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Case report 
 

DOUBLE-CHAMBERED RIGHT VENTRICLE, MEMBRANOUS VENTRICULAR SEPTAL 
DEFECT, AND PULMONIC STENOSIS IN A  BRITISH SHORTHAIR 

 
Z.P. LEONG

1*, M.M. NOORDIN
2
 and W.W. LEE

3
 

 
1Leong Vetcardio Services, 56000, Kuala Lumpur 

2Faculty of Veterinary Medicine,      Universiti Putra Malaysia, 43400 UPM Serdang, Selangor 
3Lee Veterinary Clinic, 58200 Kuala Lumpur 

 
SUMMARY 

 
A five-month-old British shorthair kitten previously diagnosed with hypertrophic cardiomyopathy and feline infectious peritonitis 
was presented for cardiology examination. The findings of right cardiomegaly on chest radiography and electrocardiogram did not 
support a diagnosis of hypertrophic cardiomyopathy. On  echocardiogram, muscular bands dividing the right ventricular chamber 
into two sub- chambers, narrowing of the pulmonary valve annulus, and a left-to-right shunt through a membranous ventricular septal 
defect were seen. Therefore, a diagnosis of double- chambered right ventricle, membranous ventricular septal defect, and pulmonic 
stenosis was made. Despite medications, the kitten eventually developed Eisenmenger syndrome  and hind-limb paralysis, and was 
euthanized. Post-mortem examination for the heart and  liver confirmed the above diagnoses. 
 
Keywords: congenital heart disease, double-chambered right ventricle, Eisenmenger syndrome, ventricular septal defect 
 
 
INTRODUCTION 
 

Double-chambered right ventricle (DCRV) is a rare 
congenital heart disease in which the anomalous 
fibromuscular bundles divide the right ventricle into a 
proximal high-pressure and a distal normal pressure 
chamber (Brockman et al., 2009). In cats, it has been 
reported by MacLean et al. (2002), Koffas et al. (2007), 
Brockman et al. (2009), and Mizuno et al. (2010). By 
contrast, literature on concomitant DCRV and ventricular 
septal defect in cats is scarce. Since there is only one report 
which reviewed the ante- and post-mortem  findings in a cat 
with concurrent double caudal vena cava (Dirven et al., 
2010), the aim of the present case report is to elucidate 
clinical presentation and disease progression, and post-
mortem findings in a British shorthair kitten with 
concomitant DCRV, pulmonic stenosis, and ventricular 
septal defect. 
 
CASE REPORT 
 

A five-month-old British shorthair weighing 0.85 kg 
was presented due to an increased breathing effort. It had 
a history of ascites and was previously diagnosed with 
hypertrophic cardiomyopathy (HCM) via 
echocardiography and feline infectious peritonitis (FIP) by 
the preceding veterinarians. According to the owner, the 
diagnosis of FIP was based on the positive 
ImmunoCombâ feline coronavirus antibody test (Biogal 
Galed Labs, Israel) although the Rivalta’s test was negative 
and the plasma globulin level was normal.  Since then, the 
cat was treated with clopidrogel (Plavix® 75 mg, 18.75  
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mg/cat, PO, SID), and benazepril (Fortekor™5 mg, 0.25 
mg/kg, PO, SID) and diltiazem (Herbesser® 30 mg, 9.4 
mg/kg, PO, SID). Besides, it had been receiving a course 
of antiviral treatment (GS-441524) for the treatment of FIP. 
From the above history, further diagnostic workups were 
aimed at investigating the cause of ascites and confirming 
the heart disease. The top differentials for the ascites in the 
kitten included FIP, right heart disease, and 
hypoproteinemia.  
Upon physical examination, the cat was bright and alert 
with flaccid abdomen. There was no neurologic deficit or 
jaundice observed. Systolic left and right murmurs grade 
IV/VI were auscultated. Chest radiography revealed right 
cardiomegaly (vertebral heart score of 11), apex elevation, 
and dilated caudal vena cava (Figure 1a, 1b). Besides, 
electrocardiogram showed sinus rhythm with a heart rate 
of 188 bpm, in addition to right   ventricular enlargement 
pattern indicated by deep S waves in leads I and II (Figure 
1c). The  above findings were untypical for HCM, and an 
echocardiogram was pursed under sedation with pethidine 
(CCM, 3 mg/kg, IM) due to the lack of patient cooperation.  
On right parasternal long-axis view (Figure 2a, 2b) of 
echocardiography, the left atrium (LA) was dilated  [LA: 
aorta (Ao): 2.5; reference range < 1.6] whereas the 
interventricular septal (4.4-4.9 mm) and left ventricular 
(LV) free walls (4.6 mm) during diastole were 
mildlythickened. Besides, the right atrium (RA) was 
severely dilated and the right ventricular (RV) wall showed 
marked concentric  hypertrophy (7.0 mm). Further, a 
hyperechoic band which extended from the RV apex to just 
distal to the right ventricular outflow tract (RVOT) was 
also seen. On color Doppler   (Figure 2d), there was a left-
to-right shunt through membranous ventricular defect, and 
presence of tricuspid regurgitation and turbulence at the 
RVOT. The velocity across the stenotic RVOT was  3.27 
m/s, giving rise to a pressure gradient of 42.9 mmHg. 
Moreover, ultrasonography of the liver showed dilated 
hepatic veins.
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Figure 1. (a) Right 
lateral chest 
radiography showing 
severe cardiomegaly 
and dilated vena cava 
(asterisk). (b) The 
cardiac silhouette 
occupied almost the 
entire thoracic region 
on dorsoventral view. 
(c) Electrocardiogram 
showing sinus rhythm 
and deep S waves on 
leads I and II (red 
arrows). 
 
 
 
 

 
Based on the above echocardiographic findings, a diagnosis of doubled-chambered RV, membranous ventricular septal 
defect, and pulmonic stenosis was made. These findings also led us to believe that the previous ascites was a manifestation 
of right congestive heart failure but not  FIP, given the lack of consistent clinical signs such as jaundice, neurological 
deficits, and protein-laden effusion but the presence of hepatic venous congestion. Recommendations were given to 
replace diltiazem with atenolol (Ternolol 50   mg, 1 mg/kg, PO, SID) while maintaining the benazepril and clopidrogel 
medications. While the FIP treatment was not recommended, the owner decided to complete the course of treatment. 
Since then, the cat was more active       and showed less breathing effort for about 2 weeks. Although the cat did not exhibit 
clinical signs of deterioration, the revisit 28 days later showed LV hypertrophy on the echocardiogram. The    
interventricular septal and LV free walls during diastole were 6.2 mm and 7.3 mm, respectively.  
 

 
 
Figure 2. Echocardiogram showing (a) the presence of hyperechoic band in the right ventricle (RV) which inserts 
below the right ventricular outflow tract (RVOT). Note the severe RV hypertrophy. (b) The color Doppler 
showing communication between the left ventricle and RV through membranous ventricular septal defect. (c) 
The short axis view demonstrating the hyperechoic band and the RV hypertrophy. (d) On Doppler study, there 
was a high pressure gradient (3.27 m/s) across the stenotic RVOT, indicating pulmonic stenosis. 
 

* 
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Figure 3. On day 28, the (a) B-mode and (b) Doppler 
studies showing (a) right-to-left shunt from right 
ventricle (RV) to left ventricle across the ventricular 
septum defect, indicating development of 
Eisenmenger syndrome. Ao: Aorta. 
 

Further blood shunt from the RV to LV across the 
VSD was observed during  systole, indicating the 
occurrence of Eisenmenger syndrome (Figure 3). The 
atenolol dosage was adjusted to the increased body 
weight (1.4 kg). On day 52, the cat showed high sleeping 
respiratory rates and distended abdomen. Serum 
biochemistry showed hypoglycemia [2.65 mmol/L; 
Reference range (RR): 4.11-8.84 mmol/L], mildly 
decreased creatinine (68 μmol/L; RR: 71-212 μmol/L), 
and markedly elevated alanine aminotransferase (>1000 
U/L; RR: 12-130 U/L). The increase in alanine 
aminotransferase level was likely caused by hepatic 
congestion and hypoxia due to the right heart failure. 
Further, the normal globulin (47 g/L; RR: 28-51 g/L) and 
albumin (27 g/L; RR: 22-40 g/L) levels also indicated 
that the FIP and hypoproteinemia were less likely to 
cause the ascites. To control the ascites, furosemide 
(Lasix 40 mg, 1 mg/kg, PO, BID) was prescribed, which 
resolved the ascites for about 50 days. On day 148, it 
developed  bilateral hind-limb paralysis and the owner 
opted for euthanasia.  

Post-mortem limited to the heart and liver was 
performed with the owner’s consent. Grossly, the RA and 
RV were markedly enlarged. Two muscular bands 
extended from the RV to about 5 mm distal the 
pulmonary valves were found (Figure 4a). On cross- 
section (Figure 4b), there was severe hypertrophy of the 
interventricular septum (10 mm), and LV (14 mm) and 
RV (11 mm) walls. The RV wall cross-section had 
multifocal whitish areas indicating myocardial infarction. 
A communicating hole between LV and RV was also 
identified (Figure 4c). 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Post-mortem examination showing (a) presence of two muscular bands which extended from the right 
ventricular (RV) apex to distal to the right ventricular outflow tract (RVOT). (b) On cross-section of the heart, 
there was hypertrophy of the LV and RV. The muscular band (yellow arrow) and multiple whitish areas (white 
arrow) suggesting infarction were also observed. (c) A connecting hole from the LV to RV was   documented. (d) 
The liver showed cirrhosis and nodular gene ration. 
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The liver also showed mottled appearance and 
cirrhosis with nodular degeneration (Figure 4d) suggestive 
of chronic passive congestion, and there was severe 
purulent ascites. The post-mortem results confirmed that 
the echocardiographic diagnosis of right congestive heart 
failure and Eisenmenger syndrome were due to DCRV and 
VSD. However, without performing a full-body post-
mortem examination, histopathology, and 
immunochemistry, the FIP was not ruled out. 
 
DISCUSSION 
 

The present case represents Malaysia’s first 
reported case of double-chambered right ventricle 
(DCRV), membranous ventricular septal defect (VSD), 
and pulmonic stenosis in a cat and provides insightful 
information about ante- and post-mortem findings of the 
rare feline congenital heart disease which subsequently 
developed Eisenmenger syndrome and hind-limb 
paralysis. While Koffas et al. (2007) discovered 
membranous VSD incidentally in a cat  from nine cats 
diagnosed with DCRV, their study focused more on the 
clinical characteristics  of DCRV so to that of the 
concurrent DCRV and VSD remains obscure. On the 
other hand, Koie et al. (2000) reported the concurrent 
DCRV and VSD in a female pug which died due to 
encephalitis. 

In humans, the DCRV is often associated with other 
cardiac anomalies such as VSD, pulmonic stenosis, and 
tetralogy of Fallot (Chang et al., 1996; Fellows et al., 
1977). Of these, VSD is present in up to 90% of cases and 
occurs as a result of improper expansion of the 
bulboventricular junction and incomplete fusion of the 
bulbar and endocardial cushion elements that normally 
close the superior portion of the ventricular septum 
(Galiuto et al., 1996). Further, the anomalous muscle 
bundles of the DCRV proposed to be due to localized 
aberrant overgrowth of the trabeculated myocardium 
(Hindle et al., 1968). 

In cats, dilation of the obstructed RVOT with a 
balloon catheter (MacLean et al., 2002) and an 
arthroscopic grasping instrument (Mizuno et al., 2010) 
were attempted with disappointing outcomes. Indeed, the 
thick muscular band in the present case did not appear to 
be easily mended via an interventional therapy. On the 
other hand, Koffas et al. (2007) and Brockman et al. 
(2008) reported successful treatment of the DCRV via 
partial ventriculotomy and incised patch graft technique. 
However, there is no report on the treatment of the 
concurrent DCRV and VSD in cats. Indeed, the incised 
patch graft technique may relieve the high pressure 
within the RVOT, but the cat weighed only 1.4 kg, which 
was a little too small to allow an open-chest surgery. 
Furthermore, repairing the VSD under total venous 
inflow occlusion was deemed impossible without 
cardiopulmonary bypass and cardiopledgia. 

The cardiogenic cause of ascites in the kitten was 
supported by central venous congestion, indicated by 
dilated caudal vena cava on the chest radiographs, right 
atriomegaly on echocardiography, dilated hepatic veins 
on liver ultrasounds, and mottled appearance of the liver 
on necropsy. By contrast, ascites due to feline infectious 

peritonitis (FIP) was questionable given the lack of 
consistent clinical signs and laboratory results. Although 
the cat showed positive antibody titer for feline 
coronavirus, as demonstrated by the preceding 
veterinarian, hyperglobulinemia and positive Rivalta’s 
test were not observed, making the diagnosis of FIP 
highly unlikely. Further, the cause of hind-limb paralysis 
remained unclear, although we speculated that it could be 
caused by reduced tissue perfusion and hypoxia due to 
Eisenmenger syndrome as well as arterial 
thromboembolism given the severe bi-atrial enlargement.  
 
CONCLUSION 
 

While feline infectious peritonitis represents the top 
differential in kittens or young cats which show cavitary 
effusion, congenital heart defects such as double-
chambered right ventricle (DCRV) with concurrent 
ventricular  septal defect and pulmonic stenosis should 
also be suspected. In the context of making the diagnosis, 
the skill to evaluate the clinical presentation and interpret 
the laboratory and diagnostic imaging results is 
indispensable. Unfortunately, treatment outcome for 
DCRV is often disappointing. 
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Case Report 
 

HEARTWORM EXTRACTION IN A 5-YEAR-OLD MONGREL BITCH PRESENTED WITH  
RIGHT-SIDED HEART FAILURE 

 
Q.T. NAH1, Z.P. LEONG2*, W.W. LEE1 and T. THIVYA1 

 
1Lee Veterinary Clinic, 58200, Kuala Lumpur 

2Leong VetCardio Services, 56000, Kuala Lumpur 

 
SUMMARY 

 
A 5-year-old female mongrel dog was presented due to the complaint of dyspnoea and ascites. Diagnostic work-ups 
consisting of thoracic and abdominal radiography, abdominocentesis and fluid analysis, haematology, serum 
biochemistry, heartworm antigen test, electrocardiography, and echocardiography revealed right-sided congestive heart 
failure due to caval syndrome, atrial tachycardia, and pulmonary hypertension. After a few days of stabilization, jugular 
catheterization was performed under general anaesthesia and seven heartworms were isolated. The dog also received 
heartworm treatment in accordance to the guidelines by American Heartworm Society and other medications to control 
the right-sided heart failure.  
 
Keywords: Caval syndrome, heartworm disease, jugular catheterization, pulmonary hypertension, right-sided congestive heart failure. 
 

INTRODUCTION 
 

Canine heartworm (Dirofilaria immitis) is a vector-
borne, parasitic filarial nematode which resides in the 
pulmonary arteries. In caval syndrome, the altered right 
heart hemodynamic (Kitagawa, et. al., 1987) and the 
heavy worm burden result in retrograde migration of the 
worms to the right ventricles, right atrium, and vena cava 
(Jones, 2015). Subsequently, the heartworms partially or 
completely occlude the closure of tricuspid valves, causing 
life-threatening right-sided heart failure (Jones, 2015). 
Given the grave prognosis in the affected dogs and the lack 
of expertise, many veterinarians in Malaysia do not 
consider heartworm retrieval as a treatment option. This 
case report describes successful medical and surgical 
management of caval syndrome and the associated 
comorbidities in a dog.  
 
CASE REPORT 
 

A 5-year-old, female mongrel dog weighing 22.5 kg 
was presented due to severe abdominal distension, 
inappetance, and reduced activity level. The dog was not 
vaccinated or dewormed, and fed with home-cooked 
leftovers.  On physical examination, the dog was alert but 
emaciated (body condition score: 2/5), tachypneic 
(respiratory rate: 60 breaths per minute), and recumbent. 
Auscultation revealed irregular rapid heart rate (200 beats 
per minute) with grade IV/VI bilateral systolic murmurs. 
Fluid waves were also palpable during abdominal 
palpation. 
 
*Corresponding author: Dr. Leong Zi Ping (Z.P. Leong) ; Email:  

leong0908@yahoo.com  
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Right lateral chest radiography (Figure 1a) showed 

cardiomegaly (vertebral heart score: 11.5), pulmonary 
vessel enlargement, and broncho-interstitial patterns. On 
the dorsoventral view (Figure 1b), there were enlarged 
pulmonary trunk and patchy pulmonary infiltrates. The 
abdominal radiography (Figure 1c) showed a loss of 
serosal details due to ascites. 

The vertebral heart score was 11.5. The lung fields 
showed mixed bronchial, interstitial, and vascular patterns 
(Figure 1b). Dorsoventral chest radiography showing an 
enlarged cardiac silhouette. The pulmonary trunk and the 
right heart were enlarged. Tortuous pulmonary vessels 
were noticeable on the left thoracic region (arrows). There 
were also bronchial and interstitial patterns (Figure 1c). 
Right lateral abdominal radiography showing ascites, 
marked by a loss of the serosal details and a distended 
abdomen. 

A total of 4.7 L of odourless, clear straw-coloured 
modified transudate (specific gravity: 1.028; protein 
concentration: 3.6 g/dL) was aspirated from 
abdominocentesis, and the re-measured body weight was 
18 kg. Haematology (Table 1) showed moderate non-
regenerative microcytic normochromic anaemia, mild 
thrombocytosis, and mild neutrophilic leucocytosis while 
serum biochemistry did not reveal remarkable findings, 
therefore ascites due to hypoproteinaemia and liver 
disease was ruled out. The dog also tested positive for 
heartworm antigen but negative for antibodies against 
Anaplasma phagocytophilum, Anaplasma platys, 
Ehrlichia canis, Ehrlichia ewingii, and Borrelia 
burgdorferi using a Snap 4Dx Plus test (IDEXX). 

Electrocardiography (Figure 2) showed a gradual 
decrease and increase in heart rate of 219 bpm. There were 
presence of ectopic P waves and reduced QRS amplitudes 
(R wave: 0.7 mV), which indicate atrial tachycardia. 
Although mean electrical axis was within normal limit 
(82°), right ventricular enlargement was suspected given 
the presence of S waves in leads I, II, III, and aVF.  
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Figure 1. (a) Right lateral chest radiography showing an enlarged cardiac silhouette. The vertebral heart score 
was 11.5. The lung fields showed mixed bronchial, interstitial, and vascular patterns. (b) Dorsoventral chest 
radiography showing an enlarged cardiac silhouette. The pulmonary trunk and the right heart were enlarged. 
Tortuous pulmonary vessels were noticeable on the left thoracic region (arrows). There were also bronchial and 
interstitial patterns. (c) Right lateral abdominal radiography showing ascites, marked by a loss of the serosal 
details and a distended abdomen. 
 
Table 1. Haematology and serum biochemistry results 
 

Parameter (Unit) Value Reference 
Red blood cell (×10!"/L) 4.19 5.65-8.87 
Packed cell volume (%) 22.8 37.3-61.7 
Haemoglobin (g/dL) 8.6 13.1-20.5 
Mean corpuscular volume (fL) 54.4 61.6-73.5 
Mean corpuscular haemoglobin concentration (g/dL) 20.5 21.2-25.9 
Reticulocytes (K/µL) 73.3 10.0-110.0 
White cell count (×10#/L) 20.14 5.05-16.76 
Neutrophils (×10#/L) 16.17 2.95-11.64 
Lymphocytes (×10#/L) 2.61 1.05-5.10 
Monocytes (×10#/L) 1.12 0.16-1.12 
Eosinophils (×10#/L) 0.21 0.06-1.23 
Platelet (K/µL) 485 148-484 
Plateletcrit (%) 0.48 0.14-0.46 
Glucose (mmol/L) 6.97 4.11-7.95 
Urea (mmol/L) 4.1 2.5-9.6 
Creatinine (µmol/L) 61 44-159 
Total protein (g/L) 62 52-82 
Albumin (g/L) 25 23-40 
Globulin (g/L) 37 25-45 
Alanine transferase (U/L) 29 10-125 
Alkaline phosphatase (U/L) 16 23-212 
Total bilirubin (µmol/L) 4 0-15 
Cholesterol (mmol/L) 3.43 2.84-8.26 

Note: Highlighted values represent abnormal values 
 
 
 
 
 

(a) (b) 

(c) 
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Figure 2. Electrocardiography showing a high ventricular rate of 219 bpm. Some P waves superimposed on the T 
waves (arrows). Right ventricular enlargement was indicated by the presence of S waves in the leads I, II, III, and 
aVF.  

 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Findings of 
echocardiography; (a) 
the pulmonary artery 
(PA) was dilated 
compared to the aortic 
root (Ao). (b) Tricuspid 
regurgitation velocity 
was measured 3.47 m/s, 
giving rise to trans-
tricuspid pressure 
gradient of 48.3 mmHg 
(c) Colour Doppler 
showed severe tricuspid 
regurgitation into the 
dilated right atrium 
(RA). (d) Multiple 
heartworms appeared 
as hyperechoic lines (red 
arrows) in the right 
atrium. 

 
 
 

(a) (b) 

(c) (d) 
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On the echocardiography (Figure 3), dilatations of the left 
(left atrium to aorta ratio: 1.76) and right atria and 
pulmonary artery (pulmonary artery to aorta ratio: 1.41) 
were observed (Figure 3a). Septal flattening and 
paradoxical movement, as well as mitral, tricuspid (3.47 
m/s), and pulmonic (2.53 m/s) regurgitations were also 
demonstrated (Figure 3b, 3c). These findings suggested 
that the dog had a high probability of pulmonary 
hypertension (systolic pulmonary arterial pressure: 48.2 
mmHg; diastolic pulmonary arterial pressure: 25.6 
mmHg), in accordance to American College Veterinary 
Internal Medicine (ACVIM) consensus statement 
guidelines. Moreover, multiple hyperechoic parallel lines 
resembling heartworms were also noticed in the right 
atrium, right ventricle, and pulmonary artery, confirming 
a diagnosis of caval syndrome (Figure 3d).  

The dog was stabilised and treated with furosemide 
(Rasitol 40 mg, 1.3 mg/kg, PO, BID) to reduce the ascites, 
sildenafil citrate (IQNYDE 100 mg, 1.4 mg/kg, PO, BID) 
to treat the pulmonary hypertension, and diltiazem 
hydrochloride (Herbesser 30 mg, 1.7 mg/kg, PO, BID) to 
reduce the ventricular rates caused by atrial tachycardia. 
As for the heartworm disease, ivermectin and pyrantel 
(Heartgard, 1 tab, PO), doxycycline (200 mg, 5 mg/kg, PO, 
BID), and prednisolone (5 mg, 0.5 mg/kg, PO, BID) were 
given.  

Three days later, heartworm extraction procedure 
was carried out. After pre-oxygenated at 5 L/min for 5 
minutes, the dog was pre-medicated with fentanyl 
(Talgesic, 5 µg/kg, IV) and midazolam (DOMI, 0.2 mg/kg, 
IV). The dog was also given enrofloxacin (Baytril®, 5 
mg/kg, intravenously) as a prophylactic antibiotic, 
enoxaparin (Clexane®, 0.8 mg/kg, SC) as an anti-
coagulant to prevent thromboembolism, and 
chlorpheniramine maleate (Pirimat, 0.5 mg/kg, IV) to 
prevent histamine release and hence anaphylaxis due to the 
manipulation of the heartworms. After induced with 

propofol (Troypofol®, 6 mg/kg, IV), the right jugular area 
was surgically prepped. Skin and underlying tissue was 
carefully incised to isolate the right jugular vein. The 
proximal part was ligated with 2/0 nylon, followed by a 
nick incision distal to the proximal ligation. An 
angiography catheter (KDL, 5 Fr) with 4 nylon sutures tied 
on it was inserted via the incised vein (Figure 4a, 4b) into 
the right heart. 

Echocardiography was performed simultaneously to 
visualize the heart chambers and the catheter (Figure 5a). 
Then, the catheter was twisted to entangle worms and 
pulled out slowly. The process was repeated until no 
heartworms were visible in the right atrium and right 
ventricle on the echocardiography (Figure 5b). The 
process successfully removed a total of 7 worms. Next, 
another angiography catheter was inserted into the right 
ventricle to measure right ventricular pressures (systolic: 
48.3 mmHg; diastolic: 10 mmHg; mean: 22.7 mmHg).  
After that, the right jugular vein was ligated distally, 
followed by routine closure and bandage of surgical site. 
The dog recovered from anaesthesia uneventfully. Post-
operatively, the dog received anti-inflammatory 
dexamethasone (Decan, 0.25 mg/kg, IV) and analgesic 
morphine (0.05 mg/kg, SC). Finally, a total of 150 mL of 
whole blood was also transfused to replace the blood loss 
from the procedure.  

The dog continued to receive the adulticide treatment 
(3-dose melarsomine protocol) in accordance to American 
Heartworm Society (AHS) guidelines. Additionally, 
medications which included pimobendan (Cardisure® 10 
mg, 0.3 mg/kg, PO, BID), sildenafil citrate (IQNYDE 100 
mg, 1.3 mg/kg, PO, BID), diltiazem (Herbesser® 30 mg, 
1.5 mg/kg, PO, BID) were also prescribed. The furosemide 
dosage was tapered to 0.6 mg/kg, PO, BID before 
discontinued.  

 

 
 

 
 
 
 
 
 
 
 
 

 
 
 

Figure 4. (a) A 5 Fr 
angiography catheter was 
inserted via the exteriorized 
right jugular vein into the 
right atrium. (b) The catheter 
was twisted to snare and 
remove heartworms. 
 

 
 
 
 

(a) (b) 
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Figure 5. Echocardiography showing (a) presence of heartworms in the right atrium before the procedure. (b) 
After the extraction, no heartworms were visible on the echocardiography.   
 

Several follow-up examinations showed that the dog was bright and alert with significantly reduced ascites. On day 
94, the melarsomine (Immiticide®, Merial) treatment was completed. The dog’s ventricular rates were maintained 
satisfactorily around 157 bpm (Figure 6a). However, the echocardiography (Figure 6b, 6c) revealed an aggravated 
pulmonary hypertension (systolic: 70.8 mmHg; diastolic: 29.8 mmHg), so the sildenafil dosage was increased (IQNYDE 
100 mg, 3 mg/kg, PO, BID). Besides, the owner was educated to provide timely heartworm preventive medicine to the 
dog. At present, the dog is active and eating well.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. On day 94, the dog had (a) an average heart rate of 157 bpm despite the presence of ectopic P waves on 
the electrocardiography, but worsened pulmonary hypertension given increased (b) diastolic pulmonary arterial 
pressure of 29.8 mmHg and (c) systolic pulmonary arterial pressure of 70.8 mmHg.
 
 
 

 
 
 

(b) (a) 

(a) 

(b) (c) 
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DISCUSSION 
 

Caval syndrome occurs when there is a high worm 
burden of more than 40-60 heartworms on average, which 
consequently obstructs the right cardiac hemodynamic 
(Atkins, 2005). On the other hand, Kitagawa et al., (1987) 
reported that the retrograde heartworm migration is caused 
by decreases in blood flow volume and velocity in the right 
heart, but not solely due to the high worm burdens. To the 
best of our knowledge, we reported Malaysia’s first case 
of successful heartworm extraction in a mongrel dog with 
caval syndrome which presented right-sided congestive 
heart failure, pulmonary hypertension, and atrial 
tachycardia, the procedure was performed successfully 
without complications. In the present case, the low number 
of heartworms in the dog led us believe that atrial 
tachycardia and pulmonary hypertension might play a role 
in reducing the right cardiac output and causing the 
heartworm migration from the pulmonary arteries. In 
addition, the lower worm load resulted in milder physical 
obstruction to the erythrocytes, and this might explain the 
absence of haemoglobulinemia and haemoglobulinuria.  

Given the poor prognosis of the dog if heartworm 
extraction was not pursued, jugular catheterization was 
performed to remove the heartworms from the right atrium 
and right ventricle immediately. A snare was made from 
an angiography catheter in favour of its rigid property and 
ability to measurement right cardiac haemodynamic, 
although the use of red rubber feeding tube, basket 
retrieval device, and alligator forceps is also recommended 
(Jones, 2016).  

Interestingly, the invasive measurement of the right 
ventricular pressure corresponded to the 
echocardiographic estimation of systolic pulmonary artery 
pressure and confirmed the diagnosis of pulmonary 
hypertension. In the present case, the pulmonary 
hypertension was classified as group 5 due to dirofilariasis, 
based on the proposed classification of pulmonary 
hypertension in the dogs by the ACVIM consensus 
statement guidelines. After the surgical extraction, the dog 
also received appropriate medical treatment in accordance 
to the AHS guideline to eliminate the possible remaining 
adult worms and microfilariae.   

Despite the worsened pulmonary hypertension which 
was believed to be due to pulmonary thromboembolism 
from the dead worms (Hirano et al., 1992), the dog showed 
resolved ascites and an increased exercise level at the 
present, implying favourable outcomes to the current 
treatments with diltiazem, sildenafil, and pimobendan. 
However, given the significant cardiopulmonary 
remodeling marked by severe right cardiomegaly and 
pulmonary hypertension, the dog has a fair-poor prognosis 
in which regular veterinary revisits are warranted to 
monitor the disease progression.  
 
CONCLUSION 
 

Canine caval syndrome may be presented with right-
sided congestive heart failure in the absence of 
haemoglobulinemia and haemoglobulinuria, and is 
diagnosed by echocardiography and heartworm antigen 
test. Heartworm extraction should be considered as a life-
saving treatment option regardless of the compromised 

hemodynamic in the affected dogs. Post-operative medical 
treatments should also be given to treat or control other 
comorbidities.  
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SUMMARY 
 

Knowing that animals can feel pain does not necessarily mean that veterinarians will be able to manage pain. This study 
aimed to assess Malaysian and British veterinarians for their knowledge and attitude towards pain in cats. An online 
questionnaire (SurveyMonkey®) was developed to assess knowledge of- and attitudes towards cat pain and distributed to 
all registered veterinary surgeons in Malaysia and the UK. A total of 171 UK veterinarians and 265 Malaysian 
veterinarians completed the questionnaire. In general, demographics were similar between countries. The majority of 
respondents were female in Malaysia and UK. There were more recent graduates in the Malaysian sample and Malaysians 
were also more likely to be working in an urban environment than veterinarians working in the UK. Although both 
countries showed positive attitudes and knowledge of cat pain, pain assessment, and the use of analgesia in cats, however 
several differences were observed. The most important differences included (i) Malaysian veterinarians thought that they 
had insufficient knowledge of pain, (ii) UK veterinarians emphasized both behaviour and physiology in assessing cat 
pain where Malaysian veterinarians focused on physiological indicators, (iii) Malaysian veterinarians were more 
concerned about cost, record keeping and side effects from using Opioids and NSAIDs than veterinarian in the UK. 
Education on behaviour of cats suffering from pain and pain management in cats (e.g. pain assessment and pain relief) 
are important subject areas to be emphasized in the Malaysian veterinary curricula. 

 
Keywords: attitudes, cat pain, knowledge, Malaysia, veterinarians 

INTRODUCTION 
 

Pain in humans can be defined as a multidimensional 
experience; it is not only what you perceive but also how 
it makes you feel emotionally (Reid et al., 2013) and the 
same has been shown to be true in non-human mammals 
(i.e. pain in animals is “an aversive sensory experience 
that elicits protective motor actions, results in learned 
avoidance and may modify species specific traits of 
behaviour, including social behaviour” (Molony and 
Kent, 1997). The multidimensional nature of pain can 
cause emotional, psychological and physical experiences 
which can be observed through the behavioural changes of 
the animals experiencing painful stimuli. This significantly 
impacts an animal’s welfare (Rutherford, 2002).  

Historically there have been difficulties in 
recognising pain in cats, which is thought to be due to a 
lack of understanding of how cats exhibit pain-related 
behaviours (Merola and Mills, 2016). Another reason why 
pain recognition is considered challenging in cats is that 
they are considered a ‘stoic’ species. Alongside stoicism, 
there have been few pain scales that have been validated 
for cats (Steagall and Monteiro, 2019). Even this scale 
have been validated, but the use of scale might have some 
limitations, for example, certain demeanours (e.g. shy or  
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Accepted for publication: April 2022 
Published: June 2022 

fearful cat) may present high pain scores and it can be 
difficult to distinguish whether they are truly painful or 
whether their behaviour affects pain assessment (Steagall 
and Monteiro, 2019), and there may also be cultural or 
regional contexts (Phillips et al., 2012; Reed and Upjohn, 
2018) which affect the management of pain in cats such as 
there have been observed differences between the way 
analgesia for painful conditions in cats has been 
administered in Australia, New Zealand and the UK 
(Farnworth et al., 2014). Comparative studies like this one 
are often limited in recruitment, making comparisons 
between populations difficult; however, it is notable that 
differences were observed between three economically 
wealthy English-speaking countries (namely, Australia, 
New Zealand and the UK). In upper-middle-income 
countries, these differences could be compounded by 
factors such as cultural differences (Reed and Upjohn, 
2018), variations in education (Sugano, 2014), the inability 
of non-English speakers to access English speaking 
resources (e.g.: pain scales) and inadequate access to e-
resources for continuing professional development 
(Murrell et al., 2008). 

A ‘One World Health and Welfare’ approach must 
consider the context of animal welfare education within 
each country to improve animal welfare. This is because 
different countries may provide different veterinary 
education curricula that may, in turn, affect the way 
veterinary students and graduates perceive animal welfare 
(Sugano, 2014). 
 
Hitherto, most studies have been reported in English 
speaking countries. There is insufficient data from 
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Malaysia. Thus, it is important to explore the Malaysian 
veterinarians’ perspective regarding cat welfare. 
Currently, there is insufficient information to make a 
meaningful comparison between Malaysian and UK 
veterinarians on this subject. Malaysia aims to achieve a 
standard of animal welfare that is as good as that found in 
countries such as the UK or New Zealand. The UK 
provides the best comparator for measuring animal welfare 
in Malaysia, because the UK is often regarded as having 
the highest level of animal welfare (Nizam and Tahman, 
2019). Therefore, in this study, we will explore the 
differences between attitudes and knowledge regarding 
pain recognition in cats between Malaysia and the UK. 

This study characterized the Malaysian veterinary 
population’s: (i) Knowledge of cat pain, (ii) Attitudes 
towards cat pain, (iii) Ability to recognize cat pain, (iv) 
Current clinical practices relating to cat pain, and (v) To 
relate (i) – (iv) to demographic data and to compare and 
contrast these findings with veterinarians in the UK, and 
finally (vi) to understand how veterinarians would like to 
receive education on topics related to cat pain. 

 
MATERIALS AND METHODS 
 
Ethical approval, consent and data management 
 

The study was approved by the Human Ethics 
Research Committee (HERC) on 25th January 2017, Royal 
(Dick) School of Veterinary Studies, University of 
Edinburgh: HERC approved project number 
HERC_56_16. The project also has ethical approval from 
the Malaysian Medical Research and Ethics Committee 
(MREC): approved project number nmrr-17-672-35076. 
All the answers were kept anonymously and were not 
shared with third parties. They were kept securely and 
stored on a secure server which was held in relation to the 
UK Data Protection Act in the United Kingdom. 
 
Participant recruitment 
 
UK 
 

The Royal College of Veterinary Surgeons (RCVS) 
list of registered surgeons was used to recruit UK 
participants. A link to the questionnaire was emailed to 
every registered email address accredited by RCVS (n = 
2100) on 13th of March 2017. A reminder email was sent 
out two weeks after the initial email. The questionnaire 
also was published on the Facebook pages of both the 
Royal (Dick) School of Veterinary Studies and the Vet 
Times.  
 
Malaysia 
 

There were a total of 1354 registered veterinarians 
with Malaysian Veterinary Council (MVC). 832 
veterinarians were approached via email. Paper 
questionnaires were sent to 450 veterinarians who did not 
have email addresses. The author was unable to contact the 
remaining veterinarians (n = 72) due to lack of contact 
details (e.g. no available email address or practice address). 
The questionnaire also was released via social media (e.g. 
Facebook) by approaching a veterinarians’ social media 

group discussion. All the methods of questionnaire 
distribution used different URL links to identify the mode 
of participant recruitment. 
 
Questionnaire development 
 

There were five sections in the questionnaire. The 
first section was ‘Veterinary demographics’ which focused 
on gender, year of graduation, school of graduation, area 
of practice, number of veterinarians and veterinary nurse/ 
assistant in the clinical practice and field of practice. For 
the second section, 17 Likert-like scale statements relating 
to ‘Knowledge and attitude to cat pain’ were developed. In 
section three, there were 29 statements developed to 
investigate the ability of veterinarians to recognize and 
assess pain in cats which include how useful each pain 
indicator (physiological and/ or behavioural) was to assess 
pain in cats. 27 statements were developed in the fourth 
section which dealt more specifically with analgesia use in 
cats. Section 5 collected opinions regarding preferable 
educational resources for ‘Continuing education’ in cat 
pain. The questionnaire can be made available upon 
request.  

There were two versions of questionnaire (English 
and Bahasa Malaysia). The Bahasa Malaysia questionnaire 
was written by the researcher and then back-translated by 
other Malaysian veterinarians in English to ensure the 
similarity between the two versions. Both questionnaires 
were created in SurveyMonkey® (San Mateo, California, 
USA), the software package which we used as our model 
for developing, distributing and collecting data from 
respondents. 
 
Pilot questionnaire 
 

All the questions were pilot tested by a small group 
of UK and Malaysian veterinarians. Five veterinarians in 
the Royal (Dick) School of Veterinary Studies and the 
Hospital for Small Animal at the University of Edinburgh 
and six Malaysian veterinarians were involved in the pilot 
test. Two reminders were sent out after the second and the 
fourth weeks after the initial pilot questionnaire opened. 
This applied to both forms of questionnaire distribution 
(e.g. via email and social media). All the comments and 
feedback from veterinarians were incorporated into an 
amended questionnaire. 
 
Statistical analysis 
 

Descriptive analysis was used for each question 
where the response rate was calculated. Participants were 
included in the response rate if they completed 50% or 
more of their questionnaire. To examine differences 
between countries in the Likert-like scale questions, the 
analysis was run separately and tested with each univariate 
demographic by using the non-parametric statistical test 
(e.g. the Kruskal Wallis and Wilcoxson ranked tests). The 
test is considered to be significant if the P-value is less than 
0.05. Statistical analysis was carried out in R studio, using 
R version number 3.4.3 (R Core Team, 2017). The 
following packages were used, Likert (Bryer et al., 2016) 
and tidyverse (Hadley, 2017). 
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Table 1. Demographic details of respondents for UK and Malaysia. 
 

Demographics % UK (n) % Malaysia (n) 
**Gender    

Men  17.0% (29) 29.5% (77) 
Women  81.3% (139) 68.7% (180) 

Prefer not to disclose   1.8% (3)   1.9% (3) 
***Year of graduation  

Before 1960      0%  (0)   0.4% (1) 
1961-1970    0.6% (1)   0.4% (1) 
1971-1980    2.3% (4)   1.9% (5) 
1981-1990    9.9% (17)   6.1% (16) 
1991-2000  13.5% (23)   9.5% (25) 
2001-2010   39.2% (67) 30.5% (80) 
2011-2016   34.5% (59) 51.1% (134) 

School   
 UK: 85.4% (146) UPM: 86.6% (227) 
 Non-UK: 14.0% (24) UMK: 5.0% (13) 
 Other: 0.6% (1) Other: 8.4% (22) 
Area    
 Village/rural:  14.6% (25) Rural: 4.3% (11) 
 Small city/town: 40.9% (70) Urban: 62.6% (161) 
 Sub-urban city: 13.5% (23) Mixed rural and urban: 29.6% (76) 
 Urban city: 20.5% (35) Not sure: 2.3% (6) 
 Other:  10.5% (18) Other: 1.2% (3) 
**Field of practice   

Small animal 71.9% (123) 54.6% (143) 
Large animal 1.8% (3) 5.0% (13) 

Educators   6.4% (11) 3.8% (10) 
Mixed practice    9.4% (16) 19.1% (50) 

Other 4.1% (7) 13.7% (36) 
Small animal & educator   6.4% (11) 3.8% (10) 

***No. of veterinarians in a practice 
1-3 25.7% (44) 51.9% (136) 
4-6   34.5% (59) 16.8% (44) 

7-10   15.8% (27) 12.6% (33) 
More than 10   24.0% (41) 18.7% (49) 

***No. of veterinary nurses in a practice 
No veterinary nurse 4.7% (8) 18.1% (47) 

1-3   27.5% (47) 42.9% (111) 
4-6   28.7% (49) 13.1% (34) 

7-10   11.7% (20) 7.3% (19)  
More than 10   27.5% (47) 18.5% (48) 

The table shows the percentage (number of participants) in each demographics questions by country.  
Note: UPM = University Putra Malaysia, UMK = University Malaysia Kelantan, * P <0.05, ** P< 0.01, *** P <0.001. 

 
RESULTS 
 

Of the 204 UK respondents, 171 (83.38%) were 
accordingly usable, and of the 341 Malaysian respondents, 
265 (77.7%) were usable. Detailed demographic data is 
available in Table 1. For the UK responses, 81.3% 
respondents were women (n = 139). Most (39.2%, n = 67) 
graduated between the years 2001-2010, and 85.4% (n = 
146) graduated from veterinary schools located in the 
United Kingdom. The majority of those who responded to 
this questionnaire practised in a small city or town (40.9%, 
n = 70). Over half of those questioned reported that they 
were small animal practitioners (71.9%, n = 123) and only 
1.8% (n = 3) were large animal practitioners. Most 
practices were reported to have between 4-6 veterinarians 

(34.5%, n = 59) and 4-6 veterinary nurses (28.7%, n = 49) 
working in the practice. 

For the Malaysian respondents, the majority of 
responses also came from female veterinarians (68.7%, n 
= 180). However, Malaysian respondents tended to be 
more recently qualified than UK respondents (from 2011 
vs 2001 to 2010). The majority of Malaysian respondents 
practised in an urban area (62.6%, n = 161), the majority 
of whom working as small animal practitioners (54.6%, n 
= 143). When asked about the number of veterinarians and 
veterinary nurses in the clinical practice where they 
worked, 51.6 % (n = 136) reported there were 1-3 
veterinarians and 42.9 % (n = 111) reported there were 1-
3 veterinary nurses/ assistant veterinary officer (AVO) in 
their clinical practice. 
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Differences between knowledge, attitudes and capabilities 
of UK and Malaysian veterinarians towards cat pain 
 
The application of knowledge in cat pain 

This section of the questionnaire explored 
veterinarians’ knowledge of cat pain, consisting of (i) their 
level of knowledge and skill in recognizing cat pain, their 

ability to manage cat pain and (ii) their ability to assess cat 
pain and their methods of assessing it. More details in 
Figure 1. 

Respondents were also asked about the usefulness of 
sources for continuing education, and from where 
respondents would seek more information about cat 
 

 

 
Figure 1. Proportion of veterinarians’ difference between responses and country. Note: * P < 0.05, ** P < 0.01, 
*** P < 0.001 
 
 
Table 2. Median, mean and standard deviation (SD) of veterinarians’ difference between responses and country. 
 

 UK Malaysia P-value 
Attitudes to cat pain Median 

score 
Mean ± 

SD 
Median 

score 
Mean ± 

SD 
A degree of pain is required to stop cats 
being too active after surgery. 

1.00 1.55 ± 
1.085 

4.00 3.85 ± 
1794  

P < 0.001 

Surgery does not usually result in sufficient 
pain to warrant analgesic therapy. 

1.00 1.11 ± 
0.514 

2.00 2.83 ± 
1.710 

P < 0.001 

Analgesia is always beneficial. 
 

6.00 5.49 ± 
1.020 

5.00 5.02 ± 
1.130 

P < 0.001 

Pain prevention is better than pain relief. 
 

6.00 5.66 ± 
0.841 

5.00 4.94 ± 
1.220 

P < 0.001 

The client will not pay for analgesia. 
 

1.00 1.65 ± 
1.030 

2.00 2.34 ± 
1.250 

P < 0.001 

I have sufficient knowledge of pain relief in 
cats. 

5.00 4.58 ± 
0.987 

4.00 3.94 ± 
1.080 

P < 0.001 

6 answer options: 1 = Strongly disagree, 2 = Disagree, 3 = Partial disagree, 4 = Partial agree, 5 = Agree, 6 = 
Strongly agree 

Wilcoxon Signed-Rank test showed the difference between the UK and Malaysian veterinarians’ responses towards six attitudes statements. 
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Figure 2. Prevalence of respondents towards cat pain indicators and country. Note:  ** P < 0.01, *** P < 0.001. 
 
 

 

 
 
Figure 3. Prevalence of respondents towards cat pain indicators and country. Note: ** P < 0.01, *** P < 0.001. 
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pain. Veterinarians from both countries chose clinical 
experience most often as their most useful source for 
continuing education (UK: 44.7%, n = 72, Malaysian: 
60.5%, n = 141), followed by articles (41.6%, n = 67) and 
formal education (40.4%, n = 65) for UK and 
seminar/workshop (50.9%, n = 118) and conferences 
(45.1%, n = 105) for Malaysia. However, there is only one 
significant difference between countries: concerning 
whether clinical experience is a useful source for updating 
and maintaining skill in managing cat pain, Malaysians 
were more likely to strongly agree that it is, than UK vets 
(W = 21212, P = 0.018 r = .11). 
 
Attitudes to cat pain  

Overall, respondents from the UK and Malaysia 
strongly agreed with the statement ‘cats experience pain’ 
(UK: 65.5%, n = 112, Malaysia: 71.4% n = 187) and [cats] 
‘have the same physiological apparatus like humans do’ 
(UK: 68.4%, n = 117 and Malaysia: 43.5%, n = 114), and 
there was no significant difference between countries in 
their likelihood to agree with these statements. However, 
there were significant differences for six attitudes 
statements (Table 2).  
 
Useful indicators for assessing cat pain 

The majority of UK respondents agreed that posture 
(61.4%, n = 89) was an extremely useful indicator for 
assessing pain in cats, followed by comfortable resting 
(50.3%, n = 73) and mental changes (43.4%, n = 63). For 
Malaysian veterinarians, the greatest number of 
veterinarians rated posture (46.7%, n = 114), movement 
(46.7%, n = 114) and appetite (46.1%, n = 112) as useful 
indicators to assess cat pain (see Figure 2 and 3). 

Further analysis showed that there were five 
significant differences in terms of the usefulness of cat pain 
indicators between veterinarians from the UK and 
Malaysia. More number of respondents from UK than 
Malaysian respondents scored “extremely useful” for 
facial expression (W = 13782, P < 0.001, r = .18) and 
posture (W = 15013, P < 0.01, r = .14) as cat pain indicators. 
In contrast, more number of respondents from Malaysian 
than UK respondents agreed that vocalization (W = 23516, 
P < 0.001, r = .27), rectal temperature (W = 25314, P < 
0.001, r = .35) and pupil size (W = 20404, P = 0.01, r = .13) 
were useful indicators of cat pain. 

 
Pain score  
 
Medical conditions  

There was little difference identified between both 
countries on the perception of the painfulness of each 
medical conditions (Figure 4). However, most Malaysian 
veterinarians considered (a) Lower Urinary Tract Infection 
(LUTI) (W = 27626, P < 0.001, r = .29) and (b) chronic 
Degenerative Joint Disease (DJD) (W = 27656, P < 0.001, 
r = .29) as “severely painful” compared to UK 
veterinarians who scored both conditions as “moderately 
painful”. 

Both countries scored (c) carnassial tooth abscess and 
(d) constipation as “moderately painful”, however, this 
was shown by  higher proportion of Malaysian 
veterinarians than UK veterinarians ((c) carnassial tooth 
abscess, W = 24358, P < 0.002, r = .15, and (d) 

constipation, W = 27772, P < 0.001, r = .29). Because UK 
veterinarians more split in their responses between 
moderately and severely painful for these conditions. 

 
Surgical procedures 

Similar findings were reported for the surgical 
procedures as to the medical conditions above. Overall, the 
responses were broadly similar between the two countries 
(Figure 5). However, most UK veterinarians were more 
likely than Malaysians to consider surgical procedures (e.g. 
abdominal exploratory-laparotomy (W = 16451, P < 0.001, 
r = .17), diaphragmatic hernia repair and (W = 17524, P = 
0.008, r = .13), ovariohysterectomy (flank approach) (W = 
17331, P = 0.007, r = .13)) as “severely painful”. UK 
veterinarians also were more likely to consider castration 
as “moderately painful” than Malaysian veterinarians (W 
= 18059, P = 0.027, r = .11). 
 
Cat pain management  
 
The decision to prescribe analgesia in cats 

About 70% of UK veterinarians said their decision to 
provide analgesia for cat patients was strongly impacted by 
contributions from veterinary nurse colleagues, compared 
to 28% of Malaysian veterinarians, and this was 
significantly different (W = 9263, P < 0.001, r = .47). 
 
Rating the importance of the administration of analgesia 
in cats 

The next question asked the respondents to rate the 
importance of providing analgesia for cat pain for a list of 
medical conditions and surgical procedures on a 6-point 
Likert scale. Overall, veterinarians from both countries 
showed a similar response with a slightly different level of 
agreement towards the question. Most of them scored 
“important” in regard to providing analgesia for conditions 
such as acute necrotizing pancreatitis (W = 9158.5, P < 
0.001, r = .50), carnassial tooth abscess (W = 11416, p < 
0.001, r = .35), lower urinary tract infection (W = 11892, 
P < 0.001, r = .33) and chronic Degenerative Joint Disease 
(W = 14994, P < 0.001, r = .19). UK veterinarians tended 
to rate the provision of analgesia more strongly (they 
scored “extremely important to provide analgesia”) than 
Malaysian veterinarians (they only scored “important to 
provide analgesia”). Interestingly, there is a different 
response to the question of whether analgesia should be 
administered for constipation. While many of the UK 
veterinarians scored “important to provide analgesia” for 
constipation, Malaysian veterinarians scored “partial” or, 
“not important” to provide it (W = 11674, P < 0.001, r 
= .32). 

 
The availability and duration of analgesia postoperatively 

The availability and duration of analgesia when 
prescribed after surgical procedures was reported by the 
UK and Malaysian veterinarians. Overall, most 
respondents from both countries reported that they 
prescribed analgesia for all surgical procedures. However, 
UK veterinarians preferred to prescribed analgesia for a 
slightly longer time than Malaysians for post-operative 
Ovariohysterectomy (OVH), castration, abdominal 
exploratory laparotomy and diaphragmatic hernia repair. 
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Figure 4. Average pain 
scoring for medical 
conditions by country.  
Note: ** P < 0.01, *** P < 0.001.  
Pain score chart:  
1: No pain,  
2-4: Mild pain,  
5-7: Moderate pain, 
8-10 (Worst pain): Severe pain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Average 
pain scoring for 
surgical conditions by 
country. 
Note: * P < 0.05, ** P < 0.01,  
*** P < 0.001.  
Pain score chart:  
1: No pain, 
 2-4: Mild pain,  
5-7: Moderate pain , 
8-10 (Worst pain): Severe 
pain.  
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Figure 6. Proportion of veterinarians regarding factors influencing the choice of drug (Opioid) in cat pain  
Note: ***P < 0.001 

 
Figure 7. Proportion of veterinarians concerning factors influencing the choice of drug (NSAIDs) in cat pain. 
 Note: ***P < 0.001 
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Factors influencing the use of Opioid and NSAIDs in 
cats 

Malaysian respondents agreed more strongly than 
those from the UK with most statements about factors 
contributing to their choice of Opioid and NSAIDs in 
cat pain: the cost, the need for record-keeping, side 
effects, sedative effects, and the availability of relevant 
information. UK respondents were more willing to use 
both types of drugs owing to their efficacy as an anti-
inflammatory and analgesic (Figure 6 and 7). 

 
DISCUSSION  

 
This study characterises the attitudes and 

knowledge of Malaysian and UK veterinarians towards 
cat pain, in 2017. To our knowledge, this is the first 
study to examine the attitudes of veterinarians with 
regard to cat pain in Malaysia.  

The majority of participants who responded from 
both countries were women, which is similar to the 
previous studies (Dohoo and Dohoo, 1996; Hewson et 
al., 2006; Beswick et al., 2016). However, Malaysian 
respondents were twice as likely to be male than those 
from the UK, perhaps because the majority of 
Malaysian veterinarians are male. More Malaysian 
respondents graduated in the 2010s, and practice in 
urban areas, than UK respondents who were more 
likely to graduate in the 2000s and practice in small 
cities or towns. There may be an implication that 
internet availability is more limited in non-urban 
Malaysian areas, but it is not possible to be certain of 
this. From this study, we can see that most of the 
Malaysian participants are considered to be “young” 
veterinarians because they had less than 10 years’ 
experience in practice. 

There are a number of potential limitations to this 
study’s conclusions. It was not possible to calculate the 
exact response rate of both countries because the 
participation in the questionnaire was voluntary. In 
addition, the questionnaires were distributed through 
many sources such as by email, social media (e.g.: 
Facebook, Twitter), website and post. In both countries, 
the respondents may be biased merely by taking an 
interest in the subject matter of the questionnaire and 
consequently they took the time to complete the 
questionnaire (Hunt et al., 2015). In this study, we can 
see that for both countries the majority of respondents 
were small animal practitioners, which is not surprising 
considering the study was aimed at the small animal 
practitioner community in both countries. There were 
small number of mixed practice veterinarians 
answering the survey and this could lead to some of 
their answers being less knowledgeable than those that 
focus on small animals as for example, they may have 
less awareness of the management of pain in cats. 
However, because of the very small subset (UK, n= 16 
(9.4%), Malaysia, n= 50 (19.1%)) of mixed practice 
veterinarians in this survey, this effect was not analysed 
systematically.  

There may also be cultural differences between 
the countries which affected the questionnaire 
responses. For example, responses from UK 
veterinarians were more often to the extremes of the 
Likert scales (“strongly agree” or “strongly disagree”) 
whereas Malaysian respondents tended to express less 
strong agreement, or disagreement and hence be found 
around the middle of the scale. A potential explanation 
could be the cultural differences seen in Asian and 
Western societies, between individualism and 
collectivism (Lee et al., 2002). Individualism 
emphasizes qualities such as uniqueness and difference 
(Markus and Kitayama, 1991; Lee et al., 2002). This 
often characterizes cultures such as Western societies, 
which promote the individual’s freedom to express 
personal opinions free from undue societal expectation 
(Lee et al., 2002). Thus, UK responses potentially 
evidenced cultural individualism by tending to select 
extreme answers. In Asian societies notable for a 
collectivist culture, there is an expectation of 
harmonious interpersonal relationships which are 
particularly highly valued (Lee et al., 2002) and one 
way to achieve this is to make sure one’s answer to a 
question is unlikely to be too different from another’s. 
We might see this as a tendency to be less extreme in 
answering questions. This may explain why we see our 
Malaysian respondents tending to provide less extreme 
answers. Even though there was a potential culturally-
affected difference in responses between Malaysian 
and the UK, it is possible to generalize the results for 
the purposes of the present study. This is due to the 
coherence of the generally positive trend of responses 
between countries.  

Overall, veterinarians in both countries reported 
positive attitudes towards the management of cat pain. 
However, when asked to what degree they agreed with 
the statement ‘A degree of pain is required to stop cats 
being too active after surgery’, about half of the 
Malaysian respondents “partially agreed” with the 
statement. These findings are in line with previous 
research in the UK, 1999 (Capner et al., 1999; 
Raekallio et al., 2003). Historically, pain was believed 
to be beneficial for animals, in order to restrict 
movement after surgery and thus prevent further injury 
(Epstein et al., 2015). However, advances in 
knowledge of the physiology and mechanism of pain in 
animals (Kongara et al., 2016), means that animal pain 
is now described in terms similar to the scientific 
description of human pain (Williams et al., 2005), 
particularly with regard to its development, conduction 
and modulation. Animals (for example, dogs and cats) 
share similar neural pathways to humans in regards to 
pain (Partridge and Rossmeisl, 2019), so a strong case 
can be made that animals also feel pain (Epstein et al., 
2015). There was a noticeable change in UK 
veterinarians’ attitudes towards the use of analgesia to 
treat cat pain compared to findings conducted during 
1996-1997 in the UK (Lascelles et al., 1999). Changes 
in attitudes towards cat pain and analgesia among UK 
veterinarians with regard to knowledge and awareness 
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of animal pain and pain management could be due to 
significant improvement in veterinary education and 
practices in the UK (Farnworth et al., 2014). In order 
to enrich Malaysian veterinarians’ attitudes and 
knowledge with regards to animal pain and 
management of pain, UK and Malaysian veterinary 
communities could undertake knowledge transfer 
activities between these two countries; exchanging 
views, training and sharing of best practices with 
regards to pain perception, handling and other topics. 
Malaysian veterinarians’ reported that they found some 
types of continuing education resources “useful”, so 
these could be further developed, for example, the 
development of new forums for discussion, webinars, 
online discussions and workshops would all enhance 
the educational resources available to Malaysian 
veterinarians on cat pain. These also have been 
indicated as one feature of OIE’s Global strategy for 
the further improvement of animal welfare worldwide 
(World Organisation for Animal Health, 2017).  

Malaysian veterinarians were less likely to 
“strongly agree” that ‘pain could be better assessed in 
cats’, than UK veterinarians. Bearing in mind the 
tendency for Malaysians to avoid the extremes of 
scales, this is still an interesting finding. It may be that 
Malaysian veterinarians are already competent at 
assessing pain in cats and so their response here is 
accurate. In this study, Malaysian veterinarians 
reported preferring to assess cat pain by using 
physiological and behavioural parameters equally, 
whereas, from the UK veterinarians responses, most of 
them preferred behavioural indicators rather than 
physiological indicators to assess cat pain.  It is now 
accepted that pain assessment in cats is not only based 
on physiological parameters but behavioural 
parameters (Epstein et al., 2015), and in clinical 
settings, this can be challenging as cats may experience 
multiple negative emotions (e.g. stress, fear and 
anxiety) at once, because they find the clinical 
environment stressful (Väisänen, 2007) which later 
may affect the use of physiological parameters for 
assessing pain in cats. Therefore, a greater 
understanding of pain behaviours among veterinarians 
and Malaysian veterinarians, in particular, would be 
helpful in the assessment of pain in cats. The increased 
confidence of Malaysian veterinarians in their methods 
of assessing pain may, in fact, be based on a 
misunderstanding of the relative importance of 
physiological and behavioural measurements of pain.  

As presented, pain is multidimensional 
experiences that involve not only physical sensation 
but also psychological experiences. Findings showed 
that most UK veterinarians agreed that physical (e.g.: 
posture) and psychological (e.g.: comfortable rest and 
mental changes) were useful indicators for assessing 
pain in cats. But, fewer Malaysian veterinarians chose 
psychological as the useful signs of cat pain. This could 
compromise the cat patients’ welfare. To improve, 
veterinarians are required to understand feline normal 
behaviours. However, a study conducted by Kogan and 

colleagues reported that veterinarians had insufficient 
feline behavioural knowledge and this could be due to 
a few reasons (Kogan et al., 2020). For example, a 
shortage of professionals and training in this area 
caused veterinarians to have less confidence to assess 
and manage cat behavioural health issues (Juarbe-Díaz, 
2008; Calder et al., 2017; Kogan et al., 2020). At the 
time of writing, there are no formal feline behavioural 
health courses in the Malaysian veterinary curriculum. 
There are specialist courses on feline (and canine) 
medicine, but the extent to which behaviour is taught 
or even mentioned in not clear. As an understanding of 
behavioural health would improve all aspects of cat 
welfare, it is recommended. In a personal 
communication (U. Kaka, personal communication, 
December 21, 2021), the awareness and teaching about 
the use of pain scoring tools (e.g.: The Glasgow Feline 
Composite Measure Pain Scale (CMPS-Feline) and 
Feline Grimace scale) have been introduced into the 
curriculum for the years 4 and 5 at DVM since 
February 2020. However, there is no information about 
the efficacy of the use of pain scoring tools among 
students, so future studies could investigate this- i.e. in 
terms of their understanding to use these tools and in 
particular, apply in practice 

Urinary Tract Infection (UTI) and chronic 
Degenerative Joint Disease (DJD) were listed as more 
severely painful for cats by Malaysian veterinarians 
than by UK veterinarians. This can be related to the 
types of case presentation in clinical practice in 
Malaysia and the UK. Most of the cases received by the 
UK veterinarians could be early-stage cases and so 
could still be manageable. In the Malaysian cases, a 
number of them are presented in the late stage by 
clients (Lyn et al., 2012).  Lyn et al. (2012) in a 
retrospective study, reported that the common clinical 
disease in cats in University of Veterinary Hospital 
Malaysia was kidney disease (33%) which included 
Urinary Tract Infection (UTI). The highest frequency 
of the disease occurred in geriatric cats. As the cost of 
treating this disease is prohibitive, owners of these cats 
usually only ought treatment when the cats were very 
unwell (Lyn et al., 2012). However, veterinarians from 
both countries took the view that these cats require 
analgesia, which is a positive movement in better 
providing good welfare and management of pain in 
cats. 

Many cat gonadectomy patients are discharged 
without receiving sufficient analgesic interventions 
(Farnworth et al., 2014). Although the provision of 
analgesia on discharge was not directly questioned in 
this study, participants were questioned in both 
countries about the duration of analgesia prescribed for 
different types of surgical procedures in cats, within a 
set of specified time periods. Most participants 
prescribed analgesia for 24 hours or less post-
ovariohysterectomy. According to WSAVA Global 
Pain Council’s Pain Management Protocol for 
castration and ovariohysterectomy, post-surgery 
treatment of these cases may require analgesia for up 
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to three days after surgery (Mathews et al., 2014). One 
experimental study looking at the requirement of 
analgesia for OVH and castration in cats and dogs 
proved that the number of female patients receiving 
rescue analgesia was greater than the number of males 
patients receiving it (Quarterone et al., 2017). In the 
experiment, the animals received meloxicam (0.1 
mg/kg body weight (BW), orally) and acepromazine 
(0.05 mg/kg BW, intramuscular (IM)) 1-2 hour prior 
surgery (Quarterone et al., 2017). Then fentanyl (2 µg/ 
kg BW, IV) was given as intraoperative analgesia 
(Quarterone et al., 2017). Rescue analgesia is the 
administration of extra analgesia post-operative 
surgery based on the results of pain assessment. This 
difference in males and females receiving rescue 
analgesia could be due to the type of surgical 
procedures influenced by the degree of surgical trauma. 
For example, for castration, involves the removal of 
testicles which are external to the body. OVH involves 
the exploration internally, the excision of a number of 
muscles and tissues hence the pain endured by the 
female cats may be more than male cats. In the study, 
pain scoring tool such as the UNESP-Botucatu 
Multidimensional Composite Pain Scale (UBMCPS) 
for cats was used to evaluate the pain experienced by 
cat patients. 

In this study, we asked about what influences the 
respondents in their choice of Opioid and NSAIDs in 
pain management in cats. Malaysian veterinarians were 
more concerned about the cost, side effects and record-
keeping requirements of Opioid and NSAIDs for use in 
cats. But, for UK veterinarians, they were more 
concerned about the efficacy of both drugs as anti-
inflammatory and as an analgesic. There are 
similarities between the attitudes expressed by 
Malaysian veterinarians in this study and those 
described by Brazilian (Lorena et al., 2014) and South 
African veterinarians (Joubert, 2001). For example, the 
side effects of NSAID on the renal function. However, 
the side effect was reported very rarely in healthy cat 
patient (Lascelless et al., 2007) if they are used 
correctly (Gurney, 2012). 

Malaysian veterinarians reported that they were 
usually the sole decision-makers for providing 
analgesia to cats; however, in the UK such decisions 
were made collaboratively, where veterinarians took 
contributions from other veterinarians, colleagues and 
importantly, veterinary nurses who have received 
formal training before their employment within the 
veterinary practice. This training equips veterinary 
nurses with skills and knowledge which is a valuable 
resource for veterinarians in their decision making 
about analgesia for cats. In Malaysia, veterinary nurses/ 
AVO do not receive such formal training, which may 
account for the difference between decision making in 
the UK and Malaysia, as Malaysian veterinary nurses 
are not formally trained.  

Overall, participants rated all listed resources in 
the questionnaire as quite useful for future continuing 
education. Clinical experiences were reported as being 

beneficial for facilitating continuing education in cat 
pain management by veterinarians in both countries. 
Similar findings were reported in previous studies in 
both the UK and New Zealand (Lascelles et al., 1999; 
Williams et al., 2005; Beswick et al., 2016). Therefore, 
in order to develop an understanding of pain in cats, as 
well as the skill to recognize it, newly graduated 
veterinarians are encouraged to work with those 
veterinarians who already have expertise in this field of 
practice. However, the requisite length of experience 
for developing such expertise could not be specified as 
this could vary between individual practitioners. 

Together with attendance at seminars and 
conferences, Malaysian veterinarians rated online tools 
as “useful” for obtaining information about cat pain 
management. On the basis of this finding, it is clear that 
the internet is an effective medium for providing 
educational interventions to Malaysian veterinarians.  

 
CONCLUSION 
 

In summary, the results from this present study 
revealed that UK and Malaysia veterinarians’ attitudes 
towards cat pain do not significantly differ in many key 
aspects. Both countries also showed positive responses 
to the use of analgesia in cats. 

There were some key differences suggesting that 
Malaysian veterinarians had less understanding of pain 
relief, fewer worries about the effects of analgesia, and 
a lack of understanding of the importance of cat 
behaviour for pain assessment than UK veterinarians.  

Therefore, the most important result of this study 
is not the overall differences between countries, but the 
need for continued focus in both the UK and Malaysia 
on education and training of current and future 
veterinarians with regard to cat behaviour, the 
recognition and management of pain in cats and how 
this impacts cat welfare. 
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SUMMARY 

 
Tongkat Ali (Eurycoma longifolia), traditionally used as an herbal medicine in Southeast Asia, is known to have a variety 
of effects, including stress reduction. The authors divided 5-month-old pigs (three males and three females) into four 
groups consisting of a control group, which was not administered Tongkat Ali extract (TAE), and three groups 
administered TAE at 0.25%, 0.50%, or 0.75% of their feed, respectively, and observed the pigs for a period of eight 
weeks under conditions of disturbed sleep due to prolonged illumination. In terms of observation items, the pigs’ vitality, 
appetite, fecal characteristics, respiration, emaciation, anxiety, restlessness, body temperature, body weight, and salivary 
amylase were measured as clinical symptom scores, and the intestinal microbiota in their feces was analyzed using next-
generation sequencing (NGS). Although members of the control group showed anxiety and restless behaviors; such stress 
behaviors were clearly inhibited in the groups administered with TAE. Groups of pigs administered with TAE at the ratios 
of 0.25% and 0.50% showed a decrease in salivary amylase concentration (p<0.05) whereas the results from the control 
and 0.75% group were not significant. Analyses of intestinal bacteria using NGS showed that Lachnospiraceae, a family 
of bacteria known for producing butyric acid, increased significantly in the group administered with TAE at 0.50%, 
whereas it was not changed in the other groups. Based on the above findings, administration of TAE to fattening pigs 
under high levels of lighting-induced stress is expected to be effective and administration of TAE at 0.25% of the feed 
intake in particular, has been shown to effectively inhibit behaviors associated with stress. 

 
Keywords: pig, illumination, induced-sleep disorder, stress behavior, Tongkat Ali (Eurycoma longifolia) extract 
 

INTRODUCTION 
 

Tongkat Ali, an ingredient in herbal medicine, is a 
plant belonging to the family Simaroubaceae and known 
by the scientific name Eurycoma longifolia. It grows 
naturally in lowland forests in Malaysia, Indonesia, and 
other areas in Southeast Asia. The roots, stems, and leaves 
of Tongkat Ali are used locally as ingredients in traditional 
folk medicine. The most well-researched effects of 
Tongkat Ali extract (TAE) are its applications in treating 
sexual dysfunction and male infertility (Mohd Tanbi et al., 
2010). It has been reported that the sperm counts of rats 
administered with standardized methanol extract of 
Tongkat Ali in doses of 200 mg/kg increased by 99.2% in 
comparison with that of controls (p<0.01) (Chan et al., 
2009). It is also reported that administering TAE to 
estrogen-treated rats for 14 consecutive days increased 
spermatogenesis and sperm count, and that there exist 
latent drug actions that reverse the effects of estrogen in 
male rats (Wahab et al., 2010). 

In addition, when testing the anxiety conditions of 
mice, administering TAE was found to be as effective as 
the sedative diazepam, which was used as a control (Ang 
et al., 1999). Administering TAE to people under moderate  
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stress was found to decrease cortisol and to increase 
testosterone in saliva (Talbott et al., 2013). It has been 
reported that sleep deprivation induces hypertension, 
cardiovascular disease, and diabetes in humans because it 
increases sympathetic nervous system activity. It has been 
reported that sleep deprivation and intestinal bacteria are 
closely related to the onset of stress and disease in living 
organisms (Spiegel et al., 1999, Nagai et al., 2010). 
Although sleep duration in advanced nations such as the 
Netherlands, the United Kingdom, and New Zealand 
exceeds 7.5 hours per day, it is the longer in comparison to 
Japan and South Korea, at less than 6.5 hours per day 
(Tozer, 2018). The length and quality of human sleep is a 
major issue in modern society, and people are eager to 
achieve deep sleep as soon as they go to bed. Sleep 
problems and dysbiosis of the gut microbiome can lead to 
metabolic disorders in human beings (Neroni et al., 2021). 
Intermittent hypoxia-exposed mice showed a higher 
abundance of Firmicutes and a smaller abundance of 
Bacteroidetes and Proteobacteria phyla than controls 
(Moreno-Indias et al., 2015).  

Pigs were used as a model of obstructive sleep apnea-
hypopnea syndrome for humans (Kim et al., 2019, Liu et 
al., 2019). Exposure to 20 hours of illumination per day at 
300 lux increases body temperature and spontaneous 
movements (Takeishi et al., 2018), which is thought to 
cause induced-sleep disorders. TAE, an herbal medicine, 
is reported to have anxiolytic effects on rats and humans, 
and it is expected to be effective in treating sleep disorders, 
but there are no reports of such effects. In this study, the 
authors created an induced-sleep-disorder model in which 
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commercial pigs were subjected to prolonged periods of 
high illumination and reported the results of a comparative 
study on the effects of TAE administration in terms of 
intestinal microbiota, stress marker (salivary amylase), 
and clinical symptoms, including stress behaviors. 
 
MATERIALS AND METHODS 
Test animals and test conditions 

A total of 24 healthy, 5-month-old LWD crossbred 
pigs were used as test animals. The test period consisted 
of a one-week acclimatization period and an eight-week 
test period. The test pigs were fed standard feed for testing, 
namely SDS No. 4 (Feed One Co., Ltd., Yokohama, 
Japan), twice per day at 8:00 a.m. and 4:00 p.m., and the 
amount of feed was limited to 2% of their body weight. 
The pigs had free access to drinking water using a waterer. 
The TAE (Physta, Biotropics Malaysia Berhad, Malaysia), 
extracted with high pressure water (Sambandan et al., 
2006), was blended into the standard pig feed for testing 
in ratios of 0 %, 0.25 %, 0.50 %, and 0.75 %, and fed to 
the pigs in accordance with their body weight, the mean 
values of which at the start were 73.8 kg, 71.5 kg, 71.9 kg 
and 72.7 kg, respectively. Six pigs (three castrated males 
and three females) were assigned to each group, and the 
animals were housed individually in an open pigsty (4 m2).  

This experimental test was conducted from 
September to December 2020, with mean temperatures 
ranging from 30°C to 15°C. 
Induction of sleep-disorders in pigs 

A 450W floodlight (Toa Tsusho Company Limited, 
Osaka, Japan) was used as lighting to induce sleep disorder. 
During the one-week acclimation period, all four groups 
were exposed to light at 300 lux for 12 hours a day (Light: 
6:00 a.m. to 6:00 p.m.; Dark: 6:00 p.m. to 6:00 a.m.). Once 
the test period commenced, sleep disorder was induced in 
the pigs in all four groups by exposing them to light at 300 
lux for 20 hours a day (Light: 6:00 a.m. to 2:00 a.m.; Dark: 
2:00 a.m. to 6:00 a.m.) (Takeishi et al., 2018). 
Observation items and sampling 

Clinical symptom scores were recorded daily, with a 
score of 0 (normal) and scores of 1, 2, 3 as abnormal. 
Anxiety was defined as nervous behaviours, such as being 
startled when touched or making abnormal noises. 
Restlessness was defined as behaviours such as pacing 
around the barn for no reason. Rectal body temperature 
was measured at 4 pm-5 pm according to the feeding time 
every four days for a total of 15 times, and body weight 
was measured once a week for a total of nine times. Saliva, 
for use in measuring amylase concentration measurement, 
and faeces, for use in analysing intestinal microbiota, were 
collected in tubes containing guanidine hydrocholoride 
twice in total, at the beginning and end of the test period 
(Ribeiro et al., 2018). The saliva was collected by 
centrifuging it out of ropes given to the pigs for chewing 
and individually measured using a salivary amylase 
monitor (Nipro Corporation, Osaka, Japan). The fecal 
matter was collected in a fixative, and the intestinal 
microbiota was analysed using a next-generation 
sequencer (MiSeq, Illumina, Inc., San Diego, USA). 
Statistical analysis 

The sums of clinical scores from day 0 through day 
56 (daily) were analysed using the Steel-Dwass test; body 

temperature using the Tukey-Kramer test; and the rate of 
decrease in salivary amylase concentration using Fisher's 
exact test. Bacteria showing characteristic time-series 
variations before and after usage of TAE were identified 
using the Wilcoxon test. In addition, this test was 
conducted at a testing facility in Fukuchiyama City, Kyoto 
Prefecture, and in accordance with the animal testing 
regulations (ET209017) set forth by Kyodoken Institute.  
 
RESULTS 
 

The pigs in the control group began exhibiting 
anxious and restless behaviors from around the 15th day 
after the commencement of testing, and these behaviors 
were found to last until the final day of testing (56 days 
after the commencement of administration of TAE). There 
was no difference in anxious and restless behaviors 
pertaining to gender difference. In contrast, in the 0.25% 
TAE group, anxious and restless behaviors were barely 
observed during the eight-week test period. In the 0.50% 
TAE group, similar to the 0.25% group, few abnormal 
clinical symptoms were observed, but a temporary 
decrease in appetite was observed due to the bitter taste of 
the herbal medicine. In the 0.75% TAE group, three out of 
six pigs showed a decrease in appetite due to the bitter taste 
of the herbal medicine, showing a decrease in appetite of 
two males and one female. One of these pigs was excluded 
 
Table 1. Comparisons of seven clinical scores by level 
of TAE administration in induced-sleep-disordered 
pigs 
 

 Control 0.25% 0.50% 0.75% 

Vitality 0.0 0.0 2.0 1.5 

Appetite 0.0 a 0.0 a 7.5 b 28.5 c 

Fecal 
characteristics 0.0 0.0 0.3 0.0 

Respiration 1.0 0.8 0.8 1.3 

Emaciation 0.0 0.0 0.0 0.0 

Anxiety 11.0 d 0.0 e 0.0 e 0.2 e 

Restlessness 12.3 f 0.0 g 0.2 g 0.2 g 

Total 24.5 0.8 10.8 22.6 

 
Note: A score of 0 is considered normal and scores of 1, 2, 3 are 
considered abnormal (worse). Each value is shown as the sum of clinical 
scores from day 0 through day 56. P values obtained by Steel-Dwass test. 
Symbols with different letters (a,b,c),(d,e),(f,g) indicate mutual 
significant differences at p < 0.05. 
 
from the test on the 26th day after the commencement of 
testing due to a loss of vitality resulting from an extreme 
loss of appetite. The average total anxiety and restlessness 
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scores in the control group were significantly higher than 
those in the 0.25%, 0.50%, and 0.75% TAE groups (p < 
0.05). In addition, the 0.75% TAE group showed 
significantly higher (worse) appetite scores than the 
control group, 0.25% TAE group, and 0.50% TAE group 
(p < 0.05) (Table 1). 

Comparisons of rectal temperature trends showed no 
obvious difference between the groups during the 
experimental period, but on the 40th and 44th days, the 
0.25% TAE group and 0.75% TAE group showed 
temporarily lower temperatures than other groups. The 
salivary amylase concentrations were compared before 
(day 0) and after (day 56) the commencement of the test 
(Figure 1).  
 

 
 

Figure 1. Comparisons of salivary amylase 
concentration on day 0 (open) and day 56 (solid) by 
level of TAE administration in induced-sleep-
disordered pigs. Amylase concentration showed mean  
± standard error. There was a significant difference in 
salivary amylase levels between day 0 and day 56 in the 
0.25% TAE and 0.5%TAE groups, respectively (* p < 
0.05). 
 

 
Figure 2. Comparisons of Lachnospiraceae in intestinal 
microbiota before (day 0) and after (day 56) by level of 
TAE administration in induced-sleep-disordered pigs 
There was a significant difference in amount of change 
of Lachnospiraceae between day 0 and day 56 in the 
0.5 % TAE group (*p < 0.05), but not in the other 
groups.  
There was a significant difference in salivary amylase 

levels between day 0 and day 56 in the 0.25% TAE and 
0.5% TAE groups, respectively (p<0.05), but there was no 
difference in the levels between day 0 and day 56 in the 
control and 0.75% groups. 

Analyses of changes in intestinal microbiota before 
(day 0) and after (day 56) administration of TAE showed 
significant differences in Lachnospiraceae family bacteria 
between the control group and the 0.50% TAE group on 
day 56 (p<0.05) (Figure 2). 
 
DISCUSSION 
 

In this test, anxious and restless behaviors were 
strongly inhibited in the groups administered TAE at ratios 
of 0.25 % and 0.50 % of their feed in comparison to the 
control group, and this is thought to be due to inhibitory 
effects on the sympathetic nervous system. In addition, 
salivary amylase levels decreased in the 0.25 % and 
0.50 % TAE groups, which is thought to be due to a 
decrease in catecholamine. Salivary amylase is regulated 
by the sympathetic-adrenal medullary system and direct 
nerve action, and it increases with unpleasant stimuli. Thus, 
the rate of decrease in salivary amylase was compared 
between each group because a decrease in salivary 
amylase is an indicator of stress reduction (Fuentes et al., 
2011, Xiao-jun et al., 2016). 

Pigs are considered to suffer no physiological 
problems under a minimum of eight hours of illumination 
at 40 lux. However, exposure to 20 hours of illumination 
per day at 300 lux increases body temperature and 
spontaneous movements (Neroni et al., 2021), which is 
thought to cause induced-sleep disorders. As significant 
anxious and restless behaviors in control group were 
observed under the prolonged and continuous lighting 
conditions of this test, it is highly probable that the 
induced-sleep disorders were due to sympathetic 
hyperactivity with shortened sleep. The authors observed 
decreases in body temperature of 1°C or more in mice 
administered TAE compared to non-administered mice 
(Kuroki et al., 2021). In addition, when a preliminary test 
was conducted from January to March, when mean 
temperatures were low (<10°C), body temperatures 
increased in the control group but decreased roughly one 
month after administration of TAE, and a significant 
difference of up to 1.5°C was observed between the 
administered and non-administered groups (unpublished). 
However, in this study, comparisons of rectal temperature 
trends showed no obvious difference between the groups 
during experimental period. The reason for the difference 
in the degree of decreases in body temperature between 
this test and the preliminary test is thought to be due to the 
weather temperatures during the test periods. In other 
words, inhibition effects on body temperature in the pigs 
given TAE was clearly found in winter, but such effects by 
TAE would be contradicted superficially in summer. 

Stress in pigs includes social stress, such as cramped 
housing conditions, and environmental stress, such as heat, 
cold, sleep disorders, etc. It has been reported that stress 
caused by cramped housing conditions accompanying the 
increasing scale and consolidation of pig farming 
operations adversely affects pigs’ ability to gain weight, 
which could result in economic losses on farms (Brumm, 
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1996, Johnston et al., 2017). Pigs are particularly 
susceptible to heat stress due to an absence of sweat glands, 
and reductions in milk production by sows during the hot 
season reduces piglet growth (Guo et al., 2018). There are 
reports that housing fattening pigs under high 
temperatures, such as 30°C, reduces feed intake and 
increases haptoglobin levels, which indicates 
inflammation, in comparison to fattening pigs housed 
under moderate temperatures, such as 23°C (Serviento et 
al., 2020). The TAE used in this test has the potential to 
reduce heat stress in sows.  

On the other hand, there was no influence on vitality 
and emaciation in the pigs during the experimental period, 
despite the decreased appetite in the 0.75% TAE group and 
the increased anxiety and restlessness in the control group. 
In addition, respiration rates and fecal characteristics in the 
pigs used in this study also showed no significant change.  
Therefore, stress levels caused by 20 hrs-lighting at 300 
lux might be enough to maintain wakefulness in pigs. 

A significant increase on day 56 in Lachnospiraceae, 
a family of bacteria known for producing butyric acid 
(Biddle et al., 2013), was observed in the 0.50% TAE 
group. The Lachnospiraceae family has been reported to 
activate regulatory T cells (Portune et al., 2017) and form 
tight junctions in intestinal mucosal cells (Braniste et al., 
2014) Lachnospiraceae bacterium 28-4, and 
Lachnospiraceae phytofermentans were enriched in pigs 
with low residual feed intake and high feed efficiency 
(Jiang et al., 2021). These effects are due to butyric acid 
produced by the butyric acid-producing bacteria, and the 
increase in butyric acid-producing bacteria is expected to 
improve immunity and prevent harmful bacteria from 
invading the body. 

TAE contains a bitter quassinoid as an active 
ingredient, and a significant decrease in appetite was 
observed in the 0.75% TAE group, and some individuals 
in the 0.50% TAE group also showed a decrease in appetite. 
As decreases in appetite among pigs affects their ability to 
gain weight, it is thought that the 0.75% and 0.50% doses 
of TAE were excessive. On the other hand, when 
administering 0.25% doses of TAE, no decrease in appetite 
was observed, and anxiety and restlessness were 
sufficiently inhibited. Therefore, the optimal TAE dosage 
for administration to pigs is thought to be 0.25% of the 
volume of feed. 

In conclusion, administration of TAE to fattening 
pigs under high levels of stress is expected to be effective, 
as administration of TAE at 0.25% of the feed intake has 
been shown to effectively inhibit stress behaviors. 
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SUMMARY 

 
The thickness of skin from nine selected parts of the body of 22 (9 males:13 females) Malayan tapirs (Tapirus indicus) 
was measured and recorded. A 5cm x 5 cm skin samples from the dorsal & lateral neck, lateral facial, medial and lateral 
foreleg and hind leg, dorso-lateral part of the hindquarter skin (pelvis area) and dorsal back (above last thoracic vertebrae) 
was obtained and measured using a digital calliper at the precision of ±0.02 mm. The skin at the dorsal neck is the thickest 
(21.36 mm) followed by the lateral neck (11.13 mm) and lateral hindleg (10.80 mm), while the lateral facial skin (6.05 
mm) is the thinnest followed by the medial hindleg (6.13 mm) and medial foreleg (6.85 mm). The comparison of skin 
thickness between females and males was statistically not significant. The information gathered from this study may be 
important for the management of tapir in captivity. 
 
Keywords: Malayan tapir, Tapirus indicus, skin thickness  
 
 
INTRODUCTION 
 

Tapiridae is a family of four species which include 
the Malayan tapir (Tapirus indicus), Brazilian tapir 
(Tapirus terrestris), Baird’s tapir (Tapirus bairdii) and 
Mountain tapir (Tapirus pinchaque). Among the four 
species, the Malayan tapir is the largest and distinguished 
by its black and white body coloration. The adult has a 
body weight ranging from 295-430 kg (Quse and 
Fernandes-Santos, 2014). The females are often larger than 
the males by 25 kg to 100 kg (Gearty, 2012).  

The Malayan tapir is the only tapir species native to 
Southeast Asia, and they are distributed from the southern 
part of Myanmar and Thailand, Peninsular Malaysia and 
the Island of Sumatera, Indonesia (Lynam et al., 2008). 
The Malayan tapir habitat comprises of swamp peat area 
to the lowland forest (Brooks, 1997). However, they also 
reported being seen at an elevated area at 2400 meters 
above sea level (Holden et al., 2003). The type of habitat 
where the Malayan tapir lives require a ‘tough’ body and 
strong skin to go through the thick and dense forest. The 
tapirs have thick skin (Pollock and Ramsey, 2003; Lilia et 
al., 2010), the skin around the neck is between 20-30 mm 
thick and very hard (Meijaard and Strien, 2003), and this 
allows them to withstand the thorny and dense bushes. 
However, at the point of this article written, there are no 
published reports specifically on the skin thickness of 
Malayan tapirs. Therefore, this preliminary study was 
conducted to document the thickness of different parts of 
the skin of adult Malayan tapir. The information gained 
from this study could benefit the management of the 
species in captivity. 
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MATERIALS AND METHODS 

 
Twenty-two (n=22) dead adult Malayan tapir were 

involved in this study. All tapirs were roadkill’s; died due 
to traumatic injury due to collision with the vehicle. The 
skin samples from the dead Malayan tapir were collected 
within 24 hours after death. A 5 cm X 5 cm skin sample 
was obtained from different parts of the body as illustrated 
in Figure 1; dorsal and lateral neck, lateral facial, medial 
and lateral foreleg and hind leg (just above the hook and 
knee joint), dorso-lateral part of the hindquarter skin 
(pelvis area) and dorsal back (above last thoracic 
vertebrae). The skin sample was incised using a sharp 
scalpel blade. The subcutaneous or muscle tissues attached 
to the skin were removed before measurement. The skin 
samples were either directly measured or chilled (5oC) 
until measured. A digital calliper (Absolute™, Mitutoyo 
Corp., Japan) with a precision of ±0.02 mm was used to 
measure the thickness of each skin sample. All collected 
data were documented in Microsoft Excel, and the 
comparison of skin thickness between female and male 
were analysed using IBM™ SPSS (Version 26). 
 
RESULTS AND DISCUSSION 
 

The overall average skin thickness of different parts 
of the body of 22 adult Malayan tapirs was shown in Table 
1. The skin at the dorsal neck was the thickest (21.36 mm) 
followed by the lateral neck (11.13 mm) and lateral hindleg 
(10.80 mm). The skin structure at these parts was denser 
and less flexible. Meanwhile, the thinnest part of the tapir 
skin was at the lateral facial skin (6.05 mm) followed by 
the medial hindleg (6.13 mm) and medial foreleg (6.85 
mm). The skin at this part was softer and more flexible. 
The Mann Whitney U test revealed no significant 
difference in skin thickness between the female and male 
Malayan tapir (P>0.05).
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Figure 1. Skin sampling at dorsal neck (1a), lateral neck (1b), lateral facial (2),  lateral foreleg (3a), medial foreleg 
(3b), lateral hindleg (4a), medial hind leg (4b), dorso-lateral part of the hindquarter (pelvis) (5) and dorsal back 
(6). 
 
 

In general, skin is the outer tissue covering the body 
of a vertebrate animal that is made up of three layers, the 
epidermis, dermis and hypodermis with three main 
functions: protection, regulation, and sensation (Yousef et 
al., 2017). In Malayan tapir, except for the toes (hoof) and 
eyes, the skin covers the whole body. The skin of the dorsal 
and lateral parts of the body is thick and hard. Meanwhile, 
the skin at the inguinal area, medial part of both limbs and 
ventral parts of the abdomen and thoracic area are thinner, 
more elastic and softer. Although the female Malayan tapir 
is heavier than the male, there are no significant 
differences in skin thickness between male and female. 

In this study, the overall average skin thickness of the 
different parts of the body of Malayan tapirs is 10.12 mm. 
This is indeed considerably thicker than the skin of horses, 
1.2 mm to 7 mm (Wakuri et al., 1995).  In the wild habitat, 
the thick skin protects when the Malayan tapir moves 
through the dense undergrowth (Lekagul & McNeely, 
1988). Meanwhile, Sanborn and Watkins (1950), 
presumed that the thick skin of the dorsal and lateral part 
of the neck is for protection from predator bites. Although 
no published report of wild Malayan tapirs being prey of 
predators, the Malayan tapirs could still become the victim 
of predators such as tigers and panthers. This study 
confirmed that the skin at the dorsal part of the neck is the 
thickest as the average thickness is 21.36 mm. Thus, it may 
give added protection as it is presumably the skin is not 
easily torn by the predator bite. However, the thick skin 
may impede detection of early lesions under the skin, such 
as accumulation of pus or other body fluid, because  

 
changes may not be observable at the affected area during 
a physical examination and delay treatment.  

The neck region is the best area to deliver drugs 
intramuscularly for sedation. Therefore, at least an inch 
18G needle is needed to deliver the drugs intramuscularly. 
Although intramuscular administration could also be done 
at the gluteus muscle, the tapir is sensitive when 
medication is administrated at this region may be due to 
pain when pierced with a needle. Meanwhile, due to the 
thickness and stiffness of the skin, subcutaneous fluid or 
medication could not be given through most of the body 
parts. The best area to give subcutaneous fluid or 
medication is at the ventral area of the body especially at 
the skin flap between the ventral abdomen and limbs but 
with a limited amount. In addition, the findings indicated 
the most suitable site for microchip implantation under the 
skin, which is behind the ears, as the skin at this area is not 
too thick and has less risk of microchips migration. The 
information on the skin is also important for the 
veterinarian especially during a surgical procedure as the 
thickness information may help the surgeon to decide on 
the suture type and size. Furthermore, diagnostic test such 
as tuberculin skin test can be decided to be conducted at 
the most appropriate part of the body. 

The information gathered from this study could 
improve the health and husbandry management of this 
species in captivity. However, this is only primary work; 
therefore, further study involving more samples should be 
done. It is also recommended to add histological analysis 
of skin from different body parts in future study. 
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Table 1. The skin thickness from nine parts of the female and male Malayan tapir’s body 
 

Female 
           

Tapir No. 
Skin measurement (mm) 

Dorsal 
neck 

Lateral 
Neck 

Lateral 
Facial  

Lateral 
Foreleg 

Medial 
foreleg 

Lateral 
hindleg 

Medial 
hindleg Pelvis Dorsal 

back 
1 17.00 8.00 6.50 NT 6.00 7.00 10.50 6.00 9.00 
2 28.56 14.55 7.41 NT 6.49 NT 5.09 8.30 11.55 
3 25.71 10.80 7.50 NT 6.40 NT 5.51 8.58 9.25 
4 20.50 NT 3.74 8.30 5.61 8.66 6.11 6.40 NT 
5 22.30 NT 7.20 10.39 6.18 10.55 5.54 8.26 NT 
6 25.02 13.34 NT NT NT 13.06 NT 11.14 10.48 
7 21.40 9.40 5.70 11.00 8.70 11.40 4.00 7.70 10.40 
8 23.77 10.17 5.38 NT 4.86 12.00 4.53 8.14 NT 
9 20.57 9.18 6.60 NT 6.44 10.83 5.67 9.23 NT 
10 19.90 10.35 5.86 7.06 6.74 7.39 4.90 9.81 14.20 
11 22.14 NT 7.90 10.80 6.32 10.90 NT 7.14 10.71 
12 19.00 9.60 5.60 10.30 9.00 10.00 7.30 7.60 9.00 
13 22.00 14.30 7.30 11.67 6.67 12.00 6.30 10.30 9.60 

No of cases 13 10 12 7 12 11 11 13 9 
Average 22.14 10.97 6.39 9.93 6.62 10.34 5.95 8.35 10.47 

          
Male 
           

No. 
Skin measurement (mm) 

Dorsal 
neck 

Lateral 
Neck 

Lateral 
Facial  

Lateral 
Foreleg 

Medial 
foreleg 

Lateral 
hindleg 

Medial 
hindleg Pelvis Dorsal 

back 
14 24.84 11.87 4.41 NT 9.50 NT 7.43 7.35 10.27 
15 20.62 8.15 7.06 NT 7.67 NT 9.11 7.62 8.44 
16 NT 11.70 6.04 NT 6.12 11.66 5.52 NT 11.20 
17 14.90 11.60 6.40 11.70 6.50 10.20 7.60 8.20 8.40 
18 22.33 9.51 4.84 10.52 8.25 10.86 7.67 8.64 8.82 
19 19.87 10.59 5.62 10.08 NT 10.48 3.44 6.69 NT 
20 22.14 12.98 5.79 8.23 4.32 NT 4.12 11.75 NT 
21 20.60 12.30 5.00 11.00 5.30 12.00 3.60 11.00 10.60 
22 19.33 13.00 6.30 10.60 9.00 12.33 8.33 11.00 8.33 

No of case 8 9 9 6 8 6 9 8 7 
Average 20.58 11.30 5.72 10.36 7.08 11.26 6.31 9.03 9.44 

          
Overall 
average 
(Male & 
female) 

21.36 11.13 6.05 10.14 6.85 10.80 6.13 8.69 9.95 

Note: NT = not taken 
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SUMMARY 
 

Feline enteric coronavirus (FECV) generally causes asymptomatic infection to mild diarrhoea in multi-cat household, 
but sporadically may develop into the highly fatal feline infectious peritonitis (FIP). The route of transmission of FECV 
is via faecal-oral route through sharing of litter boxes. The aim of this study was to investigate the viral inhibitory effect 
of commercial cat litters available in Malaysia against Feline Coronavirus (FCoV) in vitro. A total of six types of cat 
litters were chosen based on their availability in 10 pet shops surveyed within Klang Valley, Malaysia. To determine the 
viral inhibitory effect of the cat litters such as wood pellet, kenaf, bentonite, silica, tofu or non-clumping clay, these cat 
litters were mixed with FIPV 79-1146 strain, incubated for 2 hours at 37°C with 5% CO2 and the supernatants were 
filtered and inoculated into 24-well plates of Crandell Rees feline kidney (CRFK) cells. Cytopathic effects (CPE) were 
observed after 48 hours. Median tissue culture infectious dose (TCID50) was used to determine the viral titre using 
Spearman-Karber method. Statistical analysis using Kruskal-Wallis test comparing the different cat litters revealed a 
significant viral inhibitory effect against FCoV of which significant results were observed among wood pellet, kenaf and 
bentonite versus FCoV-untreated controls. However, only wood pellet managed to completely inhibit virus infection in 
cell culture, while the other five cat litters reduced virus load to varying extent from 2-fold to 6-fold reduction. In 
conclusion, wood pellet, kenaf and bentonite successfully inhibited FIP virus growth in CRFK cells presumably by 
adsorbing virus and binding the virions. Future in vivo study needs to be done to test the inhibitory effects of the cat 
litters in natural settings.   
 
Keywords: cat litter, feline coronavirus, viral inhibitory effect 

INTRODUCTION 
 

Feline coronavirus (FCoV) is an enveloped single-
stranded RNA virus in the Coronaviridae family. FCoV 
manifests in two biotypes; feline enteric coronavirus 
(FECV), which is ubiquitous in catteries and multi-cat 
households and the mutated form, feline infectious 
peritonitis virus (FIPV) (Pedersen, 2009). FECV generally 
causes asymptomatic infection to a mild gastroenteritis but 
mutation of FECV leads to a FIPV biotype that causes a 
highly fatal and systemic disease. FECV transmission 
occurs by faecal-oral route through the sharing of cat litter 
especially in multi-cat environment (Pedersen, 2009). 
Currently, there is only one commercially available 
intranasal vaccine to aid in the prevention of FCoV for 
kittens of more than 16 weeks old; however, the efficacy 
of this vaccine is questionable (Pedersen, 2009). In 
addition, maternally derived FCoV antibodies in kittens 
decline after 60 days, which leaves a window for infection 
before vaccination can be performed. Therefore, 
preventing infection of FCoV at the primary level can 
avoid the potential occurrence of FIP. There was a recent 
evidence that Fuller’s earth-based cat litters can reduce 
occurrence of infection or re-infection of FCoV, thus 
decreasing the chances of FIP to develop (Addie et al., 
2020). However, this type of cat litter is not commonly 
found in pet stores in Malaysia.  
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In Malaysia, prevalence of FCoV is as high as 84% 
in a study conducted within two catteries (Sharif et al., 
2009). In another study, 95% of sampled cats were 
positive by RT-PCR with majority were type I isolates 
(Amer et al., 2012). Fuller’s earth-based cat litter or 
aluminium magnesium silicate was shown able to inhibit 
FCoV infection in cell culture (Addie et al., 2020). 
However, composition of cat litters varies according to 
different regions depending on availability of raw 
materials. Whether the cat litters available in Malaysia 
would have the same viral inhibitory effect are still 
unknown. 

Therefore, identifying cat litters that are available in 
Malaysia that have similar antiviral properties could aid in 
reducing transmission of FeCV. Hence, the aim of the 
study was to investigate the  in vitro viral inhibitory effect 
of commercially available cat litters  following FCoV 
infection in Malaysia.  

 
 
 
MATERIALS AND METHODS 
 
Selection of Cat Litters 
 

Ten pet shops in Klang Valley, Selangor were 
surveyed for the types of cat litters sold. Six different types 
of cat litters were chosen primarily according to their 
materials. Availability of each type of cat litters in the pet 
shops were also recorded to determine the common 
commercial cat litters found in Malaysia.  
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Cell Culture Preparation 
 

Crandell-Reese feline kidney (CRFK) cells of 
passage 54 at more than 90% confluency were sub-
cultured into T75 flasks (SPL Life Sciences, Korea). Cells 
were grown in minimum essential media (MEM) (Gibco, 
United States) supplemented with 15% of heat-inactivated 
fetal bovine serum (FBS) (Gibco, United States) and 1% 
of Penicillin-Streptomycin containing 10,000U Penicillin 
and 5mg Streptomycin (HiMedia, India) (Addie et al., 
2020). After removing the used media, the cells were 
thoroughly rinsed twice with 10 mL Phosphate Buffer 
Saline (PBS, pH 7.2) to remove traces of serum that may 
inhibit the activity of trypsin. Next, 2 mL of 0.5% trypsin-
EDTA (Gibco, United States) were added and incubated at 
37oC for 2 min to 3 min. The flask was removed from 
incubator and swirled gently to aid in detachment of the 
cells. Then, 2 mL of pre-warmed media as described above 
were added into the flask (Addie et al., 2020). 
Subsequently, the media containing detached cells in the 
flask were transferred to a 15 mL centrifuge tube (SPL 
Life Sciences, Korea) and centrifuged at 15,000 rpm for 5 
min. Afterwards, supernatant was removed and 4 mL of 
growth media was added and resuspended using pipette 
(Eppendorf, Germany) to break the clumping of cells. The 
cells were then seeded into two T75 flasks at 2 mL with 
concentration of 2x106 cells/mL per flask with additional 
8 mL of growth medium and incubated at 37oC with 5% 
CO2 (Eppendorf, Germany) for 2-3 days up until 
confluency.  

CRFK cells that reached more than 90% confluency 
were used to subculture into four 24-well plates (BioFil, 
India). Cell suspension with 4 mL volume were divided 
equally into two 50ml centrifuge tubes (Thermo Fisher 
Scientific, United States) and added with 22 mL of growth 
medium for subsequent resuspension. Finally, 500 uL of 
the cells were pipetted into each well of 24-well plate and 
incubated at 37°C with 5% CO2.  

 
Virus Propagation  
 

CRFK cells in T25 flask at 80-90% confluency was 
rinsed with 5 mL PBS twice. The cells were then 
inoculated with 0.1 mL of FIPV 79-1146 strain and 
incubated for 1 hour. After incubation, 5 mL of growth 
medium was added and flask was incubated at 37°C with 
5% CO2 (Thermo Fisher Scientific, United States) until 
cytopathic effect (CPE) was observed. Next, the flask was 
subjected to freeze-thaw cycle for three times to break the 
cells and for allowing the virus to be released into the 
supernatant. Then, the content was pipetted into a 15 mL 
centrifuge tube. The tube was centrifuged at 3000 rpm for 
5 min and the virus supernatant was kept in -20°C until 
further used. The FIPV 79-1146 virus propagation in 
CRFK cells was repeated several times until the virus 
stock was adequate for the subsequent analyses.  
 
Median Tissue Culture Infectious Dose 
 

Median tissue culture infectious dose (TCID50) 
method was used for virus titer quantification. CRFK cells 

were grown into 24-well plate at 0.05x106 cells per well 
and incubated at 37°C with 5% CO2 for 2 days and a series 
of 10-fold dilution of FIPV 79-1146 were inoculated after 
the CRFK cells reached 90% confluency. The cells were 
monitored daily for CPE. TCID50/mL value was calculated 
using Spearman-Karber method (Spearman, 1908; Karber, 
1931) 
 
Sample Processing and Residual Virus Titration 
 

A total of 4 mL of FIPV 79-1146 strain at 3.75× 10$ 
TCID50/mL were mixed with 1 gram (g) of cat litter 
sample in a 15 mL centrifuge tube and rotated (Stuart 
Scientific, United Kingdom) at room temperature for 2 hrs. 
Then, the tube was spun at 3000 rpm for 10 min (Kubota, 
Japan) and supernatant was transferred into 1.5 mL 
centrifuge tube (Eppendorf, Germany). Next, the tube was 
spun at 14,000 rpm for 5 min and the virus supernatant was 
filtered through a 0.45 µM filter (Sartorius Stedim, 
France) (Addie et al., 2020). A total of 100 uL virus 
supernatant was subjected to a 10-fold serial dilution and 
the dilution series was made in triplicates. Then, TCID50 
method of viral quantification was performed as described 
earlier to determine the viral titre upon treatment with the 
cat litters. The plates were incubated at 37°C with 5% CO2 

and CPE was examined and recorded for 48 hours.  
As a positive control, 1 mL of FIPV at 3.75× 10$ 

TCID50/mL without cat litter was added into 15 mL 
centrifuge tube and treated as above. As for negative 
control, 4 mL of MEM without FIPV was mixed with 1 g 
cat litter and treated as above to check for possible 
cytotoxic effects of the litter towards the cells. Cells that 
remained healthy at the end of observation period were 
deemed to be free from cytotoxic effect that may be 
induced by the cat litters. 

 
Statistical Analysis 
 

Statistical analysis with non-parametric Kruskal-
Wallis test with post-hoc analysis of Dunn’s multiple 
comparisons were carried out using GraphPad Prism 
(Version 8.4.3, USA) to compare the effect of viral 
inhibition among the different cat litters with p-value 
<0.05 considered as significant.  

 
 
RESULTS 
 
Identification of Common Commercial Cat Litters 
 
A survey of 10 pet stores in Klang Valley, Selangor 
revealed six common types of cat litters which were wood 
pellet, kenaf, bentonite, tofu, silica, and  non-clumping 
clay. Silica was the most common cat litter where it was 
found in nine out of ten stores, followed by bentonite and 
wood pellet at eight out of ten stores (Figure 1). The least 
common cat litter was non-clumping clay whereby only 
two stores carried that litter type. 
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Figure 1. Number of pet shops (n=10) carrying a 
particular litter type in descending order. In Vitro  
 
Effect of Cat Litter Against FCoV 
 

The  effects of cat litter on FCoV infectivity were 
calculated and summarized in Table 1. None of the six cat 
litters cause cytotoxicity to CRFK cells. Infected cells 
were shown to have CPE characterized by cell ballooning, 
cell clumping and detachment from wells.  
All six cat litters reduced virus titre up to a varying extent. 
Only wood pellet litter managed to fully inhibit FCoV 
infection significantly in cell culture compared to control 
(Table 1). Non-clumping clay and tofu litter were able to 
reduce virus titre by 2-fold compared to control. Silica and 
bentonite reduced FCoV load by 4-fold and 5-fold, 
respectively. Subsequently, kenaf almost fully inhibited 
FCoV infectivity demonstrated by 6-fold reduction of viral 
titre. There were significant inhibition of viral activity 
among the six cat litters tested (p= 0.0077, p<0.05), with 
wood pellet, kenaf and bentonite showed significant result 
when compared to virus control (Figure 2). However, 
comparison between non-clumping clay, tofu and silica 

litters showed no significant result on virus titre when 
compared to controls (p>0.05).  

 
Figure 2. Feline coronavirus (FCoV) titer (TCID50) in 
six cat litters (n=6) compared to control (uninfected). 
Post-hoc analysis of Kruskal-Wallis test (p=0.007) 
comparing the mean of each litter with control of 
which * indicates p<0.05, ** indicates p<0.001. 
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Tofu No 5 x 107 2.9 x 105 2 – fold 

Non-clumping clay No 5 x 107 3.9 x 105 2 – fold 
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DISCUSSION 
 

A variety of cat litters made from different types of 
materials can be found in the market today to meet pets’ 
and owners’ demands. Each type of litter comes with its 
own advantages and disadvantages in terms of cost, 
dustiness, tracking ability, clumping ability and ease of 
disposal (Adelson and Pardilla, 2021). For example, cats 
appeared to have preferences over clumping litters such as 
tofu and bentonites compared to unclumping litters such 
as crystal or wood pellet; however, in general, tofu litter is 
expensive compared to crystal or wood pellet litters 
(Nielson, 2001; Adelson and Pardilla, 2021).  

Based on the results from this in vitro study, all six 
cat litters have viral inhibitory properties with a varying 
extent. Three cat litters were identified to be potentially 
used as litters that have viral inhibitory effects based on 
the significant result of the viral titers which were the 
wood pellet, kenaf and bentonite. However, only wood 
pellet was able to completely reduce viral titer to zero. This 
is the ideal situation because even with low viral load or 
infectious dose, there is possibility of successful viral 
replication within individual cats especially those with no 
protective immunity (Pedersen, 2009). The exact 
mechanism of wood pellet inhibitory effect on viral 
infection in cell culture is not presently known. However, 
a study by Lupini et al. (2009), showed that chestnut and 
quebracho wood extracts have in vitro antiviral activity 
against avian reovirus (ARV) and avian metapneumovirus 
(AMPV). The antiviral activity was presumed to be due to 
an interaction of tannins extracted from the plant and viral 
proteins that leads to inhibition of viral attachment and 
penetration of cell membrane. Tannins are a class of 
polyphenolic compounds that can bind to and precipitate 
proteins from a solution (Combs, 2016). The wood pellet 
litter used in the study was made from pine wood (Pinus 
spp.) where condensed tannins can be found (Filgueira et 
al., 2017; Li and Maplesden, 1998). Further research needs 
to be conducted to determine whether the tannins are the 
active compounds responsible for viral inhibitory effect of 
wood pellet on FCoV. On the other hand, kenaf (Hibiscus 
cannabinus) was almost able to completely reduce viral 
titre load (6-fold reduction). As previously stated, the 
mechanism of this plant against FCoV infection in cell 
culture is unknown, although there was evidence of 
phytotoxic and fungitoxic properties of kenaf essential oil 
(Kobaisy et al., 2001). 

Bentonite, the third cat litter with significant viral 
titre reduction by 5-fold, presumably reduced cell culture 
infection through good adsorbent property. A study by 
Clark et al. has proven an excellent capability (>90% 
adsorption) of sodium bentonite to adsorb bovine 
coronavirus (Clark et al., 1998). According to the study, 
the virions have larger diameters than the pores of the 
adsorbent substance particles causing the virions to be 
attached to the external surface of the particles. In other 
words, the material can only bind the virus together but 
infectivity of the virus remains. Addie et al. (2020) also 
stated that Fuller’s earth-based cat litters which has similar 
properties to bentonite, possibly prevented cell culture 
infection by binding the virus rather than actually killing  

it. 
Another observation made throughout the study is 

the high liquid absorption property of wood pellet and 
kenaf. Absorption refers to the phenomenon where 
molecules of a substance enter the bulk or volume of the 
absorbent, in contrast with adsorption which is a process 
of adhesion of molecules onto the surface of solid particle. 
There are two hypotheses derived from this where the first 
one being wood pellet and kenaf presumably have the 
ability to absorb fluids from the virus leading the virus 
particles to dry up and become inactivated. The other 
theory is the cat litters absorb the liquid in the supernatant, 
leading to ease of adsorption of virion particles onto the 
litter material, and forms a tight cat litter-to-virion 
complex and sediments in the centrifuge tube. This allows 
for less free-flowing virions in the supernatant, where viral 
titre reduction is observed after inoculation.  

In summary, wood pellet, kenaf and bentonite have 
its own chemical or physical properties that may 
contribute to the inhibition of virus in cell culture. 
 
CONCLUSION 
 

Overall, all six cat litters (wood pellet, kenaf, 
bentonite, silica, tofu, non-clumping clay) were able to 
reduce FCoV titer in CRFK cell culture. Only wood pellet 
cat litter was able to completely prevent virus infection in 
cell culture but it is not as cost-effective. Although kenaf 
and bentonite cat litters also have significant viral titer 
reduction, virions were still present whereby even a single 
virus particle could still infect a cat.  
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