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The influence of contamination, colonization, critical colonization and 
infection on management and healing of wounds 
 
Jacintha M. Wilmink DVM, PhD, Dipl. RNVA Woumarec (Wound Management and 
Reconstruction in Horses) Wageningen, The Netherlands 
 
INTRODUCTION 
 
Wounds in humans and animals are never sterile, with the exception of surgical 
incisions. The presence of bacteria in a wound is however not by definition harmful. 
On the contrary, the normal bacterial flora may protect for the invasion of more 
pathogenic bacteria or may evoke a desired reaction of the host and stimulate 
healing. Additionally, the normal inflammatory reaction evoked by wounding and the 
contact of bacteria with tissues, accompanied by the classic symptoms of redness, 
swelling, heat and pain, is not by definition a sign that healing is obliterated or 
harmed by micro-organisms. It is important that we understand and are able to 
predict when micro-organisms are likely to cause damage of tissues or will delay 
healing as this is the only motivation to use anti-microbial treatment. In all other 
cases we should manage a wound properly by reducing bacterial problems and 
manage exudate instead of using antimicrobials without a clear indication. By proper 
wound management during which the essential processes are supported and 
obliterating factors are removed, the presence of micro-organisms on the wound 
surface will usually not result in delay of healing. Many of the problems nowadays 
with resistant strains are caused by the abuse of antimicrobials in general and during 
wound treatment in specific. Therefore we should understand and define when and 
how to interfere with wound microbes in order to prevent a threatening infection or to 
treat wound infection.1 
 
 
HOST-PATHOGEN INTERACTIONS AND OUTCOMES 
 
Wounds do not all provide identical conditions and therefore different wounds 
support different communities of micro-organisms. Acquisition of microbial species 
by wounds can lead to the following defined outcomes: 
 
Contamination: the wound is not sterile, but micro-organisms are transient present 
but do not delay wound healing. 
 
Colonization: microbial species successfully grow and divide, but do not cause 
damage to the host or initiate wound infection. 
 
Critical colonization: intermediate stage between benign colonization and overt 
infection: without clinical symptoms or pathological reactions the host-pathogen 
interaction results in delay of healing. Antimicrobial intervention results in resolution 
of healing. 
 
Infection: microbial growth, multiplication and invasion into host tissue leads to 
cellular injury and host immunological reactions. Wound healing is interrupted and 
other clinical symptoms are present. Local factors can increase the risk of infection. 



DIAGNOSING WOUND INFECTION 
 
Microbiological assessment alone is not a reliable method for diagnosing wound 
infection. Nor is it a reliable method for drawing conclusions about further treatment, 
such as suturing a contaminated wound or skin grafting. It has been mentioned that 
when the number of microorganisms reaches a concentration of 106 organisms per 
gram of tissue or per milliliter of fluid this generally results in wound infection2 and 
that a bacterial count of 105 organisms per gram of tissue is associated with graft 
failure.3 However, these laboratory results after processing pus, wound swabs or 
biopsies are of limited value because many isolates are not identified, inter-microbial 
interactions are not, or cannot be defined, wound conditions are not considered, and  
the complicated variety of host-pathogen interactions such as pathogenicity and 
virulence is missing. Additionally, the amount and aspect of exudation is not a 
determining symptom of wound infection because the normal cellular debridement 
as result of an effective acute inflammatory response can result in copious amounts 
of exudate during the inflammatory phase of healing. Therefore a full holistic 
assessment of the patient and the wound is required and most effective for 
diagnosing wound infection and determining further treatment. 
 
 
TREATMENT OF WOUNDS AND PATIENTS 
 
Antimicrobial treatment should, whenever possible, be limited. If antimicrobial 
treatment is necessary, the type of wound, the route of administration and choice of 
antimicrobials has to be considered, whereas the mechanical reduction of bacterial 
levels, by for example excision, should not be overlooked. This means briefly that 
acute wounds benefit from an immediate intravenous profylaxe, continued for a short 
period, and surgical debridement. Chronic wounds are preferably treated locally by 
antimicrobial products others than antibiotics, again only when necessary for a 
limited period of one or two weeks. It should be kept in mind that antibacterial 
treatment is successful when there is a microbial problem, however that many 
products when used in a clean wound will delay healing. Additionally, excessive use 
of antimicrobials will only increase worldwide problems with resistant infections such 
as MRSA.     
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Wound management in small animals at the University Animal Hospital 
Annika Bergström, University Animal Hospital, Uppsala, Sweden 
 
 
Abstract 
 
The most commonly seen wounds in small animals at the university animal hospital 
are surgical wounds, bite wounds, wound from trauma, for example after being hit by 
a car, and wounds associated with external coaptation. 
 
 
Surgical wounds are usually not complicated and only needs to be saved from the 
animal itself by use of an Elisabeth collar. International studies report an infection 
rate of approximately 5% and the rate at the university animal clinic is believed to be 
approximately the same. Some surgical wounds have an increased risk for infection, 
for example contaminated wounds, surgery in the perineal area and surgery in 
chronically infected ears. 
 
 
The first step in wound management is to make sure that the animal is not at any 
risk of increased mortality secondary to any trauma or disease. Most dogs and cats 
that has been hit by car or has been traumatized in any other way must be evaluated 
for respiratory, abdominal and cerebral complications first. In any case were an 
unstable patient is handled the animal is treated as required and the wound is only 
protected. The wound treatments are usually postponed until anaesthesia can be 
performed safely. 
 
 
Initial wound assessment is always to clean the wound as much as possible and 
evaluate if the tissue is viable or not. Wound debridement is performed to remove 
necrotic tissue but we are careful about removing viable tissue, especially in the 
area of the distal limb. 
Lavage with either acetated Ringer’s solution or saline is used. 
 
 
During the last year there has been an increase in reports of multiresistant 
microbials in Sweden resulting in a higher understanding of the importance of using 
sterile technique as well as initial culture and resistance testing. The small animal 
clinical personnel have a routine of using hand antiseptics between handling of 
different patients. The personnel are not allowed to carry watches and rings, and 
must follow our dress code with short sleeved scrubs. 
 
 
Almost all wounds needs bandage and one of the cheapest and easiest is the wet-
to-dry bandage. This bandage is not used commonly in our clinic now as the 
available active dressings are preferred by most veterinarians and nurses. Even 
though the wet-to dry bandage may require changes twice every day it is were 
efficient for necrotic wounds in small animals during the first 2 days after wounding. 
 



 
The most commonly used active bandages at the small animal clinic are Melolin (a 
low adherent perforated film), Allevyn (polyurethane foam), Intrasite gel (hydrogel) 
and Sorbact (fatty acid derivate giving a hydrophobic property), all depending on the 
type of wound. 
 
Bite wounds commonly cause abscesses and they are drained and lavaged. In 
uncomplicated cases of abscesses antimicrobials are not used, but in cases of fever 
and depression or joint involvement cephalosporins or other antimicrobials may be 
used, based on the sensitivity results. Any animal in the ward that has drains placed 
should have a bandage covering the drain to decrease the risk for contamination of 
the wound as well as to decrease the risk of contamination to other animals. This is 
especially important if the drainage is open compared to closed suction drainage. 
 
During the last few years there have been some studies revealing significant 
differences in wound healing between cats and dogs. Until now the small animal 
clinic has treated dogs and cats with wounds similarly, but it may be that changes 
should be considered. 
 
The interest from pet owners and our knowledge of wound treatment has increased 
during the last years and today we treat more advanced wounds in the small animal 
practice. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



The use of antimicrobials (for wounds) in Finland and emerging MRSA-
problems 
 
Katariina Thomson DVM, Department of Equine and Small Animal Medicine 
Faculty of Veterinary Medicine, University of Helsinki, Finland 
 
 
Background 
 
Antimicrobials are the most commonly used group of drugs for animals. However, in 
most conditions, it is vitally important to recognize the reason or the cause of illness 
and the primary focus should be on removing or treating the underlying cause. 
Antimicrobials can reach their full effect only if it is combined with supportive 
treatment. A wound is a perfect example of that. An infected wound, whether it is a 
traumatic one or a post-surgical one, needs debridement, cleaning and proper 
drainage provided in order to heal. In severe cases, antimicrobial agents can help in 
preventing the infection from spreading or worsening but they will not alone be 
sufficient to clear the infection. 
 
Imprudent use of antimicrobials leads to treatment failure or delayed healing, 
increased suffering, higher costs and development of resistant bacteria and 
weakened action of the drugs. Imprudent use includes the use of wrong 
antimicrobial drugs as well as incorrect doses and length of the treatment periods.  
 
Antimicrobials seem easy to use but when making a true attempt to use these drugs 
correctly, it becomes very demanding. First of all, a diagnosis of infection needs to 
be made. This is done by looking at the clinical signs, hematological values and by 
taking a sample for culture. Secondly, the organism causing the infection has to be 
identified and tested for susceptibility. Third, the result has to be interpreted and 
evaluated taking into consideration the patient in question. Fourth, a suitable drug 
needs to be chosen, considering the pharmacokinetic and pharmacodynamic 
properties of the drug. Fifth, you need to decide the right dose, route of 
administration and length of course of treatment. 
 
The use of antimicrobials for wounds 
 
Traumatic wounds 
Traumatic wounds are primarily not treated with antimicrobials unless the amount of 
devitalized tissue is extensive or the patient has signs of systemic illness.  
 
Culturing traumatic wounds is somewhat unrewarding because of frequent 
environmental contamination. Differentiating between colonization/contamination 
and infection can be difficult and therefore local debridement and cleaning is the 
most important thing. Properly treated wounds usually heal just fine without 
antimicrobials even if the surface may be colonized with bacteria. In order to find out 
if the wound is infected a sample needs to be taken deeper than the surface. 
 
If antimicrobials are used, methods that provide high concentrations in the wound 
area are preferred. Regional perfusion-techniques, drug impregnated beads, intra-



articular treatment, antiseptic bandaging materials and compresses etc. are rather 
used than systemic treatment. Antiseptics such as chlorhexidine, hydrogen peroxide 
or iodine can also be used for local treatment of infected wounds. 
 
Post-surgical wound infections 
Especially in colic surgeries in horses, the risk for the laparatomy wound to get 
infected is rather high. The wound usually shows signs of infection within a week 
from the surgery. Increased swelling, soreness, and discharge are the typical signs 
of infection. At this point the most important thing is to provide adequate drainage 
and to remove devitalized and infected tissue. Removal of stitches or staples is 
crucial in order to prevent the infection from spreading deeper and creating 
anaerobic conditions. Bacteriological culture from deep tissues is also important in 
identifying the causative organism(s). 
 
Most post-surgical wound infections are best managed by stopping the antibiotics 
and treating the wound locally. Surgical debridement and aggressive local treatment 
with hydrotherapy and antiseptics are the key points for healing. If the animal has 
marked systemic signs of infection, antimicrobial therapy might be indicated. 
Treatment needs to be set according to sensitivity results of the causative organism.  
 
The use of antimicrobials for prevention of post-surgical infections 
 
Pre-operative antibiotics are used in clean-contaminated and contaminated 
surgeries. The antimicrobial agent should be bacteriocidal, available as an i.v. 
formulation and its spectrum of activity directed towards the bacteria most likely to 
cause an infection at the surgical site in question. The drug is given intravenously 30 
minutes before the incision is made. 
 
The basic protocol is that dogs and cats undergoing abdominal surgery, e.g. 
surgeries on the gastrointestinal, reproductive or urinary tract, receive ampicillin or 
trimethoprim-sulfonamide as pre-medication. Cephalotin is used in orthopedic 
surgeries. In horses penicillin G combined with gentamicin is used in abdominal 
surgery, such as colic surgeries and penicillin G only in orthopedic surgeries. Pre-
medications are modified if needed for individual patients. 
 
Methicillin-resistant Staphylococcus aureus (MRSA) and other resistant 
organisms causing wound infections in animals 
 
In animal hospital settings the environment is suited for development of resistant 
bacteria. Severely ill patients from different background housed in a common space 
and treated with loads of antimicrobials makes a profitable base for resistance to 
develop. Common for MRSA, extended-spectrum betalactamase producing gram-
negative bacteria (ESBL’s) and tobramycin-resistant Pseudomonas aeruginosa is 
that they can cause infections that are difficult to treat and increase suffering and 
cost tremendously. Basically, infections caused by multi-resistant organisms are 
mainly treated without antimicrobials. If the infection is life-threatening, sensitivity 
results are interpreted and a suitable drug is sought.  
 
 



Wound Infections, Pharmacodynamics and Pharmacokinetics of Common 
Antimicrobials 
 
Carina Ingvast-Larsson, DVM, Assoc. prof., Dip.ECVPT. SLU Department of 
Biomedical Sciences and Veterinary Public Health, Division of Pathology, 
Pharmacology and Toxicology 

 

Abstract 
 
Effective treatment of infections with antimicrobial drug is dependent on several 
factors including susceptibility of the pathogen to a given antibiotic and the ability of 
the substance to reach the site of infection in sufficient concentrations. The minimal 
inhibitory concentration (MIC) of the pathogen provides useful guidance to the 
clinician in the choice between different antibiotics. However, it should be kept in 
mind that MIC only is based on in vitro susceptibility of the pathogen to antimicrobial 
agents. Knowledge of the pharmacokinetic parameters of an antibacterial agent (PK) 
in combination with the microbiological parameters (PD, pharmacodynamic) assists 
in achieving optimal effect and also in minimizing bacterial resistance. During the 
last decades this field has evolved enormously and today the relationship between 
PK and PD is used during drug development, dose and interval selection and to 
predict the risk of drug resistance to emerge during therapy (Craig, 1998, 2001). The 
PD parameter mostly used is MIC and it is important to remember that the MIC 
refers to the free concentration of a drug which must not be confused with whole 
tissue concentrations (Mouton et al., 2008). The free concentration of drug in 
serum/plasma is often used as a surrogate for the concentrations at the actual site of 
infection.  
 
 
Antimicrobial substances may be classified in concentration or time dependent 
antibiotics on the basis of antimicrobial activity in vitro. Concentration dependent 
antimicrobial drugs are more effective the higher the concentration of the drug. For 
time dependent antibiotics the extent of activity is reliant on the duration of effective 
concentrations.   
 
 
The quantitative relationship between the PK and PD parameters is called PK/PD 
index and a standardized terminology has been proposed (Mouton et al., 2005). The 
three PK/PD indices frequently used to predict antibiotic efficacy are (1) the ratio of 
maximum serum concentration to the minimum inhibitory concentration (MIC) 
(Cmax/MIC); (2) the ratio of total drug exposure measured as the area under the 
plasma concentration versus time curve (AUC) versus MIC (AUC/MIC) and (3) the 
time during the dose interval when the plasma concentrations exceed MIC (T>MIC). 
PK/PD indices predicting antibiotic efficacy are determined for the different classes 
of antimicrobial substances and pathogens using in vitro models as well as infected 
animal models. Clinical studies in humans have shown that the PK/PD indices are of 
importance to predict treatment efficacy and the risk of drug resistance to emerge 
during therapy (Craig, 2001, Ambrose et al., 2007).  



 
 
The time dependent antibiotics include -lactams, clindamycin and macrolides. For 
the -lactams T>MIC is the PK/PD index mostly correlating with efficacy whereas a 
relationship between AUC/MIC and efficacy has been shown for other time 
dependent antibiotics. The aminoglycosides, quinolones and metronidazol are 
concentration dependent antibiotics. The most appropriate PK/PD measure for 
aminoglycosides is Cmax/MIC. This knowledge has improved both efficacy of 
treatment and diminished unwanted toxicity. For quinolones and metronidazole both 
Cmax/MIC and AUC/MIC correlates with the efficacy. 
 
In conclusion, knowledge of antimicrobial pharmacodynamics and pharmacokinetics 
enables the clinician to optimize the dosing regime after variations in antibiotic 
susceptibility (PD) and individual variation in drug disposition (PK).  
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Bacterial flora and antimicrobial resistance in canine and equine wound and 
abscesses, a retrospective study of routine samples at the National Veterinary 
Institute (NVI), Sweden. 
 
Karin Bergström and Ulrika Grönlund Andersson, Department of Animal Health and 
Antimicrobial Strategies,  NVI,SE - 751 89 Uppsala, Sweden 
 
 
Abstract: 
 
The aim of the present study is to give an overview of bacterial findings (culture) and 
the antimicrobial resistance situation in samples from canine and equine wound and 
abscesses sent to the NVI during 2007. Susceptibility data were determined with 
microdilution method, VetMIC™. The majority of Swedish counties are represented 
in the material, although far from all animal hospitals and clinics send there samples 
to the NVI. Furthermore about 30 % of the samples are from clinics in Uppsala and a 
circle of about 100 km from Uppsala.  
 
 
The study includes a total of 221 canine and 123 equine isolates considered as 
relevant findings. The most commonly found bacteria were in both animal species 
Staphylococcus (S.) and betahaemolytic streptococci.  S. aureus were found in 35 of 
all the 123 equine isolates (28 %) and S. pseudintermedius (former intermedius) in 
93 of the total 221 canine isolates (42 %). Forty-two of all equine isolates (34 %) and 
29 of all canine isolates (13%) were classified as betahaemolytic streptococci.   
 
 
Twenty-nine % of the S. aureus strains from equine sampling were resistant to 
penicillin, otherwise mostly susceptible to other antimicrobial substances. On the 
other hand, the situation in S. pseudintermedius cultured from dogs was alarming. 
Methicillin-resistance occurred in 10% of these isolates and of the antimicrobials 
authorized for veterinary use in Sweden they were susceptible only to tetracycline 
and fusidic acid. Methicillin-resistance indicate resistance to all betalactam 
antimicrobials including cephalosporins and combinations of amoxicillin and 
clavulanic acid. A majority (86%) of the methicillin-susceptible S. pseudintermedius 
was resistant to penicillin and about a third was resistant to commonly used 
antimicrobial substances like clindamycin. Betahaemolytic streptococci were rarely 
resistant to any of the in Sweden commonly used substances in horses and dogs. 
 
 
The observations show that the choice of antibiotics for treatment of wounds and 
abscesses in dogs may be severely limited and must be based upon culture and 
susceptibility tests. 
 
 
 
 
 
 



Wound injuries, septic joints, tendon sheaths, and bursae 
 
Tamás Tóth, UDS, SLU. 
 
 
Abstract 
 
Wound injuries close to synovial structures should be treated with extreme care, 
because an eventual infection in them can have severe consequences to the horse 
and owners. Joints, tendon sheets or bursa are sensitive, a septic process can 
quickly cause irreversible damage in them which can lead to chronic severe 
lameness. Time is important, therefore it is essential to make fast diagnosis and start 
the accurate treatment as soon as it is possible. The presence of collateral bone, 
tendon or ligament injuries can have a major influence on the prognosis and the 
treatment. 
 
To diagnose a perforating injury can be challenging. The accurate anatomic 
knowledge is essential, we have to know where these structures are most 
vulnerable. Detailed anamnesis, the time of the injury, the nature of the trauma, 
grade of the lameness and eventual previous treatments is of great importance. 
Accurate physical clinical examination should include general status, rectal 
temperature measurement, lameness control, palpation and in some case probing 
the wound. Puncturing the joint or tendon sheath should always be attempted to 
examine the synovial and to collect sample for cytological examination and for 
culturing. Culturing and sensitivity test should always be done. 
X-ray and ultrasound can be essential for the accurate diagnosis, prognosis, and 
optimal treatment.  
 
The treatment should start early, as soon as possible, and mere on the basis of 
suspicion of contamination or infection., We should not delay treatment by waiting 
for  confirmation of bacterial growth. The joint or tendon sheath should be lavaged 
and the animal should be treated with antibiotics and non-steroid anti-inflammatory 
drugs. Joint lavage can be done by using syringes, it can be performed on standing 
animals too, but the most effective treatment is using the arthroscope under general 
anaesthesia. Arthroscopy can be done in almost all joints, tendon sheets and 
bursae. The advantages of this treatment is, besides effective lavage,  is that it 
offers the possibility for debridement, synovectomy and thorough inspection i the 
joint and other structures. In our hands, arthroscopy has opened a new dimension 
and a better chance for successful treatment of infectious/septic synovitis.  
 
We always start the treatment with broad spectrum antibiotics and we modify our 
choice after the result of the bacterial sensitivity culture test if necessary. We believe 
that the effective treatment is to combine the intravenous medication with use of 
antibiotics locally. The use of local antibiotics has several advantages, but the 
application or repeated use is not always possible. Intra-arthicular application of 
antibiotics is the most common way, but regional perfusion and different antibiotic 
impregnated implants can offer alternative ways. We think that non steroid anti-
inflammatory drugs are an essential part of the effective treatment both for pain relief 



and for the anti inflammatory effect. The treatment of wounds and other injuries 
should be treated according to surgical rules. 
 
Lots of things can be done at the field depending on the veterinarians experience 
and other factors but of course a hospital has the optimal circumstances for best 
treatment. Continuous communication between the hospital and the referring 
veterinarian, and between veterinarian and owner, has a great importance, for 
recognizing the problem in time, and to treat the animal successfully. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Advances in bioactive wound management materials and their potential for 
use in veterinary wounds 
 
Dr Sarah Cockbill PhD, LL.M, B.Pharm, M.Pharm, DAgVetPharm, FCPP, 
FRPharmS 
Welsh School of Pharmacy, Cardiff University, Cardiff, UK. 
 

Abstract 

Until the 1960’s the range of materials available for wound management was very 
limited – primarily passive ‘plug and conceal dressings’ such as lint, absorbent 
cotton and gauze and paste bandages which did nothing to aid the healing of any 
wound.  The newer interactive materials which create the ideal microenvironment for 
healing at the surface of the wound such as vapour permeable adhesive films, 
hydrocolloids, hydrogels, polyurethane foams and alginates were developed during 
the last half of the twentieth century. 

 
The structures and modes of action of interactive products have been extensively 
described elsewhere 1,2 so this presentation will concentrate on the activities of 
newer bioactive materials which actively contribute to the wound healing process: 
such as skin substitutes, collagens, tissue adhesives, maggots, honey and 
antimicrobial dressings containing nanocrystalline silver.  The products available, 
their formulation, modes of action with consequent influence on the healing cascade 
and appropriate application will be described. Suggestions for the possible 
application of these human wound management products to veterinary wounds will 
be made. 
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Clinical experiences with a new antiseptic agent, octenidine, in equine wound 
management. 
 
Kirsten Schwenzer, Tierärztliche Klinik für Pferde, Luesche, Germany 
 
Abstract 
 
For octenidine dihydrochloride (octenindine) a good antimicrobial action was 
demonstrated by both, in vitro investigations and experimental studies in vivo. 
 
To examine its effects under clinical conditions, a wound gel preparation containing 
octenidine dihydrochloride was used in several horses with different types of 
wounds: 
 
•    Horses after surgery with dehiscences of sutures 
•    Wounds without surgical wound dressing 
•    Wounds after surgical removement of exuberant granulation tissue 
•    Gel preparation as a wound dressing after surgery 
 
 
The action profile of octenidine could be confirmed in this field test:  
 
Broad antimicrobial action, fast occurrence of effect, 24 h residual effect, good 
tolerance of skin, mucous membranes and tissue. Fast wound healing without side 
effects and resistances was observed. 
 
During the treatment no wound infections was observed. A complete wound closure 
could be obtained in most of the cases. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



The Molecular Basis of Wound Healing:   
The Role of the Toll-Like Receptor (TLR) and Adenosine A2A Receptor (A2AR)-
mediated switch of Macrophages from an Inflammatory (M1) to an Angiogenic 
Phenotype in the Regulation of Granulation Tissue Formation. 
 
S. Joseph Leibovich, Ph.D., Department of Cell Biology & Molecular Medicine and 
the Cardiovascular Research Center, New Jersey Medical School, UMDNJ, Newark, 
NJ 07013, USA. 
 
 
Abstract 
 
Wound healing is critical to animal survival, and involves a coordinated cascade of 
cell and molecular interactions that lead ultimately to the formation of a mature 
connective tissue scar. Immediately following injury, platelets regulate hemostasis, 
and release factors that regulate local inflammation and the subsequent recruitment 
of myeloid-derived cells that participate in inflammation and repair.  
 
 
These cells include neutrophils, monocytes/macrophages, fibrocytes and endothelial 
precursor cells (EPCs). Neutrophils provide a first line of defence against invasion by 
foreign organisms. Monocytes/macrophages debride wounds by degrading fibrin, 
cellular and extracellular debris, by combating foreign organisms, as well as by 
producing inflammatory mediators, growth factors and angiogenic factors that initiate 
granulation tissue formation. Granulation tissue formation is a key stage in wound 
healing, and involves the regulated induction of fibroblast migration, proliferation and 
biosynthesis of extracellular matrix components, and the regulated induction of new 
blood vessel growth, angiogenesis. In normal wound healing, granulation tissue 
formation occurs rapidly, and then regresses and resolves, resulting in the formation 
of mature connective tissue scar. In many pathological conditions, however, where 
inflammation persists and is unable to resolve the injurious challenge, granulation 
tissue persists, and can result in serious deleterious effects.  
 
 
Macrophages are key regulators of granulation tissue formation, and are equipped 
with several cell surface receptors that enable them to respond in an exquisitely 
sensitive manner to micro-environmental conditions. These include TLRs and 
adenosine receptors, among others. TLRs primarily mediate responses to 
components of foreign organisms, although endogenous ligands for TLRs may also 
exist. Adenosine receptors mediate responses to extracellular adenosine, an agonist 
normally present at low concentrations, but produced to high levels in conditions 
such as ischemia, hypoxia and inflammation, by breakdown and release of ATP from 
cells. At least two distinct activation states of macrophages have been 
demonstrated. Macrophages respond to Toll-like receptor agonists such as LPS 
(endotoxin from gram negative organisms, TLR4 agonist) by up-regulating their 
expression of inflammatory mediators such as TNF�� IL-12 and iNOS.  
 
 



This classical activation pathway induces an M1 (inflammatory) phenotype. 
Incubation of macrophages with TLR agonists followed by treatment with adenosine 
(or A2AR agonists) results in a switch of M1 macrophages to an alternatively-
activated M2 phenotype, characterized by the down-regulation of TNF�� and IL-12 
expression, and the strong up-regulation of VEGF and IL-10 expression, resulting in 
an anti-inflammatory, angiogenic phenotype. We have found that TLR agonists 
induce the strong and persistent up-regulation of adenosine A2A receptors (A2ARs), 
and that this up-regulation of A2ARs plays a key role in the switch of macrophages 
from an M1 to an M2 phenotype by adenosine. Mice that lack MyD88, a critical 
intracellular mediator of signaling through most TLRs (with the exception of TLR3), 
show a marked defect in wound healing, with decreased angiogenesis and 
granulation tissue formation. Similarly, mice that lack A2ARs also show defective 
wound healing and angiogenesis. Agonists of A2ARs promote wound healing in 
normal animals, but have no effect in mice lacking MyD88, indicating that the TLR-
A2AR mediated switch of macrophages from an M1 to M2 phenotype plays a 
significant role in vivo. Regulation of VEGF expression in this M1 to M2 switch 
requires the induction of Hypoxia-Inducible Factor-1� (HIF1��, a critical sub-unit of 
the HIF1 transcription factor, that induces transcriptional up-regulation of VEGF 
expression by binding to the HRE (Hypoxia Response Element) in the promoter of 
the VEGF gene.  
  
 
In this presentation, the pathways involved in the regulation of macrophage 
phenotype by TLR agonists and adenosine receptor agonists will be described, and 
the role of this phenotypic switch in the regulation of wound healing will be 
discussed. We propose that development of pharmacological approaches to control 
the switch of macrophages from an M1 to an M2 phenotype by modulating the TLR-
A2AR-dependent signaling cascade might be valuable for the regulation of wound 
healing, and for the regulation of pathological conditions where granulation tissue 
development occurs in a defective or uncontrolled manner. These would include 
aberrant wound healing, fibroproliferative diseases such as rheumatoid arthritis, lung 
fibrosis and liver cirrhosis, as well as the growth of benign and malignant solid 
tumors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Topical treatment of equine sarcoids with Aldara™ or Xxterra™ - a comparing 
pilot study.  

Carina Pettersson, DVM, Dept Clin Sci, SLU, Uppsala 

 
Abstract 
 
Sarcoid is the most common tumor in horses all over the world. The sarcoid is a 
benign, locally invasive, usually fibroblastic proliferative skin neoplasm. Even if the 
etiology is not completley verified, the epidemiology and clinical behavior suggest a 
infectious intervention, probably BPV type 1 or type 2. Though it is known that the 
cause is multifactorial. A genetic prepdispositon has been identified connected with 
Major Histocompatibility Complex (MHC), but also to breed, age and perhaps 
gender. There is also a proved connection between skin-trauma and development of 
sarcoids. This type of neoplasm tend to develop in areas were the skin is thinner, 
such as the face, distal limbs and the ventral parts of thorax, abdomen and genital 
areas. There are six saroid types identified makroscopically; occult, nodular, 
verrucous, fibroblastic, mixed sarcoid and malevolent. However a biopsy for 
histopathology is needed to verify the diagnosis. There are several treatment options 
availeble (surgery, cryosurgery, hyperthermia, radiation, chemotherapy and 
immunotherapy), but their use may be limited depending on type of sarcoid, size, 
spread, location, available equipment and environmental safety. Sarcoids are also 
known for a high reoccurence rate after treatment.  
 
This study compares and analysis the effects of Aldara™ and Xxterra™. Aldara™ is 
a verified immunotherapy, whereas the exact mechanism of action for Xxterra™ is 
not verified, though according to the producer Xxterra™ is also an immunotherapy. 
With this type of treatment the local immunesystem will be stimulated to reduce 
tumourcells and virus. The purpose of this study was to find a simple and effective 
treatment with a low rate of reoccurens. Currant study enrolled 19 horses with a total 
of 130 tumours. Of these tumors 41 where treated and the rest were used as 
untreated controlls. Seventeen horses with 30 tumours were treated with Aldara™ 
and 10 horses with 15 tumours were treated with Xxterra™. Eight of the horses with 
multiple sarcoids were treated with both ointments.  
 
Of  the 30 tumors treated with Aldara™ 27 tumors (90%) has so far responded with 
size reduction or total regression. The 3 tumors that didn´t respond to treatment 
were all fibroblastic sarcoids localized to the distal limbs on one horse. Of the 15 
tumors treated with Xxterra™ 14 tumors (93%) has so far responded with size 
reduction or total regression. The tumor that didn´t respond to treatment was an 
occult sarcoid localized to the shoulder. In all the tumors that didn´t respond to 
treatment a change of medicine was made, after a break from treatment for at least 
13 weeks, which immedately lead to a reduction in size. All the tumors responded 
thus to at least one of the treatments.  
 
The preliminary results of these two types of treatments are encouraging, even 
though the number of horses included in the study is small. An extended study, 
comprising more horses and longer periods of follow-up, is required to be able to 
corroborate these conclusions. 



Thermography for monitoring wound healing in man and animals.  
 
Peter Leando, Meditherm, Duke University, NC, USA 
 
Inevitably, minor injuries do occur with horses and these may lead to more 
permanent damage if they are ignored or not identified and treated appropriately. 
Unfortunately for the horse, some injuries can go undiagnosed or are difficult to 
identify with current methods of examination. 
 
Digital Infrared Thermal Imaging (DITI) is unique in its capability to show 
physiological (functional) abnormalities and can graphically display and record the 
animals 'subjective' feeling of pain by objectively displaying the changes in skin 
surface temperature that accompany pain states. 
 
DITI is being increasingly recognized as a useful tool in the early identification of 
musculoskeletal and neurological injuries, especially non-specific (and difficult to 
diagnose) lameness. The ability to detect inflammatory and neurological processes 
at a very early stage can be critical to the out come. 

An infrared scanning device is used to convert infrared radiation emitted from the 
skin surface into electrical impulses that are visualized in colour on a monitor. This 
visual image graphically maps the body temperature and is referred to as a 
thermogram. Since there is a high degree of thermal symmetry in the normal body, 
subtle abnormal temperature changes can be easily identified. 

DITI can provide information about an animals response to treatment as well as the 
effects of injury or disease.  

Clinical uses for DITI include  

To define the extent of a lesion of which a diagnosis has previously been made;  

1. To localize an abnormal area not previously identified, so further diagnostic 
tests can be  performed;  
2. To detect early lesions before they are clinically evident;  
3. To monitor the healing process before the patient is returned to work or 
training.  

The physiological basis for DITI is simple. 
Skin blood flow is under the control of the sympathetic nervous system. In normal 
subjects (asymptomatic) there is a symmetrical dermal pattern which is consistent 
and reproducible for any individual. This is recorded in precise detail to a 
temperature sensitivity of 0.01°C. The neuro-thermography application of DITI 
measures the somatic component of the sympathetic nervous system by assessing 
dermal blood flow. The sympathetic nervous system is stimulated at the same 
anatomical location as its sensory counterpart and produces a 'somato sympathetic 
response'. The somato sympathetic response appears on DITI as a localized area of 
altered temperature with specific features for each anatomical lesion. 
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Abstract 

Equine wound healing is notoriously problematic on the lower limb, specifically when 
biofilms are evident.  Equine chronic wounds display similar characteristics to 
chronic wounds in humans thus these cases provide an effective model for human 
cases.  Whether wounds are caused by trauma or surgery their high prevalence is of 
concern and treatment can be both challenging and costly. Biofilms are considered 
detrimental to normal healing in non-healing and infected chronic wounds because 
of there recalcitrant nature towards antimicrobial agents. Biofilms are also known to 
be resistant to the effects of the immune system. Because of this fact more research 
in the area of chronic wounds and biofilms is warranted. It therefore was the aim of 
this study to identify biofilms and characterise the microbial flora of equine chronic 
wounds. Here we describe 24 cases of equine wounds. All horse wounds were 
swabbed three times, according to standard swabbing protocols. An area of 1 cm2 of 
the wound was sampled using a moistened cotton tipped swab. Swabs, were added 
to Robertson’s cooked meat broth, for the isolation of anaerobic bacteria, and 
Stuart’s transport medium for the isolation of aerobic bacteria (Oxoid, UK).  The 
bacteria removed from the swabs were then identified using traditional 
microbiological culturable techniques. In addition to this swabs were also taken of 
intact skin, representative of the wound site, and processed according to the 
protocol above. The third swab sample obtained from the wound was used for 
microbial identification using denaturing gradient gel electrophoresis (DGGE) and 
polymerase chain reaction (PCR). Biopsy samples were also obtained and 
processed for evidence of biofilms.  
 
Culturable analysis of the microflora revealed that the majority of bacteria isolated 
from the chronic wounds of horses were Staphylococcus spp, Pseudomonas spp, 
Micrococcus spp, Enterococcus spp, Corynebacterium spp, Streptococcus spp, 
Bacillus spp, Aerococcus spp and Clostridium spp.  Further analysis of all isolates 
highlighted their biofilm forming potential and antibiotic resistance profiles.  Biofilms 
were shown to be evident in a large percentage of the chronic wounds.  In 
conclusion these studies provide evidence that biofilms exist in the chronic wounds 
of horse which may well provide an underlying reason as to why a  large percentage 
of chronic wounds are recalcitrant to antimicrobial therapies, do not heal a timely 
manner and often become infected.  
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