest/practice, 4 months post graduation
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This presenta;on is case based, u;lizing real cases to review the topics below.  In lieu of a 
tradi;onal proceedings document, bulleted “take-home” points are provided.  Prac;;oners are 
encouraged to work with their diagnos;c laboratory to select proper samples and tes;ng 
strategy as the test offerings are dynamic in many instances.  The common saying “Treat the 
pa;ent not the poison” is the best advice that can be given for clinical cases.  Post-mortem 
diagnosis can be difficult, frustra;ng, and expensive and an open line of communica;on 
between owners, veterinarians, and the diagnos;c laboratory helps tremendously. 

Fescue/Ergot 

• Largely reproduc;ve issue in horses – pregnant mares should not see fescue within 6 
weeks of parturi;on 

• High-dose exposure can result in the distal gangrene and hyperthermia observed in 
other species 

• Fescue infected with novel endophytes can be used for forage – tes;ng s;ll warranted 
• Detec;ng the alkaloids in urine can be useful but half-life is short 
• This is a management disease 

Pyrrolizidine Alkaloids 

• Fresh plants largely unpalatable, dried plants in hay are the usual culprit 
• Manifested a\er weeks to months of exposure 
• Difficult to dis;nguish from aflatoxicosis histologically 
• Analy;cal techniques exist but not rou;nely offered at most D-labs 

Taxus sp. 

• Causes a conduc;on issue, histologic lesions rare and non-specific 
• Dried clippings most commonly blamed 
• Finding leaves in stomach is nearly defini;ve, horses chew the leaves so this can be 

difficult 
• Preven;ng exposure is essen;al, owner educa;on important 
• Tes;ng not rou;nely offered 

 



Acer Rubrum 

• Generally associated with wilted or dried leaves either a\er a storm or in the fall 
• Hemoly;c anemia with leaves in GI tract 
• Don’t house horses near Red Maple trees, try to keep leaves out of hay 

Juglans nigra 

• Mul;ple limbs affected 
• Edema, hyperthermia, lameness 
• Lamini;s in severe cases 
• Resolu;on following bedding removal 
• Toxic principle unknown – tes;ng unavailable 
• Maybe PCR to detect black walnut in shavings 

Berteroa incana 

• Clinically indis;nguishable from Black Walnut 
• Plants unpalatable, usually present in the hay 
• Common weed in hay fields especially from Northern US 
• Prognosis generally good if coffin bone is not rotated 
• Toxic principle unknown – tes;ng unavailable 

Fumonisin 

• Most common mycotoxin detected in grains 
• Usually associated with cooler growing seasons and wet harvest condi;ons 
• Equine Leukoencephalomalacia aka. Moldy Corn Poisoning 
• Don’t feed horses moldy feed 
• Many D-labs offer feed tes;ng 

Aflatoxin 

• Generally associated with hot and dry condi;ons 
• Black light shows kojic acid not aflatoxin 
• Targets the liver, histologically similar to pyrrolizidine alkaloid toxicosis 
• Photosensi;vity can be secondary issue 
• Many D-labs measure aflatoxin in feedstuffs, ;ssue methods less common 

Slaframine 

• Mycotoxin from “Black Patch” disease of red clover 
• Similar structure to acetylcholine 
• Profuse saliva;on that resolves a\er limi;ng exposure 
• Analy;cal techniques not rou;nely offered 



Blister beetles 

• Toxic principle is cantharidin, tes;ng available for feed and urine/serum 
• Desiccant, blistering and sloughing of GI and urinary mucosa 
• Beetles crimped in alfalfa hay from southern US 
• Buy first cuing hay to avoid swarming later in summer 

BGA 

• Warm, stagnant, nutrient-rich surface water 
• Hepatotoxic and neurotoxic varie;es 
• Subject to winds, downwind side of water has the most algae 
• Blooms occur rapidly  
• Water tes;ng to ID algae or quan;fy toxins available at many D-labs 
• Tissue methods lacking 

Botulism 

• Typically due do inges;on of preformed toxin in contaminated feeds 
• Mul;ple recent recalls of alfalfa products 
• Flaccid paralysis, especially the tongue 
• Diagnosis is complicated by lack of approved labs 
• NVSL mouse bioassay is gold standard but lacks specificity 

Selenium 

• Substan;ally different clinical syndromes depending upon chronicity 
• Acute toxicosis is similar to cardiovascular collapse and shock, almost always from 

injec;ons 
• Chronic toxicosis is more common and results from excessive dietary consump;on 
• Hoof and hair lesions predominate in chronic cases 
• Diagnosis readily achieved by analyzing various ;ssues for selenium status, whole blood 

most prac;cal 

Fluoride 

• Rare but s;ll occurs 
• Bone and teeth problems – weight loss and lameness 
• Diagnosis achieved by measuring feed, water, and bone fluoride concentra;ons 

Ionophores 

• Horses are 10x more sensi;ve than ca$le to monensin 
• Cardiovascular disease predominates 
• Horses can succumb much more rapidly than ca$le 



• Tissue concentra;ons prove exposure and when combined with histologic lesions a 
diagnosis is made 
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Respiratory disease of foals
Katherine Delph Miller, DVM, MS, DACVIM-LA

Kansas State University

85th Annual Conference for Veterinarians

June 5, 2023

Objectives

• Know differentials for foal pneumonia

• Rank differentials based on respiratory diagnostic work-up

• Institute a treatment plan for neonatal foal pneumonia versus
older foal/weanling with either suspected Streptococcus 
zooepidemicus or R equi pneumonia

• Implement preventative strategies for R equi endemic farms

Differentials for foal pneumonia
< 1 month

• Hematogenous infection from sepsis

• Gram negative

• E. coli

• Klebsiella spp

• Actinobacillus spp

• Other gram negative aerobes

• Gram positive also

• Enterococcus spp

• Streptococcus spp

• Staphylococcus spp

• Aspiration

• Milk

• Meconium 

> 1 month

• Inhalation
• Streptococcus equi subsp. zooepidemicus

• Sole or mixed infection

• Rhodococcus equi

Diagnostic work-up for foal pneumonia

• Physical exam

• Blood work
• Hematology, serum biochemistry, serum amyloid A

• Respiratory function testing
• Pulse oximetry

• Arterial blood gas

• Diagnostic imaging

• Organism identification

Respiratory exam of the foal
Normal

• Slight abdominal component to breathing
due to compliance of ribs

• Regular respiratory pattern in standing
foal but erratic pattern in sleeping foal can
be normal

• Lung sounds are easier to hear in neonate
than adult

• Often only subtle lung sounds are present 
even with severe pathology so thoracic 
auscultation can be unreliable

Abnormal

• Marked abdominal component

• Paradoxic movement of ribs and
abdomen

• Increased nostril flare

• Periods of apnea

• Older foals

• Cough, nasal discharge, depression, fever

30 days old7 days oldNewborn (1 day 
old)

<40 brpm40-50 brpm60-80 brpm
Bernard and Barr. Equine 
Pediatric Medicine 2nd Ed 2018.

Pulse oximetry

• Non-invasive

• SaO2 >92% in foals

1 2

3 4

5 6
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Arterial blood gas

• Define severity of disease by assessing level of hypoxemia

• Assess response to therapy

• Goal PaO2 80-120 mm Hg using O2 if needed

• Struggling and position of foal affect results

• Dorsal metatarsal artery, brachial artery, facial or transverse
facial artery

Thoracic ultrasonography

• Loss of normal reverberation artifact pattern
• “comet tails,” thickening of pleural surface, peripheral consolidation

• Pleural effusion

• Peripheral pulmonary abscess

• Pneumothorax

• Rib fractures

• Hemothorax

Thoracic radiography

• Right and Left lateral 
radiographs

• Evaluate type, severity, and 
location of pulmonary disease

• Interstitial, alveolar, or 
bronchiolar pattern

• Severity of alveolar pattern and
number of cavitary lesions 
associated with decreased 
survival Giguere and Roberts. Vet Radiol
Ultrasound 2012

Atelectasis
Interstitial pneumonia
Bacterial pneumonia
Viral pneumonia
Fungal pneumonia
Pulmonary edema
Hyaline membrane disease

Diffuse infiltrates

Aspiration pneumoniaCranioventral infiltrates

In-utero acquired pneumonia
Hemorrhage

Caudodorsal infiltrates

Abscess formationFocal areas of opacity

Organism identification

• Blood culture

• Transtracheal aspirate
• Cytology

• Culture

• PCR

Learning Points

• Thoracic imaging is helpful for ranking differentials for foal 
pneumonia

• Can perform TTW if needed when more stable

• Streptococcus zooepidemicus is high differential for foals similar to
adults

• Mixed infection is possible

• Can use inhaled (MDI or nebulized) medications on foals

Rhodococcus pneumonia

• Rhodococcus equi

• Rhodococcus hoagii

• Prescotella equi
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R equi
• Gram positive intracellular bacteria

• Found in environment and manure of healthy herbivores

• Environmental concentration increases
• Replicates in horse manure

• Infected foals shed larger amounts of virulent R equi

• Aerosolization
• High foal density

• Hot dry weather

• Virulent and avirulent strains
• Virulence-associated protein A (VapA)

• Required for intracellular survival and replication inside macrophages

R equi pathogenesis

• Airborne virulent organism
• First 2 weeks of life

• After inhalation
•  infects alveolar macrophages and replicates inside cell 

macrophage necrosis occurs

•  continuous macrophage death and reinfection of new macrophages 
 characteristic abscess formation

• Slow growing  clinical signs develops weeks to months after 
infection

Clinical signs: Pulmonary form

• Fever, anorexia, lethargy

• Tachypnea, increased respiratory effort, nostril flare

• Cough and nasal discharge

• Uncomplicated pneumonia survival rate: >90%

• Severe pneumonia have high mortality: 19%

Clinical signs: Extrapulmonary disorders
• Abdominal

• Most common, can cause severe disease and high mortality

• Granulomatous enterocolitis or enterotyphlocolitis

• Abdominal lymphadenitis

• Abdominal abscess

• Septic peritonitis

• Polysynovitis
• Immune-mediated or possibly septic

• Septic arthritis or osteomyelitis

• Uveitis 

• IMHA, IMTP

• Mediastinal lymphadenopathy

• Pericarditis

• Granulomatous meningitis

Diagnosis of Rhodococcus pneumonia

• EARLY DIAGNOSIS

• Cannot differentiate based solely on CS

• Presumptive
• Signalment, farm history

• Thoracic US and radiographs

• Blood work

• Definitive 
• Culture and PCR

Imaging for Rhodococcus pneumonia

• Radiographs
• Multifocal nodular interstitial pattern

• Ultrasonography
• Superficial abscess or consolidation

• Common but not pathognomonic

• Thoracic abscesses on radiographs
• 71% sensitivity and 85% specificity for Rhodococcus pneumonia Leclere et al

Vet J 2011
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Blood work for Rhodococcus pneumonia

• Leukocytosis

• Mature neutrophilia

• Monocytosis

• Hyperfibrinogenemia

• Hyperglobulinemia 

• Elevated SAA not a predictor for R equi
• Useful for monitoring progression and response to treatment Passamonti et al Vet J 2015

Fecal testing for R equi

• PCR for VapA in feces

• Present in normal and subclinical foals Shaw et al J Vet Intern Med 2015

R equi pneumonia diagnosis

• Foals 2-6 months of age
• Clinical signs of pneumonia

• WBC > 20,000/ul

• Hyperfibrinogemia >700 mg/dl

• Likely infected with R equi

• Specificity of 85% Giguere et al J Am Vet Med Assoc 2003

Treatment for Rhodococcus pneumonia

• Treat foals with clinical signs of disease

• Challenge to decide when/if to treat subclinical foals
• Adverse effects of medications

• Risk of antimicrobial resistance developing

Antimicrobials

• Wide variety active in vitro but only a few effective in vivo 
due to intracellular location

• Macrolide and rifampin
• Standard of care

Macrolide and rifampin

• Clarithromycin or azithromycin
• C: 7.5 mg/kg PO q12h

• A: 10 mg/kg PO q24h for 5 days, then q48h

• R: 5 mg/kg PO q12h or 10 mg/kg PO q24h

19 20

21 22

23 24



5/23/2023

5

Macrolide and rifampin

• Duration: 4-8 weeks, depends on disease presentation

• Combination therapy still superior than monotherapy

• Rifampin decreases oral absorption of clarithromycin
• Not clinically significant

• Concentration in PELF and pulmonary macrophages above MIC for R 
equi still

Sanz VCNA EQ 2023
Peters et al Drug Metab Dispos 2011
Berlin et al Equine Vet J 2017
Berlin et al Mol Pharmacol 2016
Burton et al Antimicrobial Agents Chemother 2015

Other macrolides

• Tulathromycin
• IM once weekly 2.5 mg/kg

• Not effective when used alone

• Similar when combined with oral rifampin to A-R combination
• Mild to moderate to severe pneumonia

Sanz VCNA EQ 2023
Venner et al Vet Rec 2013
Rutenberg et al J Vet Intern 
Med 2017
Goebel et al EVE 2022

Other macrolides

• Gamithromycin
• IM once weekly 6 mg/kg

• Noninferior to A-R combination

• 60% developed significant adverse effects
• Colic requiring analgesics

• Marked lameness

• Local pain for 5 days when administered SQ

• IV administration had less adverse effects but not recommended 
without additional research

Sanz VCNA EQ 2023
Berlin et al Mol Pharmacol 2016
Hildebrand et al J Vet Intern Med 2015
Hildebrand et al Pferdeheilkunde 2015

Other antimicrobials

• Gentamicin
• Highly active in in vitro intracellular bactericidal assay

• Failed to reach mutant prevention concentrations in BAL cells and PELF

• IV liposomal gentamicin
• Effective in experimental infection

• Nephrotoxicity in 50% of treated foals

• Gallium maltolate
• Not recommended because clinical efficacy not demonstrated

Sanz VCNA EQ 2023
Giguere et al Vet Microbiol 2015
Berghaus et al Vet Microbiol 2013
Cohen et al J Vet Intern Med 2016
Giguere and Cohen EVE 2018

Learning Points

• Clinical signs solely does not differentiate R equi from other 
causes of pneumonia

• Definitive diagnosis is useful even on R equi endemic farms
• Mixed infection

• AMR strains

• Standard treatment is combination of macrolide and rifampin

• If AMR strain, treat based on C&S

Preventative screening for Rhodococcus
pneumonia

• Screening protocols on endemic farms
• Aim to reduce mortality

• Risks

• Adverse effects of antimicrobials

• Development of antimicrobial resistance

• US screening Slovis et al AAEP 2005; McCranken and Slovis AAEP 2009

• Incidence of disease on farms using US screening: 29% to 64%

• Incidence of disease on farms not using US screening: 5% to 20 %

• Many foals with small pulmonary lesions recover without treatment
• Median abscess score ≤ 6-10 cm
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Antimicrobial resistance

• Increased concentration of AMR strains on farms that 
prophylactically treated based on US screening programs
• In soil and from clinically affected foal samples

• Resistance reports
• Before 2010: 0.7% to 3.7% in KY and TX

• Between 2007 and 2017 in KY
• 13% resistance for rifampin

• 16% resistance for macrolides
Sanz VCNA EQ 2023
Huber et al J Am Vet Med Assoc 2021
Giguere et al J Am Vet Med Assoc 2010
Huber et al Antimicrobial Agents Chemother 2019

Clinical implications of AMR strains
• Macrolide resistance in R equi

• Caused by erm(46), erythromycin-resistant methylase gene

• Identified only in R equi to date

• Resistance to all macrolides, lincosamides, and streptogramin B

• Could transfer horizontally to other bacterium

• Foal survival
• Resistant strains have lower survival

• Only 25% survived to discharge when infected with resistant strain
• 69% survival rate when infected with 

nonresistant strain
Sanz VCNA EQ 2023
Huber et al Antimicrobial Agents Chemother 2019
Asoh et al J Clin Microbiol 2003
Guiguere et al Microbio Spectr 2017
Alvaerz-Narvaez et al Appl Environ Microbiol 2020

Screen and treat protocols

• Identify clinical versus subclinical foals
• PE

• US

• Blood work

• Individualized protocol for each endemic farm

• Goal
• Decrease the incidence and severity of clinical pneumonia

• Minimize use of antimicrobials each year

• Decrease development of AMR strains

Hyperimmune plasma for Rhodococcus
pneumonia

• No commercially available vaccine

• R equi-specific HIP on endemic farms for prophylaxis
• Early literature: mixed results

• Newer data: clinical benefits

• Reduced severity of pneumonia in experimental challenge  Sanz et al Vet Rec 2016

• Mechanism for protection
• R equi-specific antibodies  Kahn et al PLoS One 2021

• Other proteins, complement, instrumental for R equi opsonization Cywes-
Bentley et al PLoS Pathog 2018

Re-HIP
• Volume administered

• 2 L shortly after birth Kahn et al J Equine Vet Sci 2019

• 2.4 times less likely to develop clinical pneumonia compared to 1 L

• Also lower proportion developing subclinical pneumonia via US (12% vs 32%)

• Safe for administration Flores-Ahlschwede et al Equine Vet J 2021

• Shed less virulent R equi in manure after exp infection Sanz et al Vet Rec 
2019

• More research on environmental contamination in clinical infections

• Novel PNAG HIP investigated compared to Re-HIP Kahn et al J Vet Intern 
Med 2021

• β-1 6-poly-N-acetyl glucosamine

• Not superior to Re-HIP protecting against natural pneumonia 
development

Learning Points

• EARLY diagnosis and treatment implementation in clinical cases 
of R equi

• Ultrasonographic lesions of R equi without clinical signs does not 
indicate antimicrobial therapy is needed

• Screening and treatment protocols should be individualized to R 
equi endemic farms

• R equi AMR has clinical and public health significance

• Re-HIP administration IV shortly after birth is useful for 
decreasing disease severity
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Initial Empirical 
Treatment of 
Pneumonia

Older 
foal/weanling

Beta lactam

Aminoglycoside
Macrolide and 

rifampin

Neonate with 
sepsis

Beta lactam

Aminoglycoside 

Acute Respiratory Distress Syndrome

• Syndrome of respiratory failure associated with noncardiogenic pulmonary
edema, decreased pulmonary compliance, and ventilation-perfusion 
mismatch  hypoxemia

• Not primary disease syndrome
• Always secondary to other disease processes

• Possible risk factors

• Viral or bacterial pneumonia

• Pneumocystis carinii

• Toxins

• Allergic response

• Heat stroke

• Nonpulmonary sepsis

Pathogenesis of ARDS

• Inciting agent initiates damage to alveolar and terminal airway
cells  pulmonary congestion and interstitial edema, and 
flooding with inflammatory cells, fibrin, and cellular debris

• Damaged type I pneumocytes are replaced by type II 
pneumocytes  diffuse pulmonary fibrosis and scarring of the 
interlobular septa and pleura

Clinical signs of ARDS

• Acute onset respiratory distress

• Tachypnea

• Nostril flare

• Increased respiratory effort

• Possibly febrile

Diagnosis of ARDS

• Auscultation abnormalities

• Profound hypoxemia

• Thoracic radiographs
• Bronchointerstitial pulmonary pattern of varying severity

• Thoracic ultrasonography
• Diffuse coalescing comet tails radiating from lung surface

• Can try to identify causative agent

Treatment of ARDS
• Oxygen administration

• Bilateral nasal cannulas

• Intratracheal catheter

• Corticosteroids
• Hydrocortisone 

• 1-4 mg/kg per day IV divided into 4-6 doses 
reported for CIRCI

• Dexamethasone

• Methylprednisolone sodium succinate

• Antimicrobials

• +/- bronchodilators 

• IV fluid therapy

• Nutritional support

• Prognosis is very guarded
• Development of hypercapnia and

respiratory acidosis: poorer 
prognosis
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Parasitic pneumonitis

• Lungworms: Dictyocaulus arnfieldi

• Round worms: Parascaris equorum

Clinical signs of parasitic pneumonitis

• Chronic cough

• Mucoid to mucopurulent nasal discharge

• Respiratory distress

• Poor body condition

• Possibly colic

• History: often poor response to antimicrobial therapy for 
suspected bronchopneumonia

Diagnosis of parasitic pneumonitis

• Inflammatory leukogram: mature neutrophilia, hyperfibrinogenemia,
hyperglobulinemia

• Possible mild to moderate elevation in hepatic enzymes

• Thoracic radiographs: moderate to severe bronchointerstitial pattern

• TBA cytology
• Abundant eosinophils (5-50%, normal <2%)

• Concurrent neutrophilic inflammation

• +/- organisms visualized  culture

• Fecal likely negative during prepatent period

• Response to therapy

Treatment of parasitic pneumonitis

• Anthelmintic therapy
• Fenbendazole 10 mg/kg PO daily

• Resistance of migrating larvae at lower doses

• Ivermectin resistance noted

• Concerns of ascarid impaction

• Based on severity of CS and concerns of secondary infection
• Oxygen supplementation

• Antimicrobials

• Aerosolized corticosteroids

Idiopathic or transient tachypnea of foals
• Reported in Clydesdale, TB, Arabians

• May develop signs a few days after normal birth
• Persist for several weeks

• Dysfunction of thermoregulatory center
•  elevated temperature and tachypnea/panting

• Warm, humid environmental conditions

• R/O other causes of tachypnea

• Treatment
• Cooling measures

• Typically temperature doesn’t respond to antipyretics

• Antimicrobial therapy until infectious process ruled out

Learning Points

• Remember other less common or additional differentials for foal 
pneumonia

• “Typical” cases may require additional therapeutics based on 
additional diagnoses
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Thank you

• kdelph@vet.k-state.edu

• 785-532-5700
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