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Abstract: Pythiosis is reported to be one of the most life-threatening infections of people 
and animals in tropical, subtropical and temperate areas worldwide. Infection can result 
from ingesting zoospores of Pythium insidiosum organism or from contact with water con-
taminated with zoospores. The ingestion of zoospores may result in enteric pythiosis, 
whereas cutaneous contact with zoospores/oomycete may result in cutaneous pythiosis. 
Here, we reported the clinical details of 10 horses with pythiosis introduced to our clinic. 
These horses were treated by excision of the lesion and application of an antifungal 
cream to the resulting wound. Also, we performed a meta-analysis of 214 horses, of 18 
reports, affected with cutaneous pythiosis and analysed the influence of the horse’s sex, 
age, lesion site, and treatment on outcome. Treatment of horses in these 18 reports var-
ied from surgical excision, topical, regional or systemic administration of an antifungal 
drug, immunization, or a combination of treatments. Horses with the most successful out-
come were those treated by excision of the lesionc oupled with systemic or topical ad-
ministration of an antifungal drug. Horses treated by immunization responded the poorest. 
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Introduction 

Equine cutaneous pythiosis (ECP) is a granu-

lomatous ulcerative disease caused byPythium 

insidiosum, an aquatic fungus-likepathogen (1, 

2). The cutaneous lesion caused bythis patho-

gen has been described by some cliniciansas tu-

mor-like, rounded, large, nodular granuloma-

tous containing necrotic tissue and "irregularly 

shaped yellow-tan to grey, gritty, coral-like 

masses commonly calledkunkers or "leeches" 

(1). Kunkers, or "leeches"are composed of se-

questered vessels, dead eosinophils, and 

Pythium hyphae and range in size from that of 

a grain of rice to several centimeters wide and 

several centimeters long (1). Kunkers can 

sometimes be found in dressings, when band-

ages are removed (2, 3). An epidemiological 

survey found the incidence of mortality of 

horses caused by pythiosis to be 1.3% in the 

Brazilian Pantanal region and 2.3% in the Bra-

zilian Cerrado region. The case fatality rate for 

infected horses was 23- 45.5 (4).  
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Because the cell wall of the oomycete of 

Pythium insidiosum is comprised primarily of 

cellulose and ß-glucan, an essential component 

of the cell wall, researchers have suggested that 

administration of an inhibitor of b-glucan 

synthesis, such as caspofungin, could be an 

effective treatment of animals for pythiosis (5, 

6). The effectiveness of caspofungin in  resol-

vingcutaneous pythiosis was tested by intrape-

ritoneal injection in an experimentally induced 

pythiosis rabbit model, and resultsr evealed re-

duction in the growth of the lesions, but the le-

sions reappeared after treatment was stopped 

(7). 

Radical surgery, including amputation of 

anaffected limb, is a common and effective 

treatment for pythiosis of human patients and 

animals(3, 8-10). Immunotherapy has been ef-

fective in treatment of human patients and ani-

mals for pythiosis, but results of immunother-

apy vary (3, 11, 12). Combining surgical ther-

apy with immunotherapy is more effective than 

is immunotherapy alone or surgery alone (4, 

13).  

The aims of this study were to evaluate the 

effectiveness of topic antifungal cream applica-

tion after surgical management in 10 horses suf-

fering from cutaneous infection of Pythium in-

sidiosum. We also, performed a meta-analysis 

of 214 horses, in 18 reports, affected with cuta-

neous pythiosis to evaluate the effectiveness of 

different methods of treatment. This analysis 

also examined the influence of age, sex, preg-

nancy and the site of the lesion on the outcome 

of the infected horses.  

Materials and methods 

Case report history and clinical signs 

Ten horses, all of which were from the Delta 

region of Egypt, were presented to the Brooke 

Hospital for Animals (BHA) between July and 

September 2017 for treatment for cutaneous le-

sions of pythiosis. These horses had one or 

more exudative, ulcerative, edematous, granu-

lomatous lesions (Fig. 1A). The presumptive 

diagnosis of pythiosis, based on the appearance 

of the lesion, was confirmed by histological ex-

amination of tissue excised from the lesion, us-

ing H&E and Masson's trichrome staining. The 

surface area (A) of each lesion was calculated 

using following equation: (A= 𝜋 × 𝑟(𝑎) ×
𝑟(𝑏), where 𝑟(𝑎) was the half (½) of the longi-

tudinal diameter and 𝑟(𝑏) was the ½ of trans-

verse diameter of the lesion.  

The age, sex, pregnancy status of females, 

site, and size of the lesion of each horse were 

recorded. Also recorded the date where the 

horse was first examined, the date of 1st surgery, 

date of recurrence, and the date at which the dis-

ease was considered to be resolved. Consent 

forms for treatment were signed by all owners.  

Surgical excision   

The horses were sedated with xylazine HCl  

(1.0 mg/kg, IV; Xylaject, Adwia, Egypt) and 

anesthetized with propofol (2 mg/kg, IV; 

Deprivan, Astra Zeneca, UK). The horses were 

then positioned in lateral or dorsal recumbency, 

depending on the site of lesion.  

The lesion was excised with a scalpel, after 

preparing the lesion and surrounding skin for 

surgery, then we used curette to remove the su-

perficial layer of the skin in case of large size 

lesions. An antifungal cream containing 

terbinafine HCl (Lamisil AT 1% Cream; No-

vartis, Switzerland) was applied topically after 

surgery once daily for one week and covered 

with bandage. All horses were administered 

metronidazole (20 mg/kg, IV; Amrizole, Am-

riya  pharm, Egypt), flunixin meglumine 0.50 

mg/kg, IV; Flunix, Norbrook, U.K) and Pro-

caine penicillin G (4 mg /100 kg, IM; Norocil-

lin, Norbrook, U.K) for 5 days. 

Medline database analyses  

Our meta-analysis of studies of various treat-

ments for human patients and animals for pythi-

osis included 37 studies. We divided these stud-

ies into in vitro and in vivo preclinical studies 

(n=19) and clinical studies (n=18). Twelve pre-

clinical studies tested the sensitivity of P. insid-

iosum to various antifungal drugs, minerals, 

and herbal either in vitro alone (n=7), in vivo a 

lone (n=1) or both in vitro and in vivo (n=4). 

Sev en preclinical studies were conducted to 

identify the molecular, proteomic, and genomic 

makeup of P. insidiosum.  
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We computed the significance between each 

treatment group, 95% confidence interval and 

sample odd ratio using Fisher exact test statis-

tics using R program, ver.3.5.1  

Results 

Surgical removal followed by application of 

an antifungal drug 

The 10 horses presented because of lesions 

caused by P. insidiosum were adults 3 to 11 

years old (mean, 6.5±2.6 years), weighing 300 

to 360 kg (mean, 324±18.3 kg). Three were 

male and 7 were mares.  Four of the mares were 

pregnant. The cutaneous lesions were located 

on abdomen (n=7; the lesion of one extended 

caudally to include the mammary glands), 

shoulder (n=1), thigh (n=1), and fetlock (n=1). 

The cutaneous lesions were ranged in size from 

27 to 297 mm2 (mean, 147.64± 123.1; Fig. 1). 

The results of surgical excision and topical 

antifungal cream application showed that this 

protocol was effective in 7 out of 8 cases 

(87.5%). One of the horses was lost to follow-

up, and another one died after the second sur-

gery as the lesion extended to the udder and an-

imal was emaciated with very big lesion at the 

time of introduction. Four of the horses recov-

ered after excision of the lesion, but for the 

other four horses, signs of recurrence of the le-

sion appeared after surgery. These 4 horses 

again underwent excision of the lesion 12 to 45 

days (mean 22 days) after the first surgery. The 

average total cure time was 56.57± 19.3 days 

from the time of first surgery until the day of 

full recovery.  

Microscopic examination of histological 

sections stained with H&E or Masson's Tri-

chome stain revealed fragments of hyphae sur-

rounded by well-developed fibro-cellular cap-

sule, connective tissue rich in collagen fibers, 

fibroblasts surrounded by esosinophils and ra-

diating, esosinophilic material creating the his-

tological appearance of the Splendore-Hoeppli 

phenomenon (Fig. 2).  

The outcome of Medline database analysis 

of preclinical studies   

The antifungal drug, terbinafine HCl, was 

used to treat the horses for pythiosis, which is a 

fungal-like disease. In one in vitro study of the 

effects of various antifungal drugs on P. in-

sidosum, miconazole was found to be the drug 

most effective against P. insidiosum, followed 

by ketoconazole (14). In other in vitro studies, 

some antifungal drugs were found to be ineffec-

tive against P. insidiosum (15). In one study,  

the antifungal drug caspofungin (lipopeptide) 

was found to have a limited fungistatic effect 

against P. insidiosum (7). In another study, the 

fungistatic effect of caspofungin on P. insidio-

sum  was found to be similar to that resulting 

from immunotherapy but that treating a horse 

with caspofungin was more expensive than was 

treating a horse using immunotherapy (16). The 

efficacy of caspofungin against P. insidiosum 

was compared with that of other antifungal 

drugs in two in vitro studies, and in neither 

study was caspofungin found to be as effective 

as the other drugs (17, 18). Mefenoxam was 

found to have the highest fungal eradication (< 

90%) in a study comparing the efficacy of  cas-

pofungin in resolving infection caused by P. in-

sidiosum with that of itraconazole, posacona-

zole, voriconazole, terbinafine, and 

mefenoxam, Brown et al. (17).  Argenta et al. 

(18) used caspofungin in combination with 

terbinafine, itraconazole, ibuprofen, or fluvas-

tatin, and found the best combination for inhib-

iting growth of P.insidiosum to be terbinafine, 

itraconazole, and fluvastatin. Valente et al. (19) 

recently reported that plant-derived essential 

oils (EOs) and itraconazole worked synergisti-

cally to resolve infection caused by P. insidio-

sum in vitro. Some herbal extracts, such as 

propolis and garlic, which are known for their 

antifungal and antibacterial effect, have shown 

efficacy against P. insidiosum in vitro (20, 21). 

The results of Zanette et al. (2013) study 

showed that an iron chelator, deferasirox, could 

ameliorate anemia caused by thalassemia but 

could not resolve lesions of pythiosis (22). They 

also reported that administering deferasirox in 

combination with immunotherapy resulted in 

dissemination of pythiosis to the lung. Zanette 

et al. (2015) treated rabbits for pythiosis with 

deferasirox in combination with the antifungal 

drug, micafungin, and reported and incidence of 

resolution of 88.2% (23).  
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Sekhon et al. (1992) reported that the poly-

ene antibiotics, like amphotericin B, were not 

effective against P. insidiosum (14), whereas 

another class of antibiotics as Macrolides and 

tetracycline were reported to be effective 

against P. insidiosum (24). These antibiotics 

exert their effect on P. insidiosum by inhibiting 

protein synthesis and inhibition of amino acid 

transport (25). Another study examining the ef-

fect of various antibiotics with antifungal activ-

ity against P. insidiosum found that gentamicin, 

neomycin, paromomycin, and streptomycin 

each had an inhibitory and fungicidal effect on 

at least 62.5% of all P. insidiosum isolates from 

equine pythiosis;  tigecycline inhibited growth 

of 70.8% of the isolates (26).  

In vitro studies examining the effect of vari-

ous drug on P. insidiosum isolated from equine 

lesions are summarized in Table 1.  

The outcome of Medline database analyses 

of clinical studies 

Eighteen clinical studies involving 214 

horses infected with P. insidiosum from 7 coun-

tries, including Australia (n=5 horses), Brazil 

(n=106), Colombia (n=1), Costa Rica (n=39), 

Egypt (n=43), Thailand (n=1), and the USA 

(n=19), were evaluated. The youngest adult 

horse (above one year old) in these studies was 

2 years old, and oldest was 25 years old (mean, 

11.45±6.3) and foals (up to one year old) at ages 

ranged from 3 to 4 months with susceptibility 

rate only 6% in comparison to 94% for adults. 

The number of mares in the study group was ab 

out 2.5 times greater than the number of males. 

Twenty one of 59 mares (38%) for which infor-

mation about pregnancy status was available 

were pregnant (Fig. 3).  

Cutaneous lesions of pythiosis were most 

commonly found on the limbs (54.12%) fol-

lowed by abdomen (25.88%). Less common lo-

cations of lesions included the mammary 

glands, the thorax, including the withers. Some 

horses had lesions of pythiosis in the nasal cav-

ity or intestine.  

Horses in these 18 clinical studies were 

treated by surgery, immunotherapy, injection of 

an antifungal drug into the lesion, or combina-

tion these treatments. In a report of 33 horses 

treated for pythiosis by surgery alone, 73% of 

horses had complete resolution of the lesions 

(27). Surgical excision of the lesion, coupled 

with oral administration sodium iodide for 2 

weeks resulted in complete resolutions of le-

sions on the back and prepuce of a 3-monthold 

foal, but the time of follow-up for this foal was 

only 3 months (28). Statistical comparison be-

tween surgical approach alone and the empiri-

cal methods (developed by nonveterinarian 

where they used acids and another drugs com-

bination) revealed a significant difference 

(P<0.05, 95% Confidence interval= 1.09-23.59 

and odd ratio= 4.75) between treatments (Fig-

ure 3D). Eighty percent of horses in our study 

had complete resolution of cutaneous pythiosis 

after they were treated by surgical excision of 

the lesion and by topical application of an anti-

fungal cream to the resulting wound. In another 

study of horses affected with cutaneous pythio-

sis reported that 8 0% of horses had complete 

resolution of lesion after local injection with 

amphotericin B (8). When the antifungal drug, 

amphotericin B, administered by intravenous 

regional limb infusion (IV-RLP) after surgical 

excision to resolve lesions of pythiosis located 

on the distal portion of the limb, 92% of horses 

had complete resolution of infection (29). 

When amphotericin B administered in combi-

nation with 10% DMSO, 100% of horses had 

complete resolution of infection (30). The com-

plete infection resolution was significantly 

higher among horses that received surgery and 

I V-RLP with amphotericin B than among 

horses that received surgery alone (P<0.0067, 

95% confidence interval=1.39-24.06 and odd 

ratio=5.14). The complete resolution of infec-

tion was significantly higher among horses that 

received IV-RLP with amp hotericin B, with or 

without DMSO, than among horses that were 

treated empirically (P<0.00001, 95% confi-

dence interval= 4.35- 154.2 and odd ra-

tio=22.47) (Fig. 3). Immunotherapy alone was 

used to treat 36 horses for pythiosis in 3 studies 

(4, 12, 13).  

Immunotherapy combined with surgery was 

used to treat 24 horses for pythiosis in 4 studies 

(3, 4, 11, 31). There was no significant differ-

ence in incident of resolution between those 
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horses that were treated with immunotherapy 

alone and those horses treated with surgery in 

addition to immunotherapy (P = 1, 95% confi-

dence  interval=0.246-3.80, and odd ratio=1). 

The outcome of horses in the group that re-

ceived only immunotherapy  was significantly 

better than the outcome of 15 horses treated em-

pirically (P<0.001, 95% confidence inter-

val=1.78-42.87 and odd ratio=7.84). The out-

come of horses were treated with a combination 

of immunotherapy and surgery was also signif-

icantly higher than the outcome of horses 

treated empirically (P<0.01, 95% confidence 

interval=0.00-116.7 and odd ratio=0) (Fig. 3B). 

One report described using photoablation 

with a neodymium: yttrium-aluminum garnet  

laser after excising the lesion of two horses to 

induce thermal necrosis of infected tissue that 

surgeons failed to remove at time of  surgery 

(32). The authors reported that the lesions had 

not recurred after one year.  

The results of all the published studies of 

horses undergoing treatment for pythiosis, in-

cluding the number of horses in each study, age, 

sex, methods of treatment, and the incidence of 

resolution are summarized in Table 2. 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 

 

Figure 1: Representative clinical cases diagnosed as cutaneous pythiosis, before surgical intervention (A, 

B and C) and after complete recovery (D, E and F). Each case has a brief information about the case as the 

gender, weight, age and the surface area of the lesion on the lower left corner of the image (A, B and C) 

also the day of the recovery at the lower right corner in (D, E and F) images 
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Figure 2: Representative histological section of skin lesion stained with H&E (A) and Trichome Stain (B) 

showing the characteristic Splendore-Hoeppli like reaction. Scale bar = 500 µm 

 

 
Figure 3: MEDLINE database analysis of clinical cases. (A) Publications around the world, bars represent 

no. of animals in all studies published/country (B) Gender susceptibility, (C) Age susceptibility and  

(D) MEDLINE database analysis comparing between different treatment approaches that have been used 

to treat equine pythiosis, *P<0.05, ***P<0.001, ****P<0.000001 
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Table 1: Summary of published preclinical studies in vitro and in vivo using different antifungal drugs, 

minerals and herbals to eradicate P. insidiosum 

  

Drugs  Drug under investigation  In vitro/ 

In vivo 

Animal 

M/F 

/Age 

Results  RE

F 

  
  

  
  

  
  

  
  
  

  
 A

n
ti

fu
n
g

al
 d

ru
g

s 

Amphotericin B, hamycin, 5-fluo-

rocytosine, fluoconazole, itracona-

zole, ketoconazole and miconazole 

In vitro - P. insidiosum were sensitive to flucon-

azole, ketoconazole, and miconazole 

and miconazole was the strongest one. 

(14) 

Terbinafine, itraconazole, caspofun-

gin, ibuprofen and Fluvastatin 

In vitro 

and In 

vivo 

Rabbit 

(M/3m) 

Terbinafine, itraconazole and Fluvas-

tatin combination resulted in the lowest 

hyphae number. 

(18) 

Caspofungin In vitro 

and In 

vivo 

Rabbit 

(M&F/3

m) 

The results showed that caspofungin 

has limited fungistatic activity against 

P. insidiosum. 

(7) 

Immunotherapy and caspofungin In vivo Rabbit 

(M&F/3

m) 

No significant difference between both 

treatments but the cost of the immuno-

therapy is lower than caspofungin. 

(16) 

Itraconazole, posaconazole, 

voriconazole, terbinafine, caspofun-

gin, and mefenoxam. 

In Virto - Mefenoxam had a profound effect on 

P. insidiosum at concentration 1µg/ml 

with >90% inhibition rate 

(17) 

  
  

  
  

  
  

  
  
  

  
  
 I

ro
n

 c
h

el
at

o
r 

 

Immunotherapy, Iron chelator de-

ferasirox and combination of both 

In vitro 

and In 

vivo 

Rabbit 

(F/3m) 

Deferasirox alone did not result in any 

significant enhancement for the lesion 

from the control. However, it could 

ameliorate the anemia. The combina-

tion between the immunotherapy and 

iron were the worse than the immuno-

therapy alone. 

(22) 

Micafungin with or without defer-

asirox  

In vitro 

and In 

vivo 

Rabbit 

(F/3m) 

Micafungin alone is not effective 

against P. insidiosum but effective 

when combined with deferasirox cure 

rate 88.2% however, disease dissemi-

nation in the lung were reported. 

(23) 

  
  

  
  

  
  

H
er

b
al

 e
x

tr
ac

ts
  

Terbinafine or itraconazole with 

Melaleuca alternifolia, Mentha 

piperita and Origanum vulgare es-

sential oils (EOs) 

In vitro - The antimicrobial combinations using 

EOs with terbinafine or itraconazole 

can be an attractive therapeutic option 

for controlling P. insidiosum infec-

tions. 

(19) 

Propolis and geopropolis in a final 

volume of 1.0 mL 

In vitro - Propolis was more efficient than ge-

opropolis in inhibiting P. insidiosum. 

(20) 

Garlic extract  In vitro - garlic extract has strong inhibitory ac-

tivity toward P. insidiosum 

(21) 

  
  

  
  

  
  

  
A

n
ti

b
io

ti
cs

 

Macrolides and tetracycline antibi-

otics 

In Virto - Macrolides and tetracycline antibiotics 

had an effective inhibitory effect for 

the P. insidiosum  

(24) 

Aminoglycoside antibiotics and 

tigecycline 

In Virto - Tigecycline showed the lowest MIC 

(0.25 to 2 mg/liter) and MFC (1 to 8 

mg/liter) range values. The in vitro sus-

ceptibility observed to tigecycline 

makes this drug a good option for man-

agement of pythiosis 

(26) 
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Table 2: Summary of published studies on clinical studies including the number of animals under investi-

gation in each study, age, gender, methods of treatment and the recovery rate  

REF Place of 

study  

Site of infec-

tion  

Cases 

No 

Gen-

der  

Age  Treatment ap-

proach  

Result  

(4) Brazil Cutaneous 76 - 75 Adult  -Immunotherapy 

-Surgery and Immu-

notherapy 

-Empirical 

Immunotherapy showed 79.4% efficacy 

however, combination of immunotherapy 

and surgery resulted in the highest recov-

ery rate 84.6%  

(30) Brazil Distal limb 15 7 F 4M-15Y IRP of amphotericin 

B in a 10 % DMSO 

Complete resolutions of the lesion be-

tween 6 to 9 weeks after a single treat-

ment 8 M 

(29) Brazil Distal limb 12 8 F 4M-10Y Intravenous regional 

perfusion (IRP) of 

amphotericin B 

Complete lesion resolution in 92% of case 

after 35 to 60 days  
4 M 

(12) Brazil Cutaneous 1 M - Immunotherapy  Lesion disappeared after 5 doses immuno-

therapy and the recurrence was detected 2 

years later in the abdomen  

This 

study 

Egypt Cutaneous  10 7 F 3-11Y Surgical excision fol-

lowed by local anti-

fungal injection 

Most of them required a 2nd surgical inter-

vention  

80% Cure rate  
3 M 

(27) Egypt Cutaneous 33 29 F 3-9Y Surgical excision  Surgical excision resulted in 73% cure 

rate  
4 M 

(8) USA Cutaneous 10 - 

 

- Surgery followed by 

Amphotericin B IV 

and local  

80% Cure rate 

(31) USA Cutaneous 3 F 1.5Y-

10Y 

2 cases surgical exci-

sion  

1 case surgery and 

immunotherapy  

The treatment failed and all of them were 

died. mammary part, nostrils, both limbs 

and maxillary region, necropsy showed 

granulomatous lesion in lung and liver  

(39) USA  Cutaneous, 

extend to 

bone  

1 F 9Y -Antimicrobial and 

sodium iodide, IV in-

jection 

-Surgical excision 

and regional antifun-

gal injection  

-Treatment with antimicrobials for 12 

days, debridement, and i.v. administration 

of sodium iodide resulted in disease pro-

gression.  

- Surgical excision and regional antifungal 

injection were the most effective. 

(32) USA Cutaneous 2 - - Surgery followed by 

Photoablation 

Complete cure and no recurrence detected 

for up to 1 year 

(13) USA Limb  1 F 18Y Immunization  The case did not respond to vaccine and 

euthanized after 5 weeks 

(28) USA Cutaneous 1 M 3M Surgery followed by 

sodium iodide oral  

Complete healing  

(41) USA Enteric 

pythiosis 

1 M 2Y Surgery No report about the recovery  

(3) Costa reca Cutaneous 39 - - Surgery and Immu-

notherapy 

 

Only five horses were treated. 3 of them 

respond to the treatment however the 

other 2 cases did not respond as they were 

chronic pythiosis  

(11) Australia Cutaneous 5 - - Surgery, antifungal, 

Immunization  

Surgery and antifungal were ineffective, 

Vaccine resulted in 1 completely cured, 3 

developed osteitis and one died before 

completing vaccine course  

(42) Colombia Enteric 

pythiosis 

1 F 8Y - - 

(43) Thailand  Nasal cavity 1 F 4Y Surgical removal, lo-

cal injection of mix 

of Ampho. B, DMSO 

and ringer lactate 

then topical applica-

tion of antifungal 

cream  

-Complete healing and recovery after 3 

Weeks  
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Discussion 

Horses that develop pythiosis reside most 

commonly in a tropical, subtropical, or temper-

ate region (33), and consequently, horses in 

most of the published reports of pythiosis were 

located in Australia, Brazil, Colombia, Costa 

Rica, Egypt, Thailand, and southern states in 

USA. 

The presence of kunkers within granulation 

tissue is a grossly observable characteristic of 

cutaneous lesions of pythiosis, and the Splen-

dore-Hoeppli phenomenon, an immunological 

reaction surrounding the causative agent, is a 

histologically observable characteristic.  

Infection caused by P. insidiosum stimulate 

T-helper 2 (Th2) cells in the infected host, 

which causes eosinophils and mast cells to sur-

round the hyphae of P. insidiosum. Degranula-

tion of these cells leads to a Splendore-Hoeppli 

reaction.  This reaction in horses is so intensive 

that kunkers develop (34). 

Drugs interfering with the biosynthesis of er-

gosterol, like the azoles (itraconazole, ketocon-

azole,  miconazole, and fluconazole), terbinaf-

ine, and amphotericin B, change the permeabil-

ity of the cell membrane, causing lysis fungal 

cell. B ecause the cell membrane of the P. in-

sidiosum is composed mainly of cellulose and 

ß-glucan, thus the above mentioned drugs p re-

dictable to have little effect on P. insidiosum. 

Nevertheless, people and horses infected with 

P. insidiosum have been treated su ccessfully 

with drugs that interfere with the biosynthesis 

of ergosterol (35-37). 

P. insidiosum has been reported to be sensi-

tive to inhibitors of biosynthesis of ergosterol 

and β-glucan (6, 7, 17, 18, 37, 38). The efficacy 

of various antifungal drugs in the treatment of 

horses for pythiosis varied widely among the 

studies and depended on whether ergosterol 

was present in the cytoplasmic membrane of the 

oomycete (14, 34). 

Not all antifungal drugs used to treat horses 

for pythiosis in these studies were effective 

against P. insidiosum. Caspofungin, for exam-

ple, was found to be ineffective against P. in-

sidiosum. Mefenoxam or a combination of anti-

fungal drugs, such as terbinafine, itraconazole 

and fluvastatin, however, may be effective in 

inhibiting fungal growth and may provide a 

high incidence of resolution of infection. Data 

suggest that injecting the antifungal drug lo-

cally into the lesion or administering it by intra-

venous regional limb perfusion incr eases the 

likelihood of resolving infection (8, 29, 39). 

Adjuvants, such as essential oils, iron chelators 

and DMSO have been combined with antifun-

gal drugs to increase the efficacy o f the anti-

fungal drugs, in preclinical and clinical studies 

(19, 23, 30). 

The in vivo effect of a drug may be different 

than that expected based on in vitro testing of 

that drug. For instance, Sekhon et al. (14) 

showed that amphotericin was not effective 

against P. insidiosum, but Doria et al. (2012) re-

ported that 92% of horses experienced resolu-

tion of lesions caused by P. insidiosum on one 

or more limbs when amphotericin B was ad-

ministered by IV-RLP (29).  

The herbal extracts, propolis and garlic, ap-

peared to be effective against P. insidiosum in 

vitro, though we can find no reports describing 

the use of these herbs clinically (20, 21).   

Adult horses have been reported to be 8 

times more susceptible than foals to infection 

caused by P. insidiosum (4), but meta-analysis 

of the studies we report shows that adults ap-

pear to be 16 times more likely than foals to be-

come infected with P. insidiosum. Meta-analy-

sis of susceptibility according to gender showed 

that the females are more likely than males to 

be presented because of infection caused by P. 

insidiosum (72% vrs 28%). Mendoza and Al-

faro (1986), on the other hand, reported that 

pythiosis had no sex or age predilection (3). 

Regarding the treatment, based on the meta-

nalysis, we found that the best approach to be 

surgical excision coupled with application of an 

antifungal drug topically or, if the lesion was 

located on the distal portion of the limb, by IV-

RLP. There was no significant difference be-

tween the efficacy of immunotherapy used 

alone and the efficacy of immunotherapy used 

in conjunction with surgery. This can be ex-

plained by the short follow-up periods after the 

immunotherapy. Longer follow-up revealed 

that immunotherapy alone resulted in recur-

rence after 2 years as reported by Santos et al. 
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(12). This may be explained by the progressive 

decrease in IgG antibody titers after administra-

tion of immunotherapy, which could result in 

titers too low to protect the host after one year 

(40).  

Conclusion 

The excision of a cutaneous lesions of  pythi-

osis was proved to be an effective treatment of 

affected horses, especially when combined with 

local or regional administration of an antifungal 

drug. Also, combining DMSO with the antifun-

gal has revealed a higher cure rate. Because 

propolis was shown to be effective against P. 

insidiosum in vitro, we suggest testing its effi-

cacy clinically. Including propolis in the treat-

ment protocol is expected to be more efficient 

as it has antibacterial and antifungal in addition 

to its high regenerative capacity. Also, photo-

ablation was suggested as effective treatment 

for horses with cutaneous  pythiosis, but more 

studies are needed to prove its efficacy.  
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