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Abstract 

 

A 4-year-old, neutered male Thai Bangkeaw dog presented with clinical signs of diarrhea, pollakiuria and a mass-
like lesion between the bulbus glandis and testicular sac 2 weeks after castration. Ultrasound (U/S) revealed a mass-like 

lesion from the urethra expanded to the colon. A computerized tomography (CT) scan indicated that the mass had 

invaded the colon and nearby lymph node. Bacterial culture from the lesion identified infection caused by extended-
spectrum beta-lactamases-producing Escherichia coli (ESBL-producing E. coli). Using fine needle aspiration (FNA) of the 

mass-like lesion, cytology showed irregular, negatively stained hyphal structures. Given the very large size of the lesion, 

surgical excision could not be performed. A combination of itraconazole, terbinafine and carprofen was prescribed for 

medical treatment. Additionally, amikacin was given following antimicrobial susceptibility testing. However, there was 

no improvement after medical treatment. Ultimately, euthanasia was selected. The gross findings revealed an area of 

swelling primarily located at the caudoventral abdomen due to marked edema and hemorrhage with a focal tract lesion 
from the focus of the hair skin defect through the urethra. Regionally, the descending colon was markedly thickened. 
Microscopically, the intestinal wall was obliterated by nodular and coalescing aggregates of granulomas surrounding 
many indiscernible hyphae with non-parallel walls, non-dichotomous branching and rare septations. Organisms were 

negatively stained with Periodic Acid Schiff (PAS) but strongly highlighted by Grocott's methenamine silver (GMS) 
staining. The findings were consistent with intestinal pythiosis. However, macerate tissue culture for fungi and 

oomycetes was negative. 
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Introduction 

A granuloma is a type of chronic inflammation 
defined by organized aggregates of mononuclear cells 
such as macrophages indicating a histiocytic 
inflammation. A cluster of epithelioid histiocytes 
accumulate around the site of the inflammation or 
necrotic area. This inflammation develops in various 
organs, inside or outside, if there are agglomerations of 
inflammation-like tumors called granulomas (de Brito 
and Franco, 1994; Shah et al., 2017). The etiologies of 

granulomatous disorders can include bacterial, fungal 
or parasitic infections, as well as autoimmune diseases 
and certain toxins or irritants (Amarnath et al., 2021). 

Canine fungal granulomas can develop in a variety 
of organs including the brain, gastrointestinal tract and 
urogenital tract. They are most commonly found in 
dogs living in outdoor settings with water resources 
(i.e. lake, river, lagoon or marsh). The common fungal 
organisms that induce granuloma in the 
gastrointestinal tract are oomycetes, including genus 
Pythium and Lagenidium (Grooters et al., 2003; Jaeger et 

al., 2002; Reagan et al., 2019). These infectious 

granulomas induce obstructive symptoms including 
chronic diarrhea, hematochezia, tenesmus, weight loss 
and cachexia. The most effective treatment is mass 
removal surgery combined with medicinal therapy. 
Nevertheless, euthanasia may be considered in 
uncontrolled cases (Grooters et al., 2003). Herein, we 

describe an uncommon granulomatous disease in a 
Thai Bangkeaw dog with a mixed bacterial-fungal 
infection in Thailand. This granuloma caused a 
progressive lesion by invading the gastrointestinal and 
urinary systems.  A multidrug-resistant bacteria was 
identified, however, the fungal culture method 
revealed a negative result. 

Clinical description 

A 4-year-old male, Thai Bangkeaw dog weighing 
12.5 kg presented to Prasu-arthorn Animal Hospital, 
Faculty of Veterinary Science, Mahidol University, 
with a history of diarrhea, pollakiuria and 3 cm mass-
like lesion on the penis. The dog was fed a home-
cooked diet. It spent time outdoors and swam freely in 
a pond. This dog received a necessary health program 
consisting of vaccination, de-worming and 
ectoparasite control. Physical examination showed that 
the dog had normal vital signs. Palpation revealed a 
firm, irregular mass-like lesion cranially to the 
castration wound and caudally to the bulbus glandis 
with smooth preputial mucosa. Abdominal palpation 
found a tubular mass-like structure at the caudo-dorsal 
abdomen. Urinary catheterization indicated urethral 
stenosis at the level of a mass-like lesion. Rectal 
palpation discovered a smooth rectal mucosa with a 
mass-like lesion underneath.   

Hematological profiles revealed mild normocytic 
normochromic anemia, leukocytosis with neutrophilia 
and hyperproteinemia. Normal biochemistry and 
urinalysis profiles were observed. X-ray could not 
identify the margins of the mass-like structure (data 
not shown). Ultrasonography (Fig. 1) showed the 
descending colon thickening with a mass-like lesion 
and poorly-defined wall layer. Additionally, this lesion 

also involved the urethral tissue. A computerized 
tomography scan (CT scan) (Fig. 2) indicated a colonic 
wall mass with expansion to the urethra as well as 
distal urinary tract and penis, medial iliac, colic and 
superficial inguinal lymphadenopathy. Fine needle 
aspiration from the mass-like lesion on the penis 
showed severe suppurative inflammation with 
intralesional fungal/algal hyphae (Fig. 3). However, the 
fungal culture from the aspirated sample revealed only 
bacterial growth on Sabouraud dextrose agar with 
chloramphenicol (SDA+) but no fungi were observed. 

The bacterial culture showed an extended-spectrum 
beta-lactamases-producing Escherichia coli (ESBL-

producing E. coli) that was susceptible to imipenem, 

amikacin, gentamicin, neomycin, doxycycline and 
tetracycline. Because surgical intervention was not 
possible due to the progressive lesion, medical 
treatment was considered. The dog received a 
combination of itraconazole, terbinafine and amikacin 
together with symptomatic treatment. However, there 
was no improvement after medical treatment. Due to 
financial constraints, the intricacy of surgery and a lack 
of additional care time, the owner ultimately requested 
euthanasia. During gross examination, the haired skin 
over the caudoventral abdomen involving prepuce and 
scrotum was markedly edematous, resulting in 
regional, fairly well-demarcated, swelling 
approximately 20x15x5 cm in diameter with multiple 
areas of variably discrete dark red discoloration. At the 
base of the penis, the haired skin was disrupted and 
had an approximately 1.5x2 cm in diameter discrete 
hole circumferentially rimmed by a slightly indented 
white to dark red discolored area with an 
approximately 2 cm long track-like space extending 
deep into the urethra (Fig. 4A). The anus was markedly 
dilated and the corresponding rectal mucosa was 
bright red. In the section through the region of haired 
skin swelling, the subcutis was markedly expanded by 
edema with areas of yellow discoloration and dark red 
ecchymoses as well as associated accumulations of 
dark red transparent serosanguineous fluid and blood 
clot. There were small amounts of yellow-tinged 
watery fluid and white creamy material within the 
abdominal cavity. The descending colon measuring 20 
cm in length was regionally dilated, the serosa was 
widely covered by thin mats of yellow fibrin and the 
colonic wall and the mucosa was diffusely thickened 
resulting in a corrugated mucosal surface with 
hundreds of variably discrete areas of brown to 
mottled dark red discoloration (Fig. 4B). The omentum 
was diffusely red with an increased number and 
prominence of vascular injections. The urinary bladder 
mucosa were variably red. The section through the 
swollen scrotum revealed multifocal areas of 
hemorrhage scattered throughout the cut surface of 
both testicles. Microscopically, the tunica muscularis of 
the large intestine was widely obliterated by densely 
cellular, transmural, nodular and coalescing 
aggregates of granulomas composed of predominant 
epithelioid macrophages with often-laden scant brown 
granular pigment and many multinucleated giant cells 
(Langerhans and foreign body type) intermixed with 
variable infiltrates of lymphocytes and plasma cells 
dissecting variably dense bands of granulation tissue 
and fibrosis. Within the nodular aggregates of 
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granulomas, there were central accumulations of 
eosinophilic cellular debris and high numbers of 

poorly discernible, 6-10 m wide hyphae with non-

parallel walls, non-dichotomous branching and rare 
septations. These organisms were highlighted by 
Grocott's methenamine silver (GMS) staining but 
negatively to faintly stained with Periodic Acid Schiff 
(PAS) staining (Fig. 5A and B). In addition, the 
previously-described mixed inflammatory cells with 
associated variably loose edematous bands of 

granulating fibrosis extended to and tracked along the 
intestinal serosa and obliterated the adjacent omental 
adipose tissue. The histomorphologic features 
described, combined with the results of special 
staining, were consistent with intestinal pythiosis. 

However, the macerate tissue culture of the large 
intestinal specimen for fungi and oomycetes yielded no 
growth. Fungal and oomycete culture from the 
macerated large intestinal specimen was negative. 

 

 
 

Figure 1 Ultrasonography showed the large intestine thickened with a mass-like lesion, poor defined wall layer. This mass-like 
lesion entered the pelvic area and was involved entirely with urethral tissue from prostatic urethra up to the penile urethra 
(arrow head). 

 

 
 

Figure 2 CT scan revealed marked thickening of colonic wall (arrow tail) with ventrally deviated urethra (double arrow) and penis 
(arrow head). 

 

 
 

Figure 3 FNA mass shown as transparent slightly refractile hyphae (arrow head). 
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Figure 4 (A) a granuloma at prepuce until scrotal sac (arrow head) and a focal fistula track extending from an area of haired skin 
defect to the urethra noted immediately prior to the scrotum. (B) Colonic wall and the mucosa (arrow) were diffusely 
thickened resulting in a corrugated mucosal surface with hundreds of variably discrete areas of brown to mottled dark 
red discoloration. 

 

 
 

Figure 5 (A) H&E stain colon section 40x, 20 µm scale bar showed granulomatous with associated variable interstitial and 
perivascular infiltrates of lymphocytes and plasma cells. granulomas were composed of numerous epithelioid 
macrophages (arrow) and surrounding occasional central areas of devitalization and variable numbers of 4-15 um in 
diameter, extracellular and intrahistiocytic, poorly discernible hyphae (arrow head). These hyphae exhibit non-parallel, 
transparent, refractile walls with rare septation and had irregularly acute to right or non-dichotomous branching. (B) 
Additional sections of the above-described colon and soft tissue specimen specially stained with GMS stain 40x, 20 µm 
scale bar were examined. Many hyphae are highlighted by GMS (arrow head). 

 

Discussion 

Canine granuloma in the gastrointestinal (GI) tract 
can be described as a chronic localized inflammatory 
reaction to a persistent foreign entity, especially 
microorganisms. Bacterial infection-induced 
gastrointestinal granuloma has been documented as 
granulomatous colitis, which has previously been 
associated with the presence of invasive E. coli in 
Boxers and French Bulldogs (Manchester et al., 2012). 

In other breeds, infectious granuloma is frequently 
associated with fungi such as Histoplasma sp., Candida 
spp., and Basidiobolus ranarum, as well as oomycetes 
such as Pythium insidiosum and Lagenidium sp. Fungi 

can be identified using culture methods; however, 
accurate identification of oomycetes requires an 
immunodiagnostic, molecular or proteomic assay. 
Patients with endocrinopathies and immunodeficiency 
disorder are predisposed to fungal infection. 
Histoplasmosis has been reported to occur in the small 
and large intestines, while candidiasis has been 
commonly diagnosed in the small intestine. 

Additionally, both pathogens can be identified by 
cytology or histopathology in which the yeasts and 
fungal hyphae infiltration are observed using modified 
Wright–Giemsa stain and H&E staining (Duchaussoy 
et al., 2015; Berle et al., 2020). Gastrointestinal 

basidiobolomycosis has been identified as a rare fungal 
disease in immunocompetent hosts. One study 
reported that Basidiobolus ranarum infected the colon of 

a Shiba dog, causing granulomatous inflammation. 
H&E staining revealed numerous fungal hyphae 

varying in size up to 30 m in diameter within the 
granuloma. GMS also revealed the visibility of the 
fungal hyphae and spore-like structures (Okada et al. 
2015). Pythium insidiosum and Lagenidium sp. are 

oomycetes or fungal-like microbes that cause 
granuloma with intralesional hyphae in the GI tract. 
However, their histological staining abilities are 
distinct. In Lagenidium sp., thick-walled hyphae of 

varying diameters (7-25 m) with occasional septate 
can be observed in H&E, PAS, and GMS stained 
sections. Besides that, vascular encroachment by 
hyphal organisms has been noticed. On the other hand, 
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non-parallel walls and rare septate hyphae of P. 
insidiosum are not stained by basic dye and PAS 

reaction positive hyphae are identified by GMS stain 

with diameters ~3–10 m (Grooter et al., 2003; Firmino 
et al., 2017; Reagan et al., 2019; Shmalberg et al., 2020; 

Hummel et al., 2011).  
A lower urinary tract infection presented with the 

following frequencies: bacterial urinary tract, infection 
micturition disorders, urolithiasis, prostatic disease 

and traumatic problems (Mendóza-López et al., 2017). 

Candida spp., Aspergillus spp., Blastomycosis spp., and 

Cryptococcus spp. have been reported in fungal 

infections of the lower urinary tract. Candida albicans 

was the most commonly detected by microscopic 
examination of urine sediment and isolated by urine 
culture. However, granulomatous inflammation was 
not developed (Jin and Lin, 2005; Olin and Bartges, 
2015). Fungal granuloma in the urinary tract has been 
reported with Penicillium sp., Curvularia sp., and 
Scedosporium apiospermum inducing urinary tract 

obstruction.  The fungal elements of these organisms 
were observed in H&E stained sections (Soonthornsit 
et al., 2013; Kochenburger et al., 2016; Herbert et al., 

2019). One report showed the lower urinary tract 
obstruction was caused by prostatic pythiosis. 

Postmortem examination revealed that the prostate 
gland was enlarged and adhered dorsally to the serosa 
of the descending colon within the pelvic canal. GMS-

positive hyphae were detected in histopathology 
(Jaeger et al., 2002). 

In this report, the original margin of the granuloma 
was vaguely delineated by the gross lesion, which 
indicated a mass-like lesion involving the descending 
colon and urethra. Microscopically, the intestinal wall 
was obliterated by nodular and coalescing aggregates 
of granulomas surrounding many indiscernible 
hyphae with non-parallel walls, non-dichotomous 
branching and rare septations. The hyphal structure 
was stained negatively with PAS but was strongly 
highlighted by GMS staining, suggesting that Pythium 

sp. was the most likely pathogen in this dog. 
Additionally, the infection was referred to as 
immunocompromised because the first lesion was 
found to be of a surgical size. More reports contributed 
to postoperative immunosuppression and increased 
susceptibility to septic complications (Dąbrowska and 
Słotwiński, 2014).   

Pythium is a waterborne fungus-like organism or 

parafungus belonging to the kingdom Stramenopila, 
class Oomycetes.  This pathogen causes skin, GI tract, 
reproductive tract and ocular infection in humans and 
animals. In dogs, Pythium insidiosum commonly causes 

progressive gastrointestinal and skin granuloma which 
are formed mass like lesions in infected tissue and 
penetrate to nearby organs (Jaeger et al., 2002; 
Fernandes et al., 2012; Chindamporn et al., 2020; 
Chitasombat et al., 2020). Identifying the organism is 
challenging, as a H&E stain poorly stains the P. 
insidiosum hyphae while GMS can reveal the fungal 

elements with typically ~3–10 m wide, thick walls, 
few septa and close to right-angle branches. Detection 
of anti-P. insidiosum antibody using serological assays 

have high sensitivity and high specificity using 
enzyme-linked immunosorbent assay (ELISA) or 

immunocPhromatography (ICT). On the other hand, 
an immunodiffusion test (ID) is insensitive for 
diagnosis. The serodiagnostic test is also limited due to 
the multi-step procedures involved and complexity, 
and we should be aware of false-negative results 
especially in ocular pythiosis. Using a culture method, 
P. insidiosum grows well on standard agar types, such 
as SDA, that a creamy or colorless-to-white flat colony 
can be observed in a few days. However, temperature 
control is necessary to ensure viability and the failure 
to isolate (Chareonsirisuthigul et al., 2013; Chitasombat 
et al., 2020). The gold standard for identifying P. 
insidiosum is molecular analysis, particularly real-time 

PCR, which has 100% sensitivity and 100% specificity 
(Keeratijarut et al., 2015). Additionally, using nested 
PCR improves the sensitivity of detecting P. insidiosum 

DNA in formalin-fixed, paraffin-embedded tissue 
sections in dogs (Elshafie et al., 2022). In this report, the 

morphology of hyphae in tissue sections was 
consistent with oomycetes, particularly Pythium sp. 

However, the pathogen could not be isolated using 
culture methods. Because the serological assay was not 
available in our hospital, we attempted to extract 
pathogen DNA from paraffin-embedded tissue 
sections; however, the quality of the DNA was 
insufficient for PCR testing. 

ESBL-producing E. coli has been recognized as a 

multidrug-resistant bacteria which produces a group 
of enzymes that mediate resistance to most β-lactam 
antibiotics, including extended-spectrum 
cephalosporins and monobactams. ESBL-producing E. 

coli was isolated from the gastrointestinal tract in 
healthy dogs with prevalence of 25.84% (Thepmanee et 
al., 2018; Huang et al., 2020). Additionally, a high 

prevalence was also reported in hospitalized patients, 
livestock wastewater and the environment 
(Runcharoen et al., 2017). This pathogen frequently 

causes urinary tract, reproductive tract and skin 
infections. MDR E. coli‐associated granulomatous 

colitis has been noticed in Boxers and French Bulldogs. 
Pathogens typically are observed in clusters within 
macrophages (Manchester et al., 2021). In this report, 

Thai Bangkeaw did not have a breed predisposition to 
granuloma and antibiotic treatment did not reduce the 
size of the lesion. Therefore, the secondary infection of 
ESBL-producing E. coli in this case might have been 

caused by the environment or feces after 
contamination of the skin wound. Antibiotic 
susceptibility testing revealed that ESBL-producing E. 

coli was susceptible to imipenem, meropenem, 
amikacin, gentamicin and nitrofurantoin (Huang et al., 
2020, Gharavi et al., 2021). Similar to our report, 

amikacin could be used for the treatment of ESBL-

producing E. coli infection. E. coli has been recognized 

as a soluble fungicidal factor-producing bacteria 
inhibiting C. albicans growth in vitro (Cabrel et al., 2018). 

Additionally, an antifungal protein isolated from E. coli 
BL21 (PPEBL21) completely inhibited the expression of 
a 16 kDa protein in Aspergillus fumigatus (Yadav et al., 
2010). Because ESBL-producing E. coli may inhibit the 

growth of fungi or oomycetes on SDA+ agar, this could 
be one of the reasons why the fungal or oomycete 
pathogen was not detected using the fungal culture 
technique in this dog. Other possibilities were that 1) 
the fungus in the tissue was not viable at the time of 

https://www.sciencedirect.com/science/article/abs/pii/S0732889313001211#!
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sampling, 2) the tissue was collected from two 
locations, with one sample passing to microbiology 
and the other to pathology (Guarner and Brandt, 2011). 
However, all processes and outcomes were 
meticulously reviewed again by the authors and the 
results showed that everything had been done 
appropriately. Taken together, we suggest that a PCR 
assay may be useful for fungal identification when 
cultures are negative or due to bacterial contamination. 

Here, we reported on granuloma with an 
uncommon lesion caused by fungi or oomycete 
infection with secondary infection of ESBL-producing 
E. coli involving the descending colon and lower 

urinary tract. Unfortunately, no fungal or oomycete 
species were identified using the culture method, 
while a bacterial colony was observed in SDA+, 
implying that a negative fungal culture result could not 
rule out fungal or oomycete infection. Therefore, even 
if the fungal culture is negative, antifungal therapy 
should be considered if the lesion and cytology suggest 
a fungal disease. The possible routes of infection were 
considered to be 1) infection from the GI tract with 
penetration to the urethra, 2) infection from the urethra 
with penetration to the large intestine, 3) infection at 
the surgical site and penetration to the urethra, 
intestine, and abdominal wall. According to the 
treatment, using antifungal drugs alone could not 
inhibit the progression of the disease. Therefore, 
surgical intervention combined with antifungal drugs 
should be considered and the pathogen species should 
be ascertained in this case. 
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