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Abstract 

 

 An uncommon lesion was diagnosed in a 1-year-old female toco toucan (Ramphastos toco albogularis) based on 
microscopic examinations. Necropsy, histopathology and molecular diagnosis were carried out. At necropsy, possible 
granulomatous myocarditis was diagnosed in the bird and was confirmed as shown by histopathology. Polymerase 
chain reaction (PCR) revealed an unspecific trematode species as the causative agent. Research on parasitic 
granulomatous myocarditis in toco toucan has been rarely reported. Therefore, it should be considered during 
differential diagnosis of avian granuloma cases. 
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Introduction 

Toucans (Piciformes, Ramphastidae) are 
native to South America and the Caribbean region. 
They generally live in tropical and sub-tropical regions 
(Patané et al., 2009), and are easily to become captive 
pet birds due to their attractive appearance. Toucans 
are not native of Taiwan, hence all toucans found in 
Taiwan are imported or bred from originally imported 
birds. 

Bacterial (Yersiniosis, Chlamydiosis, 
Coxiella-like infection), mycotic (Aspergillosis, 
Candidiasis, Penicillium infection), viral (Newcastle 
disease, Pacheco’s disease, Polyomavirus infection), 
and parasitic (cestode, nematode, trematode, protozoa) 
infections associated with severe inflammation have 
been documented as fatal disease in toucans (Pinto et 
al., 1996; Shin-Ichi et al., 2016; Shivaprasad et al., 2008). 

Granulomatous myocarditis, associated with 
various inflammatory diseases, is a rare disorder of 
myocardium (Kanchan, 2010). Granulomatous 
myocarditis caused by bacterial infection, fungal 
infection, tumor, and gout has been reported (Akanbi, 
2008; Dias and Montau, 1994; Schilliger, 2003; Schmidt, 
2008). Parasite-caused granulomatous myocarditis is 
usually diagnosed as Sarcocystis (Martin et al., 2004; 
Prakas and Butkauskas, 2012), however trematode 
migration to heart, leading to granulomatous 
myocarditis, is rare in avian species, especially in 
toucans. 

Parasites of toco toucan have not been well 
documented. This prompted us to investigate 
granulomatous cases of this entity. Despite the 
numerous species of parasites reported in birds, 
comparatively little is known about the prevalence and 
distribution of these parasites in toucans. Therefore, 
the current study reports the observation of 
granulomatous myocarditis in a parasite-infected toco 
toucan. 

Case Description 

Many species of pet birds were dead before 
submission, and histopathology was used to diagnose 
disease at the Animal Hospital of National Pingtung 
University of Science & Technology (NPUST), 
Pingtung, Taiwan. One of the pet birds, an adult, 
female toco toucan that experienced a sudden death, 
was sent to the NPUST Animal Hospital for diagnosis. 
According to the pet owner, no distinct clinical signs 
were observed prior to the bird’s sudden death. 

Necropsy with a systematic approach was 
carried out, and then the samples collected were 
examined for bacterial testing. Samples from heart and 
liver were taken using moist sterile swabs and plated 
on MacConkey’s and blood agar plates, respectively. 
Both agars were incubated at 37°C for 24 hrs. Sections 
collected from the brain, heart, liver, spleen, lung, 
kidney, gastrointestinal tract, genitals, eyes, thyroid 
gland, adrenal gland, skin, and bone were fixed in 10% 
neutral-buffered formalin for at least 24 hrs. The 
formalin-fixed samples were microscopically 
examined after dehydration, paraffin embedding and 
sectioning at 2-3 μm. All sections were stained with 
haematoxylin and eosin (H&E). 

 

Materials and Method of PCR 

Polymerase chain reaction (PCR) was used for 
diagnosis of cestode and trematode parasites. It was 
conducted on DNA extracted from sections of the 
organs collected. These sections were extracted using 
EasyPure Genomic DNA Spin Kit (Bioman scientific 
Co., Ltd., Taipei, Taiwan) according to the 
manufacturer’s instructions. The nucleotide and 
sequence positions of two pairs of forward and reverse 
primers, (5’-AATTTCGTGCCAGCCATCGCGG-3’/5’-
TTCCAGTACATTTACCTTGTTACGAC-3’) and (5’-
TTAAGATATATGTGGTACA-GGATTAGATACCC-
3’/5’-AACCGAGGGTGACGGGCGGTGTGTACC-3’), 
were designated according to a previous report (Von 
Nickisch-Rosenegk, et al., 1999) for cestodes. The 
trematode primers were designated as 3S (5’-
GGTACCGGTGGATCACTCGGCTCGTG-3’) and A28 
(5’-GGGATCCTGGTTAGTTTCTTTTCCTCCGC -3’) 
according to Bowles et al. (1995). The PCR conditions 
were set according to Von Nickisch-Rosenegk et al. 
(1999): denaturing at 94°C for 1 min, annealing at 55°C 
for 2 min, and extension at 73°C for 2 min for 20 cycles; 
and Bowles et al. (1995): denaturing at 95°C for 30 s, 
annealing at 55°C for 45 s, and extension at 72°C for 1 
min for 35 cycles. 

Positive DNA fragments, which were 
identified by PCR and electrophoresis after picking up 
one white clone, were transformed into T&A-vector 
using the RBC rapid ligation kit (Bioman Scientific Co., 
Ltd., Taipei, Taiwan) and sent for sequencing 
(PURIGO Biotechnology Co., Ltd, Taiwan).   

Results and Discussion 

At necropsy, the heart of the bird exhibited 
multiple slightly elevated pale-yellow nodules and 
yellow firm plaques scattered on the heart surface. 
These nodules were visible as white to yellow ‘rice 
grain’ cylindrical lesions in cardiac muscles, with sizes 
up to 2 to 4 mm in length, 1 to 3 mm in diameter and 
0.1 to 0.3 mm in height. The plaque lesion was 
measured up to 2 × 2.5 cm in size (Figure 1A). 
Although the worm caused heart disease, it is 
suspected that the site of origin was the gastro-
intestinal tract after the host ingested an infective stage 
parasite which penetrated the stomach wall, and 
eventually migrated to the heart. Other organ lesions 
included hemochromatosis in the spleen and liver, and 
minor lung congestion. However, there was no 
evidence suggesting that the lesions were caused by 
trematode. 

Examination under light microscope revealed 
that cross sections of the parasite-infected heart had 
granulomatous myocarditis (Figure 1B). The lesions 
revealed a granuloma comprising a central area with a 
helminth-like structure surrounded by severe 
inflammatory cell infiltration. The heart lesions 
involved both the pericardium and the cardiac 
muscles, which were almost destroyed. The chronic 
active stages of the lesions found in the heart were 
represented by massive lymphocytic and mononuclear 
infiltration, as well as the formation of multinucleated 
giant cells (Figure 1C), leading to the severe 
destruction of the parenchyma. The cross sections of 
the parasite-infected heart showed that the body 



Huang Y. et al. / Thai J Vet Med. 2017. 47(3): 407-412.                                                                                                  409 

 

structure of the helminth was simple acoelomate with 
the body wall consisting of the cuticle, subcuticular 
muscle cells and vitelline follicles in the spongy matrix. 
The section revealed that the outer covering of the 
helminth was a faint pink scale-like spiny cuticle with 
a single layer of cells. A high number of fat droplets 
were also seen scattered throughout the medullary and 

cortical parenchyma (Figure 1D). Moreover, the 
absence of cestode characteristic calcareous corpuscles 
confirmed that this parasite was a trematode. 
Multifocal iron phagocytosis was detectable in the 
spleen and also discursively in the hepatocytes. The 
remaining organs had no remarkable changes.  

 

 
 

Figure 1 Granulomatous myocarditis with trematode in a toco toucan (Ramphastos toco) (A) Multiple pale-yellow nodules and 
plaques scattered on the heart surface. (B) The cross section of heart tissue infected with parasite (arrow) shows the 
formation of nodule (H&E, 100x). (C) Presence of a massive lymphocytic (red arrow), mononuclear (yellow arrow) and 
multinucleated giant cell (arrow head) infiltration in granulomatous inflammation (H&E, 400x). (D) Simple acoelomate 
body structure of helminth consisting of scale-like spiny cuticle (yellow arrow), a single layer of cells (red arrow) and fat 
droplets (arrow head) (H&E, 200x). 

 
PCR results using both primer pairs from Von 

Nickisch-Rosenegk et al. (1999) showed multiple bands 
as indicated in Lane 1 in Figure 2. Sequencing analysis 
of those bands revealed no compatibility with cestode 
sequences. Using Bowles et al. (1995) primers to check 
the trematode, results revealed a gene size of 494 bp as 
shown in Lane 2 (Figure 2). However, due to the lack 
of sufficient species-specific genetic database, the 
larval trematode sequence of the toco toucan obtained 
in this study could not be fully identified. Nonetheless, 
the morphological description of the larval parasite 
strongly suggested it as being a trematode, even 
though the specific species could not be identified due 
to lack of characteristic trematode mature structures. 
There are few published descriptions of 
granulomatous myocarditis in toco toucan associated 
with parasitism by trematode. The present study 
reports a case of granulomatous myocarditis in which 
parasite was evidenced as the underlying pathogen. 

The most common causes of granulomatous 
inflammation include the infection of Gram-negative 
bacteria such as Escherichia coli, Salmonella sp., 
Pseudomonas aeruginosa (Klopfleisch et al., 2005) and 
Gram-positive bacteria like Staphylococcus aureus and 
Listeria monocytogenes (Akanbi et al., 2008). Gram- 
negative bacteria and Gram- positive bacteria are 
known to stimulate the formation of acute heterophilic 
granuloma in avian species that might develop into 
chronic granuloma with epitheloid cells, lymphocytes 
and connective tissue elements involved in various 
organs. In the heart, septic necrotizing myocarditis, 
vegetative valvular thromboendocarditis as well as 
granulomatous myocarditis are evident after 
inflammatory reactions due to bacterial infection 
(Montau, 1988; Supartika et al., 2006). In this study, 
based on the MacConkey's and blood agar inspections, 
bacterial colonies were not found. Hence, lesions of 
systemic infection with bacteraemia and septicaemia 
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were also absent. These results rule out both the 
primary and secondary bacterial infection.  

Fungal infection may also be associated with 
granulomatous inflammation. Cryptococcus spp., 
Blastomyces spp., Aspergillus spp. and Pneumocystis spp. 
cause non-necrotizing granulomatous inflammation 
with numerous multinucleated giant cells and 
scattered chronic inflammation (Davies, 1994). The 
fungal granuloma is always found to be surrounded by 
a thick fibrous capsule and comprise epitheliod cells, 
lymphocytes, plasma cells and numerous Langhans’ 
type giant cells in birds when observed under light 
microscope. Most importantly, fungal granuloma is 
characterized by the presence of fungal hyphae with 
distinct structures (Walsh, 2008). In our toco toucan 
case, no fungal hyphae was observed during the 
histopathological examination.  
 

 
Figure 2 PCR analysis of parasites. Lane M: MWD100 

molecular weight marker; Lane 1: multiple bands 
using Von Nickisch-Rosenegk et al. (1999) 
primers; Lane 2: 494bp band using Bowles et al. 
(1995) primers. 

 
Visible gross lesions of the cardiovascular 

system have been reported in captive parrots, in which 
myocardial parasites were identified in some of the 
birds (Krautwald-Junghanns et al., 2004). Visceral 
helminthic larva migrans, heartworm, disseminated 
visceral coccidiosis, and Schistosoma egg involvement 
in myocardium may induce granulomatous 
inflammatory response (Kiyoshi et al., 2004). The 
helminthic larvae of tapeworm, flatworm, and 
roundworm incite a brisk lympho-histiocytic response 
within the myocardium, and myocardial damage may 
be visible in the early stages of illness characterized by 
infiltration of plasma cells and lymphocytes (Gemmell 
and Soulsby, 1968). Cystic structures containing 
Sarcocystis have also been observed within myocardial 
fibers leading to noncaseating granulomatous 
inflammation (Martin et al., 2004). Eosinophils may 
also be present within the inflammatory cell infiltrates 
in parasite infection (Feldman and McNamara, 2000). 
A response by the lymphatic and reticulo-endothelial 
systems following exposure to tapeworm fluid also 
gives rise to inflammation (Gemmell, 1968; Rakha, 
1991), however the presence of parasite is necessary for 
better diagnosis.  

Granulomatous myocarditis is associated 
with chronic inflammatory response due to persistence 

and/or resistance of trematode migration. When acute 
inflammatory response fails, trematode continually 
induces the release of inflammatory mediators from 
indigenous parenchymal cells and T lymphocytes, 
leading to macrophage and giant cell infiltration and 
activation. Troglotrematidae, Diplostomidae, and 
Clinostomidae are strongly suggested trematode 
Familes for differential diagnosis in this study due to 
their common occurrence in myocarditis. According to 
our test results, final diagnosis was established as a 
trematode infection leading to a severe multifocal 
granulomatous myocarditis. The trematode in our case 
study was actually visible within the nodule, with 
characteristic granulomatous inflammatory response.  

Although bacterial and fungal infection 
analysis were negative based on microbiological 
culture and histopathological analysis, complete ruling 
out was not confirmed by PCR. Despite the unknown 
parasite species based on PCR sequencing, trematode 
larva infection in the toco toucan was suspected as the 
etiological agent based on the histological features. 
This case study strongly suggests that avian trematode 
larva should be considered as a possible pathogen 
during differential diagnosis for granulomatous 

myocarditis. 
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บทคัดย่อ 
 

กล้ามเนื้อหัวใจอักเสบแบบแกรนูโลมาตัสในนกทูแคนด าอกขาว  

(Ramphastos toco albogularis) 

 

เยน หลี ฮวง1  ชินโฉง ไช1่  โอเมียร์ แอนเดรีย คาสทาเนสซา2  สุพจนา เจริญสิน3   
ดวงสุดา ทองจันทร์1  โฮงอี๊ หวู่1* 

  
นกทูแคนด ำอกขำว (Ramphastos toco albogularis) อำยุ 1 ปี ได้รับกำรตรวจวินิจฉัยพบวิกำรท่ีไม่ได้พบบ่อย ด้วยวิธีกำรตรวจ

ด้วยกล้องจุลทรรศน์ กำรผ่ำซำก กำรตรวจทำงจุลพยำธิสภำพ ร่วมกับกำรตรวจทำงโมเลกุลเป็นวิธียืนยันกำรตรวจวินิจฉัยโรค ผลกำรผ่ำ
ชันสูตรซำกซ่ึงเป็นกำรตรวจวินิจฉัยเบื้องต้นพบกล้ำมเน้ือหัวใจอักเสบแบบแกรนูโลมำตัสในนก และสำมำรถยืนยันผลด้วยกำรตรวจทำงวิธีจุล
พยำธิวิทยำ กำรตรวจทำงวิธีพีซีอำร์พบ พยำธิตัวแบนเป็นสำเหตุของกำรเกิดวิกำรโรค กำรวิจัยเชื้อปรสิตก่อโรคกล้ำมเนื้อหัวใจอักเสบแบบ
แกรนูโลมำตัสในนกทูแคนด ำอกขำวยังไม่มีรำยงำนมำกนัก ดังน้ันควรให้ควำมส ำคัญในกำรวินิจฉัยแยกโรคของสัตว์ปีกท่ีมีวิกำรแบบแกรนู
โลมำตัส 
 
ค าส าคัญ: กล้ำมเน้ือหัวใจอักเสบแบบแกรนูโลมำตัส พยำธิสภำพ โรคทำงด้ำนปรสิต Ramphastos toco ไต้หวัน 
1ภาควิชาอายุรศาสตร์ทางสัตวแพทย์ คณะสัตวแพทยศาสตร์ มหาวิทยาลัยแห่งชาติด้านวิทยาศาสตร์และเทคโนโลยีผิงตง, 1 เนปุ, เมืองผิงตง, 

ไต้หวัน  
2ภาควิชาวิทยาศาสตร์และเทคโนโลยีการอาหาร, คณะเกษตรศาสตร์, มหาวิทยาลัยแห่งชาติด้านวิทยาศาสตร์และเทคโนโลยีผิงตง, 1 เนปุ, 

เมืองผิงตง, ไต้หวัน  
3ภาควิชาเกษตรเขตร้อนและความร่วมมือระหว่างประเทศ, คณะเกษตรศาสตร์, มหาวิทยาลัยแห่งชาติด้านวิทยาศาสตร์และเทคโนโลยีผิงตง, 1 

เนปุ, เมืองผิงตง, ไต้หวัน 
*ผู้รับผิดชอบบทความ E-mail: wuhy@mail.npust.edu.tw 
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