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Equine sarcoids are the most common neoplasias of the skin in equines and especially relevant in horses. 
They present clinically as locally invasive, single or more frequently, multiple lesions with a heterogenous 
appearance, which highly depends on their clinical nature. Equine sarcoids are morphologically divided into 
6 classes: occult, verrucous, nodular, fibroblastic, mixed, and malignant/malevolent. In diagnostics it is 
essential, to differentiate the sarcoids, as some forms are more resistant to therapy and have a tendency to 
transform into more aggressive forms. Histopathology is considered the gold-standard in diagnosis of 
sarcoids but the risk for aggravating the lesions when taking a biopsy is high. This study aims to evaluate if 
histopathology remains as the gold-standard a diagnostic tool and compare its frequency of use with other 
laboratory diagnostic tools like fine needle aspiration, polymerase-chain-reaction and 
immunohistochemistry. Additionally, the frequency of use and success rates of different treatment options 
in correlation with various types of sarcoids were evaluated. Data was obtained by a questionnaire that was 
answered by 26 equine veterinarians. 88.5% of the study population did use histopathology as a diagnostic 
method, most frequently for verrucous form (84.6%), mixed (76.9%), fibroblastic and nodular (53.8%). 
Furthermore, histology was most frequently rated “very good” (41.7%) in terms of precision and utility and 
none of the questioned veterinarians rated it “unreliable/ not helpful” in diagnosis of sarcoids. Fine needle 
aspiration was only used by 3.8%, polymerase-chain-reaction by 14.6 % and immunohistochemistry was 
only used by 13.3%. Surgical removal was the most frequently chosen treatment (92.3%), with a prevalence 
of use in nodular (61.5%) sarcoids. According to the results obtained, this study concludes that 
histopathology, despite the risks a biopsy poses, is still the gold-standard in diagnostics of equine sarcoids 
and surgical removal is the preferred treatment for these persistent neoplasias. 
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Hobuste sarkoidid on üks sagedasemaid nahakasvajaid hobuslastel ja seda eelkõige hobustel. Kliiniliselt 
esinevad need üksikult lokaalselt invasiivsena või pigem hulgikoldeliselt erinevate vormidena, mis on 
tugevas sõltuvuses kliinilisest olemusest. Hobuste sarkoidid on morfoloogiliselt jagatud 6 vormi: peidetud, 
näsaline, sõlmeline, fibroblastiline, segavorm ja pahaloomuline. Sarkoidide korrektne diferentseerimine on 
diagnostikas oluline, kuna mõned vormid on ravile resistentsemad ja omavad võimalust muutuda 
ravijärgselt pahaloomulisemaks. Patohistoloogiat loetakse heaks diagnoosimise meetodiks, kuigi proovivõtt 
võib mõjutada kasvaja olemust. Käesoleva uurimistöö eesmärgiks oli hinnata patohistoloogiat kui kõige 
edukamat meetodit, aga rõhutada ka peennõela aspiraadi, polümeraasahelreaktsiooni või 
immunohistokeemia tähtsust. Töös on uuritud erinevate sarkoidi tüüpide raviks valitud meetodi ja selle 
edukuse suhet. Andmeid koguti küsimustikule vastamise teel, millele vastas 26 hobuse loomaarsti. 
Vastustest selgub, et 88.5% arstidest ei kasuta patohistoloogiat kui diagnostilist meetodit, seda peamiselt 
näsalise (84.6%), segavormi (76.9%), fibroblastilise ja sõlmelise vormi (53.8%) diagnostikas. Lisaks 
märgiti histoloogia väga heaks meetodiks täpsuse ja kasulikkuse poolest ning puudusid märkimised meetodi 
mitte abistavaks tunnistamise kohta. Peennõela aspiraat oli kastutusel ainult 3.8%, 
polümeraasahelreaktsioon 14.6% ja immunohistokeemia 13.3% juhtudel. Kirurgiline eemaldamine oli 
kõige enam valitud ravimeetod (92.3%), sealhulgas sõlmeliste vormide korral (61.5%). Vastavalt seatud 
eesmärkidele näitas antud uurimus patohistoloogia tähtsust hobuste sarkoidide diagnostikas, seda hoolimata 
koeproovide võtu riskist. Kirurgilist eemaldamist loetakse kui eelistatumat antud kasvajate raviviisi. 
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INTRODUCTION 

 
Equine sarcoids (ES) are the most common neoplasms in the equine species, specifically in 

horses but have also been reported in donkeys, zebras and also tapir (Munday et al., 2010). 

The lesions can be described as locally aggressive skin tumors (Melkamu et al., 2018). Whilst 

their occurrence is well known, veterinarians often struggle with a correct diagnosis. As 

histopathology is generally seen as an extremely accurate form of diagnosis, veterinarians face 

the problem to aggravate sarcoids by taking biopsies when obtaining a sample for 

histopathology. An early and correct diagnosis is essential, when choosing an appropriate 

treatment option and greatly influences the prognosis. There are different types of sarcoids and 

each sarcoid has to be assessed and treated specifically, which is why it is crucial to differentiate 

the clincial types of sarcoids. Early and well-chosen diagnostics can help the patient and the 

veterinarian to get a full recovery, whereas misdiagnosis as well as various diagnostic tools may 

only aggravate the form of the sarcoid (Melkamu et al., 2018). This thesis aims to evaluate the 

efficiency and value of different diagnostic tools for ES, especially focusing on histopathology. 

The diagnosis using histological slides, usually is a gold-standard in diagnostic confirmation of 

other tumorous diseases and is to be evaluated in this study for risk-benefit ratio in comparison 

with other methods such as fine needle aspiration, immunohistochemistry or polymerase-chain-

reaction. This study is important, because often a sarcoid is not a single case and has a high 

recurrence rate, as it is frequently stated that “once a sarcoid horse always a sarcoid horse”. A 

false, late or imprecise diagnose leads to either a delay or incorrect treatment, as there is a great 

variety of treatment options, each with a different efficiency depending on the type of sarcoid 

and the pathogenicity. Choosing a suitable treatment option, such as surgical removal, 

cryosurgery, intralesional injection with chemotherapy drugs, conservative treatment with 

cream or benign neglect depends on various factors, which include location and extension of 

the mass, nature to aggravate, age of the horse, general health of the horse and owner’s ability 

to pay for treatment (Bogaert et al., 2009). Evaluation of this information through the data 

collected may have a possible impact for other veterinarians, when choosing a diagnostic tool 

and treating these tumors, simply for the fact there is still a lack of information and experience 

in this field. The following study will try to answer all these questions, in order to provide 

valuable diagnostic and treatment schemes.  
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1. LITERATURE REVIEW 
 

1.1 Etiology of equine sarcoids 

1.1.1 Viral etiology 

 

Generally, bovine papillomavirus-1 (BPV-1) or bovine papillomavirus-2 (BPV-2), which are 

both delta papillomaviruses are strongly associated with equine sarcoids. However, the 

epidemiology of the causative papillomavirus remains uncertain. Sarcoids could be the result 

of cross-species papillomavirus infections, but some evidence suggests that sarcoids may be 

caused by adapted BPV strains, as delta papillomaviruses have the ability to infect multiple 

species. Entry of the virus into the dermis via routes such as trauma, may ultimately be even 

more important in regard to sarcoid development than exposure to papillomavirus (Munday et 

al., 2010). 

 

1.1.2 Distribution and occurence 

Studies on epidemiology have been impeded because there is a lack of population data and a 

low prevalence of sarcoids in equines that are usually kept as individuals or groups with low 

number of animals. Incidence of 0-6 cases per 100 animal-years have been reported in a 

population of donkeys (Reid et al., 1994). Epidemiological understanding is obstructed by lack 

of definitive experimental transmission studies that involve inoculation with causative 

papillomaviruses (Chambers et al., 2003). 

 

1.1.3 Genetic factors 

Recently it has been suggested, that there is a genetic predisposition for sarcoids in equines. 

The previous established presumption that the ethiopathogenesis is multifactorial has often 

impeded studies on the heritability of ES and genetic predisposition (Christen et al., 2014). The 

occurrence of ES is associated with the major histocompatibility complex (MHC) encoded class 

I equine leukocyte antigen W3B1 haplotype in breeds such as swiss, french-bred or irish 

warmbloods. In addition to that, MHC encoded class II allele equine leukocyte antigen (ELA) 

W13, which is found in several other breeds of horses, is also associated with a genetic 

predisposition to ES. Not only can the MHC and ELA predispose an individual to the 
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development of sarcoids, but also presumably to an early occurrence and even increased 

recurrence rates, which may be affected by A5 ELA and W13 ELA, respectively. Correlation 

between the development of sarcoids and heterozygosity for an allele called “equine severe 

combined immunodeficiency” have also been demonstrated (Giuliano et al., 2010). 

The difference of incidences of sarcoids between breeds leads to the hypothesis, that there is 

genetic predisposition or susceptibility and a study by Staiger et. al in 2016 has identified that 

the risk for sarcoid development was two times higher, for horses carrying both risk alleles on 

equine chromosome 20 and equine chromosome 22 (Staiger et al., 2016). 

 

1.2 Pathology of equine sarcoids 

1.2.1 Common localisation of lesions 

Generally, sarcoids can be described as usually non-metastatic skin tumors that occur in equids. 

Sarcoids are the most common neoplasms in horses, donkeys, mules and most frequently occur 

on the head, ventral abdomen and limbs (Goodrich et al., 2020). 

Whilst other areas may also be affected, the previously mentioned ones are most commonly 

encountered. Periocular sarcoids are also recorded relatively often and may hinder normal 

eyelid function or even result in significant pathology to the eye of the affected individual. 

Treatment of periocular sarcoids (or ES at other delicate areas) often poses great risks and due 

to high recurrence and proximity of the eyeball some treatments may be declined (Giuliano et 

al., 2020). 

 

 

1.2.2 Macroscopic findings 

Sarcoids may be classified into five different types, that are either: occult, verrucous, nodular, 

fibroblastic, mixed, malevolent/malignant. The different clinical types of sarcoids tend to 

exhibit different growth rates and some may be more locally aggressive or infiltrative than 

others (Knottenbelt et al., 2001). Occult sarcoids generally present clinically as roughly 

circular, often hairless lesions. Sometimes skin may vary in thickness and can either be 

hyperkeratotic or thinned. This form of sarcoid can appear multiple times on the body of the 

affected individual at several locations and they also have the potential to coalesce and cover 

extensive body surfaces. Sometimes alopecia is only partially present and the lesion may or 

may not contain small nodules with a diameter between 2-5 mm. The growth of these lesions is 
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generally slow and progresses towards the verrucous form (Funiciello et al., 2020). Occult 

lesions may not only progress into the verrucous form, but also have the potential to transform 

into the fibroblastic type, if triggered by trauma (Charles et al., 2005). Verrucous sarcoids are 

characterized by a wart-like appearance and marked alopecia with hyperkeratosis. Whilst these 

type of sarcoids are, just like the occult ones, usually not pruritic or painful, they have the 

potential to ulcerate and bleed, which then can be painful for the equids and poses a risk for 

secondary infections. Some verrucous sarcoids may also present a pathognomic occult margin. 

Growth of this type is slow but there is potential of progression into more aggressive sarcoid 

forms, which may be triggered by trauma. Nodular sarcoids clinically present as firm, 

subcutaneous masses with well-defined margins and can vary in size with a diameter of a few 

mm up to 7 cm. It is common that this type occurs multiple and coalescing. Nodular sarcoids 

may be subdivided into type A and type B. Type A nodular sarcoids are described as 

subcutaneous masses that are freely moveable under the skin, as they do not involve skin and 

usually no alterations of skin are present. Additionally, type A nodular lesions may further be 

subdivided into type A1 or type A2, where in type A1 lesions the nodule may be moved from 

both skin and underlying tissues and usually has a fibrocellular capsule and in some cases a 

skin pedicle is palpable. Type A2 Lesions have no skin involvement but the nodule may not be 

moved independently from the underlying tissue and appears to be “bound” to it. Type B 

nodular lesions are generally characterized by either visible and/or palpable skin alterations, 

whilst nodules are usually not moveable form overlying skin. The skin may present alterations 

such as alopecia, thinness, hyperkeratosis, ulceration, but also has the potential to appear 

normal. In some type B nodules, the overlying skin may have adjacent occult features. Just as 

for type A, also for type B there are two subtypes recognized, that are type B1, which has no 

involvement with deeper tissue structures and type B2 which is found to be locally invasive 

with no separation from deeper layers and similarly to type A1 is “bound-down” (Funiciello et 

al., 2020).  

Another form of sarcoid is the fibroblastic type. This type is a more aggressive form and has a 

fleshy, often ulcerated appearance. The lesions are frequently covered by a fibrocellular scab 

and due to the frequent ulcerations often get secondarily infected. Trauma is a trigger factor 

which usually results in bleeding and serum exudation. Pruritus and pain rarely characterize 

these lesions, unless ulcerating or secondarily infected. This lesion may also be divided into the 

two subtypes type 1 and type 2. Type 1 is characterized as a pedunculated fibroblastic sarcoid 

which has a narrow pedicle with apparently normal skin and a fleshy crown and is also further 

divided into type 1a and type 1b. Type 1a fibroblastic sarcoid is pedunculated with no palpable 
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tumor and a marked thickening at the base, whereas type 1b fibroblastic sarcoid is not only 

pedunculated but also rooted and palpable alterations beneath the pedicle can be detected and 

in some cases may also be visible to the eye. Type 2 fibroblastic sarcoids are broad-based, 

sessile lesions with invariably poorly-defined margins and may extensively invade lateral as 

well as deeper tissues (Funiciello et al., 2020). 

 Furthermore, two more clinical type of sarcoids, such as the mixed sarcoid and the malignant 

sarcoid, can be classified. It is important to point out that most sarcoids could be classified as a 

mixed type, solely for the reason that most sarcoids are often present in variable proportions in 

the same lesion. Despite this fact, the definition of a mixed sarcoid is usually reserved for cases 

where there is no predominant type of sarcoid present in one lesion. This scenario can often be 

found in transition or progression phases, where one clinical form of a sarcoid transforms into 

another one. Generally, there are multiple forms and combinations of clinical manifestation of 

a mixed sarcoid, but they do tend to be more aggressive, in particular if a fibroblastic type is 

involved. The last type that can clinically be differentiated is the malevolent or also sometimes 

called “malignant” sarcoid. This malignant/malevolent type is often, but not always, 

characterized by a history of repeated trauma or even repeated inappropriate treatments against 

another type of sarcoid. Malevolent sarcoids have the particular behaviour to develop multiple, 

locally invasive sarcoids that are either of nodular or fibroblastic origin. Clinically cords of 

nodules and lesions that have ulcerated may either be visible or palpable and in case 

subcutaneous connections are present when palpating, the classification of the specific sarcoid 

should be malignant. It is known that malevolent/malignant sarcoids have the ability to either 

exist in a local form or to invade local tissues by spreading through lymphatic vessels. In cases 

where malevolent sarcoids invade and spread via lymph nodes and vessels, an associated local 

lymph node enlargement is often present. Despite the facts previously mentioned, a 

disseminated metastasis has not been reported yet. However, malignant sarcoids are considered 

very aggressive. A rare particularly dangerous form of this malevolent type exists, where 

clinically a ring of nodules surrounding a central area, that may either be verrucous or occult, 

can be observed (Funiciello et al., 2020). 

 

1.2.3 Microscopic findings 

Generally, all sarcoids are characterized by variable substitution of normal dermal components 

by neoplastic fibroblasts embedded in variable amounts of collagen (Funiciello et al., 2020). 

Typical “microscopic sarcoid features” include epidermal hyperplasia and hyperkeratosis, rete 
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pegs and “picket fence” formation and proliferation of fibroblast-like cells (Martens et al., 

2000). Additionally, findings are often poorly demarcated, unencapsulated, variably infiltrative 

proliferation of large spindle to stellate, bland to highly atypical fibroblasts with nuclei that are 

frequently plump and oval. Interestingly, cellular atypia is absent to low and has the potential 

to increase with the number of times of excisions or ulcerations and therefore is also more 

frequently present in mixed or malevolent sarcoids (Funiciello et al., 2020). Of all types of 

sarcoids, occult sarcoids may easily be overlooked during histopathological examination, as for 

this type of sarcoid, the only striking histopathological feature may be an increased density of 

subepidermal neoplastic fibroblasts, between a reduced number of hair follicles and sweat 

glands. Additionally, in occult sarcoids, the density of dermal fibroblasts is lower compared to 

other types (Funiciello et al., 2020). Besides subtle fibroblast proliferation, also marked 

orthokeratotic hyperkeratosis and lack of epidermal response may be possible to see in early 

stages of occult sarcoids. Other sarcoid types, such as a nodular sarcoid can be differentiated 

from occult sarcoids by prominent fibroblast proliferation, neoplastic fibroblasts that are 

arranged in whorls and interlacing bundles that sometimes resemble a peripheral nerve sheath 

tumor (Maxie et al., 2015). 

 

1.3. Diagnosis 

1.3.1 Diagnostic protocols 

Histopathology remains the gold-standard for the diagnosis of BPV-induced ES, but to avoid 

tumor progression, many clinicians elect not to take biopsies (Knottenbelt and Kelly, 2000). 

Pathognonomic signs for ES are often not identified very rapidly as the lesions are considered 

to have a very heterogenous clinical presentation. To aid in diagnosis and increase clinician’s 

diagnostic accuracy when evaluating a proliferative equine skin disease, a diagnostic protocol 

can be helpful (Haspeslagh et al., 2018). Due to the variable behaviour of ES, some clinicians 

are reluctant to take a biopsy, but the difficulty in making a specific diagnosis remains. The 

frequent problem with diagnostic markers is, that ES may not properly be separated from 

spindle cell tumors (Wobeser et al., 2017). Generally, diagnostic protocols for equine sarcoids 

can either consist of one of the following techniques or a combination of two or more. Currently, 

clinical examination and anamnesis, histopathology, detection of BPV DNA by PCR and 

immunohistochemistry are employed in diagnostics. Diagnosis based upon clinical examination 

and anamnesis offers the advantage of immediate employment of therapy ipso facto improving 

chances for better prognosis, but because diagnosis is greatly influenced by experience of the 
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veterinarian, the accuracy can greatly vary. Therefore, this diagnostic protocol holds a greater 

risk for misdiagnosis. In case of diagnostic confusion, a lab-assisted protocol, can be employed 

additionally. This may be especially necessary when tumor characteristics are atypical (Carr et 

al., 2009). For procedures like PCR, immunohistochemistry, FNA and histopathology, a tissue 

biopsy is required. However, not all sarcoids (e.g. such as occult ES) are suitable for biopsies, 

as this may only aggravate their development into more aggressive forms. If one chooses to 

take a biopsy, it is advisable to consult with a pathologist first in order to choose the correct 

biopsy method and sampling site. Skin biopsies in general are indicated when a specific 

diagnosis must be established, to eliminate other diagnoses or misdiagnoses, to follow the 

course of a disease, as well as confirmation on complete excision of a tumor (Pascoe et al., 

1999).  

“Remember that while a definitive diagnosis is ideal, the elimination of other suspect diagnoses 

can be of equal importance in difficult cases” (Pascoe, 1999, Manual of Equine Dermatology, 

p.27) 

1.3.2 Clinical examination and anamnesis 

In some cases, diagnosis can be based on clinical appearance, which would mean that treatment 

could be implemented immediately, usually leading to improved prognosis. However, since 

there is a great variety of differential diagnosis, a misdiagnosis could lead to inappropriate 

treatment and aggravating the disease. To avoid diagnostic confusion, especially in case of lack 

of clinical experience, lab-assisted diagnosis should be preferred (Melkamu et al., 2018). Most 

skin diseases are primary and clinically present with sufficient signs, as well as history. This 

may tempt clinicians to perform an abbreviated clinical exam, but shortening of a clinical 

examination should not be supported, as the threshold for misdiagnosis, due to missing 

important aspects of general health of the patient, is relatively high (Pascoe et al., 1999). 

Carrying out a proper clinical examination should begin with taking a sufficient anamnesis and 

then assessing the patient’s general health status, body condition and behaviour. Anamnesis is 

vital for diminishing the risk of inadequate interpretation and is an essential first approach to a 

patient. Furthermore, it is substantial to obtain sufficient information about the long-term 

history of the animal. This includes previous diseases and employed treatments, other 

medication that has been administered, surgery, vaccination and deworming status. Training of 

the animal, feeding management and environmental factors as e.g. bedding types or pasture 

may also provide the clinician with useful information and are not to be missed when taking the 

history. Information about herd mates and in-contact horses may be useful when determining 
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whether a disease is infectious or not. It is specifically hard to find an exact starting point of the 

disease, but often the perception of the owner (owner’s complaint) is a helpful time scale. In 

some cases, previous diagnostic tests and examination have been performed by other 

veterinarians, therefore this should be included in the questionnaire when taking the anamnesis. 

Not only diagnostic measures, but sometimes even treatment, whether it was by a veterinarian 

or by the owner itself, may have been employed in the past and one must pay particular attention 

to this. An extended, comprehensive anamnesis may come across as an exhaustive inquiry and 

it definitely is time-consuming, however it’s clearly essential and in the best interest of the 

patient and client (Pascoe et al., 1999). 

 
Figure 1. Dermatologic examination template (Scott et al., 2010, Equine Dermatology 2nd 

Editions, Elsevier/Saunders) 
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Figure 1 (Scott et al., 2010) shows a sheet of an extensive dermatologic clinical examination, 

that can be very useful for clinicians in differential diagnosis. The template focuses almost 

exclusively on dermatologic lesions, however a general exam should not be neglected. Lesions 

may be either localized or generalized and well distributed. Good lighting and getting an overall 

view, not just focusing on the lesions the owner mentioned, is considered to be favourable for 

diagnostics. Recording the distribution of the lesions by using a template for marking down the 

localisation like shown in Figure 2 (Scott et al., 2010) may also be an important step. Not only 

the localisation, but also the recording of size and appearance of an ES can be especially helpful 

later on, when assessing a sarcoid’s aggravation or regression, efficacy of employed treatment 

and even recurrency of the disease. The clinician can clearly see if more lesions have developed 

and can mark down the ones that have regressed.  

 
Figure 2. Template for marking the distribution of lesions of the patient (Scott D., Miller W., 

2010, Equine Dermatology 2nd Edition, Elsevier/Saunders) 

 

During the examination, it is considered helpful to record vital signs and the assessment of other 

body systems. Only very few primary skin conditions exhibit changes in hematology, but 

diseases such as Cushing or Photosensitization arising from a hepatic disease often exhibit 
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dermatological changes and can be diagnosed after taking blood samples and evaluating 

hematology results. However, skin lesions in horses are rarely indicators to perform organ 

function tests, such as serum biochemistry, hematology, fecal or urine analysis. Routine 

physical exam (including auscultation of heart, lungs, taking temperature, etc) may either be 

performed only one time upon the first appointment with the patient, or repeatedly. Repeated 

examination is especially necessary when a dermatologic lesion changes its appearance, 

progresses, fails to respond to treatment or whenever a treatment is considered effective and the 

clinician wants to observe the course of the condition (Pascoe et al., 1999). 

 

1.3.3 Sampling  

Generally, several types of biopsies, such as shave biopsy, punch biopsy, wedge biopsy, 

excision biopsy, fine needle aspirate and impression smears, exist. Particularly excision biopsy 

is often the technique of choice and it is used when the present lesion is likely to be adversely 

affected by partial biopsy or malignancy and dissemination may follow. Additionally, this 

specific method provides the pathologist with normal and abnormal tissue. The execution of an 

excisional biopsy, depending on the size of the sarcoid, may rather be considered a surgery and 

frequently tranquillization and local anesthesia of the horse is necessary, to allow an improved 

handling and safety for patient and surgeon. A sterile sampling method has to be employed and 

sharp scalpels are ideal for the excision. Furthermore, gripping the lesion with crushing or sharp 

instruments must be avoided, as this may result in destruction of the sample. Besides excision 

biopsy, a wedge biopsy may also be used in smaller sarcoid lesions. In case of a wedge biopsy, 

an outward-facing wedge with mainly abnormal tissue and only a small portion of normal tissue 

for orientation is taken from the site where the lesion is located (Pascoe et al.,1999). Following 

measures should essentially be employed by the surgeon to improves quality of the biopsy: 

1) Skin should not be stretched during biopsy as this causes distortion on macroscopic and 

microscopic scale 

2) Over-handling of specimen should be avoided 

3) Correct equipment, such as sharp scalpel instead of scissors for excision and plain 

forceps or hypodermic needle for biopsy handling is crucial 

4) Adequate choice of size is also very important and too small samples (e.g. 4-6 mm in 

diameter) are usually not suitable for correct differential diagnosis as they are prone to 

distortion due to stretching, compression or crushing during sampling and handling 

5) Choice of suitable containers and fixative also influence the sample 
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To prevent decay of the sample, the tissue has to be fixed in a suitable container and fixative as 

soon as possible after biopsy. However, depending on the fixative, one must allow some time 

to pass, usually 24-36 hours, in order for the fixative to exert its effect and penetrate the tissue 

properly. If a more rapid result is necessary, the tissue may alternatively be frozen. A routinely 

used fixative is buffered formaldehyde solution. The ratio of fixative to specimen is considered 

to be 10 times the volume of fixative to tissue (Pascoe et al., 1999). 

 

1.3.4 Histopathology  

It is important to point out that some biopsies due to their size may not provide enough tissue 

for correct differentiation of sarcoids from other pathologies, as there are variable microscopic 

features. As previously mentioned, biopsy, especially partial, always holds a risk to aggravate 

the condition due to surgical trauma and this should always be taken into account. It is equally 

important to inform the owner thoroughly about this risk and to get a written confirmation that 

they understand the ventures and probabilities of the excision and are willing to proceed. 

However, histopathology is deemed necessary for confirmation of suspected diagnosis or 

differentiation of types of ES (Funiciello et al. 2020). In case the neoplasia has ulcerated, 

differentiation from granulation tissue, fibromas, fibrosarcomas or peripheral nerve-sheath 

tumors, may not be possible and additional biopsies that include intact epidermis may be 

required to make a diagnosis. In order to obtain a definitive diagnosis or confirmation of the 

suspicion “sarcoid”, histopathology is necessary, but in case there is not a sufficient amount of 

specimen or quality is compromised, immunohistochemical staining for S-100 protein may be 

a useful addition, to differentiate ES from other tumors with marked resemblance like a 

peripheral nerve-sheath tumor (Maxie et al., 2015). Increased density of potentially neoplastic 

fibroblasts in the superficial dermis and perpendicular arrangement of these fibroblasts to the 

basement membrane, so called “picket-fence” at the dermo-epidermal junction is highly 

diagnostic and indicative for confirming the diagnosis “sarcoid”. However, these features are 

only found in 52% of all ES, whereas some additional characteristic patterns such as “whorling” 

,present in over 86% of tumors, may be detected. Microscopic features of sarcoids have the 

potential to overlap with other lesions and differential diagnosis may be challenging because of 

the variable histological configuration of the dermal proliferation. Additionally, other 

pathological processes like previously mentioned ulcerations but also inflammations or even 

the pure lack of distinctive epidermal lesions may impede and challenge an accurate diagnosis. 
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Yet, histopathology is still considered the gold-standard method for diagnostic confirmation 

(Funiciello et al., 2020). 

1.3.5 Fine needle aspiration 

This method can usually be useful in other species than equids for achieving a definitive 

diagnosis when there is a suspicion for sarcoids. However, in equine individuals, fine needle 

aspiration (FNA) generally is not considered to be very useful, simply for the fact that it does 

not provide enough pathological information for an accurate prognosis since the relationship 

between cells and blood supply cannot be fully comprehended. In case, a clinician chooses to 

employ FNA as a diagnostic tool, it may be possible to detect some aspirated contents. These 

contents include blood/serum-plasma (in case of hematoma), milky-white fluid (in case of 

dermal inclusion cyst/atheroma), pus from an abscess, which may largely help a clinician to 

differentiate masses macroscopically. Furthermore, aspirates of a melanoma are almost 

instantly pathognomic. Should one insist to use FNA as a solitary diagnostic tool for differential 

diagnosis, an improvement of diagnostic value of the samples may be achieved by using a small 

needle (23 gauge) and a small syringe (2-5ml), sampling from the edge of the lesion and not 

from the centre as the centre may sometimes be necrotic or inflamed, preparing slides 

beforehand to avoid delay of transfer of samples, sending the slides to and experienced 

pathologist (Knottenbelt et al., 2012).  

1.3.6 Polymerase-chain-reaction  

Polymerase-chain-reaction is a more recent diagnostic approach that relies on the detection of 

bovine papillomavirus DNA. It's a non-invasive technique that requires only minimal trauma 

to the tumor and an easy sampling procedure. Unsuitable are occult lesions and additionally the 

presence of a large amount of connective tissue in other types of sarcoids (e.g. fibroblastic, 

nodular) may affect the ability of PCR amplification to detect viral DNA (Carr et al., 2001). 

PCR has the disadvantages that it possesses a lower specificity due to the fact of high prevalence 

of BPV DNA in the normal skin of horses. Real-time PCR is an established tool for DNA 

quantification and possesses higher sensitivity, reduced risk of contamination, improved 

reproducibility and is more rapid (Melkamu et al., 2018). In addition, detection of viral protein 

expression in samples that are suspected to be negative for viral DNA, suggests that the 

sensitivity of current PCR-based tests for BPV DNA in sarcoid lesions is suboptimal. This 

suggests that using PCR detection of BPV DNA solitary would result in a proportion of false 

negatives and therefore the application of PCR as a diagnostic test for sarcoids has to be 

carefully evaluated and validated (Otten et al., 1993; Chambers et al., 2003). 
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1.3.7 Immunohistochemistry  

Immunohistochemistry (IHC) is an important supplementary diagnostic tool, that is able to 

identify tumors via monoclonal or polyclonal antibodies that bind to cell specific proteins, also 

referred to as Intermediate filaments. In addition to that, the pathogen, if present, is identified 

and marked by a technique that employs the use of chemical chromogen or fluorescent dye. 

IHC as a diagnostic method is especially useful for neoplasias that cannot be adequately 

classified by other routine diagnostic tools, including histopathology (Munday et al., 2010). 

This may be due to fact that some tumors have the tendency to morphologically overlap with 

other neoplasias. ES can sometimes resemble schwannomas. In these cases, a correct, 

differential diagnosis is crucial in order to employ adequate treatment and to give an accurate 

prognosis. For schwannomas, there are no specific IHC markers and a lack of S-100 protein 

can consequently rule out the diagnosis schwannoma. Especially in combination with PCR, 

where BPV DNA is sequenced, IHC is a huge diagnostic aid for lesions that resemble other 

tumors or the ones that are poorly characterizable. A study by Bogaert in 2011 recommends the 

usage of IHC as an ancillary diagnostic tool in all equine skin tumors. However, limits of IHC 

are clinical progression, prognosis or finding the cell origin and hence a further analysis of the 

lesion is almost always indicated and IHC should not be used a solitary diagnostic method. The 

tumor samples for IHC are cut into sections with a thickness of 4 µm. If the tumor has been 

previously sent for histopathology, this material can also be used, but it should be deparaffinised 

and treated with 3% hydrogen peroxide methanol. After this step has been performed, the tissue 

can be incubated with the antibodies (Bogaert et al., 2011). Intermediate filaments, such as 

cytokeratins and vermentin are frequently used in IHC for identification. Cytokeratins are 

commonly found in all epithelial cells and vermentin is an intermediate filament contained in 

most mesenchymal cells. IHC relies on the detection of antibodies, this subsequently leads to 

the fact that anticytokeratin antibodies are used in the first instance when dealing with poorly 

characterizable skin tumors and especially when hematoxylin and eosin stain is problematic or 

histopathology fails (Munday et al., 2010).  

 

1.3.8 Differential diagnoses 

Diagnosis of equine sarcoids is often presumptive and based on clinical appearance. Especially 

in the case where multiple lesions with sarcoid-like characteristics are present, it is highly 

suggestive for sarcoids (Taylor et al., 2013). Forming a problem list in order of likelihood can 
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tremendously aid in diagnosis. Sometimes, possible differential diagnoses may even be put 

aside due to geographical, epidemiologic reasons and history. Clinicians generally should 

differentiate between infectious and non-infectious dermatologic conditions. Infectious 

differential causes include viruses (equine herpes virus causing coital exanthema, 

papillomatosis), bacteria, fungi (Dermatophytes), protozoa and internal as well as external 

parasites. Non-infectious causes involve congenital (cutaneous agenesis, epidermiolysis 

bullosa) and acquired, allergic (urticaria) or immune-mediated diseases, neoplasias, and trauma. 

Involvement of endocrine, neurologic diseases and nutritional deficiencies (zinc, vitamin A) in 

skin lesions also have to be taken into account. Most important neoplastic differential diagnoses 

that have significant resemblance to ES include granulation tissue, granuloma, papilloma, 

fibroma and fibrosarcoma, cutaneous lymphoma, squamous cell carcinoma, habronemiasis, 

mast cell tumor and melanoma. Furthermore, staphylococcal folliculitis, dermatophytosis and 

even urticaria can resemble ES (Knottenbelt et al., 2012).  

 

1.4 Treatment 

1.4.1 General considerations  

It's difficult to formulate general principles for sarcoid treatment, because these tumors should 

always be treated as an individual case. The experience of the involved veterinarian, attitude 

towards diagnostics, as well as finances of the owner can heavily influence the outcome of 

treatment and prognosis. However, it is important to point out that nowadays there are a variety 

of possible treatment options which increase the chances for a favourable prognosis of patients 

with ES. Sarcoids always need to be referred to as tumors and an early, accurate diagnosis 

followed by a suitable treatment is imperative. Especially recurrent ES need to be monitored 

and treated with greatest diligence, as the recurring tumors have a higher resistance to therapy 

and a relapse is possible even after several years. Patient welfare must always be considered 

when choosing a treatment (Fürst et al., 2009; Loschelder et al., 2019). 

Singular, well-circumcised sarcoids in regions where a surgical excision with primary healing 

is possible, should always be resected. Principles of tumor resection involve also the resection 

of a margin of healthy tissue, avoiding contamination and preferably primary healing. If a full 

excision can not be achieved, one must choose an alternative treatment option, as partial 

resections are not advised. Radiation therapy or cytostatics may be employed. Occult or 

verrucous lesions, with unclear borders, can be treated relatively successful with either 

imiquimod or 5-fluorouracil as active ingredient of a cream. Periocular sarcoids and aural 
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plaques are suitable for treatment with Bacillus-Calmette-Guerin-Vaccine. Nodular sarcoids, 

except periocular lesions, are generally treated with cytostatics or a large-scale excision. The 

employment and type of treatment should always be chosen according to patient welfare and 

effectiveness. Close monitoring of treated sites is imperative (Fürst et al., 2009). 

 

1.4.2 Conservative treatment 

“Benign neglect” of a lesion may sometimes be an option. This means that there is no 

mechanical or chemical procedure employed to the ES and the lesion is simply monitored by 

owner and veterinarian. In cases where horses present clinically with extensive lesions that 

would make any treatment method impractical or in case the location of the sarcoid poses too 

many risks for any treatment procedure, benign neglect is chosen in order to avoid any 

aggravation of the lesion. Very small, slow-growing ES, like occult sarcoids, are also suitable 

for this conservative method, as occult ES usually don’t interfere with patient welfare. 

However, in case this option is chosen, both the lesion as well as patient welfare need to be 

strictly monitored, merely for the fact that sarcoids always possess the potential to progress. 

Additionally, there is a chance that the presence of ES contributes to developing more lesions 

or the present lesions becoming more extensive. Sometimes, also the financial status of the 

owner prevents the patient from getting the most effective treatment at an early stage of the 

tumor and benign neglect, as long as patient welfare is not compromised, has to be chosen 

(Funiciello et al., 2020). 

 

1.4.3 Topical treatment  

Knottenbelt's sarcoid cream, also called Liverpool cream or AW-3-Ludes cream has been 

developed at Liverpool University for the therapy of equine sarcoids and is available in 50%, 

75% and 100% concentration. The cream contains different heavy metals, as well as two 

cytotoxic components that are 5-fluorouracil and thiouracil. Lower concentrated creams are less 

aggressive and therefore usually cause less adverse effects like inflammation, but require longer 

treatment intervals. Adverse reactions after administration of this topical treatment may vary in 

individuals, but generally local swelling after 24 hours, pain (especially sensitivity to touch at 

local area), patients feeling dull or lethargic. Following 5-7 weeks after treatment, the tumors 

appear to turn black, crusty and hardened. A well-circumscribed border around the ES develops 

between the tumor and healthy tissue, until the tumor eventually falls off, revealing granulation 

tissue underneath. This granulation tissue heals secondarily and the cosmetic results are usually 
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considered good. Solely in areas where tissue is very frequently contracted (eyes, mouth), the 

healing process may pose a challenge. Success rate of ES treated with Liverpool cream for the 

first time is 80%, but the treatment success is drastically reduced with repeated treatments or in 

case ES have already received any other type of treatment. Imiquimod (Aldara®) is an immune 

modulator with strong antiviral and antitumorous properties. It stimulates the patient's immune 

system and increases production of interferons, interleukines, tumor necrosis factor and 

cytokines. The drug has to be applied to the aseptically prepared ES and needs to be removed 

after 8 hours. Application of the cream must be done within time intervals of 2-3 days over the 

course of several weeks to months in the same manner, to achieve regression of the tumor. 

Adverse reactions include erythema or a slight inflammation, scaling, crusting and alopecia. 

Some ES respond very well to this treatment and only few applications of Aldara® may be 

necessary. Radiotherapy is also an option for topical treatment. Ionizing radiation can kill 

tumorous tissue, but in equines this method is not frequently used as a solitary treatment. 

Radiotherapy can be used after surgical excision to ensure eradication of any leftover tumor 

cells after excision. Radiotherapy should not be considered in ES with a diameter of more than 

5 cm, as larger tumors do not respond well, if at all, to radiation therapy (Fürst et al., 2009). 

Bloodroot (Sanguinaria canadensis) is also currently employed in treatment against ES. Due 

to the alkaloids contained in the plant, it’s herbaceous extract possesses cytotoxic and immune-

modulating effects (Wilford et al., 2014). Particularly the benzophenanthridine alkaloid 

sanguinare displays antitumorous potential as it exhibits antiproliferative effects on tumor cells 

and induces apoptosis. Apoptosis may be induced via intrinsic or extrinsic pathways, where the 

intrinsic pathway is dependent on mitochondria and the extrinsic pathway takes place by 

initiation of so-called death receptors. Especially the downregulation of anti-apoptotic proteins, 

which are often found to be over-expressed in neoplasias, appears as a promising intervention 

strategy in neoplastic therapy (Gaziano et al., 2016). Currently, in veterinary medicine, there 

are the following formulations of ointments in use: XXTerra® (mainly used in USA, Europe), 

Newmarket bloodroot ointment (mainly used in UK) and Animex (mainly used in USA). In a 

study by Wilford (2016) where the efficacy of Newmarket bloodroot ointment in treating ES 

by owner’s perception was evaluated. The results showed, that the efficacy of treatment with 

bloodroot was 66,2% with complete resolution and 89,2% of ES responding to therapy. These 

results were also compared to a study by Pettersson (2008), where XXTerra®, a different 

formulation containing bloodroot, had a response rate of 93%. Newmarket bloodroot ointment 

(NBO) contains a mixture of alkaloid extracts (40%) from the dried root of Sanguinaria 

canadensis in a ratio of 1:3 with methyl alcohol and water, zinc chloride (10%), emulsifying 
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ointment (48%) and preservatives. A comparative study investigating each individual 

ingredient and its effect on the ES would be indicated, as it cannot be included that especially 

zinc chloride may have contributed healing to some extent. Duration of treatment, as well as 

dosage is highly variable among patients and presents limitations in clinical studies. However, 

the previously mentioned study of Wilford in 2014 suggests that a treatment period should 

exceed 21 days after the first response of a sarcoid, in order for it to resolve completely (Wilford 

et al. 2014). A study by Pettersson in 2020, where the formulation XXTerra® containing 

Sanguinaria canadensis and zinc chloride was used, the treatment protocol for owners consisted 

of application of a thin layer of the product to the ES every four days, after initial daily 

application during 6 consecutive days. Also, Pettersson’s study (2020) suggests, if possible, to 

bandage the treated area in order to protect intact skin that is surrounding the lesion and could 

possibly come in contact with the ointment. Pre-treatment cleansing with chlorhexidine 

gluconate 4% and letting the ES air-dry, is also described in the treatment plan of the clinical 

study by Pettersson in 2020. Again, treatment periods were also highly variable in this study, 

but a guideline to follow would be to apply treatment to the individual ES until it has completely 

regressed, meaning that only an even ulcerated surface remains. To end treatment, tumorous 

tissue must be completely regressed, or a maximum period of 45 weeks treating the lesion 

should have passed (Pettersson et al., 2020). Localized pain, discomfort, inflammation are 

common encountered side effects when treatment with XXTerra® or NBO is employed and they 

must be considered as an impact, as adverse reactions may limit application of any other 

treatment. Recurrence rate, for the Newmarket bloodroot ointment was found to be at 9% for 

completely resolved ES over the time period of 3,5 years. In addition, it is important to point 

out, that smaller lesions are likely to respond better to treatment with NBO than larger sarcoids. 

This suggests that deeper penetration of the ES may be a limiting factor of this therapy method, 

but further studies are necessary to support this hypothesis (Wilford et al., 2014).  

Ligation is another topical treatment option that is suitable for nodular lesions, particularly in 

the groin area. This method uses either a rubber elastic band or nylon thread, that is wrapped 

firmly around the base of the tumor. This will subsequently lead to a reduction or complete cut-

off of the tumor’s blood supply, thus destroying the neoplasia by tissue necrosis. However, 

poorly demarcated as well as flat or extensive lesions are not suitable for this treatment method 

(Melkamu et al., 2018). Attention has to be paid to the development of the sarcoid and its 

original type, because mixed sarcoids have the tendency to aggressively respond to injury or 

repeated minor trauma and develop into more malevolent forms. If ligation is not done correctly 
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or only partially, the sarcoid may consequently progress into more aggressive forms 

(Knottenbelt, 2005). 

 

1.4.4 Invasive treatment  

There is a variety of non-conservative treatment options, but generally surgical excision is still 

the most frequently used therapy for ES, with highly variable results. Usually the wounds after 

excision heal well. However, recurrence of the tumor, is relatively common and frequently these 

recurred tumors present as more aggressive forms. The regression rate lies between 18-72% 

and most regressions occur in the time frame of the first 6 months after surgical excision. When 

choosing surgical excision as a treatment option, small and well-circumscribed ES have the best 

prognosis, whereas extensive lesions are not suitable. Tumors have to be excised generously, 

with a border of at least 2 cm of healthy tissue around it, but often this is not possible due to 

location of ES and alternatively a border of 12-16 mm is set. Contamination of healthy tissue 

with instruments that have been used for the tumor excision, has to be eradicated and 

minimalized. The surgical excision can either be done with the conventional chirurgic method 

or with a CO2-Laser. Furthermore, cryosurgery, a method where ES are rapidly cooled and 

frozen to a temperature of -20°C, aiming to freeze all cell structures, is sometimes utilized. It 

has to be pointed out that freezing the tissue, must be carried out extremely fast, to prevent cell 

conservation and initiate destruction of cell membranes. Cryosurgery also has the effect of 

thrombus formation in the capillaries leading to insufficient blood and oxygen supply of the 

tumor. Usually at least two cycles of cryosurgery are necessary to achieve a cell-lethality rate 

of almost 100%. Nevertheless, the risk for necrosis of healthy tissue by extreme cold, also 

referred to as cryonecrosis, is high and needs to be monitored closely. Because this method is 

also very time-consuming, it is not suitable for patients with multifocal lesions. Besides surgical 

therapeutic options, also chemotherapy, with cytostatics may be chosen for treatment. It is of 

high importance, that whenever chemotherapeutic drugs are chosen, one considers the 

numerous risks of this type of treatment and that safety protocols are followed very strictly. 

Personal protection like gloves, safety glasses should always be worn by the clinician. For 

safety of the patient and maximizing efficacy of treatment, the injection of the drug needs to be 

intralesional or directly at the border of the tumor rather than anywhere around the neoplasia. 

Usually, at least 4-8 treatments with time intervals of 2 weeks inbetween them are necessary. 

Horses need to be sedated and the tumor must be aseptically prepared for treatment. In case of 

fibroblastic ES, it's necessary to prepare lesion with an injection canule to form little canals, so 
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there is no obstruction in flow of the drug during injection. Yet, it should be noted that the skin 

has to be perforated as little as possible to avoid outflow of the drug on a different site. For this 

treatment the drug cisplatin, suspended with sesame oil, is used. Cisplatin has a direct cytotoxic 

effect due to binding to DNA. Locally, common side effects occur which include swelling, 

ulceration and bleeding. Another chemotherapeutic drug is 5-fluorouracil which may be 

administered either via injection or as active ingredient in a cream. The injection of 5-

fluorouracil is done intralesional multiple times with 2 week intervals until complete healing is 

achieved. The injection solution should contain 50 mg/cm3 of 5-fluorouracil. Bleomycin, a 

sulfuric polypeptide, has antibiotic, antiviral and cytotoxic properties, which makes it also 

suitable for intralesional ES injection. Another intralesional therapy option is immune therapy 

with a vaccine called "Bacillus-Calmette-Guerin-Vaccine" (BCG). It is an attenuated vaccine 

of Mycobacterium bovis which is fractioned and mixed with trehalose dimycolate. The vaccine 

is administered intralesionally and is supposed to eliminate the ES by stimulation of the patient's 

immune system. The BCG vaccination method is well suitable for extensive or periocular 

lesions, because the skin defects after administration are minimal. Complete healing can take 

up several months and localisation of the ES seems to be a respected factor for healing. All 

tumors, that are not localized on limbs heal quite well, but in comparison to that only 60% of 

singular tumors on limbs. Adverse reactions to BCG vaccination include localized swelling, 

fever for up to three days, local sensitivity, ulcers with purulent exudate and sometimes even 

abscess formation. Usually, the BCG vaccine treatment requires additional medication before 

injection of the vaccine with either non-steroidal or steroidal anti-inflammatory drugs in order 

to avoid these adverse reactions. Not only is it possible to stimulate interleukin production with 

imiquimod by topical application, but interleukins may also be directly administered into the 

ES to achieve tumor reduction. This method is still very new and has not been studied enough 

for effectiveness (Fürst et al., 2009). 
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2. AIMS OF THE STUDY 
 

This study aims to evaluate the importance, accuracy and frequency of how histopathology 

(HP) is currently used by veterinarians as a diagnostic tool for equine sarcoids or if veterinarians 

nowadays tend to use other diagnostic methods like FNA, PCR or IHC. A survey for statistical 

and descriptive analysis was conducted among practicing equine veterinarians in Germany. The 

survey aimed to answer questions, not only about histopathology as a diagnostic method, but 

also about etiology or predilection of sarcoids. Furthermore, questions included in this survey, 

aimed to obtain information about choosing an adequate treatment option for different types of 

sarcoids (occult, verrucous, nodular, fibroblastic, malicious or mixed form).  
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3. MATERIALS AND METHODS 

3.1 Data collection 
Data for this study was collected using a questionnaire that consisted of 25 questions and was 

designed and sent to the study population via the online platform “Survey Monkey”. The 

questions were mostly multiple choice and only a few open questions were included. The 

persons answering the survey had to fulfill the criterion of being a licensed and practicing 

equine veterinarian in Germany. This selection criterion, is crucial, since sufficient expertise 

and long-term experience in diagnostics and treatment of the equine species is necessary to 

answer the survey. Furthermore, since the study population was based in Germany, the survey 

was designed in german language (see Appendix 1) and later translated into english for 

statistical analysis. No gender or age predilection were included in the criteria and the persons 

answered the survey anonymously. The survey was sent to a total of 50 equine veterinarians, of 

which 26 answered the questionnaire. The study period began in april 2020 and ended in october 

2021. 

 

Furthermore, Laboklin laboratories provided this study with histological pictures of samples 

that were diagnosed as equine sarcoids. Laboklin also provided information about the amount 

of samples they received from horses in Germany with the suspicion and then final diagnosis 

“sarcoid” during the time frame of January to October 2020.  

In addition to that, histological pictures were also taken from 4 different samples of equine 

sarcoids that were provided by Estonian University of Life Sciences’ pathology unit. 

For better visual representation of the macroscopic appearance of these tumors, pictures were 

gathered by asking private horse owners from two stables in Germany, whose horses have been 

diagnosed with “equine sarcoids”. Social media platform Facebook was also utilized and in the 

group “Alphamed” private horse owners from Germany had the possibility to share pictures 

and information about their horses such as age, when the lesion occurred, the progress of the 

tumor and what it was treated with. The criteria of inclusion for this study was that the horse 

needed to be diagnosed with equine sarcoid by a licensed veterinarian. Through this cooperation 

with the horse owners, there were 4 cases of different ES gathered.  

 

 

 



24 
 

3.2 Design of the survey 
 

The study was conducted using the online platform “Survey Monkey” and the questionnaire 

included 25 questions (see Appendix). The main concern of this survey was to answer the 

question if histopathology is still the gold standard in diagnostics of equine sarcoids. 

Additionally, the survey was designed to provide information about the frequency of use, 

accuracy of histopathology as a diagnostic method in everyday equine practice. In comparison 

to other diagnostic methods like immunohistochemistry, polymerase-chain-reaction and fine 

needle aspiration. veterinarians were also questioned for what types of sarcoids they use 

histopathology most oftenly. Besides that, personal questions like experience in working as a 

veterinarian (in years) and questions about gender/breed predilection of sarcoids and etiology 

were included. As there is a variety of treatment options for this neoplasia, the survey also 

included questions about treatment to determine the frequency of use in current equine practice 

in Germany for e.g. surgical excision, sarcoid cream, chemotherapy, etc. Most of the questions 

were multiple choice, partially with several possible answers and partially with only one 

possible answer (which was always noted directly behind the question). Also for some questions 

it was possible to share thoughts, additional information in a comment field below the question. 

Yes/No sliders (for percentage questions) and a few open questions were included. Before the 

first question, there was a short instruction for the veterinarians, which advised them to answer 

the survey truthful and choose the most-fitting answer. 

 

3.3 Statistical analysis  
To facilitate the statistical analysis, the data from the questionnaire was put into an excel table. 

This excel blot was used to calculate percentages, build tables and figures from the calculated 

results. For some of the tables and bar diagrams the Apple programs “Numbers” and “Pages” 

were used. Several questions in the survey, provided the possibility for the respondants to 

choose multiple answers or were open questions. Therefore, the answers of questions 1, 2, 3, 4, 

5, 10, 11, 12, 18, 24, 25, were grouped and put into the numerical values 0 and 1, where 0 

corresponds to no and 1 was equal to yes. Additionally, to a descriptive analysis that focused 

on the percentage values of the answers, confidence intervals were calculated for the main study 

question (questions 10, 24 and 25) in order to draw wider conclusions and estimate accuracy of 

the calculated study results, because the original sample size was small. Due to the fact, that 

questions 24 and 25 were open questions, the confidence interval was applied to the most 
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frequent answer in order to estimate the accuracy of this result. Additionally, questions 2 and 5 

were selected for calculations of the confidence interval (CI), because their main focus was on 

the predisposition for sarcoids and question 18 was chosen, because the accuracy of frequency 

of use of surgery was to be estimated, since it is the most used treatment option. For the 

confidence interval calculations, the online calculator “Sample size calculator for designing 

clinical research” on the webpage sample-size.net (URL: https://sample-size.net/confidence-

interval-proportion/) was used. A 95% confidence interval was chosen and binominal exact 

calculation was performed. 
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4. RESULTS 

4.1 Descriptive analysis   
The questionnaire was answered by a total of 26 veterinarians. Essentially, this study wants to 

provide information about which diagnostic method is currently the most frequently used and 

if histopathology is still the gold standard diagnostic method throughout equine veterinarians 

in Germany for the diagnosis of ES (question 10). The data that was gathered, revealed that out 

of 26 practitioners, 23 (88.5%) did use HP as a diagnostic method as shown in Figure 3.  

 
Figure 3. Proportion of veterinarians that use histopathology as a diagnostic method for equine 

sarcoids 

 

The percentage of positive results was 92.3% (95% CI 74.9-99.1). 

As seen in Table 1, those veterinarians that use histopathology as a diagnostic method for ES, 

4.2% rated it excellent, 41.7% described it as very good, 29.1% good (helpful) and 16.7% said 

it is moderate (partially helpful) in terms of accuracy and utility. Furthermore, the veterinarians 

were asked to describe for which type of sarcoid the use histopathology the most frequently. Of 

those 24 persons, that use HP, 45.8% use it for all types of ES. The veterinarians that did not 

use it for all forms, had the chance to specify for which types of ES they utilize this diagnostic 

method and had the possibility to choose several answers. Out of the answers from those 13 

respondants, the verrucous form is most frequently sent for diagnosis with histopathology 

84.6% (11 persons), 76.9% also use HP for the mixed type (10 persons), 53.8% (7 persons) for 

the nodular and the fibroblastic type, 30,8% (4 persons) for the malicious and 23.0% (3 persons) 

for the occult type. 

 

 

 

11,5%  
no 

88,5%  
yes 
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Table 1. Frequency of use and evaluation of histopathology as a diagnostic method 

Work experience 
as a veterinarian 

(in years) 

„Do you use 
histopathology as a 

diagnostic method for 
equine sarcoids?“ +/- 

„If you use histopathology, for what kind of 
sarcoids?“ 

„How would you evaluate 
histopathology as a 

diagnostic method in terms 
of precision and 

usefulness?“ (excellent, 
very good, good/helpful, 

partially helpful, not 
helpful) 

12 + verrucous, fibroblastic, nodular helpful/good 
28 + all forms excellent 
50 + occult, verrucous, fibroblastic, nodular, mixed helpful/good 
23 + verrucous, mixed, nodular very good 
2 + all forms helpful/good 

10 + verrucous, fibroblastic, nodular, mixed, malicious partially helpful 
42 + verrucous, fibroblastic, mixed helpful/good 
4 + all forms helpful/good 

12 + verrucous, fibroblastic, nodular, mixed helpful/good 
18 + all forms partially helpful 
4 - x x 

28 + verrucous, fibroblastic, mixed, malicious partially helpful 
9 + all forms helpful/good 

17 + all forms very good 
20 + occult, verrucous, fibroblastic, nodular, mixed very good 
15 + all forms very good 
4 + all forms very good 

20 + mixed very good 
15 + occult, verrucous, mixed, malicious helpful/good 
39 + all forms very good 
35 + all forms very good 
29 - x x 
15 + all forms very good 
17 - x x 
19 + verrucous partially helpful 
28 + verrucous, nodular, mixed very good 

 

In comparison to this data, only 3.8% of veterinarians used FNA, 14.3% used PCR and 13.3% 

used IHC as a diagnostic method for ES. Upon the open question what diagnostic method, also 

ones that weren’t listed in the survey, the clinicians generally use the most frequently in their 

practice to make the diagnosis of ES, 69.2% answered histopathology, of which 66.7% use HP 

solely, 22.2% use histopathology and clinical exams and 11.1% described the use of HP and 

immunohistochemistry. The positive result of the 69.2% clinicians using HP most frequently 

as a diagnostic method was 34.6% (95% CI 17.2-55.7). Furthermore 30.8% used clinical exam 

only, however only half of the study population answered this question, but the answers show, 

that there is a clear favouring towards either histopathology, clinical exams or a combination of 

these two methods.  
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In addition to the survey, Laboklin laboratories provided this study with the information that 

they received 1366 samples from horses in Germany in the time frame of January to October 

2020. All of these samples had the suspicion equine sarcoid and only 245 (17.9%) of them were 

diagnosed with “sarcoid” by histopathology. This shows that histopathology is important in 

differentiating these benign tumors from other skin conditions that may resemble ES. 

 

As for treatment choices, Figure 4 shows that the clear majority of 92.3% of the study 

population uses surgical excision.  

 

 
Figure 4. Percentage of utilization of different treatments for equine sarcoids among equine 

veterinarians in Germany 

BPV = bovine papillomavirus 

 

Also, sarcoid cream (Knottenbelt’s cream/ Liverpool cream/ AW-5 Ludes cream with active 

ingredient 5-fluorouracil) was used by 30.7% of veterinarians as a treatment for ES. 

Vaccination against bovine papillomavirus (BPV vaccination) and injections with Cisplatin are 

both used by 19.2% of the study persons and cryo treatment as well as therapy with Imiquimod 

were only chosen by 15.4% of veterinarians. The clinicians were also asked in their experience, 

which treatment option generally is the most effective in the treatment of ES (question 24 of 

the survey, see Appendix 1). This open question revealed that 57.7% of respondants chose 

surgery to be the most effective treatment option for ES with the percentage of positive result 

also being 57.7% (95%CI 36.9-76.6). Of these 57.7% of clinicians that chose surgery 60% think 

a combination of surgery with either BCG vaccination, an autovaccine (vaccine with 

compressed dendritic cells), sarcoid cream (XXTerra, Knottenbelt’s cream), cryotherapy, 

cytostatics (cisplatin) or immune modulator (Effudix, 5-Fluoruacil), respectively, is more 
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effective than surgery as a monotherapy. In Figure 5 the effectiveness of other monotherapies 

such as sarcoid cream (XXTerra, Dermequine, Knottenbelt’s cream), BCG vaccine, 

autovaccine, radiation therapy and Imiquimod injection are represented, as these treatment 

options where mentioned by the clinicians. Sarcoid cream is the generally the second most 

effective treatment choice, chosen by 23.1%. 

 

 
Figure 5. Effectiveness of different options for ES 

BCG = Bacillus-Calmette-Guerin-Vaccine 

 

BCG vaccine as a monotherapy was chosen by 11.5% of the respondents and 7.7% chose it in 

combination with surgery. Radiation therapy and intralesional injection of the sarcoid with 

Imiquimod were both chosen by 3.9%, respectively.  

 

Table 2. Utilization of different treatments for various clinical types of equine sarcoids 

 Surgery Sarcoid cream 
Vaccination 

against bovine 
papillomavirus 

Cryo treatment Cisplatin Imiquimod 

fibroblastic 42,3 % 11,5 % 3,8 % 11,5 % 11,5 % 0 % 
malicious 38,5 % 7,7 % 0 % 7,7 % 7,7 % 0 % 
nodular 61,5 % 15,4 % 0 % 7,7 % 7,7 % 7,7 % 
mixed 53,8 % 11,5 % 7,7 % 7,7 % 11,5 % 0 % 
verrucous 53,8 % 15,4 % 0 % 11,5 % 7,7 % 7,7 % 
occult 42,3 % 15,4 % 3,8 % 0 % 11,5 % 3,8 % 

all forms of 
equine sarcoids 34,6 % 7,7 % 0 % 0 % 7,7 % 0 % 

 

 

Table 2 shows how the participants utilize different treatments for various sarcoids. The 

clinicians had the possibility to choose several types of ES for one treatment. Nodular sarcoids 

were the ones that were most commonly chosen for surgery (61.5%), followed by mixed and 

verrucous (both 53.8%) and fibroblastic and occult (both 42.3%). In addition to that, surgery is 
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also the treatment that was most commonly chosen as a treatment for all type of sarcoids 

(34.6%). Sarcoid cream is most frequently employed in the treatment of nodular, verrucous and 

occult sarcoids (15.4%, respectively). Vaccination against BPV was generally not a popular 

treatment, which was most commonly used for mixed sarcoids (7.7%) by clinicians. 

Cryo treatment was most commonly chosen for fibroblastic and verrucous ES (11.5%, 

respectively) and the cytostatic drug Cisplatin is frequently used for fibroblastic, mixed and 

occult sarcoids (11.5%, respectively). Imiquimod was preferred for nodular and verrucous ES 

(7.7%, respectively). Interestingly, neither vaccination against BPV, cryo treatment and 

imiquimod were chosen for all types of ES. 

 

The average years of work experience in the veterinary field was 19.8 years (minimum 2 and 

maximum 50 years, standard deviation 12.3 years) throughout the study population. This study 

found that there is a preference for some of the different treatment choices and what in their 

experience is the most effective in the treatment of ES, in relationship with work experience. 

Figure 6 shows that clinicians within the group of 0-9 years of work experience have a 

preference for surgery and autovaccines with both 33.3%, respectively. The groups with 10-19 

years and 20-29 years of experience both use a broader spectrum of treatments, where the group 

with 10-19 years of experience most commonly chooses the cytostatic drug Cisplatin with 75% 

as the most effective treatment for ES, which is then followed by cryotherapy and BCG vaccine 

(both with 50%) and lastly surgery with 40%. The group of veterinarians with 20-29 years of 

work experience prefers the immune modulator Imiquimod (100%), sarcoid cream (which 

entailed the products XXTerra, Dermequine, Knottenbelt’s sarcoid cream) with a percentage of 

57.6%. Additionally, this group also choose a variety of other treatments as seen in Figure 6, 

that include cryotherapy, autovaccine, BCG vaccine and even surgery. Due to these answers, 

the group with 20-29 years of experience uses the widest variety of treatment choice. 
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Figure 6. Relationship of choice of treatment with work experience (years) 

BCG = Bacillus-Calmette-Guerin-Vaccine 

 

The group of clinicians with the work experience of 30-39 years, just like the 20-29 years group, 

chose Cisplatin to be the most effective in the treatment of ES, but the percentage differed by 

being 25%. Furthermore, they also frequently use sarcoid cream (14.3%) and surgery (13.3%). 

Both the experience groups of 40-49 years and 50-59 years were only represented by 1 person, 

respectively, therefore the answer may not be generally representative. However, for the 

experience group of 40-49 years chose only autovaccine as the most effective treatment for ES. 

The group with 50-59 years of experience, apart from all of the other clinicians, chose radiation 

therapy (100%). 

 

Age seems to be an important in the development of ES. For the first appearance of ES in 

horses, the average was 8,6 years and the development of these tumors most commonly is seen 

for the first time in the age group of 5-9 years (61.5%). 
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Figure 7. First appearance of equine sarcoids 

 

Figure 7 also shows that the second most common age for first development of ES is the group 

of patients that are 1-4 years old (34.6%) and lastly followed by the age group of 14-19 years 

(3.8%) for first appearance of ES. The age group were clinicians recognize ES most commonly 

is 10-14 years (42.3%), followed by 4-9 years (38.5%) and then 15-19,0 years (7.7%) and 20-

24 years (3.8%), respectively. The average age where sarcoids are most commonly seen in 

horses by veterinarian was found to be 14,3 years of age. The wider distribution can be seen in 

Figure 8. 
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Figure 8. Most frequent appearance of equine sarcoids in horses 

 

In addition to age predisposition to ES, questions for gender and breed predilection were posed 

(questions 2 and 5). 15.4% answered that they recognized ES more frequently in one gender, 

of which 50% were geldings, 25.0% in mares and 25.0% in geldings and stallions. However, 

the majority of vets 84.6% choose “no” as an answer to the question of a gender predilection 

for ES as seen in Figure 9. The same percentage of veterinarians (84.6%) said that there was no 

breed predilection, which is why both of the predilection factors were put together in Figure 9. 

For both, gender and breed predilection the positive result was 15.4% (95% CI 4.6-34.9). 
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Figure 9. Gender and breed predilection of equine sarcoids 

 

However, some veterinarian of the ones that claimed to see ES more commonly in a specific 

breed mentioned the breeds Warmbloods, Haflingers, Friesians or Icelandic horses. 

 

The study also obtained information on a possible risk factor, that being the horses living in 

close proximity to cows, suggesting a possible infection with the bovine Papillomavirus. Of the 

participants, 38.5% said that their patients that developed ES were not kept in close proximity 

or were in contact with cattle. However, 61.5% claimed that their sarcoid patients were kept in 

close proximity of cows. Additionally, the clinicians where questions in how many cases (%) 

the affected horses were in contact with cattle and in an average of 26.2% cases the horses that 

developed ES, had been in contact with cows. Furthermore, 96.1% of veterinarians answered 

that their sarcoid patients have not been vaccinated against BPV prior to development of the 

sarcoids and 3.8% claimed that there was not enough patient data available. 
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4.2 Macroscopic findings 
Several macroscopic pictures of different ES, like the occult, fibroblastic, nodular and mixed 

type are included in this chapter. This was chosen to be done for visual representation of gross 

findings, in order to facilitate the understanding of the heterogenous appearance of this type of 

tumor and give clinical examples, that are later discussed as cases in Discussion part. 

 

Figure 10 shows an occult sarcoid on a 17-year-old gelding. The horse had multiple occult 

sarcoids localized in the neck area, the face and limbs. The lesions can be described round to 

oval, alopecic, non-pruritic spots. 

 

 
Figure 10. Occult sarcoid 
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In Figure 11 a perianal fibroblastic sarcoid on a 32 year old mare can be seen. 

 

 
Figure 11. Fibroblastic sarcoid during ulceration phase A) and healing phase from previous 

ulceration B) 

 

The sarcoid in Figure 11 has been persisting on the horse for about 2 years and developed from 

a verrucous type. This sarcoid also has a history of ulceration and an ongoing ulcerative process 

can be seen in Figure 11 A). During the ulcerative phase, it can be noticed that the area around 

the sarcoid is oedematous and erythematous, showing signs of inflammation. Crusting of the 

ulceration can be seen in Figure 11 B) during the healing phase of the sarcoid. In both of the 

pictures it may be noted that there is a hole in the middle of the sarcoid due to severe ulceration 

and tissue damage. 

 

 

Figure 12 shows a singular nodular stalked sarcoid on a 5 year old mare. The ES was located 

on the inside of the right hind limb. This sarcoid is a round to oval mass, that additionally had 

a stalk at the base of the lesion. Additionally, this nodular sarcoid is alopecic and the epidermis 

has a scaly to crusty appearance. 
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Figure 12. Nodular sarcoid 

 

In Figure 13 a multiple sarcoids of the nodular type on the preputium of a 22 year old gelding 

can be seen. The exact differentiation of this most prominent nodular sarcoid (the one in the 

front) is type B, as described in the literature review previously. This is due to the fact that 

several skin alterations are present.  

 

 
Figure 13. Nodular sarcoid with alopecia and ulceration A) and hyperkeratosis B) 

 

In Figure 13 A) the skin alterations include alopecia and ulceration and in Figure 13 B), the 

skin is altered by developing a stalk, which is a hyperkeratotic process. Both pictures show the 

same sarcoid over the course of several months. 
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4.3 Histologic findings 
 

Laboklin provided histological pictures like Figures 14, 15 and 16 where a biopsy from a 

fibroblastic sarcoid with 4x magnification can be seen. The tissue shows typical formation of 

rete pegs 1) and epidermal elevation 2). 

 

 

Figure 14 and Figure 15 represent the same sarcoid but from a different piece of the sample, 

also showing formation of typical fibroblastic ES type rete pegs 1) (Fig. 14 and 15), dermo-

epidermal interaction with elevation of the epidermis 2) (Fig.15) and intertwined tumor cells 

that contain eosinophilic cytoplasm 3) (Fig. 15). 

 

 
Figure 14. 4x magnification; sample of an fibroblastic sarcoid showing typical formation of 

rete pegs 1)  
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Figure 15. 4x magnification, sample of an fibroblastic equine sarcoid showing dermo-

epidermal interaction with formation of typical rete pegs 1), elevation of the epidermis 2) and 

intertwined tumor cells with eosinophilic cytoplasm 3) 

 

 

 

Additionally, in Figure 16 mitosis 1) and anisokaryosis 2) representing a malevolent sarcoid 

can be observed. These morphological changes are typical for malicious ES, that may be more 

invasive to local tissues than other types of ES.  
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Figure 16. 40x magnification, sample of an equine sarcoid showing mitosis 1) and 

anisokaryosis 2) 

 

Apart from the histological pictures that Laboklin provided, 4 more samples that were provided 

by Estonian University of Life Sciences were examined and with the help of the 

histopathological reports of these samples, the most relevant histological features were 

compiled into a table. Table 2 represents those 4 samples, that were all sent to the histology 

laboratory with the suspicion „sarcoid“. Furthermore two out of those 4 samples, were further 

differentiated into the clinical type „fibroblastic sarcoid“. 
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   Table 3. Histological findings on 4 samples of equine sarcoids 

 
 

As seen in Table 3, in all of the samples the tumor cells run in bundles, often intertwining and 

indistinguishable from cell borders. Anisocytosis and anisokaryosis are observed in samples 2-

4 and mitotic figures were found in sample 1 and 4. Anisokaryosis in these samples mainly 

refers to the nuclei being either oval to elongated or vesicular but also the appearance of more 

than one nucleus were mentioned in the reports. The tumors are frequently infiltrated with either 

lymphocytes, neutrophils or sometimes even histiocytes and macrophages, respectively. 

Detachment of the epidermis, as well as replacement of it by a serocellular cortex also seems 

to be a common finding, which is mostly due to ulceration of the affected mass. Spindeloid 

cells are a frequent finding in these samples of this type of tumor, but also vortices may be 

found frequently. In one sample (sample 1), there was also hyperkeratosis detected.  
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Also from the samples provided Estonian University of Life Sciences, of which the most 

striking features were described like hyperkeratosis with elevation of the superficial epidermis 

1), vortex cells 2) and eosinophilic cytoplasm 3) that can be seen in Figure 17.  

 

 
 

Figure 17. 20x magnification, equine sarcoid with hyperkeratosis and epidermal elevation 1), 

vortex cells 2), eosinophilic cytoplasm 3) 

 

 

In Figure 18, several vortices 1) can be observed and are an example for sample 4, where the 

histological findings describe tumor cells running in bundles 2) and vortices. 
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Figure 18. 40x magnification, equine sarcoid showing several vortices 1) and tumor cells 

arranged in bundles 2) 
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5. DISCUSSION 

5.1 Histopathology as a diagnostic method 
One of the aims of this study was to evaluate histopathology as a diagnostic method and to 

investigate it’s frequency of use among equine veterinarians in Germany. Histopathology is 

deemed necessary for confirmation of suspected diagnosis or differentiation of types of ES 

(Funiciello et al., 2020). Due to the variable behaviour of ES and possible aggravation of the 

lesions, some clinicians are reluctant to take a biopsy, but a frequent problem with diagnostic 

markers is, that ES may not properly be separated from spindle cell tumors and therefore 

histopathology is still the gold-standard for an accurate diagnosis (Wobeser et al., 2017, 

Funiciello et al., 2020). Additionally, the study obtained information about the efficacy of 

histopathology and for which forms of ES it is most commonly used for final diagnosis among 

clinicians. 

The data was obtained with a survey, originally in german language, and the survey’s 

participants were equine veterinarians in Germany.  

 

The questionnaire had it’s limitations but also strengths. The survey was easy to access through 

a link sent to the participants. The questions were very specific and interesting additional 

information was obtained using open questions. Also the time frame for the answering the 

survey was quite long, that being about 1,5 years. The survey itself also had the weakness, that 

in the beginning of the study period, there was an option to skip questions, which was changed 

later on. This might have influenced the study results. 

 

The recruitment of suitable participants and the motivation of the study population to take part 

in studies was a difficulty. Participants were recruited by contacting them via phone or email. 

Because of this problem, the study population size was quite small and therefore the results that 

were obtained from the questionnaire may differ from ones that would be obtained by a larger 

scale study. A study with more participants should be done for more accurate conclusions about 

treatments and diagnostic options. 

However, by recruiting only equine veterinarians the participants had sufficient knowledge and 

experience to answer the specific questions of the survey. Some of the clinicians also gave 
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feedback via email or at the end of the open questions and many applauded the relevance of 

this study for practicing veterinarians.  

 

It was presumed that histopathology is still the gold-standard and therefore the most frequently 

used diagnostic method for equine sarcoids. The study results show that generally 88.5% of 

participants use HP as a diagnostic method for ES (Fig. 6). Histopathology as a diagnostic 

method was rated excellent by 4.2% of the veterinarians, 41.7% described it as very good, 

29.1% good (helpful) and 16.7% said it is moderate (partially helpful) in terms of accuracy and 

utility. Most frequently histology is used for all types of ES (45.8%) and the verrucous form. 

This may be due to the fact that there is a variety of differential diagnosis for ES and the 

resemblance of verrucous sarcoids to warts (Funiciello et al., 2020). Additionally, an open 

question obtained information what diagnostic method, also ones that weren’t listed in the 

survey, the clinicians generally use the most frequently in their practice to make the diagnosis 

of ES. From this question, 69.2% answered histopathology, of which 66.7% use HP solely, 

22.2% use histopathology and clinical exams and 11.1% described the use of HP and 

immunohistochemistry. Both of these questions and the rating of HP mostly as “very good” 

leads to the conclusion that histopathology is still the gold-standard diagnostic method for ES 

and used the most commonly. However, other diagnostic methods like clinical exam that was 

also frequently used (30.8%) by veterinarians and also in combination with HP. Diagnostic 

tools like FNA, PCR or IHC are still used among clinicians but the sensitivity of PCR is variable 

and IHC is mostly a supplementary diagnostic tool, that may only be useful in combination with 

either PCR or HP (Munday et al., 2010; Otten et al., 1993; Chambers et al., 2003). 

5.2 The success of different treatment options 
Another aim of this study was to obtain information about the usage of different treatment 

options for ES. Also the participants of the study shared their experience on effectiveness of the 

treatment options surgery, BCG vaccine, sarcoid cream, radiation therapy and imiquimod as 

seen in Fig. 5. It is difficult to formulate general treatment principles, as equine sarcoids are 

heterogenous tumors and every case should be treated individually. Especially relapsed tumors 

have higher resistance to treatment (Fürst et. al 2009; Loschelder et. al 2019). Currently there 

is no 100% effective treatment and treatment of these tumors remains challenging for clinicians 

(Von Felbert et al., 2005). Nevertheless, this study tried to obtain some practical information 

for veterinarians that may facilitate choosing a treatment for ES. The choice of treatment also 

stands in relation to the years of experience the veterinarian has. In Fig. 6 these treatment 
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preferences of clinicians with various amount of work experience is shown. Veterinarians with 

0-9 years of work experience were found to use only surgery and autovaccines, whilst clinicians 

with 10-19 years or 20-29 years of work experience prefer a larger variety of treatments. 

Currently, surgery, either as a monotherapy or in combination with other agents (commonly 

including Cisplatin) is generally the most effective treatment for sarcoids. Similarly, several 

review articles like Melkamu et al., 2018 and Fürst et al. 2009 also described surgical excision 

as the most effective and frequently used treatment for ES. Cisplatin, Imiquimod or 

autovaccines were also found to be effective, especially in combination with surgery. The 

relevance of these results is questionable, as the scale of the study is not large enough to draw 

accurate conclusions. As seen in Table 2 surgery is also the most commonly used treatment for 

all types of sarcoids, whilst other treatments are more restricted to some types, like e.g. sarcoid 

cream that is most frequently employed in the treatment of nodular, verrucous and occult 

sarcoids. These results need to be interpreted with greated diligence, as the scale of the study 

was small and restricted only to Germany. Preferences for treatments may vary among 

veterinarians of different nations, as their access to medications most likely differs to those in 

Germany and especially on a larger scale, the results may greatly change. 

However, these study results are suggestive and valuable for clinicians, as not many studies for 

treatment regimens including the individuality of the clinical types are done yet.  
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6. CONCLUSIONS 
The results suggest that histopathology remains the gold-standard in diagnosis of equine 

sarcoids for equine veterinarians in Germany. Additionally, this study concludes that not only 

histopathology solely, but also clinical examination is a valuable diagnostic method. 

Furthermore, the choice of treatment for ES remains challenging, however the results show, 

that surgery currently is not only the most frequently used, but also the most effective treatment 

for these type of tumors. Experience of clinicians revealed also that autovaccines or Cisplatin 

in combination with surgery may be a new promising treatment method. Further studies on a 

larger scale involving clinicians should be done to improve current treatment regimens for 

equine sarcoids. 
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