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ABSTRACT 
 

Infection with Platynosomum fastosum, a liver fluke of domestic cats, can induce biliary obstruction and has been 

found to be associated with cholangiocarcinoma. To evaluate any new rational drugs, fundamental knowledges of 

parasite morphology are crucial but detailed morphology has not yet been investigated. Macroscopic, microscopic, 

and ultrastructural morphology of P. fastosum adult worms and eggs were evaluated. The adult fluke was reddish 

brown with a tamarind leaf-like body shape, 4.5mm in length and 1.5mm in width. Under scanning electron 

microscope (SEM), the tegumental surface of P. fastosum was spineless and covered with slender villous-like 

projections. Four types of papillae were found, and all were non-ciliated. P. fastosum fluke eggs were dark brown with 

an operculum and had a smooth eggshell surface with an inconspicuous posterior abopercular knob. From both fecal 

and bile samples, at least 3 types of eggs were present. The average size (mean±SD) of a typical P. fastosum egg was 

44.2+1.7m in length and 31.8+2.2m in width. Under transmission electron microscope (TEM), tegument syncytium 

was composed of three layers. The first layer was an outermost trilaminate membrane covered by a glycocalyx. The 

second layer was tegumental cytoplasm composed of 2 types of tegumental granules, lysosomes, mitochondria and 

microtrabeculae. The third layer attached to a basal extracellular matrix with numerous basal membrane infoldings. 

This study revealed the first ultrastructural characteristics of P. fastosum adult and egg as a fundamental knowledge to 

use as basic criteria for assessment of anti-parasitic drug development in the future.  
 

Keywords: Platynosomum fastosum, Adult, Egg, Morphology, Scanning Electron Microscopy, Transmission Electron 

Microscopy, Ultrastructure. 

 

INTRODUCTION 

 

Platynosomum fastosum (synonymous with 

Platynosomum illiciens, Platynosomum concinnum), a 

liver fluke belonging to the family Dicrocoeliidae, is a 

causal agent of feline platynosomiasis or lizard poisoning 

which is a neglected hepatobiliary disease in cats. Since 

this cat liver fluke matures and remains in biliary tracts 

and gallbladder, it can induce the inflammatory processes 

depending upon the parasite burden and chronicity. 

Hence, the infection’s outcome can range from 

asymptomatic to severe and lethal infections. In the case 
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of chronic and/or heavy infection, P. fastosum can induce 

mottled liver, gallbladder distension, hepatitis, 

cholangiohepatitis, cholecystitis, periductal fibrosis, 

biliary cirrhosis, and biliary obstruction (Basu and Charles 

2014; Ramos et al. 2016; Nur-Amalina et al. 2022). 

Besides, P. fastosum infection has been found to be 

associated with cholangiocarcinoma (Andrade et al. 

2012). 

Prevalence of P. fastosum infection was reported 

worldwide with ranges between 15 and 85% in both 

tropical and subtropical regions (Basu and Charles 2014). 

In Thailand, between the years 2017 and 2020, this 

parasite seemed to be more commonly recognized and 

detected than did in previous local reports (Jitsamai et al. 

2021). In the year 2020, the prevalence was reported to be 

8.9% in Bangkok and vicinities presumably due to 

increased sampling numbers yielding higher sensitivity of 

fecal egg detection (Personal communication). Cats can 

be infected by consuming P. fastosum metacercaria-

containing prey animals that serve as either the second 

intermediate or paratenic hosts. Terrestrial lizards have 

been suspected to play a role in the P. fastosum life cycle 

as a paratenic host that they consume metacercariae-

infected terrestrial isopods. The terrestrial isopods receive 

the sporocyst by ingestion of land snails that previously 

consumed the environmentally contaminated P. fastosum 

eggs. So far, Subulina octona was reported as one of the 

first intermediate host whereas species of a terrestrial 

lizard (Anolis cristatellus) was reported as a paratenic host 

(Pinto et al. 2014).  

Although praziquantel is recommended as a specific 

treatment for P. fastosum infection in cats, the efficacy of 

this drug is low, with only 50% efficacy even at a high 

dose of 20mg/kg, as the adult worms were still present in 

the cat livers without egg shedding (Lathroum et al. 

2018). Whenever a new generation of anti-trematode 

agent becomes available, dosage titration studies will be 

required for drug efficacy evaluation. A fundamental 

knowledge of P. fastosum tegument structure is critical to 

assist in determining the mode of action and drug efficacy 

analyses. The trematode’s tegument is an interface layer 

that plays a vital role in maintaining the homeostasis of 

the parasite, for example, nutrient absorption, waste 

product exchange, osmoregulation, self-protection from 

host digestive enzymes and immune responses. Therefore, 

disruption of a functional tegument is likely to have 

significant effects on the sensory stimuli received by the 

parasite (Sobhon et al. 2000). Since the tegument releases 

many of the antigens that can stimulate host immune 

system, it is considered a primary target for any rational 

drugs and vaccines (Loukas et al. 2007). 

Electron microscopic techniques have been used to 

elucidate the effect of anthelminthics on tegumental 

function and stability (Toner et al. 2009; Toner et al. 

2010). These techniques can be used to determine the 

surface topography of the parasite and to investigate the 

common and unique characteristics among the family 

(Threadgold 1976). Previous studies on ultrastructural 

characteristics of the tegument have been conducted with 

the following trematodes that might be found in the bile 

ducts of cats: Paragonimus spp. (Proctor and Gregory 

1974), Paragonimus westermani (Lee et al. 1987), 

Clonorchis sinensis (Fujino et al. 1979), Opisthorchis 

viverrini (Apinhasmit et al. 1994), and Schistosoma 

japonicum (Gobert et al., 2003). However, to the authors’ 

knowledge, no such studies have been conducted with 

both the adult worms and eggs of P. fastosum.  

The pre-mortem diagnosis of feline platynosomiasis 

has mainly relied on conventional coprological and 

microscopic techniques to demonstrate the P. fastosum 

egg in cat fecal samples. Centrifugal sedimentation 

technique is the method of choice to detect operculated 

fluke eggs (Willard 2000). However, conventional 

microscopic examination yielded low sensitivity of 

detection in cases with light infections due to the nature of 

intermittent egg shedding by P. fastosum (Willard 2000; 

Shell et al. 2015). According to previous reports, the size 

of P. fastosum egg was 34-50m in length and 23-35m 

in width. The egg was operculated, brown, oval in shape 

and contain a fully developed miracidium (Basu and 

Charles 2014). To avoid false positive diagnoses, an 

experienced microscopic examiner is required to 

differentiate this egg from other helminth eggs and 

pseudoparasites. Also, if variable size and shape 

differences of P. fastosum eggs would exist depending 

upon their maturation and fertilization phases as well as 

inconsistent egg shedding pattern, the knowledge on these 

variations should be established in order to achieve the 

accurate final diagnosis of P. fastosum infection.  

Consequently, the purposes of this study were to 

perform a comprehensive approach using a 

stereomicroscope, a light microscope, a scanning electron 

microscope (SEM) and a transmission electron 

microscope (TEM) to reveal the macroscopic 

morphology, microscopic morphology with and without 

carmine staining, histological features by hematoxylin and 

eosin staining and ultrastructural morphology of P. 

fastosum adult worm as well as the structural organization 

of P. fastosum tegument, respectively. Also, the variation 

in morphology and size of P. fastosum eggs was assessed 

using microscopic examination together with topographic 

ultrastructural assessment for the first time. This valuable 

information could provide fundamental knowledge as a 

basis for anthelminthic drug and vaccine efficacy 

evaluation that may affect tegumental structures and 

functions of P. fastosum in future anthelminthic studies. 

 

MATERIALS AND METHODS 

 

Ethical Statements 

The protocol of this study was approved by the 

Faculty of Veterinary Science, Animal Care and Use 

Protocol (VET-ACUP) and Institutional Biosafety 

Committee (CU-VET-IBC), Chulalongkorn University, 

Thailand (IACUC No. 2031011 and IBC No. 2031054). 

All the cats that were recruited to this study had their 

owners’ consent. 

 

Sample Collection, Microscopic Examination and 

Sample Preservation 

Isolation of P. fastosum Adult Fluke from the 

Necropsy of Cat Carcasses 

Platynosomum fastosum adult flukes were dissected 

from the liver and gallbladder of naturally infected cats 

that were brought for routine post-mortem diagnosis in the 

Pathology Unit, Faculty of Veterinary Science, 
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Chulalongkorn University, Thailand. Three P. fastosum- 

infected carcasses were recruited in this study to compare 

the differences of adult fluke morphology by SEM in 

which the flukes were collected from partially autolyzed 

and fresh carcasses. The first and the second P. fastosum-

infected carcasses were stored in 4°C for 2 and 3 days, 

respectively, before the necropsy day whereas the third 

carcass was freshly obtained soon after death. Since the 

last cat yielded fresh and alive P. fastosum adult flukes, its 

adult worms were selected for detailed tegumental surface 

study using SEM. During necropsy of these 3 carcasses, 

sterile normal saline was used to thoroughly flush the 

biliary tracts and gallbladder. The collected adult flukes 

were rinsed at least 3 times with 50mL sterile normal 

saline followed by a quick rinse with distilled water to 

remove the salt. For unstained adult samples, a randomly 

selected intact fluke was immediately brought for size 

measurement using a ruler and for morphology record 

using a stereomicroscope (OLYMPUS, Japan). To 

preserve adult fluke samples for carmine staining, the 

parasite specimens were fixed in 10% formalin for 4 days. 

For sample preparation for SEM and TEM, adult worms 

were fixed in 2.5% glutaraldehyde in 0.1M, phosphate 

buffer, pH 7.2 at 4°C for 2 and 8 days, respectively. 

 

Recovery of Platynosomum fastosum Eggs from Cat 

Fecal and Bile Samples 

Platynosomum fastosum infected cats had been 

previously diagnosed by coprological diagnosis as part of 

another study. The recovery of P. fastosum egg from the 

fecal samples was conducted as previously described 

(Jitsamai et al. 2021). Fecal samples were collected per 

rectum and/or colon with a flushing technique using 

sterile normal saline followed by a PBS-ethyl acetate 

centrifugal sedimentation technique and microscopic 

examination using a light microscope (Olympus, Japan). 

Images of all P. fastosum eggs were recorded for further 

morphological analysis.  

Five of these fecal egg-positive cats were recruited to 

pursue bile sample collection for another clinical study 

and for ultrastructural morphology analysis of P. fastosum 

egg. Cats were not allowed to feed and drink for 12hrs 

before blood collection for blood chemistry and 

hematology assessment to ensure their safety during 

sedation and anesthetization. Then, they were sedated 

with 15μg/kg dexmedetomidine via an intramuscular 

route and were allowed to rest for 5-10min. After 

sedation, cats were induced with 4mg/kg propofol 

intravenously. Before intubation, 0.1mL 2% lidocaine 

solution was locally dropped at the laryngeal area to 

prevent the laryngospasm. An endotracheal tube, size 3.5-

4.5mm, was intubated with lubricant covering the cuff of 

endotracheal tube. The tube was related to the ventilator 

machine and maintained with isoflurane. During the 

anesthetic process, the heart rates, respiratory rates, 

indirect blood pressure and oxygen saturation of patient 

cats were closely monitored. Using ultrasound-guided 

percutaneous cholecystocentesis (PUC) method 

performed under the recovery of anesthesia, a total sample 

of 3-5mL of bile fluid was withdrawn from the 

gallbladder of each cat using 22G, 1.5inch-needle. A wet 

bile mount was performed on a glass slide followed by 

microscopic examination of the eggs with morphological 

assessment. For the P. fastosum egg-containing bile 

sample preparation for SEM, a collected bile sample was 

centrifuged at 500xg for 5min at 4°C and the supernatant 

was discarded to obtain P. fastosum-containing bile 

sediment. To rinse the bile sediment, the sample was then 

resuspended with phosphate-buffered saline and 

centrifuged for 10min with repeated steps followed by 

washing with distilled water. Thereafter, the fluke egg-

containing sediment was fixed in 2.5% glutaraldehyde in 

0.1M phosphate buffer, pH 7.2 at 4°C for 6 days before 

SEM processing. 

 

Carmine Staining 

Carmine staining was performed according to the 

method previously described  (Marhaba and Haniloo 

2018). Briefly, after the fixation of the P. fastosum adult 

parasites in 10% formalin for at least 24hr, they were 

stained with Semichon’s acetic carmine overnight and 

then destained with 1% HCl for 5min and 70% ethanol for 

5min. Then, dehydration was performed with a graded 

series of ethanol (30, 50, 70, 95, 100% for 10min each and 

100% twice), followed by clearing in xylene for 5min and 

mounting the specimen with permanent medium 

(Permount, Sigma-Aldrich Co.). 

 

Histological Examination of P. fastosum Adult Worm 

The formalin-fixed paraffin-embedded (FFPE) adult 

parasite specimens were prepared as previously described 

with slight modification (Anuracpreeda et al. 2016). 

Briefly, the adult worms were fixed in 10% formalin for 

24hr, then rinsed with tap water and placed in 70% 

ethanol for 24hr at room temperature. They were then 

dehydrated using a graded series of ethanol (70, 80, 95, 

100% for 1hr each and twice), cleared in xylene for 1hr, 

twice and then paraffin impregnated for penetration of the 

tissues for 1hr, twice using an automatic tissue processor 

(SAKURA VIP S Jr, Japan). Subsequently, the specimens 

were embedded in paraffin and sliced to a 3-μm-thick 

section using a microtome (HESTION ERM3000, 

Australia), followed by staining with hematoxylin and 

eosin (H&E) using an automatic staining machine (MYR 

SS30, Spain) and mounted with a permanent medium 

(Neo-Mount, Merck, Germany) before microscopic 

examination. 

 

Scanning Electron Microscopy of P. fastosum Adult 

Worms and Eggs 

Necropsy-Derived P. fastosum Adult Worms 

The 2.5% glutaraldehyde-fixed adult parasite 

specimens were prepared according to the method 

previously described (Anuracpreeda et al. 2015). Briefly, 

the specimens were rinsed twice with phosphate-buffered 

saline and washed once with distilled water for 10min 

each. After washing, the specimen was dehydrated with 

graded series of ethanol (30, 50, 70, 95, 100% for 10min 

each and 3 rounds for 100%), followed by drying in 

critical point dryer (Leica model EM CPD300, Austria). 

The specimens were later mounted on aluminium stubs 

and coated with gold using sputter coater apparatus 

(Blazers model SCD 040, Germany), at 15mA for 3min. 

Finally, the specimens were examined under a scanning 

electron microscope (JEOL JSM-IT300LV, Japan). 
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Bile-Derived P. fastosum Eggs 

A 2.5% glutaraldehyde-fixed fluke egg sediment 
retrieved from a cat bile sample was further processed for 
SEM according to previously published protocol (Shin et 

al. 2009). Cover slip was prepared by cutting into small 
pieces (size less than 1cm2). The specimen was coated 
with a drop of poly-L-lysine for 10min followed by 
transferring it onto a cover slip. After 15min, the cover 

slip was rinsed two times with phosphate-buffer saline 
and washed once with distilled water (3-5min in each 
step). After washing, the specimen was dehydrated with 
graded series of ethanol (concentration of 30, 50, 70, 95, 

100% for 10min in each step and 3 rounds for 100%). The 
specimen was then dried in critical point dryer (Leica 
model EM CPD300, Austria). After drying, the egg 
samples were stuck on aluminium stubs using double 
sided carbon adhesive tape and coated with gold using 

sputter coater apparatus (Blazers model SCD 040, 
Germany) at 25mA for 2min. Then, the sample was 
examined under SEM (JEOL JSM-IT300LV, Japan). 
 

Transmission Electron Microscopy of P. fastosum 

Adult Worms 

The 2.5% glutaraldehyde-preserved P. fastosum adult 

samples were prepared according to the protocol 

described  (Anuracpreeda et al. 2016) with slight 

modification on filtration step. For the washing step, 

phosphate buffered saline was used to wash 3 times and 

post-fixed in 1% osmium tetroxide in 0.1M sodium 

cacodylate buffer, pH 7.2 at 4°C for 1hr. Thereafter, the 

specimen was washed in distilled water and subsequently 

incubated in 0.5% aqueous solution of uranyl acetate, pH 

5.0, containing 45mg/mL sucrose, at 4°C for 20min. Then, 

the specimen was washed 3 times in distilled water, 

followed by dehydration in graded series of ethanol 30, 

50, 70, 95 and 100%, 10min for each step. Subsequently, 

the tissue blocks were infiltrated using 1:1 ratio of 

propylene oxide and resin mixture containing Araldite-

502, Dodecenyl Succinic Anhydride (DDSA) and 

Dimethylaminomethyl-phenol (DMP-30) (EMS, Hatfield, 

USA) at room temperature overnight. Then, the specimens 

were transferred to pure Araldite-502 for at least 12hr at 

room temperature and incubated at 60◦C for 48hr. Thin 

sections were cut and collected on formvar-coated 300-

mesh copper grids. Then, ultrathin sections were stained 

with uranyl acetate and lead citrate for 30min each. 

Finally, ultrastructural characteristics of P. fastosum was 

checked using TEM (JEOL JEM, 2100, Japan), operating 

at 80kV. 
 

RESULTS 

 
Morphology of P. fastosum Adult by Macroscopic 

Examination 
At necropsy, several adults P. fastosum worms were 

dissected from the biliary tracts and a gallbladder of a 
naturally infected cat carcass and placed in 60mm-Petri 

Dish containing sterile normal saline. The natural color of 
this worm was reddish brown (Fig. 1A). Based on a ruler 
placed underneath the Petri Dish, the size of this selected 
worm was 4.5mm in length and 1.5mm in width. The 

uterus filled with eggs was dark brown in color beginning 
two third of the worm’s body extending to the posterior 
end (Fig. 1B). 

 
 

Fig. 1: Morphology of Platynosomum fastosum freshly isolated 

at necropsy of a fresh cat carcass. (A) P. fastosum adult flukes 

dissected from a cat’s liver and placed in sterile normal saline in 

a 60mm Petri Dish. (B) The adult P. fastosum can be seen to be 

about 5mm in length being also translucent and slightly reddish 

brown. 
 

Morphology of P. fastosum Adult by Microscopic 

Examination 

With higher magnification under the 

stereomicroscope, the P. fastosum adults were lanceolate 

in shape (Fig. 2). The internal organs in the unstained 

worm were clearly visible (Fig. 2A). Better contrast of 

certain organs, i.e., testes, ovary and vitelline glands of 

this worm were clearly demonstrated by carmine staining 

(Fig. 2B). The bilateral intestinal ceca extending to the 

terminal end and vitelline ducts were present in unstained 

worm (Fig. 2A) whereas they were not easily apparent in 

this carmine-stained worm (Fig. 2B). These two selected 

worms had a size of 4.4mm in length and 1.2mm in width. 

The whole body was flat, spineless, and elongated with 

two prominent suckers, oral and ventral. The anterior end 

was slightly rounded with the oral sucker and the body 

was tapered posteriorly. Both oral and ventral suckers 

were circular in shape. The beginning of the cirrus sac 

occurred near the bifurcation of the intestinal caeca. Two 

similar-sized lobular testes were arranged in side-by-side 

and located in the anterior half of the worm. Below the 

testes, an oval-shaped ovary was located just to the right 

of the median vertical axis of the worm. The dark coiled 

uterus filled with many dark brown eggs occupied two 

third of the body and extended to the terminal end. Below 

the common genital pore, the uterus passed through the  
 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2: Adult Platynosomum fastosum observed under the 

stereomicroscope. (A) Fresh and unstained P. fastosum adult 

fluke had a translucent tamarind leaf-like shape. (B) Carmine 

staining of adult fluke revealed a different contrast and clear 

visibility of certain organs. Note: oral sucker (OS), cirrus sac 

(CS), ventral sucker (VS), two testes in side-by-side position 

(T), intestinal caeca (I), ovary (O), vitelline gland (V) and uterus 

filled with eggs (U). 
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median axis between 2 testes. Additionally, numerous 

vitelline follicles were bilaterally formed into glands at 

the middle region of the body (Fig. 2A and B). 

 

Characteristics of P. fastosum Adult Examined by SEM  

Whole Ventral Body 

To compare the morphology of the ventral body 

surface of P. fastosum specimens, 3 P. fastosum adult 

flukes were collected from each of the 3 different 

naturally infected cats by necropsy. The worms in Fig. 3A 

and 3B were not collected from fresh cat carcasses as the 

carcasses were kept at 4°C for 2 and 3 days, respectively, 

prior to necropsy and worm fixation. From the scanning 

electron micrograph, the body of both worms was relaxed 

with a protruded cirrus midway between oral sucker and 

ventral suckers (Fig. 3A and 3B). In contrast, the worm 

isolated from a recently dead cat and immediately fixed 

with 2.5% glutaraldehyde seemed to be slightly contracted 

without a protruded cirrus (Fig. 3C). The general 

morphology of all 3 flukes was a symmetrical tamarind 

leaf-like shape and dorsoventrally flattened. The mean 

body size of these 3 worms (mean±SD) was 4.1±0.21mm 

in length and 1.2±0.14mm in width. The oral sucker was 

located in a subterminal position, and the ventral sucker 

was located about one fourth of the body length from the 

anterior end. The oral sucker was smaller than the ventral 

sucker. The opening of oral sucker faced anteroventrally 

whereas that of ventral sucker faced ventrally. For this 

freshly preserved fluke (Fig. 3C), the common genital 

pore without protruded cirrus was located on the midline 

between the oral and ventral suckers. When the body 

length of this worm was arbitrarily divided into three 

regions, anterior, middle, and posterior, the widest part of 

the body was located around the end of two thirds of the 

body. Below the widest part, the body is slightly tapering 

down to posterior end (Fig. 3C). 
 

 
 

Fig. 3: SEM micrographs of the whole ventral body of 3 

Platynosomum fastosum adult flukes collected from 3 different 

infected cats by necropsy. (A and B) Before fixation, both adult 

worms were not freshly collected from cat carcasses as the 

carcasses were kept at 4°C for 2 and 3 days, respectively, before 

the necropsy days. The cirrus (CR) of both worms protruded 

from the body midway between the oral sucker (OS) and the 

ventral sucker (VS). (C) The worm was isolated from a recently 

dead cat and immediately fixed with 2.5% glutaraldehyde at 

4°C. The common genital pore (CG) was seen without a 

protruding cirrus. When the body length of this worm was 

arbitrarily divided into 3 regions: anterior, 1; middle, 2, and 

posterior, 3, the widest part of the body was located around two 

thirds of the body. Note for the image magnification: A, 35x; B 

and C, 30x. 

 

Oral Sucker and Associated Papillae 

From the worm in Fig. 3C, detailed structures were 

further demonstrated with higher magnification (Fig. 4). 

The oral sucker of this P. fastosum adult fluke was 

slightly ellipsoidal in shape. The dimension of oral sucker  

opening was 125µm in horizontal diameter and 75µm in 

vertical diameter (Fig. 4A). When the apical area of the 

oral sucker was further enlarged, a number of papillae and 

pores of gland cells were presented. The tegument at the 

apical region of the oral sucker showed a wrinkled 

surface. The papillae were scattered on the apical region 

(Fig. 4B) and evenly distributed on the perimeter of the 

oral sucker’s aperture (Fig. 4C). In some area between 

each papilla, pores of gland cells were clustered (Fig. 4B). 

For the perimeter of the oral sucker’s aperture, concentric 

arrangement of papillae with 8 papillae on each side was 

somewhat symmetrically demonstrated. Between the 

lining of these papillae, the corrugated folds and grooves 

were radially arranged towards the center of the oral 

sucker opening. These corrugations structurally made the 

oral sucker discrete from the body tegument. Inside the 

concave side of oral sucker, a pair of papillae was located 

on the roof of both sides (Fig. 4C). On the oral sucker, at 

least 3 types of papillae were demonstrated composed of a 

plate papilla, a button papilla, and a dome papilla. The 

plate papilla was flat and associated with cross-linking 

folds. The size of a plate papilla is >5µm in diameter (Fig. 

4D). The button papilla was constructed from extensive 

binding of tegument folds and immersed their lining 

inside the tegument depression. The diameter of a button 

papilla was >5µm (Fig. 4E). The domed papilla protruded 

from the surface and was surrounded by tegumental folds 

with a diameter of <10µm (Fig. 4F). 

 

Ventral Sucker and Associated Papillae 

The surrounding tegument surface of ventral sucker 

seemed to protrude with large corrugating structures. The 

aperture of this ventral sucker was about 175µm in 

horizontal diameter and about 100µm in vertical diameter. 

A number of papillae were symmetrically dispersed on both 

outer and inner rims of the ventral sucker. On the outer rim, 

6 papillae were arranged in a hexagonal shape (as shown by 

a connecting imaginary broken line) with radially arranged 

folds and grooves (Fig. 5A). Interestingly, another worm 

collected from the same cat carcass, happened to have a 

naturally everted ventral sucker making the original internal 

hollow structure of the concavity become exposed as a 

smooth dome shape decorated with papillae at its base and 

its surface. A similar hexagonal arrangement of papillae 

located on the outer rim of the ventral sucker was also 

found (Fig. 5B). At the 430x magnification to enhance the 

square inset in Fig. 5A, circular arrangement of 10 papillae 

on the inner rim of the ventral sucker are shown (Fig. 5C). 

At 5,000x magnification to enhance the papillae on the 

outer and inner rim of the ventral sucker indicated in Fig. 

5A with a white arrow and a black arrow, respectively, a 

dome-shaped papilla on the outer rim seemed to have a 

couple of crossing folds on the surface with incomplete 

tegument depression at their base (Fig. 5D), whereas a 

dome-shaped papilla on the inner rim had a smooth surface 

(Fig.  5E).  The size of these papillae was similar at about 

10µm in diameter. 
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Fig. 4: SEM micrographs of an adult Platynosomum fastosum oral sucker and associated papillae. (A) The apical and central areas of 

the oral sucker are shown and further enlarged in (B) and (C), respectively. (B) On the apical surface of the oral sucker, a number of 

papillae (Pa) and pores of gland cells (Gc) are present. (C) Concentric arrangement of a number of papillae (Pa) and radial 

arrangement of folds (fo) and grooves (gr) are on the perimeter of the oral sucker’s aperture. (D-F) At least 3 types of papillae were 

demonstrated composed of a plate papilla (P-Pa), a button papilla (B-Pa) and a dome papilla (D-Pa) in which the papillae indicated 

with a white arrow, a black arrow, and a white arrowhead in Fig. 4B, Fig. 4A, and Fig. 4C were respectively enlarged. Note for the 

image magnification: A, 300x; B, 800x; C, 566x (digital zoom); D-F, 5,000x. 
 

 
 

Fig. 5: SEM micrographs of Platynosomum fastosum adult fluke’s ventral sucker and associated papillae. (A) On the outer rim of the 

ventral sucker, 6 papillae (Pa) were arranged in hexagonal shape as shown by a connecting broken line. (B) The ventral sucker of 

another worm, collected from the same cat carcass, happened to be naturally everted making the original internal hollow structure of 

the concavity appear as a smooth dome shape decorated with papillae at its base and its surface. The similar hexagonal arrangement of 

papillae (Pa) located on the outer rim of the ventral sucker are also shown through a connecting broken line. (C) Enlargement of the 

rectangle inset in Fig. 5A, circular arrangement of papillae on the inner rim of the ventral sucker are clearly shown. (D and E) From a 

white arrow and a black arrow indicated in Fig. 5A, dome-shaped papillae (D-Pa) were shown. Note for the image magnification: A, 

300x; B, 250x; C, 430x (digital zoom); D and E, 5,000x. 
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Cirrus 

Between the oral and ventral suckers, the cirrus was 

extruding on a worm collected from 2 different cat 

carcasses. From the same worm presented in Fig. 3A 

(retrieved from a partially autolyzed carcass kept at 4°C 

for 2 days before necropsy followed by fixation of the 

worm), the surface of this protruded cirrus revealed an 

annularly folded structure (Fig. 6A) whereas the cirrus of 

the worm isolated from a recently dead cat carcass 

followed by immediate preservation had a reverse funnel 

shape with a wrinkled surface (Fig. 6B). 
 

 
 

Fig. 6: SEM micrographs of the male reproductive organ, the 
cirrus, of Platynosomum fastosum adult flukes collected from 2 

different cat carcasses. (A) From the same worm presented in 
Fig. 3A, retrieved from a partially autolyzed carcass kept at 4°C 

for 2 days before necropsy followed by fixation of the worm, the 
surface of this protruded cirrus revealed an annularly folded 

structure. (B) From the worm isolated from a recently dead cat 
carcass followed by immediate preservation, a reverse funnel 

shape with a wrinkled surface of this cirrus being shown. Note 

for the image magnification: A, 1,600x and B, 1,200x. 
 

Anteroventral Region of the Worm and Associated 

Papillae 

To demonstrate the tegument and associated papillae in 

the areas below the oral and below the ventral suckers, 

images from a rectangle and a square inset from Fig. 7A 

were further enlarged. Below the oral sucker towards the 

upper area of the ventral sucker, papillae were bilaterally 

lined in a vertical row (Fig. 7B). The tegumental surface 

below a ventral sucker was decorated with the same type 

of papillae and they were sparsely scattered (Fig. 7C). The 

papillae found in both regions seemed to be similar in 

shape. Based on the 2 representative papillae below the 

ventral sucker area indicated with white arrows in Fig. 7C, 

these papillae were embedded among tightly dense 

columnar tegumental projection (Fig. 7D). From the 

square inset image in Fig. 7D, a rosette cauliflower-

shaped papilla was observed with its series of tightly 

packed tegumental projections and surface outgrowths. 

The size of this rosette papilla was <5µm in diameter (Fig. 

7E). 

 

Ventral and Dorsal Tegument of the Adult Worm  

Based on 3 randomly selected ventral tegument shown in 

inset images (Fig. 8A), the topographical characteristics of 

anteroventral region was covered with slender villous-like 

projections that were densely packed (Fig. 8B). For the 

middle part of the ventral body, a lattice of irregular sized 

knob-like projections surrounded by shallow furrows 

made the tegumental surface look knobbly (Fig. 8C). For 

the posteroventral surface, the short finger-like projections 

were consistent in size and were densely packed thus the 

bottom of the furrow was not visible (Fig. 8D). For the 

tegument of the dorsal side, 3 inset images were also 

randomly selected for examination of the anterior, middle, 

and posterior regions (Fig. 8E). For the anterodorsal 

region, villous-like projections of tegument were formed 

as transverse bundle or fold alternating with horizontal 

groove (Fig. 8F). At the middle part of the dorsal 

tegument, a lattice of irregular size of lumps incorporated 

with shallow furrows made the surface look lumpy (Fig. 

8G). For the posterodorsal section, the short finger-like 

projections were consistent in size and densely packed 

thus the bottom of the furrow was not visible (Fig. 8H). 

 

Dorso-Apical and Posterior Terminal End of the Adult 

Worm 

Dorso-apical region showed a few papillae scattered 

as a single or in groups (Fig. 8I). For this single papilla 

(arrowhead indicated in I), a dome-shaped papilla was 

observed (Fig. 8J). A small indentation at the termination 

of the posterior body was present (Fig. 8K). This was the 

excretory pore (Ep) exhibiting a hole-like structure (Fig. 

8L). 
 

 
 

Fig. 7: SEM micrographs of Platynosomum fastosum adult 
fluke’s anteroventral region and associated papillae. (A) 

Rectangle and square inset images of the tegument area between 
the oral and ventral suckers and the area below ventral sucker 

were further enlarged in (B) and (C), respectively. (B) Below the 
oral sucker towards the upper area of the ventral sucker, a row of 

papillae was arranged in a linear pattern on both sides. (C) The 
tegumental surface below a ventral sucker was decorated with 

the same type of papillae being sparsely scattered. (D) Two 
representative papillae indicated with white arrows in (C) were 

further enlarged. These papillae were embedded among tightly 
dense columnar tegumental projections. (E) From the square 

inset image in (D), a rosette papilla (R-Pa) was classified based 
on the cauliflower-like outgrowth of the surface. Image 

magnification: A=80x; B=376x (digital zoom); C=500x; D=5, 
000x; E=10,000x. 
 

Morphology of the Bile-Derived P. fastosum Eggs from 

Microscopic Examination 

To observe the morphology of P. fastosum eggs from 

the original  source  where  the  adult worms shed and 

deposit their eggs into the gall bladder, PUC was 

performed  to  collect  the  bile  from P. fastosum-infected  
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Fig. 8: SEM micrographs of ventral and dorsal tegument as well 

as dorso-apical and posterior terminal end of adult fluke 

Platynosomum fastosum. (A) For the ventral side, the tegument 

of the anterior, middle, and posterior regions was randomly 

selected to be enlarged as indicated inset images. (B) For the 

tegument of anteroventral region, the different height of slender 

villous-like projection was found densely packed. (C) A lattice 

of irregular size of knobs surrounded by shallow furrows made 

the tegumental surface of the middle part of the ventral body 

knobbly. (D) For the posteroventral part, the short finger-like 

projections were consistent in size and were densely packed thus 

the bottom of the furrow was not able to be seen. (E) For the 

dorsal side, the anterior, middle, and posterior regions of the 

tegument were also randomly selected as indicated inset images. 

(F) For the anterodorsal region, villous-like projections of 

tegument were formed as transverse bundle or fold (black arrow) 

alternating with horizontal groove (white arrow). (G) At the 

middle part of the dorsal tegument, a lattice of irregular size of 

lumps incorporated with shallow furrows made the surface 

lumpy. (H) For the posterodorsal part, the short finger-like 

projections were consistent in size and were densely packed thus 

the bottom of the furrow was not able to be seen. (I) Dorso-

apical region showed a few numbers of papillae scattered as a 

single or in group. (J) For this single papilla (arrowhead 

indicated in I), dome-shaped papilla was presented. (K) 

Indentation at the posterior terminal end was shown. (L) 

Enlargement of (K), excretory pore (Ep) exhibiting a hole-like 

structure was clearly present. Image magnification: A and 

E=30x; B-D and F-G=5000x; I=1000x; J=5000x; K=500x; 

L=3000x. 

 

cats followed by wet mounts of the bile. Under a light 

microscope at 40x magnification, the natural dark brown 

color of unstained P. fastosum eggs was clearly 

discernible (Fig. 9A). At 100x magnification, a varied size 

of P. fastosum eggs was presented (Fig. 9B). Before 

submission of bile-derived P. fastosum eggs for scanning 

electron microscopy (shown in Fig. 11), eggs washed and 

then fixed in 2% glutaraldehyde revealed different sizes 

and color shades of eggs trapped within background bile 

debris (Fig. 9C). Typical and atypical P. fastosum eggs 

were observed. At 400x magnification, the P. fastosum 

egg was operculated, brown, and elliptical in shape 

containing well-developed ciliated miracidium in which 2 

clusters of germ balls were located on its posterior. Its size 

was 44m in length and 32m in width. An abopercular 

knob was present on the thick shell opposite to the 

operculum (Fig. 9D). Apart from the typical form in 

which most of the structures were clearly visible, P. 

fastosum egg morphology with a long elliptical shape 

containing undefined miracidium, developing embryos 

associated vitelline cells, were demonstrated (Fig. 9E). In 

Fig. 9F, the typical form of P. fastosum eggs happened to 

be located above another form for morphological 

comparison. The egg in the lower left corner was found to 

be smaller and lighter in color than did the typical egg. 

With a distinct operculum and thicker eggshell, this egg 

had large and scattered germ balls inside the undefined 

content. In addition to 3 different types of P. fastosum egg 

morphology commonly seen in bile from our study, 

atypical morphology of P. fastosum eggs derived from 

one cat was also found as smaller in size but with 

consistent brown color (Fig. 9G-I). Three eggs were 

subspherical embryonated with one egg having an 

extended large lobe (Fig. 9G). For the egg in the lower 

part of Fig. 9H compared to the upper one consistent to 

the morphology found in Fig. 9F, this egg was 

asymmetrically oval, small with inconsistent thickness of 

shell and without discernible content. Interestingly, there 

was an embryonated egg with morphology similar to 

conjoined twins with the atypical germ ball inside (Fig. 

9I). Variable size differences of P. fastosum eggs selected 

for analysis were shown (Table 1). As a result, the bile 

eggs were proposed to be classified into three groups: 

mature, immature and unfertilized eggs (Fig.  9D-F). 

 

Morphology of the Cat Feces-Derived P. fastosum 

Fluke Eggs from Microscopic Examination 

To observe the morphology of P. fastosum eggs 

isolated from infected cat fecal samples and to compare 

with the morphology of P. fastosum eggs found in bile, 

centrifugal sedimentation was performed followed by 

microscopic examination under a light microscope. At 

least 3 forms of P. fastosum egg were found. Similar to 

the P. fastosum eggs collected from bile sample, the first 

form was typical as embryonated with a well-developed 

miracidium, operculated, brown, and elliptical in shape. 

Two clusters of germ balls were located on its posterior. 

An abopercular knob was not evidently present and 

located opposite to the operculum (Fig. 10A). For the 2nd 

form, operculated and long elliptical in shape containing 

undefined and granular embryo and possibly germ balls 

inside the egg were observed (Fig. 10B). For the 3rd form 

of P. fastosum eggs, they were smaller and lighter brown 

with a distinct operculum and thicker eggshell compared 

to the typical one. This type of egg had large and scattered 

germ balls inside the undefined internal content (Fig. 

10C). To show the comparative morphology of P. 

fastosum egg with other parasitic stages commonly found 

in cat feces, we demonstrated some selected fecal samples 

that happened to have other eggs beside the P. fastosum 

eggs. A partially sporulated Cystoisospora felis oocyst 

and an Ancylostoma spp. egg were located next to the P. 

fastosum eggs (Fig. 10D and Fig. 10E, respectively). 

Importantly, we would like to point out the finding of 

Trichuris spp. egg that was also brown in color and 

similar in size with P. fastosum. However, its barrel shape 

and bipolar plugs were important characteristics to 

differentiate Trichuris spp. from P. fastosum (Fig. 10F).
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Fig. 9: Morphology of Platynosomum fastosum eggs collected from bile samples of infected cats and observed by microscopic 

examination. (A) The natural dark brown color of P. fastosum eggs was discernible at low magnification, 40x. (B) At 100x 

magnification, a varied size of P. fastosum eggs was noted. (C) Before submission of bile-derived P. fastosum egg for scanning 

electron microscopy (shown in Fig. 11), sampling of eggs post sample preparation revealed different sizes and color shade of eggs 

trapped within bile debris background. (D) A mature P. fastosum egg was operculated, brown, and elliptical in shape containing a 

well-developed miracidium in which 2clusters of germ balls were located on its posterior. An abopercular knob was present on the 

thick shell opposite the operculum. (E) A P. fastosum egg exhibited a long elliptical shape containing undefined miracidium and 

possibly germ balls inside. (F) A comparison of 2 P. fastosum eggs presenting the differences in size and shape. To compare with the 

mature egg on the top, another type of P. fastosum egg was found to be smaller and lighter in color than the mature egg. With a distinct 

operculum and thicker eggshell, this egg had large and scattered germ balls inside the undefined content.  (G-I) Apart from P. fastosum 

egg morphology commonly seen in bile from our study, atypical morphology of P. fastosum eggs derived from one cat were also 

found as smaller in size but with consistent brown color. (G) Three of the eggs were subspherical embryonated with one egg having an 

extended large lobe. (H) For the lower egg compared to the upper one relevant to the morphology found in (F), this egg was 

asymmetrically small oval with inconsistent thickness of shell but without discernible content. (I) Morphology similar to conjoined 

twins of embryonated eggs were found with the atypical germ ball inside. Image magnification: A=40x; B and C=100x. 

 

 
 

Fig. 10: Morphology of Platynosomum fastosum eggs isolated from infected cat fecal samples by centrifugal sedimentation and 

examined under a light microscope. (A) A mature P. fastosum egg was embryonated, operculated, brown, and elliptical in shape. Two 

clusters of germ balls were located on its posterior. An abopercular knob was evidently not present and located opposite to the 

operculum. (B) A P. fastosum egg was operculated and long elliptical in shape containing undefined and granular embryo and possibly 

internal germ balls. (C) Another form of P. fastosum egg that was smaller, and a lighter brown color was found with a distinct 

operculum and thicker eggshell compared to the typical one in (A). This egg had large and scattered germ balls inside the undefined 

internal content. (D) A P. fastosum egg was shown beside partially sporulated Cystoisospora felis oocyst. (E) A P. fastosum fluke egg 

was shown next to Ancylostoma spp. egg. (F) Trichuris spp. egg was also brown in color and similar in size to P. fastosum, but its 

barrel shape and bipolar plugs were characteristics that clearly differentiate eggs of Trichuris spp. from P. fastosum. 
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Table 1: Measurements of Platynosomum fastosum eggs with variable sizes (n=68) in which these eggs were recovered from fecal and 

bile samples of 14 P. fastosum infected cats 
Typical/Atypical eggs Mean±SD (LxW) 

(µm) 

Typical/mature eggs (n=24) 

Dark brown and thick eggshell in elliptical shape, inconspicuous operculum at the anterior end, small 

knob in the posterior end, fully developed miracidium, bilateral 2 clusters of germ balls  

44.2±1.7x31.8±2.2 

Atypical/immature eggs (n=21) 

Dark brown and thick shell in long elliptical shape, unremarkable miracidium and germ balls 

43.5±2.0x27.1±2.0 

Atypical/unfertilized eggs (n=23) 

Lack of embryo and bubbles inside 

35.3±2.8x23.1±2.4 

 

Ultrastructural Characteristics of Bile-Derived P. 

fastosum Eggs Using SEM  

To observe the ultrastructural features P. fastosum 

egg surface, the egg sample directly taken from a gall 

bladder of infected cat by PUC shown by microscopic 

examination (Fig. 9C) was further subjected to SEM. 

Based on selected SEM micrographs of P. fastosum eggs 

retrieved from bile, the sizes of P. fastosum fluke eggs 

were slightly variable. In Fig. 11A, this egg had an oval 

shape with the size of 37.5m in length and 26.2m in 

width. The eggshell surface was smooth with 

inconspicuous operculum at the anterior end. At 6,000x 

magnification of the same egg, smooth surfaces of the 

operculum and eggshell were clearly demonstrated but the 

shoulder rim was not prominent (Fig. 11B). To 

demonstrate the posterior end of P. fastosum egg, an egg 

with an accidentally broken eggshell was selected to 

reveal the operculum, shoulder rim and irregular surfaceof 

abopercular knob at the terminal end (Fig. 11C). At higher 

magnification, the surface of the eggshell in the terminal 

region was confirmed to be smooth and the knob was still 

not very distinct (Fig. 11D). For this smaller sized P. 

fastosum egg, 35m in length and 25m in width, an 

unremarkable operculum, shoulder rim, and abopercular 

knob were present (Fig. 11E). An enlarged image of an 

abopercular knob revealed an irregular and slightly pointy 

surface at the posterior end (Fig. 11F). From the top view 

of another P. fastosum egg, the shape of the operculum 

was elliptical in shape (Fig. 11G). In Fig. 11H, the lateral 

view of this P. fastosum egg showed an elongated shape 

like a capsule with an inconspicuous shoulder rim located 

very close to the apical end. On the surface of this egg, 

grape-like clusters of cocci bacteria were found in which 

this was relevant to cholangitis status of this cat based on 

a culture result. 
 

Tegument of P. fastosum Adult Worm by H&E-

Stained Histological Examination 

To reveal the tegumental surface and partial internal 

structures of P. fastosum adult worms, the formalin-fixed 

paraffin-embedded adult parasites were prepared, and the 

cross sections were stained with H&E (Fig. 12A). After 

observing the parasite tissues at the apical part at 1,000x 

magnification, a thin layer of the tegument’s syncytium 

was revealed to be without spines. Underneath the 

reticular lamina layer, parenchyma cells were found in the 

internal region of the fluke which were connected by 

loose connective tissues (Fig. 12B). At this magnification, 

vitelline glands were composed of lobulated vitelline cells 

(Fig. 12C). The eggshell of P. fastosum was thick, brown 

and operculated. Inside the egg, a miracidium was visible 

with 2 clusters of germ balls located in the posterior end 

(Fig. 12D).  A cross section of the uterus of the worm 

showed a number of the contained fluke eggs (Fig. 12E).  

With enhancement of this image inset, amorphous shape 

of fluke eggs was present with thick and brown eggshell 

due to fixation and dehydration artifacts. Based on our 

finding, the thick brown eggshell nature of P. fastosum 

revealed similar morphology as the eggs from bile and 

feces as examined microscopically as described above 

(Fig. 12E and 12F). 

 

Ultrastructural characteristics of P. fastosum Adult 

Worm Using TEM  

Layers of the Tegument 

To observe the ultrastructural characteristics of the P. 

fastosum adult worms’ tegument, samples were fixed, 

sectioned, and processed for TEM. According to the 

components of organelles observed across the depth of 

tegument, tegument of P. fastosum can be divided into 3 

layers (Fig. 13A). The first layer is the outermost layer 

with villous-like tegumental projections in which their 

various lengths were alternately separated by tegument 

indentations. The exterior tegument surface was covered 

by trilaminate membrane with a glycocalyx and was 

devoid of spines (Fig. 13B). Next to the outermost layer, 

the second layer is tegument cytoplasm which contained 

tegumental granules, mitochondria and frequently 

distributed lysosomes as well as micro-trabeculae 

connecting with the surface syncytium. There were two 

types of tegumental granules, tegumental granule 1 (TG1) 

and tegumental granule 2 (TG2). TG1 was spherical in 

shape with an electron lucent matrix whereas TG2 were 

rod-shape having with electron dense matrices. Both TG1 

and TG2 were densely packed together near the outermost 

membrane. The tegument cytoplasm appears as a wide 

area. Due to the presence of microtrabeculae in tegument 

cytoplasm, it supports internal connections to the 

tegumental cells (Fig. 13C). The third layer is composed 

of a basal membrane with infoldings and laying on the 

basal and reticular laminae. Underneath the tegument  

syncytium, the areas of basal lamina, reticular laminae, 

muscle layer and subtegumental layer within tegument 

cytoplasmic process were enlarged (Fig. 13D). The basal 

lamina is composed of fibers and slightly stained particles. 

This layer is connected to the tegument syncytium by 

means of basal membrane infoldings. The basal lamina 

appeared to have a trilaminate membrane. Tightly packed  

filamentous structures were seen in this layer that was 

intertwined with a translucent gel like substances. This 

gel-like process connected to basal plasma membrane 

appears to fill continuously all the space between basal
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Fig. 11: SEM micrographs of bile-derived Platynosomum fastosum eggs directly collected from the gall bladder of infected cats. 

This sample was the same sample as shown in Fig. 9C for microscopic examination. (A) Inconspicuous operculum (Op) at the 

anterior end and not prominent shoulder (S) were shown from this tilted orientation of P. fastosum egg. (B) Smooth surfaces of the 

operculum (Op) and eggshell were clearly demonstrated but the shoulder rim (S) was not prominent. (C) With an accidentally broken 

shell, this P. fastosum egg revealed an operculum (Op), shoulder rim (S) and the irregular surface of abopercular knob (Kb) at the 

terminal end. (D) The surface of the eggshell at the terminal region was smooth and the knob (Kb) was not very distinct. (E) Another 

P. fastosum egg with unremarkable operculum (Op), shoulder rim (S), and abopercular knob (Kb) was present. (F) An enlarged 

image of an abopercular knob revealed an irregular and slightly pointy surface at the posterior end. (G) From the top view of the P. 

fastosum egg, the shape of the operculum (Op) was elliptical in shape. (H) The lateral view of this P. fastosum egg showed an 

elongated shape with an inconspicuous shoulder rim (S) located very close to the apical end. On the surface of this egg, grape-like 

clusters of cocci bacteria were found relevant to cholangitis of this cat. Note for the image magnification: Top row (A, C, E, G) and 

H, 2,500x; Bottom row (B, 6,000x; D and F, 10,000x). 
 

 
 

Fig. 12: Histological examination of a Platynosomum fastosum adult worm. (A) A cross section of P. fastosum adult was further 

enlarged in Fig. B, C and D. (B) At 1,000x magnification enlarged from the inset image in (A), a thin layer of tegument syncytium 

was revealed. Underneath the reticular lamina layer (Rl), parenchyma cells (PC) were found in the internal region of the fluke which 

were connected by loose connective tissues. (C) At 1,000x magnification, vitelline glands (V) were composed of lobulated vitelline 

cells. (D) The eggshell of P. fastosum was thick, brown and operculated. Inside the egg, a miracidium was present with 2 clusters of 

germ balls located in the posterior end. (E) A cross section of the worm uterus showed a number of fluke eggs inside in which this 

area was further enlarged in (F). (F) Amorphous shape of fluke eggs (Eg) was present with thick and brown eggshell. Note: H&E 

staining. 

 

membrane infoldings. Underneath the basal lamina, the 

reticular lamina was composed of fibers joining the 

tegument and underlying muscle layers. The lining of 

basal and reticular laminae was clear and exhibited a fine 

granular electron lucent matrix (Fig. 13D). The basal and 

reticular laminae proceed with a narrow channel that runs 

towards both outer and inner tegument. Under reticular 

laminae, there were two muscle layers of outer circular 

and inner longitudinal muscle layer. The subtegumental 

layer comprised of interstitial fibrous connective tissues. 

This subtegumental layer also contained limited number 

of secretory granules and trabeculae-like structures. The 

secretory granules and trabeculae passed across the 

granular cytoplasm (Fig. 13D). 
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Tegumental cells 

From the TEM micrographs of areas below the 

muscle layer of P. fastosum’s tegument, the tegumental 

cell body was present with basic cell structures including 

distinct nuclear envelope, nucleolus, and cytoplasmic 

processes (Fig. 14A). From the inset image, it was 

enlarged to show the components within the cytoplasm of 

tegumental cell. Both types of tegumental granules (TG1 

and TG2), secretory granules and Golgi bodies were 

demonstrated next to the nuclear envelope. Ribosomes, 

mitochondria, and rough endoplasmic reticulum were also 

seen. Inside the nucleus, patches of heterochromatin and 

euchromatin were present (Fig. 14B).  

In addition, the tegumental cell processes seem to be 

packed with microtubules, that are related to the 

tegumental syncytium by passing through the basal 

lamina. Moreover, the tegumental cell membrane was 

connected to nearby parenchymal cells, but their junctions 

were not clearly observed (Fig. 14A and Fig. 14B). 

 

Sperm Cells and Ova 

To observe the reproductive-related organelles and 

gametes, TEM micrographs of P. fastosum adult fluke’s 

oviduct were analyzed. At the edges of Fig. 15A, 2 oocytes 

were located among several spermatozoa. A number of 

mitochondria were observed in this area of the oviduct. 

With the magnification, cross sections and possibly sagittal 

sections of the congregation of several spermatozoa (Sp) 

show distinctive sperm heads and sperm tails associated 

with microtubules. The tail of each spermatozoon showed 

the presence of cortical microtubules however the pattern of 

microtubules could not be clearly identified. After 

syngamy, the section of microtubules can be observed at 

the peripheral area of fertilized ovum (Fig. 15B). 

 

 
 

Fig. 13: TEM micrographs of Platynosomum fastosum adult fluke’s tegument. (A) Cross section of tegument of P. fastosum showed 

3 layers of tegument syncytium according to the components of organelles; 1, outermost layer; 2, tegument cytoplasm containing 

tegumental granules and lysosomes; 3, the third layer that lied on basal lamina: basal lamina (Bl); reticular laminae (Rl); and muscle 

layer (Ml), respectively. (B) In further details of layer 1, tegument outermost layer was covered by outer membrane (Om) with cross 

section of glycocalyx (Gy). Tegument projections separated by tegument indentation (Ti) were observed in this outermost layer. (C) 

The second layer is tegumental cytoplasm which contained tegumental granules in which spherical tegumental granule with electron 

lucent matrix (TG1) and rod-shape tegumental granule with electron dense matrix (TG2), mitochondria (M), lysosomes (Ly) and 

micro-trabeculae (Mi) to connect surface syncytium. (D) The third layer lied on the basal lamina with numerous basal membrane 

infoldings (Bi) followed by reticular laminae (Rl). Underneath the reticular laminae, the muscle layer (Ml) was followed by 

subtegumental layer (Sl) within tegument cytoplasmic process (Tp). Note for the magnification of each image: A, 25,000x; B, 

51,600x; C, 33,536x and D, 41,735x. 
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Fig. 14: TEM micrographs of Platynosomum fastosum adult fluke’s tegumental cell cross section. (A) Under the muscle layer, 

tegumental cells show distinct nucleolus (N), nuclear envelope (Ne) and cytoplasmic process (Cp). (B) From the inset image in (A), an 

enlargement of the cytoplasm of tegumental cell, both tegumental granules (TG1 and TG2), secretory granules (SG) and Golgi bodies 

(Gb) are present next to the nuclear envelope (Ne). Ribosome (R), mitochondria (M) and rough endoplasmic reticulum (RER) were 

also present inside the cytoplasm of the tegumental cell. Note for the image magnification: A, 10,600x and 50,000x. 

 

 
 

Fig. 15: TEM micrographs of the oviduct of Platynosomum fastosum adult fluke. (A) Two oocytes (Oo) were surrounded by 

spermatozoa (Sp). A number of mitochondria (M) were observed inside the oviduct. (B) With the higher magnification, a cross section 

of several spermatozoa (Sp) showed distinct sperm heads (Sph) and sperm tails (Spt) associated with microtubules. Note for the 

magnification of each image: A, 10,000x; B, 50,000x. 

 

DISCUSSION 

 

In this study, we have investigated the morphology of 

P. fastosum adult flukes and eggs by gross examination 

and with different microscopic techniques. Using the 

naked eye, the size of this parasite was small, and its color 

was very similar to liver tissues (Fig. 1). To avoid 

overlooking this tiny worm, experience and care at 

necropsy are needed to diagnose this infection at necropsy 

especially when associated pathology or overt clinical 

signs are not present. To make the detection of adult P. 

fastosum more vivid and perhaps easy to spot during 

necropsy, we would like to compare the size of P. 

fastosum with a tamarind leaf which most of veterinarians 

in tropical countries are familiar with.  

When examined by using a stereomicroscope (Fig. 2), 

the morphology of unstained and stained adult flukes that 

we investigated were similar to previous reports on 

morphological description of P. fastosum and P. 

concinnum. Based on the description, paired anterior 

testes and vitellaria on the lateral margins are in line with 

previously descriptions (Bowman et al. 2002; Basu and 

Charles 2014). Paired anterior testes are presented in 

tandem position of D. dendriticum (Otranto et al. 2007), 

whereas two globular posterolateral testes are presented in 

Eurytrema coelomaticum (Leite et al. 2020). In Thailand, 

two additional genera of liver flukes have been reported in 

cats (Nimsuphan et al. 2001; Aunpromma et al. 2016) 

apart from P. fastosum, Opisthorchis viverrini and 

Clonorchis spp. belonging to the family, Opisthorchiidae. 

Although the size of these 2 trematodes is also small, the 

testes of all opisthorchids are located in the posterior part 

of the body (Enes et al. 2010). Therefore, based on adult 

worm morphology, we confirmed that the trematode used 

in this study was identified as P. fastosum. Since retrieval 

of P. fastosum-infected cat carcass was challenging at the 

beginning of our study, we initially obtained 2 partially 

autolyzed cat carcasses. With the preliminary microscopic 

examination of the worm morphology, their teguments 

and internal organs seemed to be intact, so they were 

subjected to sample preparation for SEM and 

visualization. At low magnification of SEM, the adult 

worms looked relaxed with a protruding cirrus (Fig. 3A 

and Fig. 3B) which may be its actual shape. However, 

with higher magnification, the tegument and suckers were 

degenerated (data not shown). We later obtained another 

carcass in fresh condition, and isolated adult parasites 

were then subjected to SEM processing. The fresh worms 
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provided a complete tegument, suckers and papillae, 

although the body seemed to be slightly contracted and a 

cirrus of one worm was not protruded (Fig. 3C) or 

protruded with wrinkled surface (Fig. 6B). To study the 

ultrastructural features of trematodes, we found that the 

freshness of sample is critical and cannot be prolonged in 

the refrigerator longer than one day. Also, to allow the 

adult worm to be more relaxed, the fixation process 

should be performed with warm fixative (González et al. 

2012). 

Based on the previous reports, the location of P. 

concinnum genital pore was at or rather anterior to the 

branching point of the intestinal ceca (Bowman et al. 

2002). This was in line with our results (Fig. 2B and Fig. 

3). Also, to observe the location of genital pores with or 

without cirrus protrusion by the SEM, their locations of 

all 3 P. fastosum worms were in the midpoint between the 

oral and the ventral suckers (Fig. 3). 

On the apical surface of the oral sucker, papillae and 

pores of gland cells were distributed. Similar to O. 

viverrini, numerous gland cells were found around the 

oral sucker (Apinhasmit et al. 1993). At least 3 types of 

papillae composed of plate, button and dome-shaped 

papillae were seen surrounding the oral sucker. The plate 

and button papillae seemed to be present on the apical 

region whereas dome papillae were present on the 

perimeter of oral sucker’s aperture (Fig. 4). To compare 

these papillae with another worm in the same family, the 

plate papillae of P. fastosum resemble to those of 

Dicrocoelium dendriticum plate papillae which are 

described as knob like structures, each with a hollow pit 

surrounded by fine meshwork of tegument ridges (Cifrian 

and Garcia-Corrales 1988). For the button papillae found 

on the oral sucker’s apical surface of P. fastosum, other 

trematode species also had similar papillae, for example,  

type C papillae of Clonorchis sinensis (Fujino et al. 1979), 

type B papillae of Gorgoderina attenuata 

(Nadakavukaren and Nollen 1975), and button papillae of 

Dicrocoelium dendriticum (Cifrian and Garcia-Corrales 

1988).  

P. fastosum’s dome papillae on the oral sucker 

aperture, outer and inner muscular rim of ventral sucker 

(Fig. 4; Fig. 5), highly resembled those described for F. 

hepatica (Bennett and Threadgold 1975), Gorgoderina 

vitelliloba (Hoole and Mitchell 1981), Paramphistomes 

(Eduardo 1982) and D. dendriticum (Cifrian and Garcia-

Corrales 1988). Ciliated papillae were not found in P. 

fastosum whereas a number of such papillae have been 

reported around oral and ventral sucker of other 

trematodes, such as Carmyerius spatiosus (Anuracpreeda 

et al. 2015), Orthocoelium parvipapillatum (Anuracpreeda 

et al. 2016), Fischoederius cobboldi (Anuracpreeda et al. 

2012) and Opisthorchis viverrini  (Apinhasmit et al. 

1993).  

Papillae perform various functions depending upon 

their locations (Hoole and Mitchell 1981). Previously, 

plate papilla has been shown to be responsible for 

chemoreceptive functions since this papilla was located 

around the oral sucker (Otubanjo 1985). Chemoreceptors 

play essential role for locating hosts and position within 

hosts since it can perceive chemical compound in their 

surrounding and responsible for sending this signal as 

intracellular messages. The button papillae might be 

involved with contact and mechanoreceptors since this 

papilla was found at the oral apical portion (Fujino et al. 

1979; Hoole and Mitchell 1981). Dome papillae of P. 

fastosum in the present study resemble the conical shape 

domed papilla of Gorgoderina vitelliloba and it could be 

tangoreceptors to respond to touch and pressure. Since 

domed papillae were situated on the outer and inner rim of 

both muscular suckers, this papilla might also serve as 

stretch receptors. Stretch receptors play critical roles for 

parasite movement, feeding and attachment (Hoole and 

Mitchell 1981). The presence of different types of papillae 

and gland cell pores on the apical region’s ventral surface 

suggested that oral apical placement plays a critical 

function for nutrient absorption and firm attachment to the 

host tissue (Apinhasmit et al. 1993). 

Due to presence of strong muscular suckers, the 

worm is able to firmly attach to the biliary epithelial wall. 

In addition, these suckers could be helpful for nutrient 

absorption and adaptation of hostile environment since 

number of papillae are distributed on outer and inner rim 

of both suckers. Interestingly, there were no spines on 

entire surface of P. fastosum. It has been noted that, 

suckers are potential targets for anthelmintics drugs 

(Krupenko 2019), so, we suggest that large muscular 

suckers of P. fastosum could be targeted to interrupt host-

parasite mechanism.  

The cirrus of P. fastosum was annularly folded and 

had no papillae. This feature is similar to other trematodes 

of same family such as D. dendriticum and E. 

coelomaticum, in which prominent extroversion of a 

smooth surfaced cirrus has been reported (Cifrian and 

Garcia-Corrales 1988; Leite et al. 2020). On the contrary, 

F. gigantica has a spinous cirrus dorsally (Dangprasert et 

al. 2001) and large number of papillae occur around the 

genital pouch of Paramphistomes (Eduardo 1982). For the 

new species descriptions of trematode by the light 

microscopy, the characteristic of cirrus is often used in 

species identification. However, as far as we know, very 

little SEM study conducted on the detailed surface 

description of other trematodes’ cirrus.  

Rosette papillae of P. fastosum were observed below 

the oral and ventral sucker. These rosette papillae 

resembled those described in Dicrocoelium dendriticum 

and Gorgoderina attenuata (Cifrian and Garcia-Corrales 

1988; Mata-López and León-Règagnon 2006) in which 

these papillae exhibited cauliflower-like structure. 

Considering their location around ventral midbody, rosette 

papillae might serve as tangoreceptors (Apinhasmit et al. 

1993). 

The tegument of P. fastosum possess a corrugated 

surface with slender villous-like projection structure as in 

O. viverrini, in which these projections were said to define 

a furrowed tegument (Scholz et al. 1992). F. cobboldi and 

F. gigantica differ in that they have corrugated transverse 

folds (Dangprasert et al. 2001; Anuracpreeda et al. 2012). 

Also, D. dendriticum was shown to have an oriented ridge 

network with tegumental vesicles (Cifrian and Garcia-

Corrales 1988). It is possible that the villous-like 

projections of P. fastosum are beneficial to enhance ionic 

exchange and osmolarity. It might be, as described 

previously that the arrangement of folds depends upon 

degree of muscular contraction, thus dorsal anterior region 

with transverse bundles of corrugated folds alternating 
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with horizontal grooves appear to be in a highly motile 

region of the body (Fujino et al. 1979). 

In current study, we have investigated variable sizes 

of P. fastosum eggs from both bile and fecal samples. We 

suggest that the egg with distinct operculum, thick 

eggshell, large and scattered germ balls inside the 

undefined content could be unfertilized resembling the 

unfertilized eggs of Schistosoma mansoni (Jurberg et al. 

2009). Similar to our study, different morphological 

features and variable size measurements of S. mansoni 

eggs have been proposed (Cançado et al. 1965). However, 

only two types of P. fastosum eggs have been reported 

previously, mature eggs with a fully developed 

miracidium and transparent elliptical shape of immature 

egg (Palumbo et al. 1976). Our findings of P. fastosum 

egg was in line with the previous study in which the 

dimension of the egg was 40.61±4.96m in length and 

30.96±5.47m in width (Ranaraja et al. 2022). Atypical 

form of P. fastosum eggs was seen in the original bile 

samples, and thus, the microscopic examiner should be 

aware that they may find typical and atypical P. fastosum 

eggs from fecal sample too, otherwise false negative 

results may occur. For atypical form of bile-derived P. 

fastosum eggs, the owner informed authors that this cat 

never received any anthelminthic medication before the 

day of PUC. So, the cause of eggshell malformation needs 

to be further explored. 

Under SEM, P. fastosum eggs  are very similar to 

those of  Eurytrema pancreaticum (Pinheiro et al. 2015)  

in shape, size and shell surface smoothness. However, an 

abopercular knob is not seen in E. pancreaticum eggs. In 

comparison to other minute intestinal fluke eggs, there are 

thread-like ridges on the eggshell surface of Pygiodiopsis 

summa, multiple minute ridges on Metagonimus 

yokogawai eggshells, rough eggshells  on Heterophyopsis 

continua, and a muskmelon-like surface on C. sinensis 

(Lee et al. 2012).  A distinct melon pattern is also 

exhibited on eggshell surface of O. viverrini that is 

thought to play a vital role in attachment of the eggs to 

aquatic plants to reach their first intermediate host 

(Apinhasmit et al. 1994).   

For H&E staining, the tegument of P. fastosum 

appeared as a thin and homogenous layer with tegument 

indentations. In contrast with other digenetic trematodes, 

such as O. parvipapillatum and Paramphistomum gracile, 

the teguments exhibited surface folds and grooves 

(Panyarachun et al. 2013; Anuracpreeda et al. 2016). 

Cross sections of the uterus showed eggs with thick brown 

shell as seen in light microscope examinations of bile and 

fecal samples. Although the fluke was collected from 

recently dead cat, the fixation in 10% formalin for 48hr 

may not have been the best fixation to have preserved 

these structures.  

Under TEM, tegumental syncytium of P. fastosum 

can be divided into three layers depending on the 

components and the depth of the tegument. Tegument 

indentations occurred along with various tegumental 

projections. The surface membrane is discontinuously 

covered with a glycocalyx, and a glycocalyx has been 

considered to be a typical feature of trematodes, such as 

F. hepatica (Hanna and Trudgett 1983), F. gigantica 

(Sobhon et al. 2000), O. viverrini (Apinhasmit et al. 

1993), C. spatiosus (Anuracpreeda et al. 2015) and O. 

parvipapillatum (Anuracpreeda et al. 2016). As 

previously described (Threadgold 1976), these 

glycocalyces were found to be negatively charged with 

the thought being to protect host immune responses by 

repelling the attachment of the hosts’ immune cells. This 

negatively charged surface may also serve to gather small 

molecules, ion particles and amino acids as their nutrient. 

Herein, we suggest that the glycocalyx might be produced 

more abundantly by TG2 granules, since TG2 granules are 

consistently dispersed to the outermost membrane and are 

more likely to be secreted their matrices to tegument 

surface continuously. 

The tegument cytoplasm contained numbers of TG1 

and TG2 granules, lysosomes, mitochondria and 

microtubules. Similar to other trematode species, both 

tegumental granules (TG1 and TG2) occurred in P. 

fastosum. The spherical or ovoid (T0) granules of F. 

hepatica (Hanna 1980) are critical in the juvenile stage to 

enrich the glycocalyx during parasite migration inside 

host tissues. When these parasites reach their habitat site, 

these T0 granules are totally replaced by similar T1 

granules. However, the number of T1 granules in adult F. 

hepatica become lesser whereas biconcave or rod shape 

TG2 granules are replaced. Likewise, the cytoplasm of the 

F. gigantica tegument contained ovoid granules G1 and 

discoid granules G2. However, G1 granules are distributed 

to surface membranes to secrete their contents to 

contribute to glycocalyx formation (Sobhon et al. 2000). 

Similarly, in stomach fluke C. spatiosus, two types of 

granules TG1 and TG2 occur. However, TG1 granules 

were highly dispersed underneath tegument ridges 

whereas TG2 granules were distributed through the 

cytoplasm (Anuracpreeda et al. 2015). As already 

mentioned, we suggested that the TG1 granules of P. 

fastosum might be similar to T1 granules of F. hepatica, 

G1 granules of F. gigantica and TG1 granules of C. 

spatiosus, whereas TG2 granules might represent F. 

hepatica T2 granules, F. gigantica G2 type and C. 

spatiosus TG2 granules. The rod shaped TG2 granules of 

P. fastosum are abundantly dispersed near the outermost 

layer to contribute to the glycocalyx. The secreted 

tegumental granules appear involved in exchanging 

materials and replacing of damaged membranes. 

Lysosomes have been proposed to participate in 

endocytosis (Anuracpreeda et al. 2016). This layer may 

serve as storehouse for granules to create new membrane 

(Sobhon et al. 2000). It has been noted that basal 

membrane infoldings could be beneficial for enhancement 

of osmotic and ionic equilibrium (Threadgold 1976). In 

addition, the tegumental sub-syncytial layer of P. 

fastosum has muscle fibers in which this is similar to other 

related trematodes such as C. spatiosus (Anuracpreeda et 

al. 2015), F. gigantica (Sobhon et al. 2000) and P. gracile 

(Panyarachun et al. 2010). These muscle fibers have been 

thought to be responsible for parasite movement with 

strong retraction (Sobhon and Upatham 1990). 

According to our findings, only one type of 

tegumental cell was found in P. fastosum. Only one type 

of tegumental cell synthesized all types of granules in 

many other digenean species, such as F. gigantica 

(Sobhon et al. 2000), Bucephalus anguillae (Filippi et al. 

2010), Lecithochirium musculus (Filippi et al. 2012), 

Deropristis inflata (Filippi et al. 2013), O. 
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parvipapillatum (Anuracpreeda et al. 2016) and C. 

spatiosus (Anuracpreeda et al. 2015). Conversely, F. 

hepatica showed at least 3 types of tegumental cells 

(Burden et al. 1983). Both types of tegumental granules 

(TG1 and TG2) are both produced by only one type of 

tegument cell. Due to presence of microtubules within 

cytoplasmic process, the granules might be easily 

transported to the surface tegument (Sobhon and Upatham 

1990). 

With regard to TEM of reproductive organs, few 

studies have examined trematode fertilization process and 

intrauterine eggs. Herein, we have investigated the P. 

fastosum oviduct and spermatozoa. As previously 

described, microtubules are associated with sperm 

undulatory movement in which we found them from cross 

sections of spermatocyte heads and tails (Culioli et al. 

2006). Oocytes in the oviduct were found surrounded by 

spermatocytes. The microtubules in the sperm have been 

shown to play a critical role in the fusion process of sperm 

and oocyte (Świderski et al. 2004).  

 

Conclusion 

Our study is the first attempt to demonstrate surface 

topography and ultrastructural characteristics of P. 

fastosum. Understanding basic surface features of both 

adult worms and eggs could be useful to differentiate 

between species and might be useful to evaluate the 

efficacy of any rational drug. Since we observed P. 

fastosum eggs of variable sizes and shapes, the examiner 

needs to be aware that the misidentification of these 

poorly formed eggs could lead to the production of a false 

negative test.  
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