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Article 
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Abstract: This study evaluated the sedative effects of diazepam–xylazine administered via intramuscular injection, oral gavage, and 

sedative-laden feed in Guinea fowls (Numida meleagris). Eighteen clinically healthy Guinea fowls were randomly assigned to three 

groups (n = 6). Group A received diazepam–xylazine intramuscularly, Group B received the combination by oral gavage, and Group 

C received sedative-laden feed. Onset of sedation, duration of analgesia, sedation score, muscle relaxation score, heart rate, respir-

atory rate, and cloacal temperature were measured at predetermined intervals. Data were analyzed using one-way ANOVA, with 

significance set at P < 0.05. Route of administration significantly affected sedative efficacy. Oral gavage produced the shortest onset 

of sedation (1.33 ± 0.33 min) and the longest duration of analgesia (73.33 ± 3.84 min), whereas sedative-laden feed resulted in the 

longest onset (22.33 ± 5.36 min) and the shortest duration of analgesia (24.00 ± 3.06 min). Sedation and muscle relaxation scores were 

significantly higher in the oral gavage and intramuscular groups than in the feed-treated group during the early observation period 

(P < 0.05). Heart rate and respiratory rate decreased significantly after treatment in all groups, with the greatest reductions observed 

in birds receiving oral gavage (P < 0.05). Cloacal temperature decreased slightly after treatment but did not differ significantly 

among groups (P > 0.05). Diazepam–xylazine administered by oral gavage provided the most effective and consistent sedative pro-

file in Guinea fowls, characterized by rapid onset, prolonged analgesia, superior sedation, and enhanced muscle relaxation. These 

findings indicate that oral gavage may be a practical alternative route for short-term chemical restraint in Guinea fowls. 

Keywords: Guinea fowl; diazepam; xylazine; oral gavage; chemical restraint; sedation; avian anesthesia. 

           

 

1. Introduction 

Guinea fowl (Numida meleagris) is one of the most important indigenous poultry 

species in Africa, contributing substantially to rural livelihoods, household income, food 

security, and genetic diversity [1]. Owing to its adaptability to harsh environmental 

conditions and relatively low production costs, interest in its commercial production, 

conservation, and research applications has increased considerably in recent years [2]. 

Routine veterinary procedures such as physical examination, blood collection, diagnostic 

imaging, wound management, and minor surgical interventions often require adequate 

restraint to ensure both animal welfare and personnel safety [3,4]. However, birds are 

highly susceptible to stress associated with capture and manual restraint. Excessive 

struggling may lead to hyperthermia, trauma, capture myopathy, physiological dis-

turbances, and occasionally mortality. Consequently, procedural sedation has become an 

essential component of modern avian medicine because it minimizes stress, facilitates 

clinical procedures, and often serves as a practical alternative to general anesthesia for 

short-duration interventions [5].  
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Among the pharmacological agents used for avian sedation, benzodiazepines and α₂-adrenergic ago-

nists remain some of the most widely employed because of their predictable sedative and muscle-relaxant 

effects [6]. Diazepam, a benzodiazepine, produces anxiolysis, sedation, and muscle relaxation primarily 

through enhancement of γ-aminobutyric acid (GABA)-mediated neurotransmission within the central 

nervous system. In contrast, xylazine exerts its effects through stimulation of central α₂-adrenergic recep-

tors, producing sedation, muscle relaxation, and varying degrees of analgesia. The combination of these 

drug classes may provide synergistic effects, resulting in improved chemical restraint and greater patient 

compliance during clinical procedures [7]. Previous studies have demonstrated that benzodiazepine- and 

α₂-agonist-based protocols provide effective chemical restraint in several avian species, including parrots, 

pigeons, partridges, pheasants, and guinea fowl. For example, the addition of midazolam to a keta-

mine–xylazine protocol improved anesthetic quality and duration of analgesia in guinea fowl without sig-

nificant adverse effects [8]. Similar findings in other avian species suggest that appropriate sedative com-

binations can enhance restraint quality while maintaining acceptable physiological stability [9].  

Although numerous studies have evaluated sedative drugs and dose combinations in avian species, 

research has focused predominantly on pharmacological efficacy rather than drug delivery strategies. In-

tramuscular (IM) injection remains the conventional route because of its predictable absorption; however, it 

requires capture and restraint before sedation is achieved, potentially increasing stress responses [10]. 

Consequently, there is growing interest in alternative delivery methods that minimize handling while 

maintaining effective chemical restraint.  

Recent advances in avian anesthesia and welfare emphasize refinement of restraint techniques, yet 

direct comparisons of injectable and non-invasive administration routes remain scarce [4]. Alternative drug 

delivery strategies may therefore improve animal welfare while maintaining adequate sedation [11]. Oral 

administration by gavage ensures accurate dose delivery while avoiding repeated injections, whereas in-

corporating sedative agents into feed offers an even less invasive strategy that could facilitate flock man-

agement, transportation, wildlife capture, and the handling of semi-domesticated or difficult-to-restrain 

birds.  

Nevertheless, evidence regarding the effectiveness of sedative-laden feed remains limited, and direct 

comparisons between intramuscular administration, oral gavage (OG), and feed-mediated delivery are 

scarce. This represents an important knowledge gap in avian anesthesia and welfare-oriented restraint 

strategies.  

Therefore, this study was designed to compare the sedative effects of a diazepam–xylazine combina-

tion administered through three different routes—IM injection, OG, and sedative-laden feed—in guinea 

fowl (Numida meleagris). Sedative indices, including onset of action, duration of analgesia, degree of seda-

tion, degree of muscle relaxation, and selected physiological parameters, were evaluated to determine the 

relative effectiveness of each route of administration and to identify practical alternatives for clinical and 

flock management applications. 

 

2. Materials and Methods 

The study was conducted at the Department of Veterinary Surgery and Radiology, College of Veteri-

nary Medicine, Michael Okpara University of Agriculture, Umudike, Abia State, Nigeria.  

2.1. Ethical approval 

The experimental protocol was reviewed and approved by the Animal Ethics Committee of the College 

of Veterinary Medicine, Michael Okpara University of Agriculture, Umudike (Approval No: MOU-

AU/CVM/REC/202620). All procedures involving animals were conducted in accordance with institutional 

guidelines for the care and use of animals in research.  

2.2. Animals 

Eighteen apparently healthy adult guinea fowls (Numida meleagris) of both sexes, weighing between 

0.65 and 1.0 kg, were randomly allocated into three treatment groups (n = 6 per group) for the study. Birds 

were clinically examined and confirmed to be free of disease. They were acclimatized for two weeks under 

standard husbandry conditions, with free access to commercial feed and clean drinking water.  

2.3. Sedative agents 

• Xylazine hydrochloride injection (20 mg/mL; Xylased®, Bioveta Company, Czech Republic). 

• Diazepam injection (10 mg/mL; Unival®, Swiss Pharma Nigeria Ltd., Nigeria). 

• Diazepam tablets (5 mg; Unival®, Swiss Pharma Nigeria Ltd., Nigeria). 
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All drug doses were calculated individually according to body weight immediately before admin-

istration. Other materials used included disposable syringes, cotton wool, methylated spirit, hand gloves, 

digital thermometer, stethoscope, weighing balance, and permanent marker. 

2.4. Preparation of Sedative-Laden Feed 

Sedative-laden feed was prepared immediately before administration. Approximately 5 g of commer-

cial feed pellets (Chikun®, Olam Agri. Nigeria) were weighed and crushed into a fine mash. Diazepam 

tablets were pulverized and thoroughly mixed with the calculated volume of xylazine solution needed to 

achieve the desired dose for each bird. The resulting mixture was homogenized and moulded into pel-

let-like forms using a sterile syringe plunger. The pellets were air-dried before administration and offered 

individually to birds assigned to the feed-treatment group. 

2.5. Experimental Design 

Following acclimatization, the birds were randomly allocated into three treatment groups (A, B, and 

C), each consisting of six birds: 

• Group A (IM Administration): Birds received diazepam (2.5 mg/kg) and xylazine (1.5 mg/kg) admin-

istered intramuscularly into the thigh muscle using a sterile syringe. 

• Group B (OG Administration): Birds received diazepam (5 mg/kg) and xylazine (3 mg/kg) orally via 

gavage. During administration, their necks were kept upright during tube insertion to completely clear 

the glottis. 2 mL of normal saline was consistently used to flush the tube to ensure no dry residue was 

left in the upper esophagus. 

• Group C (Sedative-Laden Feed Administration): Birds in this group were separated into individual 

cages during the test to be able to control dosing. Each bird received diazepam (10 mg/kg) and xylazine 

(10 mg/kg) incorporated into sedative-laden feed. 

The administration routes were selected to compare the effectiveness of conventional injectable seda-

tion, controlled oral delivery through gavage, and voluntary consumption through sedative-laden feed as 

alternative approaches to chemical restraint in guinea fowl. 

2.6. Evaluation of Sedative Indices 

The birds were kept in sound-attenuated rooms because guinea fowl are highly sensitive to sudden 

noise, which can trigger an adrenaline surge and potentially override the sedative effects. The following 

were evaluated 

2.6. 1. Onset of Sedation 

The onset of sedation was defined as the interval between drug administration and the first observable 

signs of sedation, including reduced alertness, decreased responsiveness to external stimuli, postural re-

laxation, and associated behavioral changes. The onset time was recorded in minutes. 

2.6.2. Duration of Analgesia 

Analgesic duration was assessed using the toe-pinch reflex test. The time of disappearance of the 

withdrawal response following drug administration was recorded, as was the time of reappearance of the 

response. Duration of analgesia was calculated as the interval between loss and return of the toe-pinch re-

flex. 

2.7. Evaluation of Sedation Scoring 

Sedation and muscle relaxation were assessed using a previously described clinical scoring system. 

Birds were evaluated at predetermined intervals following drug administration by the same observer to 

minimize inter-observer variation (Table 1). 

2.8. Physiological Measurements 

Heart rate, respiratory rate, and cloacal temperature were recorded before drug administration (base-

line) and at predetermined intervals after sedation, using a standardized procedure. 

2.9. Statistical Analysis 

Data are presented as mean ± standard error of the mean (SEM). Statistical analyses were performed 

using GraphPad Prism version 8.0 (GraphPad Software, San Diego, CA, USA).Differences among treatment 

groups were analyzed using two-way repeated-measures ANOVA, followed by Fisher's Least Significant 

Difference (LSD) test where appropriate. Statistical significance was accepted at P < 0.05. 
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Table 1. Clinical scoring system of level of sedation and muscle relaxation 

Score Sedation level Muscle relaxation level 

0 Standing and alert Jaw tightly closed (full muscle tone) 

1 Drooping of wings Moderate resistance to jaw opening 

2 Standing with reduced alertness Mild resistance to jaw opening 

3 Sternal recumbency No resistance to jaw opening 

4 Lateral recumbency with apparent sleep Complete flaccid paralysis 

 

3. Results 

3.1. Indices of sedation 

3.1.1. Onset of sedation 

The route of administration did not significantly influence the onset of sedation (P> 0.05), although 

numerical differences were observed among treatment groups. However, the duration of analgesia differed 

significantly (P< 0.05), with OG producing the longest analgesic effect. Birds that received diaze-

pam–xylazine by OG(Group B) exhibited the shortest onset of action (1.33 ± 0.33 min), whereas birds re-

ceiving sedative-laden feed (Group C) showed the longest onset time (22.33 ± 5.36 min). IM administration 

(Group A) produced an intermediate onset time of 5.00 ± 0.58 min. Although numerical differences were 

observed, no significant difference was detected among groups for onset of action (P> 0.05; Figure 1a). 

3.1.2. Analgesic duration 

Analgesic duration differed significantly among treatment groups (P˂ 0.05). OG resulted in the longest 

duration of analgesia (73.33 ± 3.84 min), followed by IM administration (50.33 ± 0.58 min), while seda-

tive-laden feed produced the shortest duration (24.00 ± 3.06 min) (Figure 1b).  

 
 

(a) (b) 

Figure 1. Mean (±SEM) onset of sedation (min) (A) and analgesic duration (B) in Guinea fowls administered diaze-

pam-xylazine through intramuscular injection (GROUP A), oral gavage (GROUP B) and sedative-laden feed (GROUP C). 

3.2.Duration of analgesia 

3.2.1. Degree of sedation 

Sedation scores increased significantly following administration of diazepam–xylazine in all groups. 

At 10–30 min, Groups A and B maintained significantly higher sedation scores than Group C (P˂ 0.05). 

Maximum sedation scores of 4.00 ± 0.00 were observed in Groups A and B between 20 and 30 min, whereas 

Group C attained lower scores ranging from 3.00 ± 0.00 to 3.33 ± 0.33 during the same period. Sedation 

gradually declined after 40 min in all groups, approaching baseline values by 60 min (Figure 2a). 
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(a) (b) 

 

Figure 2.  Mean (±SEM) Degree of sedation (a) and muscle relaxation (b) in Guinea fowls administered diaze-

pam-xylazine via intramuscular injection (GROUP A), oral gavage (GROUP B) and sedative-laden feed (GROUP C).  
Different lowercase letters (a-b) indicate significant difference (P < 0.05) within the same group across time.  An aster-

isk (*) indicate a significant difference (P < 0.05) (GROUP A), oral gavage (GROUP B) and sedative-laden feed (GROUP 

C) at the same time point 

3.2.2. Degree of muscle relaxation 

Muscle relaxation followed a similar trend. Group B exhibited the highest muscle relaxation scores, 

reaching 3.00 ± 0.00 at 20 min and remaining elevated at 30 min (2.67 ± 0.33). Group A showed moderate 

muscle relaxation with peak values of 2.00 ± 0.00 at 30–40 min, whereas Group C demonstrated minimal 

muscle relaxation throughout the observation period, with scores remaining between 1.00 ± 0.33 and 
1.33 ± 0.33. Significant differences among groups were observed at selected time points (P˂ 0.05) (Figure 

2b). 

3.3. Physiological parameters 

3.3.1. Heart rate 

Heart rate decreased following administration of diazepam–xylazine in all treatment groups. Group B 

showed the greatest reduction, declining from a baseline value of 292.00 ± 18.90 beats/min to 174.67 ± 14.67 

beats/min at 40 min. Group A decreased from 309.33 ± 10.73 beats/min at baseline to 236.67 ± 21.86 

beats/min at 10 min, while Group C exhibited a less pronounced decline, decreasing from 299.00 ± 4.93 

beats/min to 238.33 ± 19.70 beats/min at 40 min. Significant differences among treatment groups were ob-

served at most observation periods following drug administration (P˂ 0.05). Heart rate progressively re-

turned toward baseline values by 60 min (Table 2). 

3.3.2. Respiratory rate 

Respiratory rate decreased significantly following treatment in all groups (P˂0.05). Group B showed 

the greatest reduction, declining from 43.67 ± 4.81 cycles/min at baseline to 13.33 ± 2.67 cycles/min at 50 min. 

Group A decreased from 23.33 ± 2.67 cycles/min to 12.00 ± 3.00 cycles/min, while Group C showed a com-

paratively smaller reduction, declining from 30.00 ± 4.73 cycles/min to 20.00 ± 5.00 cycles/min at 40 min. 

Respiratory rates gradually increased during the recovery period but remained below baseline values at 60 

min (Table 2). 

3.3.3 Cloacal temperature 

Cloacal temperature decreased slightly following administration of diazepam–xylazine in all groups. 

The greatest reduction was observed in Group B, where temperature decreased from 42.17 ± 0.30°Cat base-

line to 40.43 ± 0.33°C at 60 min. Group A showed a decline from 42.37 ± 0.23°C to 40.73 ± 0.64°C, whereas 

Group C exhibited minimal changes throughout the observation periods, remaining above 41°C. However, 

no significant differences among treatment groups were detected at any observation time (P> 0.05) (Table 

2). 
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Table 2. Mean ± SEM physiological parameters of the sedative effect of diazepam-xylazine administered intramuscularly (A), by oral gavage (B), and 

through sedative-laden feed(C) in Guinea fowl (Numida meleagris) 

 

Mean values with different superscript letters within the same column for the same parameter differ significantly at P˂ 0.05. Means with different nu-

merals within the same row differ significantly (P˂ 0.05) 

 

 

 

 

 

 

Physiological parameters Time 

(minutes) 

0 10 20 

 

30 40 50 60 

 

Heart rate (beats/minutes) 

A 309.33±10.73c1 236.67±21.86a2 243.33±12.02b3 271.67±26.19c4 243.33±20.282c3 274.00±13.122c4 274.33±23.14b4 

B 292.00±18.90a1 236.00±18.90a5 210.67±23.70a4 186.67±24.69a3 174.67±14.67 a2 242.00±21.07a6 260.67±10.48a7 

C 299.00±4.93b1 274.33±7.22b5 245.00±13.23b3 248.67±30.69b3 238.33±19.70b2 264.67±13.92b4 265.00±13.23a4 

Respiratory rate (cycle/minutes) A 23.33±2.67a1 15.33±2.60a2 13.33±1.45a2 12.00±3.06a2 12.00±3.61a2 12.00±3.00a2 14.67±3.84a2 

B 43.67±4.81c1 18.00±3.06a2 15.33±2.91a2 15.00±3.26a2 14.67±3.53a2 13.33±2.67a2 16.67±1.76a2 

C 30.00±4.73b1 24.67±6.17b2 23.00±5.51b2 20.33±6.01b2 20.00±5.00b2 21.67±4.91b2 21.00±5.29b2 

Cloacal temperature (ºC) A 42.37±0.23a1 41.77±0.35a1 41.73±0.41a1 41.20±0.49a1 41.07±0.38a1 41.23±0.62a1 40.73±0.64a1 

B 42.17±0.30a1 40.27±1.63a1 41.07±0.38a1 40.87±0.15a1 40.70±0.31a1 40.57±0.47a1 40.43±0.33a1 

C 41.77±0.23a1 41.43±0.30a1 41.57±0.29a1 41.40±0.45a1 41.40±0.40a1 41.47±0.44a1 41.57±0.44a1 
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4. Discussion 

The present study demonstrated that the route of administration significantly influenced the clinical 

response to diazepam–xylazine sedation in Guinea fowls. Although all treatment protocols produced ob-

servable sedation, OG was associated with the most favorable overall sedative profile, characterized by the 

shortest onset of action, the longest duration of analgesia, higher sedation scores, greater muscle relaxation, 

and more pronounced reductions in heart and respiratory rates. These findings suggest that the method of 

drug delivery plays an important role in determining the efficacy and predictability of chemical restraint in 

avian species. 

Although the onset of sedation did not differ significantly among treatment groups (P > 0.05), OG had 

the numerically shortest mean onset time. This trend may reflect more rapid gastrointestinal absorption of 

the diazepam–xylazine combination under the experimental conditions, although further studies with 

larger sample sizes are needed to determine whether this numerical difference is biologically meaningful. 

In contrast, birds receiving sedative-laden feed showed a markedly delayed onset of sedation, likely due to 

variations in feed consumption and gastrointestinal absorption. Similar observations have been reported in 

avian and poultry medicine, where oral administration under controlled conditions produced more con-

sistent pharmacological responses than voluntary drug intake through feed [12, 11]. Although IM admin-

istration is widely regarded as a reliable route for rapid systemic drug absorption, the present findings 

suggest that OG resulted in a numerically earlier onset of sedation. However, because this difference was 

not statistically significant, the observation should be interpreted with caution. 

A major finding of this study was a significantly longer analgesic duration in the OG group compared 

with the intramuscular and feed-treated groups. Xylazine produces analgesia by stimulating central 

α₂-adrenergic receptors, thereby inhibiting nociceptive transmission and reducing sympathetic activity, 

while diazepam contributes anxiolytic and muscle-relaxant effects [7]. The prolonged analgesia observed 

following OG may therefore reflect more effective systemic drug availability and sustained pharmacologi-

cal activity [11]. In clinical practice, prolonged analgesia is desirable because it provides a wider time win-

dow for examination and minor procedures without the need for repeated drug administration. 

Sedation and muscle relaxation scores followed a similar pattern, with OG and IM administration 

producing significantly greater effects than sedative-laden feed during the early observation period. These 

findings are consistent with the known pharmacological actions of diazepam and xylazine. Diazepam en-

hances γ-aminobutyric acid (GABA)-mediated inhibitory neurotransmission within the central nervous 

system, resulting in anxiolysis and skeletal muscle relaxation, whereas xylazine produces sedation through 

central α₂-adrenoceptor activation. The greater muscle relaxation observed in the OG group is particularly 

relevant because adequate muscle relaxation facilitates handling, positioning, and clinical procedures while 

minimizing stress and the risk of injury [12]. The progressive decline in sedation scores after 40 min indi-

cates gradual recovery from the drug's effects and suggests that the protocol provides temporary, reversible 

chemical restraint suitable for short clinical procedures. 

The reductions in heart rate observed in all treatment groups are consistent with the well-documented 

cardiovascular effects of α₂-adrenergic agonists. Xylazine decreases sympathetic outflow and increases 

vagal tone, resulting in bradycardia and reduced cardiac output [13]. The greater decline observed in the 

oral gavage group may reflect both deeper sedation and reduced stress-associated sympathetic stimulation. 

Similar decreases in heart rate following xylazine-containing protocols have been reported in domestic 

birds and other veterinary species [14]. Importantly, heart rates gradually increased toward baseline values 

during recovery, indicating that the cardiovascular effects were transient and reversible. 

Respiratory rate also decreased significantly following administration of diazepam–xylazine, with the 

most pronounced reduction occurring in birds receiving OG [15]. Sedative-induced reductions in respira-

tory frequency have been widely reported and are generally attributed to central nervous system depres-

sion, decreased muscular activity, and reduced metabolic demand [15, 9]. Although respiratory depression 

is a recognized effect of α₂-adrenergic agonists, the gradual return toward baseline values observed in the 

present study suggests that respiratory function remained adequately maintained throughout the observa-

tion period. Nevertheless, respiratory monitoring remains essential during avian sedation because birds 

possess a unique respiratory system that may be particularly sensitive to depressant drugs. 

Cloacal temperature decreased slightly in all groups, although no significant differences were ob-

served among treatments. Mild reductions in body temperature during sedation are expected because de-

creased muscular activity and metabolic heat production impair normal thermoregulatory processes. Sim-

ilar findings have been reported in avian anesthesia studies, where sedative administration frequently re-



Cluj Vet J 2026, vol 31, issue 3     8 

sults in transient decreases in body temperature [15]. Although the reductions observed in the present 

study were relatively small, maintenance of appropriate environmental temperature remains important 

during sedation to minimize the risk of hypothermia. No mortality or clinically significant morbidity was 

observed in any treatment group throughout the study. All guinea fowls recovered uneventfully following 

sedation without apparent adverse effects. 

5. Conclusions 

Overall, the present findings demonstrate that the route of administration influences the quality and 

duration of diazepam–xylazine-induced sedation in guinea fowl. While OG produced a numerically shorter 

onset of sedation, it significantly prolonged analgesia and provided satisfactory muscle relaxation, high-

lighting its potential as a practical alternative to intramuscular administration when repeated handling or 

injections are undesirable. Nevertheless, the absence of statistically significant differences in onset of seda-

tion indicates that further investigations using larger sample sizes are warranted to confirm these observa-

tions and optimize sedation protocols for guinea fowl and other avian species. Although birds receiving 

sedative-laden feed were individually housed during feeding to minimize competition and facilitate ob-

servation, complete ingestion of the administered medicated feed could not be objectively verified. Con-

sequently, slight variations in the amount of drug consumed may have contributed to variability in the 

sedative response. 
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Abstract: Hyalinizing pancreatic carcinoma in dogs is a rare tumors characterized by abundant eosinophilic extracellular material of 

uncertain composition. The aim of this study was to characterize the nature of hyaline deposits using histochemical and lectin-based 

methods. Pancreatic tissues from three dogs (two Boxers and one American Staffordshire Terrier) were examined following necropsy. 

Sections were stained with hematoxylin and eosin, Masson’s Trichrome, and Congo Red, and analyzed using lectin histochemistry 

(SNA, PHA-L, ECL). All cases showed similar architecture, with neoplastic epithelial cells embedded in abundant hyaline stroma. 

Masson’s Trichrome demonstrated collagen-rich deposits in all cases. Congo Red staining revealed heterogeneity, with negative 

staining in two cases and weak to transitional positivity in one case, interpreted as equivocal and not sufficient to confirm amyloid 

deposition. Lectin histochemistry showed variable glycosylation patterns among tumors. These findings indicate that hyaline in 

canine pancreatic carcinoma is not a uniform entity, but a heterogeneous extracellular material composed predominantly of collagen-

rich stroma and glycoprotein-associated matrix, with inter-case biochemical variability. Combined histochemical and lectin-based 

approaches provide additional insight into the molecular complexity of these lesions.  

Keywords: hyalinizing pancreatic carcinoma, dog, lectin histochemistry, SNA, PHA-L, ECL, extracellular matrix, pancreas.  

 

1. Introduction 

 The term hyaline was first used simply to describe extracellular material of uncertain 

nature that appeared glassy and eosinophilic on routine hematoxylin and eosin (H&E) sec-

tions. In the early decades of pathology, when special stains such as Congo Red were not 

yet widely available, this label served as a practical placeholder for deposits that looked 

similar but might have very different biological origins. As histopathology advanced, the 

concept of hyaline expanded to include a wide variety of smooth, homogeneous, pink-

staining materials encountered in both neoplastic and non-neoplastic tissues. Early pan-

creatic studies had already noted hyaline in islet cell tumors [1], and mid-century investi-

gations further complicated the picture by showing that some of these depos-its behaved 

like amyloid in diabetic pancreases [2,3]. More recent work has shown that pancreatic 

hyaline is far from a uniform entity. In experimental rodent models, hyaline may accu-

mulate within ductal epithelial cells [4], while in canine hyalinizing pancreatic adenocar-

cinoma, the deposits have been clearly demonstrated to be non-amyloid, lacking Congo 

Red positivity and immunoreactivity for amyloid A or islet amyloid polypeptide [5]. To-

gether, these findings reveal that hyaline can represent a spectrum of extracellular prod-

ucts ranging from collagen-rich fibrotic stroma to glycoprotein-laden matrix material of-

ten arising from chronic inflammation, degeneration, or tumor-associated remodeling. Be-

cause many of these substances appear deceptively similar on H&E, distinguishing be-

tween them requires targeted histochemical and immuno-histochemical techniques.  

Hyaline material has also been reported in a number of human pancreatic tumors, 

including solid pseudopapillary neoplasms (SPNs), intraductal papillary mucinous 
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neoplasms (IPMNs), and ductal adenocarci-nomas. In these contexts, it often appears as intracytoplasmic or 

stromal globules that are PAS-positive and diastase-resistant [6,7]. Hyalinizing changes may also accompany 

exocrine neoplastic or metaplastic pro-cesses [8] and can occasionally be seen in endocrine tumors or syn-

dromic conditions such as MEN.  

Given that many forms of hyaline contain glycoproteins or other carbohydrate-rich molecules, lectin 

histochemistry offers an attractive strategy for deeper biochemical characterization. Lectins bind selectively 

to defined glycan motifs and have been widely used to characterize glycosylation patterns in pancreatic 

tissues, including acinar cells and neoplastic lesions [9–11]. In pancreatic cancer models, lectin binding stud-

ies have demonstrated tumor-specific glycosylation patterns associated with malignant transformation [12–

14]. Lectins such as Sambucus nigra agglutinin (SNA), Phaseolus vulgaris leucoagglutinin (PHA-L), and 

Erythrina cristagalli lectin (ECL) are particularly informative because they map specific glycan signatures 

respectively, α2,6-linked sialic acids, complex branched N-glycans, and galactose-containing residues [15,16]  

Although hyalinizing pancreatic carcinoma has been reported in dogs [5], the biochemical nature of the 

hyaline material in these tumors remains poorly defined. To date, no study has applied lectin histochemistry 

to investigate the glycan composition of hyalinized stroma in canine pancreatic neoplasms.  

The aim of this study was to characterize the glycosylation profile and biochemical nature of hyaline 

material in three canine pancreatic carcinomas using lectin histochemistry and histochemical stains, and to 

determine whether these deposits represent collagenous or glycoprotein-rich extracellular components and 

to assess whether any cases show Congo Red reactivity suggestive of proteinaceous extracellular compo-

nent.   

2. Materials and Methods 

2.1. Case Selection  

Pancreatic tissue samples were obtained from three dogs: a 10-year-old male Boxer (Case 1), a 12-year-

old American Staffordshire Terrier (Case 2), and a 12-year-old female Boxer (Case 3). All animals were diag-

nosed with pancreatic neoplasia during routine diagnostic necropsy performed at the Department of Pathol-

ogy, University of Agricultural Sciences and Veterinary Medicine (USAMV), Cluj-Napoca, Romania.  

2.2. Ethical Approval  

The study was conducted in accordance with national and European regulations on animal research 

and was approved by the Bioethics Committee of the University of Agricultural Sciences and Veterinary 

Medicine (USAMV) Cluj-Napoca, Romania, under Ethical Approval Decision corresponding to Application 

Form No. 513/29.09.2025  

2.3.Necropsy, Sample Collection, and Tissue Preparation  

Necropsies were carried out following standard anatomical and pathological dissection protocols. Pan-

creatic lesions were identified macroscopically, excised together with adjacent parenchyma, and immedi-

ately immersed in 10% neutral-buffered formalin for fixation. Given the minute size and complex cellular 

architecture of neuroendocrine structures examined in related cases, meticulous handling was required to 

preserve tissue integrity. Fixed samples were processed routinely, dehydrated through graded ethanol (80%, 

95%, 100%), cleared in xylene, and embedded in paraffin. Serial sections of 2–3 μm thickness were obtained 

using a rotary microtome and mounted on charged slides.  

2.4.Histology and Special Stains  

Routine histological examination was performed on hematoxylin and eosin (H&E) stained sections. To 

further characterize the extracellular matrix and the hyaline stromal component Masson’s Trichrome stain-

ing was performed to evaluate collagen deposition and stromal fibrosis using a standard protocol with he-

matoxylin, Biebrich scarlet–acid fuchsin, and aniline blue [17].  

Congo Red staining was performed to evaluate the affinity of extracellular material for Congo Red and 

to differentiate Congo Red-reactive deposits from other eosinophilic extracellular materials. Sections were 

stained following a Highman-based protocol with alkaline differentiation and evaluated under bright-field 

microscopy [18,19].  
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2.5.Lectin Histochemistry  

Lectin histochemistry was employed to investigate the glycosylation patterns of tumor cells and hya-

linized stroma, based on the established utility of lectins in mapping carbohydrate structures and identifying 

glycoprotein-rich secretory zones in endocrine and neuroendocrine tissues (Shimomura, 2018; Syed, 2016). 

Paraffin sections were deparaffinized in xylene, rehydrated through descending alcohols, and rinsed in dis-

tilled water. Slides were then incubated for 60 minutes at room temperature with a panel of fluorescein-

labeled lectins, each targeting specific glycan motifs:  

Sambucus nigra agglutinin (SNA): α2,6-linked sialic acid  

Phaseolus vulgaris leucoagglutinin (PHA-L): β1,6-branched complex N-glycans  

Erythrina cristagalli lectin (ECL): Galβ1-4GlcNAc residues  

Following lectin incubation, slides were washed twice in distilled water and counterstained with Draq5 

(5 minutes) to highlight nuclei. All staining procedures were performed exactly according to the manufac-

turer’s recommendations and previously validated protocols [20].  

2.6. Confocal Microscopy and Image Acquisition  

Fluorescent lectin binding was evaluated using a Zeiss LSM 710 laser-scanning confocal microscope 

mounted on an Axio Observer Z1 inverted platform. Image acquisition parameters were as follows: Excita-

tion: 543 nm for Rhodamine-labeled lectins (emission BP 548–629 nm) and 633 nm for Draq5 (emission BP 

661–759 nm) Objective: Plan-Apochromat 63×/1.4 NA oil immersion (DIC 27). Beam splitter: MBS 

488/543/633. Images were captured, processed, and analyzed using ZEN software (Zeiss). Fluorescence in-

tensity values were expressed as arbitrary units (AU), following established quantification protocols for lec-

tin-based confocal analysis [13].  

2.7. Lectin Binding Evaluation  

Lectin reactivity was assessed semi-quantitatively by two independent observers, using the following 

scoring system: 0: no labeling +: weak labeling ++: moderate labeling +++: strong labeling Discrepancies were 

resolved by consensus assessment during joint slide review sessions.  

 

Table 1. Lectins used in the study and their binding specifici-

ties  

Lectin Binding specificity Application Reference 

Sambucus nigra agglutinin 

(SNA) 

α2,6-linked sialic acid res-

idues 

Detection of increased sialyla-

tion in pancreatic neoplasia 

Wagatsuma et al., 2020; 

Holst et al., 2017 

Phaseolus vulgaris leucoagglu-

tinin (PHA-L) 

β1,6-branched complex N-

glycans 

Identification of altered N-

glycan branching in tumors 

and fibrotic tissue 

Wagatsuma et al., 2020; 

McDowell et al., 2021 

Erythrina cristagalli lectin 

(ECL) 
Galβ1-4GlcNAc residues 

Detection of galactose-con-

taining glycans in inflamma-

tion and neoplasia 

Wagatsuma et al., 2020; 

3. Results 

3.1. Histopathology  

Three cases of hyalinizing pancreatic carcinoma were examined, and the main findings are presented 

below, including histopathological features, special stains, and lectin-binding profiles.  

Histologically, the neoplasms were unencapsulated and infiltrative, consisting of neoplastic epithelial 

cells arranged predominantly in irregular tubular, acinar, and tubulocystic structures supported by a fibro-

vascular stroma. Neoplastic cells were cuboidal to columnar, with moderate to abundant eosinophilic cyto-

plasm containing fine apical granules and round to oval basally located nuclei with coarsely stippled chro-

matin and prominent nucleoli. Mild to moderate anisocytosis and anisokaryosis were observed.  

A prominent hyalinized collagenous stroma surrounded and separated the neoplastic glands, forming 

broad eosinophilic extracellular deposits. Multifocally, the hyalinized material expanded the 
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interstitialstroma and accumulated within glandular lumina. The neoplastic proliferation exhibited an infil-

trative growth pattern, extending into the adjacent pancreatic parenchyma and surrounding connective tis-

sues.  

Mitotic activity was low, with 3 mitotic figures per 2.37 mm² in Cases 1 and 2 and 5 mitotic figures per 

2.37 mm² in Case 3. Occasional intraluminal accumulations of cellular debris and rare inflammatory cells 

were observed. Tumor necrosis was absent in all cases. The stromal inflammatory response was minimal 

and consisted of scattered lymphocytes and macrophages.  

Vascular invasion was identified in Case 3, characterized by aggregates of neoplastic epithelial cells 

within endothelial-lined vascular spaces. Omental metastases were also present in Case 3. No vascular in-

vasion or metastatic lesions were identified in Cases 1 and 2. Overall, the tumors were well differentiated 

and exhibited features consistent with hyalinizing pancreatic adenocarcinoma (Fig. 1A-I).   

 

 

Figure 1. Pancreatic adenocarcinoma. (A–C) Neoplastic cells predominantly arranged in acinar 
structures (asterisks), separated by abundant eosinophilic, homogeneous hyaline stroma (arrows). 

(A) 20×, scale bar = 200 μm. (B) 10×, scale bar = 50 μm. (C) 20×, scale bar = 50 μm.  

3.2. Histochemical characterization of hyaline material  

3.2.1. Masson’s Trichrome staining  

In all three cases, Masson’s Trichrome strongly highlighted the hyaline material as collagen-rich pale 

blue stromal deposits separating nests of tumor cells. Fine collagen septa extended between tumor islands, 

confirming the collagenous nature of the stroma (Fig. 2A–C).  
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Figure 2. Histological appearance of hyalinizing pancreatic carcinoma using Masson’s Tri-

chrome staining. Cases 1–3 (A–C). The hyaline stroma is highlighted as broad pale blue collagen-

rich de-posits (arrow) separating nests of tumor cells. Fine collagen septa extend between tumor 

islands, confirming the collagenous nature of the stroma. Scale bar: 50 μm.  

3.2.2. Congo Red staining  

Congo Red staining revealed heterogeneity among cases. Two cases were negative, whereas one case 

showed weak to transitional Congo Red reactivity within the hyaline material (Fig. 3A–C). Because polarized 

light examination and additional confirmatory analyses were not performed, the findings were considered 

equivocal and insufficient to confirm amyloid deposition.  

 

Figure 3. Histological appearance of hyalinizing pancreatic carcinoma using Congo Red stain-

ing. Case 2 (A–C). Arrows indicate areas of weak to transitional Congo Red reactivity within ho-

mogeneous eosinophilic hyaline deposits located in the tumor stroma. Because polarized light 

examination and confirmatory analyses were not per-formed, the findings were considered equiv-
ocal and not diagnostic of amyloid deposi-tion. Cases 1 and 3 were negative (not shown). Scale 

bar: 50 μm.  

3.3. Lectin histochemistry  

In Cases 1 and 2, SNA and ECL labeling was observed predominantly within the extracellular hya-

linized stromal matrix (indicated by white asterisks), whereas only limited staining was present in neoplastic 

epithelial cells. In contrast, Case 3 exhibited predominantly cytoplasmic and membranous SNA labeling of 

neoplastic cells. PHA-L reactivity was localized mainly within the cytoplasm of neoplastic epithelial cells, 

being strongest in Cases 1 (Fig. 5) and 3 and weak in Case 2. No specific nuclear lectin labeling was observed; 

blue fluorescence corresponds to DRAQ5 nuclear counterstaining (Fig. 4A–C).  
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Figure 4. Lectin histochemical staining patterns in hyalinizing pancreatic carcinoma. Cases 1–3 

(A–C). White asterisks indicate the hyalinized stromal matrix. Blue fluorescence corresponds to 

DRAQ5 nuclear counterstaining. In Case 1, strong SNA (+++) reactivity was observed predomi-
nantly within the hyalinized stromal matrix, while PHA-L showed moderate to strong cytoplas-

mic labeling of neoplastic epithelial cells and ECL demonstrated weak reactivity. Case 2 exhibited 

weak SNA labeling and weak cytoplasmic PHA-L (+) reactivity in neoplastic epithelial cells. In 
Case 3, moderate SNA (++) labeling was observed, accompanied by strong cytoplasmic and mem-

branous PHA-L re-activity, whereas ECL labeling was absent or minimal. No consistent lectin 

labeling was observed within vascular structures or necrotic areas. These findings indicate varia-

bility in lectin-binding pat-terns and extracellular matrix heterogeneity among cases. 

 

Figure 5. Representative confocal image of hyalinizing pancreatic carcinoma (Case 1) stained 

with Phaseolus vulgaris leucoagglutinin (PHA-L; red) and Erythrina cristagalli lectin (ECL; green). 
DRAQ5 (blue) was used as a nuclear counterstain. PHA-L showed strong diffuse cytoplasmic and 

membra-nous labeling of neoplastic epithelial cells, while ECL exhibited weaker diffuse cytoplas-

mic staining. The merged image highlights the distribution of lectin-reactive glycoconjugates 

within the tumor cell population. Scale bar = 20 μm. 
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4. Discussion 

The findings of this study indicate that hyaline material in canine pancreatic carcinoma should not be 

viewed as a single, uniform structure. Although it appears similar under routine histological examination, 

its composition varies between cases. In all tumors examined, Masson’s Trichrome staining demonstrated a 

strong collagen component, supporting the idea that hyalinization is largely driven by extracellular matrix 

remodeling and collagen deposition within the tumor microenvironment.  

At the same time, Congo Red staining revealed a different layer of complexity. Two cases showed no 

reactivity, whereas one case displayed weak to transitional positivity within the hyaline areas. This result 

suggests that, in some instances, the stromal material may include an additional proteinaceous component 

with affinity for Congo Red. However, the staining intensity and distribution were limited, and therefore 

insufficient to support a definitive diagnosis of amyloid. In this context, the observed reactivity should be 

interpreted cautiously and considered suggestive rather than conclusive. These observations are generally 

in agreement with previous reports describing hyaline stroma in canine pancreatic tumors as predominantly 

non-amyloid [5]. The presence of weak Congo Red reactivity in one case, however, raises the possibility that 

the biochemical composition of this material may be more variable than previously assumed. Such varia-

bility could be related to differences in tumor biology, local microenvironmental conditions, or the dynamic 

nature of extracellular matrix production and modification. It may also reflect technical and interpretative 

factors inherent to histochemical staining. The mechanisms underlying hyaline formation in these tumors 

are likely multifactorial [21]. The consistent presence of collagen supports the role of stromal activation and 

fibroblast-driven matrix production. In contrast, the case showing partial Congo Red reactivity may repre-

sent either a distinct form of extracellular protein accumulation or a modification of existing matrix compo-

nents. It is also possible that the staining reflects structural or chemical alterations in the matrix rather than 

true amyloid deposition. Without confirmatory methods such as polarized light examination or immuno-

histochemical characterization, this distinction cannot be definitively made [22].  

Additional insight was provided by lectin histochemistry, which revealed differences in glycosylation 

patterns among the cases. Variations in SNA, PHA-L, and ECL binding indicate that the carbohydrate com-

position of the extracellular matrix is not consistent across tumors. These differences suggest that even when 

hyaline material appears morphologically similar, these differences may reflect variation in lectin binding 

patterns and extracellular matrix composition among cases. Interestingly, the case with weak Congo Red 

reactivity also showed a distinct lectin-binding profile, further supporting the idea of biochemical heteroge-

neity [12].  

Taken together, these findings highlight the importance of using multiple complementary techniques 

when evaluating extracellular material in neoplastic tissues. While standard histochemical stains provide 

valuable structural information, lectin histochemistry offers additional insight into molecular composition. 

The combined approach used in this study underscores that hyaline material in canine pancreatic carcinoma 

represents a spectrum of extracellular matrix alterations rather than a single defined entity.  

This study is not without limitations. The relatively small number of cases limits the extent to which 

these findings can be generalized. In addition, the nature of the Congo Red-reactive material in one case 

remains uncertain, as no confirmatory analyses were performed. Future investigations involving larger case 

series and additional diagnostic methods will be necessary to better define the composition and biological 

significance of hyaline material in these tumors. Additional limitations include the absence of polarized light 

evaluation and the lack of normal or adjacent non-neoplastic pancreatic tissue for comparative lectin analy-

sis. Therefore, Congo Red reactivity and lectin binding patterns should be interpreted descriptively and 

cannot be considered diagnostic of amyloid deposition or tumor-specific glycosylation.  

5. Conclusions 

In summary, the results of this study show that hyaline material in canine pancreatic carcinoma is het-

erogeneous in nature and cannot be considered a single, uniform structure. Collagen deposition, as demon-

strated by Masson’s Trichrome staining, was a consistent feature in all cases and appears to play a central 

role in the formation of this material.  

Congo Red staining further highlighted variability between tumors, with two cases showing no reac-

tivity and one case exhibiting weak to transitional positivity. Although this finding may suggest the presence 

of an additional protein component with Congo Red affinity, it does not provide sufficient evidence to con-

firm amyloid deposition.  
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Lectin histochemistry demonstrated variation in lectin binding among cases, supporting extracellular 

matrix heterogeneity.  

Overall, this study emphasizes the value of combining histochemical and lectin-based methods to 

achieve a more nuanced understanding of extracellular matrix changes in canine pancreatic carcinoma. Fur-

ther research, including confirmatory techniques, will be essential to clarify the nature of Congo Red-reactive 

material and to better understand the mechanisms underlying hyaline formation in these tumors.  
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Abstract: Unlike minor muscle injuries, which can heal through the activation of resident satellite cells, VML injuries involve the 

removal of large tissue volumes and disruption of the extracellular matrix architecture required for effective regeneration. Conse-

quently, the healing process is often dominated by fibrosis, chronic inflammation, and incomplete muscle regeneration. To overcome 

these limitations, considerable attention has been directed toward the development of biomimetic scaffolds and regenerative thera-

pies designed to restore both the structural organization and functional properties of skeletal muscle. Understanding the histopatho-

logical lesions associated with VML is therefore crucial for assessing tissue repair and for developing effective treatment strategies 

capable of improving muscle recovery and functional outcomes. 

Keywords: volumetric muscle loss; immunohistochemistry; rats. 

 

 

1. Introduction 

Severe skeletal muscle loss can occur in a variety of clinical contexts, including trau-

matic injuries, congenital conditions, surgical resections, and degenerative myopathies. 

Volumetric muscle loss (VML) is defined as the loss of skeletal muscle tissue that exceeds 

the endogenous regenerative capacity of the tissue, leading to incomplete structural and 

functional recovery [1,2]. Although skeletal muscle has a strong intrinsic ability to regen-

erate following minor injuries through satellite cell activation and coordinated repair 

mechanisms [3,4], extensive defects such as VML often result in persistent deficits in mus-

cle architecture and function.  

Current therapeutic approaches for VML primarily involve surgical reconstruction 

techniques, such as muscle flap transfers or autologous grafting procedures. However, 

these strategies are limited by donor-site morbidity, restricted availability of suitable tis-

sue, and incomplete restoration of full muscle function. As a result, there has been increas-

ing interest in the development of regenerative and tissue-engineering-based alternatives 

aimed at improving functional recovery [5-7]. 

Recent advances have focused on the design of biomimetic and tissue-engineered 

constructs, including scaffold-free, multi-phasic skeletal muscle units intended to restore 

both structural organization and contractile capacity. These engineered constructs often 

integrate muscle tissue with supportive anchoring structures to better replicate native 

musculoskeletal architecture. Preclinical evaluation of such therapies is commonly per-

formed using rat models of VML, particularly involving injuries to the tibialis anterior 

(TA) muscle [8,9]. 
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Despite widespread use of animal models, there remains significant variability in experimental design, 

including differences in species, injury geometry, and percentage of muscle removed. Common approaches 

include longitudinal excisions, transverse resections, and biopsy punch injuries, all of which typically exceed 

the regenerative threshold of skeletal muscle [10]. However, the degree of long-term functional impairment 

varies across studies, and recent findings suggest that some injury sizes previously considered representa-

tive of VML may still allow substantial recovery over extended time periods [11,12]. 

Consequently, there is a need to refine and standardize VML models to better reflect clinically relevant, 

long-lasting functional deficits. This includes systematic evaluation of different defect sizes and their long-

term outcomes in order to identify injury thresholds that result in irreversible loss of muscle function. Such 

standardized models are essential for improving the comparability of studies and for the reliable assessment 

of emerging regenerative therapies [13]. 

The aim of this study was to evaluate the histological response of volumetric muscle loss defects treated 

with two bioactive glass-based biomaterials, bioactive glass-alginate-agarose (BG-Alg-Agar) and bioactive 

glass-agarose (BG-Agar), in a rat tibialis anterior model. A standardized full-thickness muscle defect corre-

sponding to approximately 20% of muscle mass was surgically induced and subsequently treated with the 

biomaterials or left untreated as a control. Animals were euthanized at 4-, 6-, 8-, and 12-weeks post-implan-

tation for histological and immunohistochemical evaluation. 

Histological examination revealed progressive muscle regeneration in the treated groups, characterized 

by the appearance of centrally nucleated regenerating fibers, neovascularization, and active mesenchymal 

proliferation. Immunohistochemical analysis demonstrated sustained myogenic activity, particularly in the 

BG-Alg-Agar group, where muscle maturation and tissue organization improved over time. In contrast, BG-

Agar-treated defects showed a less favorable regenerative outcome, with gradual replacement of the defect 

area by fibrous connective tissue and limited muscle fiber formation at later time points. Peri-implant calci-

fications were observed at 8 weeks in both biomaterial groups but regressed by 12 weeks, suggesting a tem-

porary tissue response associated with remodeling rather than progressive pathological mineralization. Un-

treated defects exhibited persistent fibro-adipose tissue deposition and minimal evidence of muscle regen-

eration throughout the study period. 

2. Materials and Methods 

 Twenty medium weighted males, Wistar rats, weighing 360 ± 50 g, were used for this experiment. 

Following the clinical examination, animals underwent a brief assessment of their general condition, includ-

ing hydration status, appetite, and skin integrity. Both hindlimb surgical sites were aseptically prepared by 

shaving and disinfection, applied in concentric circular motions from the center outward. The limbs were 

draped under sterile conditions, with the right limb serving as an internal control. A longitudinal incision 

was made distal to the knee to expose the tibialis anterior (TA). Volumetric muscle loss was induced using 

a 6 mm biopsy punch, generating a full-thickness defect (~20% muscle mass) (Figure 1). Defects were filled 

with biomaterials (BG-Alg-Agar, n=10; BG-Agar, n=10) or left untreated as controls. Fascia and skin were 

continuously closed. This work was conducted in compliance with the European guidelines and rules 337, 

as established by the EU Directive 2010/63/EU and the Romanian law 43/2014. . As a biomaterial it was used 

sol-gel derived bioactive glass (BG; 60SiO2∙32CaO∙8P2O5 mol%) [14]. The BG was added in agarose (BG-

Agar), and in alginate-agarose (BG-Alg-Agar) polymeric solutions in a ratio of 12 wt%. The weight ratio of 

alginate–agarose composite was 3:1 (Alg-Agar). All procedures were approved by the Research Ethics Com-

mittee of the University of Agricultural Sciences and Veterinary Medicine (USAMV) Cluj-Napoca, Romania, 

and they were authorised by the State Veterinary Authority (ethical approval number 369 /13.06.2023).  

For microscopic analysis, tibialis anterior (TA) muscle samples were collected from both control and 

treated groups (BG-Alg-Agar and BG-Agar) at 4-, 6-, 8-, and 12- post-intervention. Specimens were fixed in 

10% formalin for 24 h and processed using standard histological procedures. Paraffin-embedded tissues 

were sectioned at 3 μm using a Thermo Scientific™ Citadel 2000 rotary microtome and stained with hema-

toxylin and eosin (H&E).  

For immunohistochemical analysis, heat-induced epitope retrieval was performed at pH = 9.0. using 

Novocastra™ Epitope Retrieval solution (1:10 dilution) for 30 minutes. Immunostaining was carried out 

using the Dako EnVision Flex+ (Mouse, high pH) system according to the manufacturer’s instructions. Pri-

mary antibodies included anti-MyoD1 (ab203383, Abcam; 1:1000 dilution) and anti-α-smooth muscle actin 

(α-SMA, ab5694, Abcam; 1:100 dilution). 
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Slides were evaluated by two anatomical pathologists, and images were acquired using an Olympus 

SP-350 digital camera with Stream Basic imaging software (v1.5.1, Olympus Corporation, Tokyo, Japan). 

 

Figure 1. Schematic overview of VML surgery with BG-Alg-Agar and BG-Agar: (a) After shaving, 

skin and fascia were incised to expose the tibialis anterior muscle; (b, c) A 6 mm biopsy punch cre-

ated a VML defect; (d) followed by hydrogel implantation or left untreated.  

3. Results 

Animals were euthanized by prolonged isoflurane anesthesia followed by cervical dislocation, and tib-

ialis anterior (TA) muscles were harvested for analysis at 4-, 6-, 8-, and 12-weeks post-intervention. 

3.1. Histologic features of fibrosis following VML injury 

• BG-Alg-Agar group 

At 4 weeks post-implantation, centrally nucleated muscle fibers indicate active regeneration. The tissue 

shows ongoing repair characterized by mesenchymal proliferation and inflammatory infiltration, predomi-

nantly macrophages involved in phagocytosis, without evidence of necrosis. However, tissue organization 

remains immature, with incomplete structural restoration and persistent but expected inflammatory activity 

(Figure 2a, b). 

At 6 weeks, muscle fibers display staining patterns consistent with myoblastic activity, indicating con-

tinued but more advanced regeneration. The process is in an intermediate stage, with overlap between pro-

liferation and differentiation. Inflammation is still present but shows signs of regression. The biomaterial is 

integrating into the tissue; however, focal dystrophic mineralization suggests a low-grade chronic inflam-

matory response. Mesenchymal activity persists, contributing to tissue remodeling, but regeneration re-

mains incomplete and not fully physiological (Figure 2c, d). 

At 8 weeks postoperatively, the defect region shows muscle fibers at an advanced stage of maturation, 

with increased diameter, peripheral nuclei, and improved cytoplasmic organization. These fibers are sepa-

rated by thin connective tissue septa. Muscle regeneration is accompanied by ongoing but reduced neovas-

cularization and partial integration of the biomaterial within the host tissue, which supports cellular migra-

tion and mesenchymal activity. However, remodeling remains incomplete, as evidenced by focal peri-im-

plant calcifications and residual connective tissue deposition. These calcifications appear as dense basophilic 

deposits located between muscle fibers and within interstitial spaces, likely reflecting ongoing tissue remod-

eling and low-grade inflammatory activity (Figure 3a, b). 

At 12 weeks, regenerated muscle fibers are uniformly aligned with peripheral nuclei and well-developed 

perimysial and endomysial organization. Tissue architecture shows marked improvement compared with 

earlier time points, although complete restoration of native skeletal muscle structure is not achieved. Low-

grade inflammatory infiltrates and sparse calcifications persist, along with thin connective tissue septa be-

tween fibers, indicating residual remodeling activity. Mesenchymal proliferation is markedly reduced, re-

flecting transition toward tissue stabilization and maturation. The previously observed calcifications are 

now only sporadically present, suggesting a transient process. The biomaterial shows progressive resorp-

tion, contributing to consolidation of the regenerated tissue architecture (Figure 3c, d). 
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Figure 2. Histological evaluation of the tissue response in muscle defects at (a, b) 4 and (c, d) 6 weeks 

postoperatively in rats from the treated group. The defect is occupied by fragments of implanted 

material (black asterisk), surrounded by mesenchymal cells, blood vessels (blue arrow), collagen 

fibers, and mononuclear inflammatory cells; (c; arrowheads) Multinucleated myotubes are present 

at the periphery of the implant (red and white arrows), indicating ongoing myogenic activity; (a, b) 
Heterotopic bone formation with osteoblast rimming is also observed, H&E staining; (b, d; arrow-

heads) Immunohistochemistry shows vascular structures consistent with active angiogenesis and 

(b, d; black arrow) identifies positively stained myofibroblasts. Scale bars: (a,c) 100 μm and (b,d) 50 

μm. 

 

Figure 3. Histological evaluation of the tissue response in muscle defects at (a, b) 8 and (c, d) 12 

weeks postoperatively in rats from the treated group. The defect area shows progressive tissue mat-

uration characterized by reduced cellularity and predominance of remodeled connective tissue. Ad-
ipose infiltration and stabilized blood vessels are present, indicating ongoing tissue remodeling; (a, 
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c; black arrows) The inflammatory response is reduced compared with earlier stages; (a; arrow-

heads) Focal peri-implant hypertrophic calcifications are observed; (a, c) H&E staining. Immuno-
histochemistry shows organized extracellular matrix with reduced vascular density, consistent with 

late-stage tissue remodeling (asterisk). (a-d) Scale bar: 50 μm. 

• BG-Agar group 

At 4 weeks post-implantation, the muscle tissue consists of small fibers with centrally located nuclei, 

consistent with immature myotubes and early-stage regeneration. The defect area shows active and well-

regulated repair, characterized by a predominant macrophage population involved in phagocytic clearance 

of cellular debris. Mesenchymal proliferation is evident, contributing to initial tissue restoration. The bio-

material remains present and may influence local diffusion and cellular activity. Overall, the histological 

pattern indicates an immature repair process without evidence of robust muscle reconstruction (Figure 4a, 

b). 

At 6 weeks, muscle fibers show increased organization, although focal disruption and interstitial colla-

gen deposition indicate early fibrotic remodeling. This suggests a transition toward a fibrotic repair trajec-

tory that may limit further muscle regeneration despite ongoing mesenchymal activity. No active myofibro-

blasts are observed, and tissue remodeling appears limited, consistent with a transitional stabilization phase. 

Macrophages remain the dominant inflammatory cell population, reflecting low-grade chronic inflamma-

tion. The biomaterial demonstrates progressive integration into the host tissue, potentially accompanied by 

mild dystrophic mineralization, while mesenchymal proliferation persists at a reduced level, supporting 

residual reparative activity (Figure 4c, d). 

 

Figure 4. Histological evaluation of tissue response in muscle defects at (a, b) 4 and (c, d) 6 weeks 
postoperatively in the treated group. The muscle defect is occupied by fragments of the implanted 

material (black asterisk); (a, blue arrow) Immature myotubes are present; (a, c; black arrow) Pres-

ence of macrophages; (c; arrowhead) Mineralization; (a, c) H&E staining; (b, d; arrowheads) Im-
munohistochemical staining highlights vascular structures and confirms active angiogenesis in the 

tissue. (a, b, c, and d) Scale bar: 50 μm. 

At 8 weeks, histological examination demonstrated incomplete muscle regeneration characterized by 

disorganized fibers, irregular alignment, increased connective tissue deposition, and expanded interstitial 

spaces. These features suggest a progressive shift toward fibrotic remodeling rather than functional muscle 

restoration. Immunohistochemical analysis (Figure 5a, b) revealed marker expression within the regenerated 
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tissue; however, staining was heterogeneous, with variable intensity and areas of reduced immunoreactiv-

ity, indicating uneven tissue maturation. 

At 12 weeks, muscle fibers exhibited improved organization and a more compact architecture compared 

with earlier time points. Nevertheless, focal connective tissue persistence and irregular fiber arrangement 

remained, indicating incomplete remodeling. Immunohistochemical staining (Figure 5c, d) showed contin-

ued marker expression within regenerated tissue, but with non-uniform intensity across regions. These find-

ings indicate progressive regeneration without full structural or functional maturation. Despite partial im-

provement in tissue organization, residual fibrotic areas and heterogeneous immunoreactivity suggest that 

skeletal muscle regeneration remained incomplete, with fibrotic remodeling still contributing to the overall 

tissue architecture. 

 

 

Figure 5. Histological evaluation of tissue response in muscle defects at (a, b) 8 and (c, d) 12 weeks 

postoperatively in the treated group. At 8 weeks, reduced and localized muscle fibers with occa-
sional MyoD-positive cells are observed, indicating ongoing but limited regeneration. Inflammation 

is reduced, and partial biomaterial resorption is evident (black asterisk). At 12 weeks, muscle fibers 

are scarce and the defect is largely replaced by fibrous tissue, with complete biomaterial resorption 
and absence of active regeneration; (a, c) H&E staining; (b, d) Immunohistochemistry shows heter-

ogeneous positive staining with variable intensity across regions (arrowheads). Scale bar: 50 μm. 

• Control group  

At 4 weeks postoperatively, the defect area showed neovascularization and active mesenchymal prolif-

eration, indicating an early reparative response. The muscle defect was partially filled with fibro-adipose 

tissue composed of sparse fibroblasts, thick collagen fibers, and differentiated adipocytes, with limited neo-

vascularization. At the interface with residual skeletal muscle, occasional myotubes were observed, indicat-

ing minimal regenerative activity (Figure 6a). From 6 to 12 weeks, the histological appearance of the defect 

remained largely unchanged. The lesion was consistently occupied by fibro-adipose tissue with vascular 

structures, without evidence of meaningful skeletal muscle regeneration. Occasional inflammatory lesions 

persisted, while new muscle fiber formation was absent or minimal throughout the observation period (Fig-

ure 6b).  

Overall, untreated defects failed to regenerate functional skeletal muscle, with fibro-adipose tissue re-

placement representing the predominant healing response throughout the study period. 
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Figure 6. Histological evaluation of the tissue response in muscle defects at (a) 4 weeks and (b) 6, 8, 

and 12 weeks postoperatively in rats from the control group. M indicates skeletal muscle. (a, black 
arrows). Blood vessel formation can be observed. (b, black arrow) The presence of adipose tissue 

and blood vessels (blue arrows - b) is also noted. (a,b) H&E staining. The scale bar represents 100 

μm. 

3.2 Comparative histological outcomes of the investigated biomaterials 

 The histopathological evaluation demonstrated that both biomaterials were capable of supporting an 

initial regenerative response following volumetric muscle loss. However, neither scaffold achieved complete 

restoration of normal skeletal muscle architecture during the experimental period. The regenerative process 

remained heterogeneous and was accompanied by varying degrees of connective tissue deposition, indicat-

ing that the biological response was only partially successful. 

Among the two investigated biomaterials, BG-Alg-Agar exhibited the most favorable regenerative pro-

file. Histological examination revealed active myogenesis, angiogenesis, and mesenchymal cell proliferation 

during the early stages of healing, followed by progressive tissue organization and biomaterial integration. 

Nevertheless, complete muscle regeneration was not achieved, as residual connective tissue, persistent low-

grade inflammation, and transient peri-implant calcifications were still evident at later time points. These 

findings suggest that although BG-Alg-Agar provided a supportive microenvironment for muscle repair, 

additional optimization of its composition or biological activity may be necessary to obtain complete struc-

tural recovery. 

In contrast, the BG-Agar biomaterial demonstrated a less favorable histological outcome. While early 

regenerative activity was observed after implantation, the repair process progressively shifted toward fi-

brotic tissue formation, with irregular muscle fiber organization and persistent connective tissue deposition. 

The heterogeneous immunohistochemical staining pattern and incomplete maturation of regenerating fibers 

indicated limited myogenic potential, suggesting that this biomaterial alone was insufficient to sustain ef-

fective long-term skeletal muscle regeneration. 

Despite these limitations, both biomaterials promoted a more organized reparative response than the 

untreated defects, in which fibro-adipose tissue predominated and muscle regeneration remained minimal 

throughout the observation period. The overall histological findings indicate that the regenerative capacity 

of the investigated scaffolds remains incomplete, emphasizing the need for further improvements in bio-

material design, degradation kinetics, and biological functionalization to enhance muscle regeneration and 

reduce fibrosis.  

4. Discussion 

Pathological fibrosis negatively affects skeletal muscle function by increasing tissue stiffness and reduc-

ing contractile capacity. In the context of volumetric muscle loss, early post-injury healing is characterized 

by transient extracellular matrix remodeling, including elevated collagen type III deposition and a loosely 

organized matrix within the defect area, reflecting an initial reparative phase [15]. 

A key finding of this study is the occurrence of transient heterotopic calcification within the implant 

region. Although ectopic mineralization is generally considered an undesirable outcome in regenerative 

therapies, the temporal pattern observed (presence at 8 weeks followed by regression at 12 weeks) suggests 

that these deposits are associated with active tissue remodeling rather than progressive pathological ossifi-

cation [17-19]. Similar transient mineralization phenomena have been reported in biomaterial implantation 

studies and are frequently linked to local ionic fluctuations, macrophage-mediated inflammatory responses, 
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and extracellular matrix remodeling [20]. However, the mechanisms underlying this phenomenon in the 

present model were not investigated in detail and require further analysis using dedicated imaging modal-

ities and mineral-specific histological techniques. 

Immunohistochemical analysis using MyoD and α-SMA provided additional insight into the regener-

ative process. Sustained MyoD expression and the presence of regenerating fibers indicate prolonged myo-

genic activity, particularly in the BG-Alg-Agar group. MyoD is a key regulator of satellite cell activation and 

myogenic differentiation, and its expression is generally associated with active muscle repair [21]. The per-

sistence of MyoD-positive cells at intermediate stages suggests that the regenerative process remains active 

beyond the acute injury phase, consistent with previous studies reporting prolonged myogenic responses in 

successfully regenerating VML defects treated with biomaterials [22]. 

Despite these regenerative signals, the histopathological assessment was primarily qualitative and 

lacked extensive histomorphometric quantification of fibrosis, vascularization, and muscle regeneration. In 

addition, a broader panel of molecular markers was not employed to fully characterize inflammatory and 

fibrotic pathways, limiting mechanistic interpretation. 

Future studies should focus on a multifaceted optimization strategy. From a biomaterials perspective, 

tuning composition, degradation kinetics, surface chemistry, porosity, and ion exchange properties may re-

duce local conditions favoring ectopic mineralization and excessive inflammatory signaling. From a biolog-

ical standpoint, modulation of macrophage polarization and inhibition of osteogenic signaling pathways 

may further improve regenerative outcomes and limit calcification [24,25]. 

More clinically relevant preclinical models, such as rabbits, pigs, or sheep, may provide improved trans-

lational relevance due to their closer approximation of human muscle architecture, vascularization, and me-

chanical loading conditions [23]. These models may better capture tissue remodeling dynamics and suscep-

tibility to heterotopic ossification. 

Clinically, heterotopic ossification remains a relevant complication in muscle injuries, particularly those 

adjacent to bone. It has been reported in up to 20% of patients following muscle contusion injuries and in up 

to 65% of cases of traumatic volumetric muscle loss [27-29]. 

5. Conclusions 

Overall, the findings indicate that BG-Alg-Agar provides a more favorable regenerative microenviron-

ment than BG-Agar, supporting early myogenic activity, angiogenesis, and biomaterial integration, while 

partially limiting fibrotic progression. However, neither scaffold achieved complete restoration of native 

skeletal muscle architecture within the 12-week period. Persistent connective tissue deposition and transient 

peri-implant calcifications indicate that tissue remodeling remained incomplete at the study endpoint. Alt-

hough bioactive glass-based composite scaffolds show promise for volumetric muscle loss repair, further 

optimization of their physicochemical and biological properties is required to enhance functional muscle 

regeneration and reduce fibrotic healing outcomes. Future studies should incorporate quantitative histo-

morphometric and functional assessments, as well as larger animal models, to improve translational rele-

vance. Local anatomical conditions may also influence regenerative outcomes, particularly in muscle defects 

adjacent to bone, where altered mechanical and biochemical microenvironments may shift the balance be-

tween muscle regeneration, fibrosis, and ectopic mineralization. 
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Abstract: Veterinary consultations are commonly associated with acute stress in companion animals due to transportation, unfamil-

iar environments, handling procedures, and previous negative experiences. Although behavioural observations are widely used to 

recognise stress, practical behaviour-based screening frameworks suitable for routine veterinary practice remain limited. The aim of 

this pilot study was to identify owner-reported behavioural observations in dogs and cats during veterinary consultations and to 

develop a preliminary behaviour-based stress screening framework for clinical use. Behavioural data were collected from 50 com-

panion animal owners using a structured questionnaire completed immediately after routine veterinary consultations. Owners re-

ported behavioural responses observed before entering the veterinary practice, immediately after entering, and approximately 10 

minutes after entering the waiting area. Behavioural observations were analysed using descriptive statistics according to their fre-

quency and apparent intensity to support the development of a preliminary clinical framework. Attempting escape, fear, trembling, 

vocalization, and agitation were the most frequently reported stress-related behavioural indicators, while multiple concurrent be-

haviours were commonly observed, suggesting that behavioural profiles provide more meaningful information than isolated re-

sponses. Based on these findings, a preliminary behaviour-based stress screening framework was developed to facilitate rapid clinical 

interpretation of behavioural observations during routine veterinary consultations. Although further validation using standardized 

behavioural assessments, independent observers, and larger study populations is required, this pilot study suggests the feasibility 

of integrating structured behavioural observations into routine veterinary practice and may serve as a starting point for the future 

development of standardized behaviour-based stress screening methods. 

Keywords: companion animals; behaviour; animal welfare; stress; veterinary consultation 

 

1. Introduction 

Incompatibility between the behaviour of companion animals and the behavioural 

expectations of their owners remains an important factor contributing to relinquishment, 

rehoming, and, in some cases, euthanasia of dogs and cats [1]. Consequently, veterinari-

ans play an essential role not only in maintaining animal health but also in promoting 

positive behavioural development and recognising behavioural problems at an early 

stage [1]. Veterinary consultations are frequently perceived by companion animals as 

stressful events due to transportation, unfamiliar environments, novel sensory stimuli, 

restraint, handling procedures, and previous negative experience [2-6]. 

Behavioural and physiological responses to these stressors may begin before the an-

imal enters the consultation room, as exposure to multiple consecutive stressors can result 

in cumulative activation of the stress response, commonly referred to as         stress 

stacking [2,3,6]. Acute stress during veterinary visits may compromise clinical examina-

tion, reduce the reliability of behavioural assessment, increase the risk of defensive reac-

tions, and negatively influence both animal welfare and owner experience [6-8]. 

Several approaches have been proposed to minimise stress during veterinary visits, 

including low-stress handling techniques, environmental modifications, Fear Free® 
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principles, and clinical audit procedures designed to improve patient care and practice management [6–9]. 

Although these strategies have significantly improved veterinary practice, practical behaviour-based screen-

ing methods that can be rapidly incorporated into routine consultations remain limited. Behavioural obser-

vations represent one of the most accessible and clinically applicable approaches for recognising acute stress 

in companion animals. Behaviours such as attempting escape, fear, trembling, vocalization, agitation, avoid-

ance, and defensive aggression are widely recognised indicators of negative emotional states and may pro-

vide valuable information regarding an animal's affective experiences [2-6,10]. Within the Five Domains 

Model, behavioural responses contribute primarily to the assessment of the mental state domain, reflecting 

the animal's emotional experiences generated by nutrition, physical environment, health, and behavioural 

interactions [11,12]. However, behavioural observations alone cannot provide a comprehensive assessment 

of animal welfare and should therefore be interpreted within the broader context of welfare evaluation. 

Therefore, the aim of this pilot study was to identify owner-reported stress-related behavioural indi-

cators in dogs and cats during veterinary consultations and to develop a preliminary behaviour-based stress 

screening framework suitable for routine veterinary practice. Rather than proposing a validated diagnostic 

or welfare assessment tool, this study represents an initial step towards the future development and valida-

tion of standardized clinical screening methods for recognising acute stress in companion animals. 

2. Materials and Methods 

2.1. Study Design and Dataset 

This pilot observational study was conducted to identify stress-related behavioural indicators in com-

panion animals during routine veterinary consultations and to develop a preliminary behaviour-based stress 

screening framework suitable for clinical practice. The study was exploratory and descriptive in nature, fo-

cusing on the feasibility of behavioural screening rather than on the validation of a diagnostic or welfare 

assessment instrument. 

Behavioural information was collected using a structured questionnaire completed by pet owners im-

mediately after routine veterinary consultations. The study was designed to characterize behavioural re-

sponses at different stages of the veterinary visit and to identify behavioural profiles that could support 

rapid clinical recognition of acute stress. 

2.2. Study Population 

The study included 50 companion animals (27 dogs and 23 cats) presented for routine veterinary con-

sultations. Only clinically healthy animals, as determined by the attending veterinary team during the con-

sultation, were included in the analysis. Participation was voluntary. Before enrolment, owners received 

information regarding the objectives of the study and provided informed consent for the anonymous use of 

the collected data. 

Collected data were anonymized in accordance with Regulation (EU) 2016/679 on the protection of per-

sonal data [13]. 

2.3. Questionnaire Design 

A structured questionnaire comprising 47 questions was developed to collect information regarding 

the veterinary visit, the home environment, and owner-reported behavioural observations. 

The first section included general information regarding owner consent, the reason for the veterinary 

visit, and basic characteristics of the animal. The second section addressed aspects of the animal's home 

environment, including outdoor access, the presence of conspecifics or other animal species, and owner–

animal interactions. 

The third section focused on behavioural observations recorded at three predefined stages of the veter-

inary consultation: 

• immediately before entering the veterinary practice;  

• immediately after entering the practice;  

• approximately 10 minutes after entering the waiting area.  
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Owners selected behavioural descriptors from a predefined list of 19 behaviours commonly associated 

with stress. Behavioural indicators were selected based on a list provided in a previous research study on 

pet owners’ perceptions of key factors affecting animal welfare during routine veterinary consultations [14]. 

They were also given the opportunity to describe additional behaviours using free-text responses. 

The questionnaire was available in both paper-based and electronic formats according to owner prefer-

ence. 

2.4. Selection of Behavioural Indicators 

Behavioural indicators included in the screening framework were selected according to their clinical 

relevance, reproducibility, and documented association with acute stress responses in companion animals 

reported in the scientific literature [2-6,10,15]. 

The evaluated behaviours included escape attempts, fear-related responses, trembling, vocalization, 

agitation, anxiety, hyperexcitability, insecurity, tail tucking, refusal to enter the veterinary practice, aggres-

sion, shyness, and other owner-reported behaviours. These indicators were considered practical behavioural 

markers that can be readily observed during routine veterinary consultations without specialised equipment 

or prolonged behavioural assessment. 

2.5. Development of the Preliminary Behaviour-Based Stress Screening Framework 

Following descriptive evaluation of owner-reported behavioural observations, behavioural indicators 

were organized according to their apparent association with low, moderate, and high levels of acute stress. 

Classification of behavioural indicators into low, moderate or high levels of acute stress was based on the 

relative frequency of owner-reported behavioural traits in their pets during the routine veterinary consulta-

tion. The proposed classification was developed exclusively as a preliminary clinical framework intended to 

facilitate rapid behavioural screening during routine veterinary consultations. It should not be interpreted 

as a validated welfare assessment or diagnostic instrument. The conceptual basis of the framework was in-

formed by the Five Domains Model, particularly the Mental State domain, while recognising that behav-

ioural observations alone cannot provide a comprehensive assessment of animal welfare [11]. 

2.6. Methodological Considerations 

The proposed framework was based exclusively on owner-reported behavioural observations obtained 

during routine veterinary consultations. Consequently, behavioural interpretation may have been influ-

enced by owners' experience, perception, and ability to recognise behavioural expressions. 

Furthermore, behavioural observations represented only one component of animal welfare assessment 

and were not validated using physiological measurements, independent behavioural observers, or stand-

ardized behavioural assessment protocols. 

Accordingly, the present study should be regarded as a pilot exploratory investigation intended to sup-

port future development and validation of standardized behaviour-based stress screening methods. 

2.7. Statistical Analysis 

Data were analysed using descriptive statistics. Behavioural indicators observed at each stage of the 

veterinary consultation were summarized as frequencies and percentages. 

Because the primary objective of this pilot study was exploratory and focused on the development of a 

preliminary behaviour-based stress screening framework rather than hypothesis testing, no inferential sta-

tistical analyses were performed. 

3. Results 

3.1. Distribution of Stress-Related Behavioural Indicators  

A total of 50 questionnaires completed by companion animal owners were included in the analysis. The 

behavioural indicators used are presented in Table 1. 
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3.2. Frequency of Stress-Related Behavioural Indicators 

The frequency of all owner-reported stress-related behavioural indicators observed at the three stages 

of the veterinary consultation is presented in Table 1, while the temporal distribution of the five most fre-

quently reported behaviours is illustrated in Figure 1. 

Table 1. Behavioural indicators in various moments of the veterinary 

visit 

Indicator 

Right Before  

Entering the  

Veterinary Practice (%)  

Right After  

Entering the  

Veterinary Practice (%) 

10 Minutes After  

Entering the  

Veterinary Practice (%) 

Attempting Escape 20.00 11.84 4.84 

Fearful 0 19.75 6.45 

Trembling 14.67 6.58 8.06 

Vocalizing 12.00 9.21 8.06 

Agitation 8.00 7.89 9.68 

Anxious 0 2.63 6.45 

Hyperexcitable 4.00 3.95 0 

Insecurity 5.33 2.63 0 

Tail Tucking 1.33 0 0 

Refusal to Enter 1.33 0 0 

Aggressive 0 0 0 

Shy 0 5.26 0 

Other Behaviours 2.67 0 0 

 

Figure 1. The five most frequently reported behaviours  

3.3. Behavioural Profiles and Preliminary Clinical Interpretation 

Based on the observed behavioural combinations and their apparent intensity, a preliminary clinical 

interpretation framework was developed to facilitate rapid recognition of different levels of acute stress dur-

ing routine veterinary consultations (Table 2). 
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Table 2. Proposed preliminary clinical interpretation framework on 

stress-related behavioural indicators observed during veterinary 

consultations  

Stress Level Behavioural profile  Clinical interpretation Suggested clinical approach 

Low 

No stress-related behavioural 

indicators or only one mild be-

havioural response 

Animal appears to cope well 

with the veterinary environ-

ment 

Routine consultation while 

maintaining calm handling 

and positive reinforcement 

Moderate 

Two or three concurrent stress-

related behavioural indicators 

(e.g., fear, trembling, vocaliz-

ing or agitation) 

Moderate acute stress that may 

influence behaviour during the 

consultation  

Apply low-stress handling 

techniques, minimise restraint 

whenever possible, and allow 

acclimation before examina-

tion 

High 

Multiple concurrent stress-re-

lated behavioural indicators, 

particularly escape attempts 

associated with fear, agitation 

or vocalization 

High likelihood of acute stress 

that may compromise the ex-

amination and negatively af-

fect welfare 

Consider additional stress-re-

duction strategies, behavioural 

support, or postponement of 

non-urgent procedures when 

appropriate  

4. Discussion 

4.1. Behavioural Responses During Veterinary Consultations   

Veterinary consultations expose companion animals to a sequence of potentially stressful events, in-

cluding transportation, unfamiliar environments, restraint, handling procedures, and interactions with un-

familiar people [2,6,10,15]. Consequently, behavioural responses observed during veterinary visits are dy-

namic and may vary throughout the consultation depending on the animal's previous experiences, coping 

ability, and the cumulative effect of multiple stressors [2,3,6,16]. 

The present pilot study identified attempting escape, fear, trembling, vocalization, and agitation as the 

most frequently reported stress-related behavioural indicators during veterinary consultations. Behavioural 

responses varied considerably among individual animals, with many owners reporting more than one 

stress-related behavioural indicator during the veterinary consultation. Many animals displayed multiple 

stress-related behavioural indicators simultaneously rather than isolated behavioural responses. Combina-

tions of attempting escape, fear, trembling, vocalization, and agitation were characteristic of animals show-

ing more pronounced behavioural responses during the consultation, whereas animals displaying none or 

only one behavioural indicator generally appeared to cope better with the veterinary environment. 

 Rather than occurring independently, these behaviours were commonly observed in combination, sug-

gesting that behavioural profiles may provide more meaningful clinical information than isolated behav-

ioural responses. Similar behavioural manifestations have been reported in previous studies investigating 

fear, anxiety, and stress in companion animals during veterinary visits [6,10,16–19]. 

Attempting escape was the most frequently reported behavioural indicator before animals entered the 

veterinary practice and became progressively less common after entering the clinic and during the waiting 

period. In contrast, fear-related behaviours reached their highest frequency immediately after entering the 

veterinary practice. Trembling and vocalization were consistently observed throughout the consultation but 

showed a tendency to decrease during the later stages of the visit. Agitation was reported at all observation 

stages and showed a slight increase after animals had remained in the waiting area for approximately 10 

minutes. 

Overall, these findings suggest that behavioural responses changed throughout the veterinary visit (ac-

cording to pet owners), suggesting that different stages of the consultation were associated with distinct 

manifestations of acute stress. 

The temporal variation observed among behavioural indicators is also consistent with previous reports 

describing behavioural adaptation during veterinary consultations [6,18]. Attempting escape was most fre-

quently reported before animals entered the veterinary practice, whereas fear-related behaviours became 

more common immediately after entering the clinic. This pattern may reflect the transition from anticipation 

of an unfamiliar event to direct exposure to environmental and handling-related stressors [2,3,6]. 
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4.2. Clinical Relevance of the Proposed Screening Framework 

Behavioural assessment represents one of the most practical approaches for recognising acute stress 

during routine veterinary consultations because it is non-invasive, inexpensive, and requires no specialised 

equipment [6,8,18]. Early identification of stress-related behaviours may facilitate the implementation of 

low-stress handling techniques, improve communication with owners, and contribute to safer clinical exam-

inations and improved patient management [6,8,18,20]. 

Unlike comprehensive behavioural assessments, which frequently require prolonged observation or 

specialised expertise, the framework proposed in the present study was designed as a rapid clinical screen-

ing approach suitable for routine veterinary practice. Its primary purpose is to organise behavioural obser-

vations in a structured manner and assist veterinary professionals in recognising animals that may benefit 

from stress-reduction strategies. The proposed framework should be regarded as an exploratory clinical aid 

intended to support behavioural observation rather than as a validated diagnostic or welfare assessment 

instrument. 

The preliminary clinical interpretation framework proposed in Table 2 should not be regarded as a 

diagnostic or welfare assessment instrument but rather as a practical aid that supports systematic behav-

ioural observation during routine consultations. Such an approach may improve consistency in recognising 

stress-related behavioural responses while providing a basis for future refinement and validation. 

The proposed screening framework required minimal additional time during routine veterinary con-

sultations and relied exclusively on owner-reported behavioural observations obtained without specialised 

equipment or additional clinical procedures. 

Consequently, the proposed framework appears feasible for incorporation into routine veterinary prac-

tice as a preliminary behavioural screening approach. However, further validation using standardized be-

havioural assessment methods and larger study populations is required before broader clinical implemen-

tation. 

4.3. Behavioural Observations within the Context of Animal Welfare 

Behavioural indicators provide valuable information regarding the emotional experiences of compan-

ion animals and therefore contribute to animal welfare assessment [10,11]. Within the Five Domains Model, 

behavioural responses primarily reflect the Mental State domain, which integrates the affective experiences 

generated by nutrition, physical environment, health, and behavioural interactions [11]. 

Nevertheless, behavioural observations alone cannot determine the overall welfare status of an animal. 

Animal welfare is a multidimensional concept requiring integration of behavioural, physiological, environ-

mental, and health-related information [11]. Consequently, the framework proposed in the present study 

should be interpreted as a behaviour-based stress screening approach rather than a comprehensive welfare 

assessment method. 

This distinction is particularly important because the present study focused exclusively on behavioural 

manifestations of acute stress during veterinary consultations and did not include physiological indicators 

or validated behavioural assessment protocols. 

4.4. Study Strengths, Limitations and Future Perspectives 

The principal strength of the present study lies in its practical orientation. The proposed framework 

was developed using behavioural indicators that can be readily recognised by veterinary professionals dur-

ing routine consultations without additional equipment or extensive behavioural training. Consequently, 

the framework has the potential to be easily incorporated into everyday clinical practice. 

Several limitations should, however, be considered. The study was based on a relatively small sample 

of companion animals and relied exclusively on owner-reported behavioural observations, which may have 

been influenced by subjective interpretation and previous experience. In addition, behavioural classifica-

tions were not validated using physiological indicators, independent behavioural observers, or standardized 

ethograms. These limitations should be considered when interpreting the proposed behavioural profiles. 

Future studies should evaluate the reproducibility, inter-observer agreement, construct validity, and 

clinical applicability of the proposed framework in larger and more diverse populations of companion ani-

mals. Integration of behavioural observations with physiological indicators of stress may further contribute 

to the development of standardized behaviour-based stress screening methods suitable for veterinary prac-

tice [10,11,20,21]. 
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5. Conclusions 

This pilot study identified a range of owner-reported stress-related behavioural indicators commonly 

observed in dogs and cats during routine veterinary consultations and organised these observations into a 

preliminary behaviour-based stress screening framework. The findings suggest that combinations of behav-

ioural indicators may provide more meaningful information regarding acute stress than isolated behavioural 

responses. 

The proposed framework offers a simple and practical approach for structuring behavioural observa-

tions during routine veterinary consultations. However, it should be regarded as a preliminary clinical aid 

rather than a validated diagnostic or welfare assessment instrument. 

Further studies involving larger and more diverse populations, independent behavioural observers, 

standardized ethograms, and physiological indicators of stress are required to validate the proposed frame-

work and evaluate its reliability, reproducibility, and clinical applicability. 

The present study may serve as a starting point for the future development of standardized behaviour-

based stress screening methods that may support early recognition of acute stress and contribute to im-

proved welfare-oriented veterinary care. 
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Abstract: Sea turtles function as keystone species within subtropical and Mediterranean marine ecosystems, playing a crucial role in 

maintaining ecosystem balance through nutrient cycling and the preservation of critical habitats. However, human activities 

including bycatch in fisheries, habitat degradation, and climate change pose significant threats to their survival. In addition to these 

anthropogenic pressures, parasitic infestations represent important biological factors affecting sea turtle health. This study reports 

the first record of Ozobranchus margoi infestation from Kızılot Beach (Antalya, Türkiye), documented on an adult female Caretta 

caretta during nesting on July 10, 2025. Morphometric measurements, including curved and straight carapace length and width, were 

recorded, and the general health condition of the individual was assessed. A total of 16 O. margoi individuals were detected on the 

ventral axillary surface. Macroscopic examination of the attachment site revealed mild erythema and superficial dermal erosion, 

although no histopathological analysis was performed. Species of the genus Ozobranchus are recognized as potential mechanical 

vectors of Chelonid alphaherpesvirus 5 (ChHV5), the causative agent of fibropapillomatosis (FP) in sea turtles; however, no molecular 

screening for ChHV5 was conducted in this study, and no macroscopic signs of FP were observed. This report contributes baseline 

ectoparasite data for a newly monitored nesting site and highlights the importance of integrating parasitological assessments into 

routine sea turtle monitoring programs at Kızılot Beach. 

Keywords: Sea turtle, Ectoparasite, Hirudinea, Mediterranean, Population health 

 

1. Introduction 

Sea turtles are keystone species of critical importance for the health and balance of 

marine ecosystems. The Mediterranean basin provides important nesting grounds, par-

ticularly for Caretta caretta (Loggerhead sea turtle) and Chelonia mydas (Green sea turtle). 

However, these populations are under intense anthropogenic pressure due to habitat loss, 

marine pollution, bycatch, and climate change [1, 2]. Apart from these physical threats, 

parasitic infestations are among the significant biological factors affecting the health sta-

tus, immune system, and reproductive success of turtles [3]. While conservation efforts in 

the Mediterranean have gained momentum in recent years, parasitological studies have 

revealed that a wide range of parasitic organisms adversely affect sea turtle health. Spe-

cifically, parasitic prevalence and its associated physiological and pathological effects 

vary depending on the parasite species, seasonality, and host factors such as age and sex 

[4–7]. Among the ectoparasites of sea turtles, members of the family Ozobranchidae be-

longing to the class Hirudinea (leeches) occupy a specialized ecological niche [8]. Within 

this family, Ozobranchus margoi (Apáthy, 1890) and Ozobranchus branchiatus (Menzies, 

1791) are known as obligate ectoparasites of sea turtles [3, 8]. While O. margoi shows host 

specificity mainly toward Caretta caretta and O. branchiatus mainly toward Chelonia mydas, 

cross-infestations have also been reported [9]. These hematophagous organisms survive 

by attaching to the soft tissues of turtles, especially under the flippers, in the neck region, 

and around the cloaca [8]. 
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Heavy infestations of Ozobranchus spp., where a single host may carry more than one hundred leeches, 

cause debilitating conditions including anemia, ocular injuries, and ulcerative lesions in the dermis. This 

extensive tissue damage not only compromises the turtle's health but also creates entry points for secondary 

infections, potentially leading to host death [9, 10]. However, the primary importance of these leeches in 

terms of ecology and veterinary medicine lies in their relationship with fibropapillomatosis (FP), a disease 

that can be fatal in sea turtles. Molecular studies have revealed that Ozobranchus species have the potential 

to serve as mechanical vectors for Chelonid alphaherpesvirus 5 (ChHV5), the causative agent of FP [11]. The 

hypothesis that leeches can carry the virus with a high viral load during blood feeding and transmit it to 

healthy individuals represents a major concern regarding the epidemiology of this disease [12]. 

On the Turkish Mediterranean coast, O. margoi was first reported by İşler et al. [13] from a severely 

infested C. caretta individual admitted to a sea turtle rescue center in Hatay province. More recently, Düşen 

et al. [14] conducted a comprehensive parasitological survey on 34 loggerhead and green sea turtles from 

the eastern Mediterranean coast of Türkiye, reporting O. margoi among the ectoparasite fauna and providing 

detailed data on prevalence. Despite these contributions, reports of O. margoi from the Turkish Mediterra-

nean coast remain limited. Notably, no parasitological data have been reported from Kızılot Beach, a rela-

tively newly monitored nesting site. The present study therefore constitutes the first record of O. margoi 

infestation from this locality and aims to provide baseline ectoparasite data for the local C. caretta population, 

while documenting the associated dermal pathology at the individual level. 

2. Materials and Methods 

2.1. Study Area 

This study was carried out at Kızılot Beach (approximately 36S 0372662 E, UTM 4063138 N), located 

within the borders of Antalya province in southwestern Turkey. This beach is one of the most important 

Caretta caretta nesting areas in the Eastern Mediterranean and hosts the nesting activities of hundreds of 

females turtles every year. Fieldwork was conducted within the scope of the local sea turtle conservation 

and monitoring program permits. 

2. 2. Examination of the Host Animal and Sampling 

On the night of July 10, 2025, at approximately 02:00 local time, an adult female Caretta caretta individual 

coming ashore for nesting was detected. During the tagging and routine health check of the individual, 

clustered ectoparasites were observed in the ventral axillary surface. The general condition of the individual 

was evaluated as good; however, localized lesions were recorded in the region where the parasites were 

located. Morphometric measurements of the turtle were made using a tape measure and calipers in accord-

ance with standard techniques. Measurements were recorded as Curved Carapace Length (CCL), Curved 

Carapace Width (CCW), Straight Carapace Length (SCL), and Straight Carapace Width (SCW). 

2.3. Collection and Identification of Parasites 

Parasites were carefully removed using soft-tipped forceps in order to avoid additional tissue damage 

to the host. A total of 16 leech specimens were collected and preserved in 70% ethanol for subsequent labor-

atory examination. In the laboratory, specimens were examined under a stereo microscope (Nikon 

SMZ745T). All individuals exhibited a clearly distinguishable body division into a trachelosome (anterior 

region) and urosome (posterior region), with a well-developed posterior sucker clearly visible. The urosome 

bore five pairs of lateral, digitiform branchiae (gills), which were symmetrically arranged along the midbody 

segments (Fig. 1). The anterior sucker was comparatively smaller than the posterior sucker, and the overall 

body morphology was consistent with members of the family Ozobranchidae. Based on the combination of 

these diagnostic morphological characteristics—particularly the presence of five pairs of lateral branchiae 

and the distinct trachelosome–urosome differentiation—the specimens were identified as Ozobranchus mar-

goi (Apáthy, 1890), following the descriptions provided by the relevant taxonomic literature [15, 16]. 

3. Results 

The morphometric measurements of the examined female Caretta caretta individual are presented in 

Table 1. All 16 parasite specimens collected from the host were identified as the marine leech Ozobranchus 

margoi based on morphological analysis (Fig. 1).  
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Table 1. Morphometric measurements of the Caretta caretta individual infected with Ozobranchus 

margoi. 

Parameter Abbreviation Value (cm) 

Curved Carapace Length CCL 76.7 

Curved Carapace Width CCW 67.6 

Straight Carapace Length SCL 72.3 

Straight Carapace Width SCW 54.1 

 

All parasites were found clustered in an area of approximately 2–3 cm in diameter in the ventral axillary 

surface. Macroscopic examination of the attachment site revealed mild erythema (redness) and superficial 

dermal erosion. It should be noted that these observations were based solely on visual inspection; no histo-

pathological or microbiological analyses were performed to further characterize the tissue damage. 

 

 

Figure 1. Stereo microscope image of an Ozobranchus margoi specimen collected from the infected Caretta 

caretta individual and fixed in 70% ethyl alcohol. 

4. Discussion 

This study presents the first record of Ozobranchus margoi infestation from Kızılot Beach, Antalya, 

documented on a nesting Caretta caretta female, along with the local pathological effects caused by the 

parasite on the host. The findings are consistent with the global literature confirming that this leech species 

is a common ectoparasite in C. caretta populations [9, 16]. 

The infestation intensity observed in this study (16 leeches on a single individual) is relatively low 

compared with the ranges reported in the Mediterranean literature. A severe infestation case was previously 

described in Hatay province, Türkiye, where hundreds of O. margoi individuals were detected on a single 

injured C. caretta; the parasites were densely clustered in the nasal cavity, neck, and cloacal regions, and 

were also found on the flippers, soft tissues, and even on the skull and jaw areas [13]. In contrast, Sterioti et 

al. [16] reported more than 1,000 individuals on two turtles from Greece. In a more comprehensive and recent 

study conducted on the eastern Mediterranean coast of Türkiye, Düşen et al. [14] reported the presence of 

O. margoi in 2 out of 34 turtles; however, the number of leeches per host was not quantified.  

It is important to note that in those studies, turtles were examined as injured or dead individuals in 

laboratories or rehabilitation centers, whereas the C. caretta individual detected at Kızılot Beach in the pre-

sent study had come ashore for nesting and was in good general health condition. Furthermore, only the 

leeches visible during the nighttime field survey were evaluated; additional parasites may have been present 

in other body regions (e.g., neck, cloaca, or under the rear flippers) that were not accessible during the brief 
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examination. Therefore, the recorded intensity of 16 leeches likely represents an underestimate of the actual 

parasite burden. Systematic and long-term surveys, ideally including thorough body examinations, are es-

sential to establish reliable infestation trends and to evaluate the health status of the local sea turtle popula-

tion.  

The lesions detected in the axillary region of the examined turtle reflect the typical tissue damage caused 

by Ozobranchus species. Mild erythema and superficial dermal erosion were observed at the attachment site, 

likely resulting from the feeding activities of the leeches. Although these macroscopic findings are consistent 

with previously reported leech-associated tissue damage [9], the absence of histopathological examination 

in the present study precludes definitive conclusions regarding the depth and nature of tissue injury. Previ-

ous studies conducted on the Turkish coast also reported that O. margoi was found in similar attachment 

areas (neck and under flippers) and caused dermatitis [14]. These observations suggest that O. margoi attach-

ment may compromise local skin integrity, although the broader physiological impact on the host cannot be 

determined from macroscopic assessment alone. 

In the broader context of sea turtle health, Ozobranchus species have been identified as potential me-

chanical vectors for Chelonid alphaherpesvirus 5 (ChHV5), the causative agent of fibropapillomatosis (FP), a 

debilitating neoplastic disease in sea turtles [11]. Previous studies have demonstrated that these leeches can 

harbor high viral loads acquired during blood feeding on infected hosts [12]. It is important to note, however, 

that in the present study, no molecular screening for ChHV5 was conducted on the collected leech speci-

mens, and no macroscopic signs of FP (such as cutaneous or ocular tumors) were observed in the examined 

C. caretta individual. Therefore, while the presence of O. margoi at Kızılot Beach raises the theoretical concern 

of potential ChHV5 transmission within the local population, this remains speculative and requires dedi-

cated molecular investigation in future studies. 

Monitoring ectoparasites is important for understanding the general health status of sea turtles and 

detecting changes in the marine ecosystem. It has been predicted that shifts in the distribution of parasite 

populations and infestation rates may occur in response to climate change. Therefore, focusing on parasite 

load and associated health parameters, in addition to turtle population numbers, in monitoring studies con-

ducted at important nesting areas such as Kızılot Beach is essential for the success of conservation strategies. 

A further limitation of the present study is that species identification was based exclusively on morpho-

logical characters without molecular confirmation (e.g., COI barcoding). Although the morphological fea-

tures observed were consistent and diagnostic for O. margoi, future studies should incorporate molecular 

tools to provide definitive species-level verification. 

5. Conclusions 

This case report documents the occurrence of Ozobranchus margoi on a nesting Caretta caretta female at 

Kızılot Beach, Antalya, representing the first ectoparasite record from this locality. The infestation of 16 

leeches was associated with localized macroscopic tissue alterations at the attachment site. While the broader 

health implications cannot be determined from a single observation, this finding underscores the importance 

of incorporating parasitological assessments into routine monitoring protocols at Kızılot Beach, particularly 

given the potential role of Ozobranchus species as mechanical vectors of ChHV5. Future studies at this site 

should aim to: (I) determine the prevalence and intensity of O. margoi infestation across multiple nesting 

seasons; (II) perform molecular screening of collected leeches for ChHV5; and (III) conduct histopathological 

analyses of leech-associated lesions to better characterize tissue-level impacts. 
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Abstract: Migrating grass awns are a recognized cause of foreign-body inflammation and abscessation in dogs and cats; however, 

splenic involvement in feline patients is exceptionally rare. To the best of our knowledge, this is the second documented feline case 

of splenic abscessation associated with a migrating plant foreign body. This report describes a 6-year-old domestic shorthair cat that 

presented with pyrexia, anorexia and a mass in the left cranial abdomen. Ultrasonography revealed focal splenic lesions, and explor-

atory laparoscopy identified a splenic abscess with localized peritonitis. The procedure was converted to exploratory coeliotomy and 

total splenectomy. Histopathological examination showed multiple abscesses, microinfarctions and a plant awn embedded in the 

spleen. This case highlights the importance of considering migrating foreign bodies in the differential diagnosis of atypical splenic 

lesions and demonstrates that surgical intervention can result in a favorable short-term outcome. 

Keywords: grass awn; splenic abscess; migrating foreign body; plant foreign body; splenectomy; cat 

 

1. Introduction 

Grass awns (foxtails) are fusiform plant structures with sharp tips and backward-

pointing barbs that favor unidirectional penetration and continued migration through tis-

sue [1–3]. Entry may occur through the skin or a natural orifice, including the respiratory 

and gastrointestinal tracts; subsequent migration can cause chronic inflammatory tracts, 

granulomas and abscesses. Because the plant material is small and may be poorly con-

spicuous on routine imaging, the foreign body itself may not be identified even when 

secondary lesions are evident [3,4]. Splenic involvement is exceedingly rare in any species, 

and plant foreign bodies in the feline spleen have been reported only rarely [5]. A PubMed 

search performed on 10 March 2026, using combinations of the terms cat/feline, 

spleen/splenic and grass awn/foxtail/plant material/foreign body, identified only one pre-

viously published feline case in which plant material was embedded in the spleen and 

managed by splenectomy [5]. The present report describes an additional case of splenic 

abscessation associated with a migrating vegetal foreign body in a cat. 

 

2. Materials and Methods 

A six-year-old neutered male domestic shorthair cat with outdoor access presented 

with a five-day history of inappetence and intermittent pyrexia. On admission, the cat 

was quiet but responsive. Rectal temperature was 39.4 °C (adult reference 36.7–38.9 °C) 

[6]. Oral mucous membranes were pale and tacky, and skin tent was mildly prolonged. 

Heart rate was 180 beats/min. Respiratory rate was 58 breaths/min, which is within the 

range reported for cats examined in veterinary consultation rooms [7]. On abdominal pal-

pation, a firm mass was detected in the left cranial abdomen. 

As part of the diagnostic work-up, the following tests were conducted: haematology 

with manual blood-smear review (including platelet aggregation assessment), erythro-
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cyte sedimentation rate, serum biochemistry, abdominal ultrasonography (Mindray Vetus 7, micro-convex 

transducer at 5–8 MHz), thoracic radiography in right lateral and ventrodorsal views (Mindray Vetix S300; 

40–55 kVp, 2–4 mAs), and buccal mucosal bleeding time. 

A diagnostic laparoscopy was undertaken initially to inspect the abdominal cavity; after purulent effu-

sion and a splenic abscess were identified, the procedure was converted to a ventral midline coeliotomy for 

definitive source control. General anaesthesia was induced with propofol (4 mg/kg intravenously; PropoFlo, 

Zoetis, USA) after premedication with butorphanol (0.3 mg/kg intramuscularly (IM); Butomidor, Richter 

Pharma, Austria) and midazolam (0.2 mg/kg IM; B. Braun, Germany). Anaesthesia was maintained with 

isoflurane in oxygen. Broad-spectrum perioperative antimicrobial therapy was administered because infec-

tion was strongly suspected. The cat received amoxicillin–clavulanate (20 mg/kg intravenously every 12 h; 

Amoxigard 140 mg/mL, Nita-Farm, Russia) in accordance with local veterinary guidelines [8]. Analgesia 

comprised tramadol (2 mg/kg intravenously every 12 h; Tramadol 50 mg/mL, KRKA, Slovenia) and melox-

icam (0.1 mg/kg subcutaneously; Meloxivet 5 mg/mL, Provet, Ukraine). Intravenous fluid therapy consisted 

of a balanced crystalloid solution (Ringer’s lactate, Infomed, Moldova) delivered by infusion pump (Min-

dray BeneFusion, China) at 4 mL/kg/h during anaesthesia. 

A total splenectomy was performed using a standard hilar approach. The splenic vascular pedicle and 

major hilar branches were isolated and ligated in a routine manner prior to transection, using 2 metric pol-

ydioxanone suture (PDS II; Ethicon, USA). Total operative time was approximately 95 min, and estimated 

intraoperative blood loss was approximately 25 mL. The abdominal cavity was thoroughly lavaged with 

copious volumes of warm 0.9% sterile saline (Iuria-Farm, Republic of Moldova). 

The coeliotomy incision was closed routinely in layers: the abdominal wall (linea alba) with a simple 

continuous pattern using 2 metric polydioxanone (PDS II; Ethicon, USA), and the subcutaneous tissue and 

skin with simple interrupted sutures using 4-0 poliglecaprone 25 (Monocryl; Ethicon, USA). The excised 

spleen was submitted for histopathological analysis. Before closure, a homemade active closed-suction drain 

was placed in the abdominal cavity. 

Histological sections of the excised spleen were stained with haematoxylin and eosin (H&E) and exam-

ined using a Motic Panthera DL light microscope (Motic, China) equipped with a UC-MF 10×/22 eyepiece 

(10× magnification; field number 22 mm) and 10× and 20× objectives. Representative fields were photo-

graphed using the 10× and 20× objectives; with the 10× eyepiece, these corresponded to nominal visual mag-

nifications of 100× and 200×, respectively. Image scale was calibrated with a stage micrometer graduated in 

0.01-mm divisions. 

3. Results 

Haematology demonstrated anaemia (haemoglobin 8.0 g/dL; reference interval: 10–16 g/dL), marked 

leucocytosis (16 × 10⁹/L; reference interval: 5–14 × 10⁹/L) characterized by neutrophilia with a left shift (65% 

segmented and 17% band neutrophils), and severe thrombocytopenia on the automated count (37 × 10⁹/L; 

reference interval: 180–500 × 10⁹/L). Manual review of a blood smear, including assessment for platelet ag-

gregation, showed an adequate platelet estimate, raising suspicion that the automated platelet count was 

spuriously low. The erythrocyte sedimentation rate was markedly increased (70 mm/h; reference interval: 

<20 mm/h). Serum biochemistry demonstrated a mild increase in total protein (81 g/L; reference interval: 60–

80 g/L). Other measured biochemical parameters were within reference intervals. 

Ultrasonography (Figure 1a, b) showed an unevenly enlarged spleen with irregular but well-defined 

external margins and diffusely heterogeneous, moderately hypoechoic parenchyma. Two principal focal le-

sions, each approximately 1–2 cm in diameter, were hypoechoic to anechoic, with heterogeneous internal 

echogenicity, fine echogenic septations and irregular, poorly defined margins. Multiple hyperechoic foci 

casting distal acoustic shadowing were interpreted as possible mineralization. The splenic veins were mildly 

dilated. The adjacent omentum was moderately hyperechoic, consistent with focal omentitis, and a small 

volume of anechoic free fluid was present adjacent to the splenic tail. No discrete foreign body was visual-

ized. 

Thoracic radiography detected no pulmonary or mediastinal abnormalities. Buccal mucosal bleeding 

time (BMBT) was 3.5 min (reference interval: <4 min). Given the severely reduced automated platelet count, 

perioperative transfusion was considered; however, neither feline blood products nor a suitable donor were 

available. 
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Differential diagnoses included splenic abscess or granuloma, haematoma, lymphoma and haemangi-

osarcoma. The cavitary lesions and adjacent inflammatory change favored an inflammatory or infectious 

process, although neoplasia could not be excluded on ultrasonography alone. At laparoscopy, purulent ef-

fusion, fluctuant encapsulated splenic nodules and dense inflammatory adhesions made lymphoma and 

haemangiosarcoma less likely; histopathological examination subsequently excluded neoplasia. 

On laparoscopic examination, the spleen appeared moderately enlarged and was adherent to the omen-

tum and intestinal loops. A small amount of perisplenic fibrinous exudate and approximately 30 mL of pu-

rulent free fluid were observed; the volume was estimated visually during laparoscopy. Further exploration 

revealed several well-defined, encapsulated nodular lesions on the splenic surface, with firm adhesions to 

the adjacent mesentery, omentum, intestinal loops and abdominal wall. The lesions were fluctuant on pal-

pation, suggesting fluid content; however, no rupture, penetrating wound or visible foreign material was 

observed at this stage. The procedure was converted to open coeliotomy. 

Following surgery, the cat recovered steadily without complications. Within 48 h, appetite resumed, 

and body temperature stabilized at 38.3 °C (adult reference range: 36.7–38.9 °C) [6]. The patient received 

intravenous Ringer’s solution (Iuria-Farm, Republic of Moldova) at 4 mL/kg/h for the first 24 h postopera-

tively. Antimicrobial therapy was continued with amoxicillin–clavulanate (Clavusan; KRKA, Slovenia) ad-

ministered orally at 12.5 mg/kg every 12 h for 7 days. Analgesia was maintained with meloxicam (0.05 mg/kg 

per os once daily; Meloxivet 5 mg/mL, Provet, Ukraine) for 3 days postoperatively. 

Postoperative haematology was performed to monitor recovery. Two days after surgery, haemoglobin 

was 10.0 g/dL (reference interval: 10–16 g/dL), platelets were 152 × 10⁹/L (reference interval: 180–500 × 10⁹/L), 

and white blood cells were 20.2 × 10⁹/L (reference interval: 5–14 × 10⁹/L). 

The cat was discharged 48 h postoperatively with the drain in place and instructions for drain care, 

output monitoring and recognition of complications. Outpatient management was considered acceptable 

because the cat was clinically stable, a medically trained member of the household could provide the re-

quired care, and prompt re-evaluation was available. 

Gross pathological examination of the excised spleen revealed multiple thick-walled cavities containing 

purulent material distributed throughout the parenchyma. Approximately 40–50% of the organ was esti-

mated grossly to have been replaced by firm connective tissue. Several small, sharply demarcated infarcts 

were also evident on the capsular and cut surfaces. Within one of the abscess cavities, a linear fragment of 

plant material consistent with a grass awn, approximately 4 cm in length, was identified (Figure 1c–e). 

Microscopically, in the affected regions, normal splenic architecture was completely effaced by severe 

pyogranulomatous inflammation, characterized by areas of coagulative necrosis surrounded by dense infil-

trates of neutrophils, macrophages, lymphocytes and proliferating fibroblasts. Multifocal granulomas were 

present, and numerous small blood vessels showed thrombosis and disruption, correlating with the grossly 

observed microinfarcts. Multiple irregular refractile fragments of foreign material with preserved, regularly 

compartmentalized cellular architecture and discernible cell walls, consistent with plant tissue, were present 

within the affected splenic tissue (Figure 2). Clear spaces surrounded some fragments, which were closely 

associated with inflammatory and fibrous tissue. No evidence of neoplasia was detected in any examined 

section. 

The abdominal drain produced a total of 10–15 mL of serosanguineous fluid and was removed without 

sedation four days postoperatively. The cat remained normothermic (38.3 °C; adult reference 36.7–38.9 °C). 

The incision was clean, with no swelling or discharge. At the two-week follow-up, the cat was bright, alert 

and eating well, and the surgical site had healed. 
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Figure 1. Composite imaging and gross pathological findings: (a,b) ultrasonographic appearance of heterogene-

ous cavitary splenic lesions with irregular internal architecture; (c) cross-section of the spleen demonstrating intra-
parenchymal abscessation and necrosis, with the plant awn visible in situ (scale bar = 1 cm); (d) gross appearance of 

the excised spleen with the foreign body in situ; (e) the approximately 4-cm barbed plant awn removed from the 

splenic abscess after splenectomy. Red circles indicate the focal splenic lesions. 

 

Figure 2. Histological appearance of plant material within the splenic lesion (H&E). (a, b) Photomicrographs ob-

tained using a 10× objective, showing multiple irregular fragments with preserved, compartmentalized plant cellular 

architecture; clear spaces surround some fragments, with adjacent inflammatory and fibrous tissue. (c) obtained using 

a 10× objective, showing a larger plant fragment within the lesion. (d) Photomicrograph of the same fragment obtained 

using a 20× objective, demonstrating its organized cellular architecture and preserved cell walls.  
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4. Discussion 

The initial haematological abnormalities (marked leucocytosis with a left shift, an apparently severe 

thrombocytopenia on the automated count and elevated erythrocyte sedimentation rate (ESR)) were con-

sistent with an acute inflammatory or septic process. The discrepancy between the automated platelet count 

and the adequate platelet estimate on blood smear suggested pseudothrombocytopenia or analyzer under-

estimation; platelet clumping is common in feline samples. Inflammatory consumption and splenic seques-

tration could not be excluded. The rapid postoperative increase in platelet count was compatible with a 

transient process but did not distinguish among these possibilities. Although the BMBT was within the ref-

erence interval, this did not exclude a consumptive or evolving coagulopathy in the context of systemic 

inflammation. 

ESR is a non-specific inflammatory marker that can increase during infection [9,10]. It was used in this 

case because the assay was locally available, whereas serum amyloid A, C-reactive protein and alpha-1 acid 

glycoprotein assays were unavailable. The absence of these more commonly used inflammatory biomarkers 

is a limitation. A complete blood count was repeated 48 h postoperatively to monitor the response to source 

control. Haemoglobin and platelet count increased, whereas the leucocyte count remained elevated; leuco-

cyte counts are non-specific and may not decline within the first 48 h despite effective treatment [11]. 

Ultrasonography is a practical first-line imaging modality when a migrating plant foreign body is sus-

pected. The foreign body is not always visualized directly, whereas secondary lesions along its migration 

path are often detectable [3]. Computed tomography (CT) can assist localization and surgical planning, but 

direct visualization is inconsistent: in a series of 44 dogs and 10 cats with confirmed grass seed foreign bod-

ies, the seed was visible on CT in 19% of cases, while secondary lesions were visible in 96% [4]. CT might 

have provided additional information in the present case but was not available, which is a limitation. 

The migration route could not be established. Ingestion followed by transmural migration from the 

stomach or adjacent gastrointestinal tract is anatomically plausible because of the spleen’s position in the 

left cranial abdomen. Inhalation with caudal migration through the thorax and transdiaphragmatic exten-

sion is an alternative route [1–4]. The absence of thoracic radiographic abnormalities and of a visible dia-

phragmatic tract made the respiratory route less strongly supported, although a healed migration tract can-

not be excluded; no gastrointestinal perforation was identified at surgery either. 

Ultrasonographic splenic lesions in cats are non-specific, and imaging alone cannot reliably distinguish 

inflammatory from neoplastic disease [12]. Non-neoplastic lesions such as haematoma or hyperplasia ac-

counted for only 4% (19/455) of submissions in a pathology-based survey [13], and neoplasia was diagnosed 

in 81% (50/62) of cats in a recent referral cohort undergoing splenectomy [14]. Lymphoma and haemangio-

sarcoma therefore remained initial considerations. At surgery, however, purulent rather than haemorrhagic 

effusion, fluctuant encapsulated lesions and dense inflammatory adhesions favored abscessation; histo-

pathological examination excluded neoplasia. Once an infectious splenic focus was identified in this case, 

open exploration and splenectomy provided definitive source control. 

Diagnostic laparoscopy was used to assess the spleen and extent of peritoneal involvement, not to es-

tablish a definitive diagnosis by visual inspection alone. Once purulent effusion was identified, conversion 

to open coeliotomy allowed comprehensive exploration, lavage, tissue sampling and definitive source con-

trol [15]. 

Preoperative abdominocentesis was not performed, which is a limitation. Cytological evaluation and 

comparison of peripheral blood and peritoneal fluid glucose concentrations might have supported an earlier 

diagnosis of septic peritonitis [16] and prompted earlier surgical exploration. 

Neither peritoneal nor abscess fluid was submitted for bacterial culture; consequently, the organisms 

involved remain unknown and antimicrobial therapy could not be tailored to culture and susceptibility re-

sults. This is a notable limitation. 

Migrating vegetal foreign bodies can introduce mixed environmental and host flora, including Staphy-

lococcus, Streptococcus, Pasteurella, Escherichia coli, Actinomyces and Nocardia species [17]. Actinomyces species 

are anaerobic or facultatively anaerobic, whereas Nocardia species are aerobic, and both may require specific 

culture conditions [17,18]. Staphylococcus species and E. coli have also been commonly isolated from inhaled 

plant foreign bodies [19]. Empirical antimicrobial therapy should ideally provide coverage against likely 

aerobic and anaerobic pathogens and should be adjusted when culture and susceptibility results become 

available. Amoxicillin–clavulanate was selected empirically in this case; intraoperative culture would nev-

ertheless have been preferable. 
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The homemade closed-suction drain was used because a commercial system was unavailable. Evidence 

has not established a single optimal approach to abdominal closure or drainage in septic peritonitis, and no 

consistent survival benefit has been demonstrated for one method [20–24]. Closed-suction drainage can 

evacuate inflammatory exudate but carries risks including obstruction, loss of suction, loss of protein-rich 

fluid and ascending infection [20,23]. Discharge with the drain in place was an individualized decision based 

on the cat’s clinical stability, the presence of a medically trained caregiver able to monitor the system, and 

access to prompt re-evaluation; it should not be considered routine practice. 

Deep abdominal migration of vegetal foreign bodies is uncommon in cats. In the previously reported 

feline splenic case, plant material was identified only during splenectomy and had not been detected ultra-

sonographically [5]. A separate report described a retroperitoneal abscess in which the migrating awn was 

discovered only at a second surgery several months later [25]. These cases illustrate the diagnostic difficulty 

posed by small, non-radiopaque plant material and the importance of investigating persistent focal inflam-

matory lesions. 

Fragmented plant material may histologically resemble exogenous fiber or suture material, particularly 

when viewed without gross context or when different planes of section produce repeated angular or elon-

gated profiles. As an informal check, selected photomicrographs were shown without case information to 

two experienced pathologists, both of whom initially considered the structures to represent thread or suture 

material. This illustrates a potential interpretive pitfall. In this case, the repeated demonstration of organized, 

cell-walled architecture in multiple microscopic fields, together with gross recovery of a grass awn from the 

splenic lesion, supported a plant origin. Histological interpretation of foreign material should therefore be 

correlated with the surgical and gross pathological findings. 

5. Conclusions 

This case describes a migrating plant awn within the spleen of a cat, associated with abscessation and 

localized peritonitis. Total splenectomy and peritoneal lavage resulted in complete clinical recovery during 

the two-week follow-up period. 
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Abstract: Early tumor screening in companion animals (dogs and cats) integrates traditional and emerging diagnostic techniques to 

identify malignant lesions at the preclinical stage, enabling timely intervention and improved prognosis. Early-stage tumors in dogs 

and cats often lack specific clinical signs, frequently presenting only as palpable subcutaneous masses or nonspecific weight loss, 

which commonly leads to diagnostic delay. While histopathological examination remains the gold standard for tumor diagnosis, its 

invasive nature limits application in large-scale screening. Emerging non-invasive or minimally invasive methods including liquid 

biopsy (detection of circulating tumor DNA, circulating tumor cells, and exosomes), serum tumor marker analysis, and exhaled 

volatile organic compound testing complement traditional strategies and enable earlier, more precise tumor detection. For localized 

tumors detected at an early stage, radical surgical resection remains the cornerstone of treatment; emerging interventions such as 

tyrosine kinase inhibitors and immune checkpoint blockade further improve clinical outcomes, and their success is highly dependent 

on early diagnosis via screening. This review summarizes current advances in early tumor screening for companion animals, focusing 

on combined strategies of traditional diagnostics and emerging technologies, and highlights their translational potential to enhance 

diagnostic efficacy and optimize clinical management pathways. 

Keywords: Early cancer screening; Dogs; Cats; Liquid biopsy; Circulating tumor DNA; Serum tumor markers; Histopathology; Im-

munotherapy; Metabolomics 

 

1. Introduction 

Early tumor screening employs physical examinations, laboratory tests, imaging, and 

molecular biology techniques to detect malignant lesions in companion animals (dogs and 

cats) before overt clinical symptoms appear, with the goal of enabling timely intervention 

and improving prognosis [1,2]. In veterinary practice, the boundary between "screening" 

and "diagnosis" remains debated: some frameworks categorize early detection as a com-

ponent of preventive health care, while others restrict screening to the detection of pre-

clinical tumors in entirely asymptomatic animals [3]. For the purposes of this review, 

"early tumor screening" refers to all testing strategies employed before the onset of overt 

tumor-specific clinical signs, or when only nonspecific clinical manifestations are present. 

Cancer is a leading cause of death in senior dogs and cats. Approximately 47% of 

deaths in dogs over 10 years of age are attributed to malignant tumors, and the corre-

sponding proportion in cats exceeds 30% [4,5]. Cancer incidence increases with age, and 

can occur across all ages, sexes, and breeds [6]. However, breed-specific predispositions 

are well documented: Boxers, Golden Retrievers, Bernese Mountain Dogs, and Labrador 

Retrievers consistently show higher rates of lymphoma, mast cell tumors, osteosarcoma, 

and histiocytic sarcoma across epidemiological studies [7,8]. In cats, Siamese cats have 

been associated with elevated risk of lymphoma and mammary tumors, though most sup-

porting data come from older, small-scale studies that require validation in larger cohorts 

[9,10]. 

Traditional early screening methods include systematic physical examination (in-

cluding palpation of superficial lymph nodes and assessment of cutaneous/subcutaneous 

masses), basic hematology and serum biochemistry, thoracic and abdominal radiography 

and ultrasonography, and fine-needle aspiration cytology [11]. Molecular biomarkers are 

increasingly entering clinical practice: in dogs, serum thymidine kinase 1 (TK1) activity 
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and C-reactive protein (CRP) levels serve as adjunctive screening markers for lymphoma and select solid 

tumors [12]; in cats, serum thymidine kinase and specific microRNA profiles have shown preliminary utility 

as early tumor markers [13,14]. Liquid biopsy technologies, which detect tumor-derived nucleic acids, pro-

teins, and circulating cells in peripheral blood, may identify tumor signals before masses are visible on con-

ventional imaging [15]. 

The biological feasibility of early screening stems from nucleic acids, proteins, and metabolites released 

into peripheral blood by developing tumor cells, as well as associated epigenetic and immune microenvi-

ronment changes [16]. Genetic susceptibility, chronic inflammation, immunosenescence, and epigenetic re-

programming all contribute to companion animal tumorigenesis, and these molecular events provide de-

tectable targets for early detection [17]. Advances in multi-omics research have further established that ef-

fective screening requires integration of multi-dimensional data including genomic, transcriptomic, proteo-

mic, and metabolomic abnormalities rather than reliance on a single biomarker [18]. 

Early diagnosis remains challenging. While histopathology is the diagnostic gold standard, its invasive-

ness and sampling requirements limit its use as a first-line screening tool [2,19]. However, tumors detected 

at an early, localized stage are typically amenable to curative surgical resection, with significantly improved 

prognosis [20,21]. 

This review synthesizes literature retrieved from PubMed and Scopus (including reference list mining), 

covering publications through 2026. It summarizes established diagnostic techniques and emerging detec-

tion methods for early tumor screening in dogs and cats, and explores their translational potential to opti-

mize clinical management and long-term prognosis. 

2. Clinical Signs and Physical Examination Findings 

Preclinical tumors in dogs and cats may produce only nonspecific findings, or no detectable abnormal-

ities at all [1,22]. Cancer anorexia (reduced food intake secondary to neoplasia) and cancer cachexia (weight 

loss and metabolic dysfunction despite adequate nutrition) are the most prevalent and impactful parane-

oplastic syndromes in companion animal oncology [23]. In dogs, approximately 14% lose 5–10% of body 

weight in the 12 months before diagnosis, and 23% lose more than 10%. In cats, 45–55% of patients with 

lymphoma or solid tumors present with a body condition score (BCS) ≤5/9 at diagnosis; 93% exhibit muscle 

wasting, including 72% with BCS in the adequate range (≥5) [24,25]. Pre-diagnostic weight loss is a negative 

prognostic indicator in both species, with more pronounced effects in cats. 

Palpable superficial masses or subcutaneous nodules are among the most notable early physical find-

ings. According to the 2026 AAHA Oncology Guidelines, mast cell tumors are the most common canine skin 

tumor (16–21% of all skin neoplasms), while lymphoma is one of the most prevalent malignant tumors in 

cats [26,27]. Canine multicentric lymphoma typically presents with painless, elastic generalized lymphade-

nopathy affecting submandibular, prescapular, and popliteal nodes, with or without hepatosplenomegaly 

[28]. Feline lymphoma most commonly presents as the gastrointestinal form, which does not cause general-

ized lymphadenopathy and produces nonspecific signs (anorexia, weight loss) that are easily confused with 

pancreatitis, renal failure, or other chronic conditions [29]. Osteosarcoma, the most common primary canine 

bone tumor (85% of canine bone neoplasms), presents as persistent lameness and localized swelling, with 

strong predisposition in large breeds [30]. 

Non-healing wounds or ulcers are key warning signs for cutaneous and oral tumors. Feline cutaneous 

squamous cell carcinoma occurs most frequently on sparsely haired, lightly pigmented sites (ear tips, nasal 

planum, eyelids), presenting as red, ulcerated, crusted lesions with alopecia or pink discoloration [31]. Feline 

oral squamous cell carcinoma is highly aggressive, with early signs including oral ulcers, ptyalism, weight 

loss, halitosis, and loose teeth that are often misattributed to dental disease [32]. 

Lymph node evaluation is a core component of tumor screening. Using histopathology as the reference 

standard, Langenbac et al. (2001) assessed the diagnostic performance of palpation, fine-needle aspiration, 

and core needle biopsy for regional lymph node metastasis in dogs and cats with solid tumors [33]. The 2026 

AAHA guidelines emphasize systematic regional lymph node assessment, with follow-up imaging, cytol-

ogy, or histopathology as indicated. Importantly, lymphadenopathy may stem from metastatic disease or 

non-neoplastic causes (infection, inflammation), and size assessment via palpation alone is unreliable [34]. 

Monthly at-home full-body palpation is recommended as an adjunctive measure to detect hidden masses 

and facilitate early referral. 
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Recognition of paraneoplastic syndromes can provide early clues to occult tumors. Hypercalcemia is 

the most common paraneoplastic syndrome in companion animals. In dogs, the most common associated 

malignancies are T-cell lymphoma (35–55% of cases), anal sac adenocarcinoma, multiple myeloma, and thy-

moma; in cats, it is most frequently linked to oral squamous cell carcinoma [35,36]. Clinical signs include 

polyuria/polydipsia, vomiting, anorexia, bradycardia, and muscle weakness; in cats, anorexia and lethargy 

predominate, with less frequent gastrointestinal and urinary signs [37]. Paraneoplastic hypoglycemia occurs 

primarily in canine insulinomas, caused by aberrant insulin secretion from pancreatic β-cells, and presents 

as muscle weakness, collapse, ataxia, and seizures; it is rare in cats [38,39]. Additional notable paraneoplastic 

manifestations include cancer cachexia, fever of unknown origin, non-regenerative anemia, thrombocytope-

nia, and cutaneous paraneoplastic syndromes (e.g., feline paraneoplastic alopecia, canine superficial necro-

lytic dermatitis) [40,41,42]. 

Common clinical and physical examination findings are summarized in Table 1. 

3. Diagnosis 

3.1. Integrated Strategies Combining Traditional and Emerging Screening Methods 

No single gold-standard method exists for universal early cancer screening in dogs and cats; the com-

bination of physical examination, basic imaging (radiography, ultrasonography), and cytology forms the 

core of traditional screening protocols [2,43]. In recent years, liquid biopsy, circulating tumor DNA (ctDNA) 

testing, metabolomics, and AI-assisted image interpretation have expanded screening capabilities, though 

these remain supplementary to traditional methods rather than replacements, pending broader clinical val-

idation. 

All screening protocols begin with a thorough history and physical examination, with prioritization of 

senior animals (generally dogs ≥7 years, cats ≥10 years), high-risk breeds (e.g., Golden Retrievers, Boxers, 

Siamese cats), and individuals with known genetic predispositions [45,46]. Baseline hematology and serum 

biochemistry help rule out non-neoplastic causes of clinical signs and assess organ function [47]. 

Traditional imaging (thoracic and abdominal radiography, abdominal ultrasonography) is accessible 

and cost-effective, with good sensitivity for mass-forming solid tumors (e.g., splenic hemangiosarcoma, he-

patic tumors, bladder transitional cell carcinoma). However, it has limited ability to detect micrometastases 

<3–5 mm in diameter or early carcinoma in situ [1,48]. Liquid biopsy, by contrast, detects tumor-derived 

nucleic acids, proteins, or circulating cells in peripheral blood, and shows preliminary potential to identify 

tumor signals before masses are radiologically visible [2]. A prospective study of canine lymphoma and 

hemangiosarcoma reported that ctDNA point mutation-based liquid biopsy achieved 62% and 71% sensi-

tivity for early detection of these two tumor types, respectively, with >95% specificity [49]. Sensitivity is 

lower (30–50%) for non-hematologic solid tumors such as osteosarcoma and lung cancer [15]. 

Fine-needle aspiration cytology is low-cost and rapid, and can distinguish benign from malignant le-

sions. However, its accuracy is highly operator- and pathologist-dependent, and it cannot provide molecular 

subtype information [50,51]. Emerging tools including flow cytometry, immunocytochemistry, and machine 

learning-based image analysis can improve cytologic interpretation consistency, but require specialized 

equipment and sample processing that are not widely available in most veterinary diagnostic laboratories 

[52]. 

Screening strategies should be tiered based on individual risk factors, owner financial capacity, and 

clinical utility (i.e., whether early intervention improves prognosis) [45]. For high-risk animals (senior pa-

tients, high-incidence breeds), abdominal ultrasound and thoracic radiography may be added to annual 

wellness examinations; liquid biopsy may be added as a supplementary test when feasible [53]. The high 

specificity of liquid biopsy corresponds to low false-positive rates, but its limited sensitivity means a nega-

tive result does not rule out early-stage tumors [15]. Positive results from any emerging screening method 

require confirmation via conventional imaging or cytology, and negative results do not justify discontinuing 

clinical follow-up. 

Combined modalities improve performance over single tests. For example, combining liquid biopsy 

with abdominal ultrasound increases sensitivity for canine splenic and hepatic solid tumors from ~50–70% 

(single modality) to >85% [54,55]. Similarly, AI-assisted imaging interpretation paired with cytology reduces 

inter-observer variability and improves detection of pulmonary nodules and small abdominal masses [56]
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Table 1. Common clinical signs and physical examination findings in dogs and cats with tumors 

Clinical sign / Finding Associated tumor type/condition Key features or incidence References 

Weight loss and muscle wasting (cancer 

cachexia) 

Various tumors, especially lymphoma and solid 

tumors 

Dogs: 14% lose 5–10% body weight pre-diagnosis, 23% lose 

>10%; Cats: 45–55% have BCS ≤5/9, 93% have muscle wasting 

(72% even with BCS ≥5) 

[24,25] 

Palpable superficial mass / 

subcutaneous nodule 

Most common skin tumors: mast cell tumor 

(dog); lymphoma (cat) 

Dogs: MCT accounts for 16-21% of all skin tumors; Cats: 

lymphoma is one of the most common malignant tumors 
[26,27] 

Generalized lymphadenopathy 

(painless, elastic) 
Multicentric lymphoma (dog) 

Submandibular, prescapular, popliteal nodes; with/without 

hepatosplenomegaly 
[28] 

Non-specific gastrointestinal signs 

(anorexia, weight loss) 
Feline gastrointestinal lymphoma 

No generalized lymphadenopathy; easily confused with 

pancreatitis, renal failure 
[29] 

Persistent lameness + localized limb 

swelling 
Osteosarcoma (dog) 

Most common primary bone tumor (85% of canine bone 

tumors); large breeds predisposed 
[30] 

Red, ulcerated, crusted lesions on 

sparsely haired/lightly pigmented areas 

(ear tips, nasal planum, eyelids) 

Cutaneous squamous cell carcinoma (cat) May present with alopecia or pink appearance [31] 

Oral ulceration, drooling, halitosis, loose 

teeth 
Oral squamous cell carcinoma (cat) 

Highly aggressive; early stage often mistaken for dental 

disease 
[32] 

Lymphadenopathy (unreliable by 

palpation alone) 
Regional lymph node metastasis 

Palpation alone has low sensitivity (60%) and specificity 

(72%); cytology/histopathology required 
[33,34] 

Hypercalcemia 

Most common paraneoplastic syndrome; in 

dogs: T-cell lymphoma (35–55%), anal sac 

adenocarcinoma, multiple myeloma, thymoma; 

in cats: oral SCC 

Clinical signs: polyuria/polydipsia, vomiting, anorexia, 

bradycardia, muscle weakness 
[35,36,37] 

Hypoglycemia (muscle weakness, 

collapse, ataxia, seizures) 
Insulinoma (dog) 

Caused by abnormal insulin secretion from pancreatic 

β-cells; rare in cats 
[38,39] 

Fever of unknown origin, 

non-regenerative anemia, 

thrombocytopenia 

Various paraneoplastic syndromes Important and noteworthy manifestations [40,42] 

Cutaneous paraneoplastic syndromes 
Feline paraneoplastic alopecia; Canine 

superficial necrolytic dermatitis 
May precede diagnosis of underlying neoplasia [41] 
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Owner awareness and compliance are key determinants of screening effectiveness [57]. Veterinarians 

should communicate the benefits and limitations of each method clearly, and develop individualized screen-

ing plans. For animals undergoing liquid biopsy or other emerging tests, follow-up testing every 6–12 

months is recommended to monitor biomarker trends. 

If initial screening is negative but nonspecific tumor-associated signs persist (unexplained weight loss, 

anorexia, chronic gastrointestinal signs, persistent fever), re-evaluation after 2–3 months with additional 

modalities (e.g., PET/CT at referral centers, metabolomic serum testing) is advised [1,58,59]. Interpretation 

of screening markers is more complex in animals with concurrent chronic inflammatory disease (e.g., in-

flammatory bowel disease, chronic kidney disease), as these conditions can independently elevate inflam-

mation-related cytokines and metabolites [60]. 

Asymptomatic high-risk animals may undergo routine screening (physical exam + baseline blood work 

+ imaging) without pharmacologic intervention [1]. Short-acting sedation may be administered as needed 

before invasive procedures (e.g., ultrasound-guided biopsy) to reduce patient stress and procedural risk [61]. 

Histopathological examination remains the reference standard for definitive diagnosis of clinically ac-

tionable lesions; imaging and liquid biopsy results indicate high suspicion but cannot confirm malignancy 

independently [62]. Following mass detection on imaging, cytologic or histologic confirmation via fine-nee-

dle aspiration or core needle biopsy is mandatory to avoid overtreatment [51]. 

When liquid biopsy is positive but no lesion is identified on initial imaging, targeted imaging follow-

up with biopsy attempt is indicated; if biopsy is negative but clinical suspicion remains high, combined 

imaging and liquid biopsy re-evaluation after 3–6 months is recommended to detect progressive lesions 

[15,16]. No evidence-based standard exists for optimal follow-up intervals after a positive liquid biopsy re-

sult, and decisions should be individualized based on patient risk level. 

Analogous to cross-reactivity in food allergy diagnosis, some circulating biomarkers (e.g., TK1) may be 

elevated across multiple tumor types, and may also produce false positives in non-neoplastic proliferative 

conditions (e.g., splenic extramedullary hematopoiesis, reactive lymphoid hyperplasia) [63,64]. No single 

biomarker elevation is sufficient for definitive diagnosis; all abnormal results require correlation with imag-

ing and cytologic findings. 

A core challenge of screening programs is balancing early intervention against overdiagnosis [65]. Not 

all screen-detected tumors—particularly indolent neoplasms or low-grade mast cell tumors in geriatric pa-

tients—will become clinically relevant within the patient’s lifespan. Decisions regarding immediate invasive 

treatment should integrate tumor type, grade, location, overall patient health, and owner preferences. 

If initial screening is negative but clinical suspicion remains high, advanced imaging (whole-body CT 

or MRI) or repeat liquid biopsy on an alternative platform may be considered to reduce false-negative risk 

[66,67]. In patients with multiple comorbidities, alternative etiologies must be excluded before attributing 

abnormal screening results to neoplasia. 

While no single standard confirms screening efficacy, the most reliable approach is histopathologic con-

firmation combined with ≥12 months of clinical follow-up to assess negative predictive value. For screen-

positive patients, excisional biopsy with histopathology serves both therapeutic and diagnostic purposes. 

3.2. Additional Diagnostic Methods 

A range of additional in vivo and in vitro diagnostic approaches have been investigated for early tumor 

screening, but none are validated as standalone screening tools. Their utility ranges from diagnostic support 

to risk stratification, and none replace traditional screening protocols combined with histopathologic confir-

mation. 

3.2.1. Serum Biomarkers and Conventional Auxiliary Assays 

Multiple serum tumor markers are commercially available, including thymidine kinase 1 (TK1), vascu-

lar endothelial growth factor (VEGF), and carcinoembryonic antigens (e.g., CEA, CA15-4). However, current 

evidence indicates single-marker testing lacks sufficient sensitivity and specificity for early cancer screening 

in dogs and cats [68–71]. Flory et al. (2021) reported that combining serum TK1 with abdominal ultrasound 

improves detection of occult splenic and hepatic tumors compared to annual physical examination alone, 

but cannot reliably distinguish malignant tumors from benign proliferative lesions [15]. 

Detection of specific metabolites or DNA methylation markers in feces, urine, or oral swabs is not cur-

rently recommended for independent tumor screening. While non-invasive sampling is convenient for own-

ers, most supporting studies involve small cohorts or specific tumor types (e.g., bladder transitional cell 

carcinoma), and performance across breeds, ages, and tumor stages remains unvalidated [72]. Overreliance 
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on these non-specific markers carries risks of false positives (leading to unnecessary invasive testing and 

owner anxiety) and false negatives (delaying diagnosis) [67]. 

Serum TK1 activity is markedly elevated in canine lymphoma and hemangiosarcoma, but shows mini-

mal or no increase in other solid tumors such as osteosarcoma and thyroid cancer; this heterogeneity likely 

reflects differences in tumor proliferative activity [15,68,69]. TK1 reference ranges vary by assay platform 

(ELISA, chemiluminescence) and laboratory, with divergent diagnostic thresholds across studies, which 

contributes to inconsistent reported performance [73,74]. Additional confounders include age-related base-

line changes and non-specific elevations associated with concurrent inflammation or infection, which com-

plicate establishment of a universal clinical cutoff [63]. 

Similarly, ELISA-based detection of serum matrix metalloproteinases (MMPs), endostatin, and other 

cytokines is not validated for early tumor screening. In a small single-center cohort of 26 dogs with mam-

mary tumors and 26 healthy controls, Khaki et al. (2023) measured serum MMP-2 and MMP-9 levels via 

gelatinase zymography. The study found that the presence of active MMP-9 was associated with elevated 

risk of tumor metastasis and recurrence, but the assay had limited capacity to distinguish benign from ma-

lignant mammary lesions. The previously included remark regarding a "diagnostic AUC of 0.68" was an 

erroneous leftover note from internal fact-checking that was incorrectly retained in the manuscript. Given 

the small sample size and limited discriminative performance, this method is not currently suitable for 

standalone early cancer screening [75]. 

3.2.2. Emerging Molecular and Liquid Biopsy Tools 

Proteomic and metabolomic fingerprinting methods, while still in the research phase, have shown util-

ity in specific scenarios such as differentiating benign from malignant pleural or peritoneal effusions. Ko et 

al. (2025) applied machine learning to analyze cell-free DNA fragment size and copy number variations, 

achieving an average AUC of 0.93 in 10-fold cross-validation for distinguishing canine hemangiosarcoma 

from healthy controls [76]. However, these methods require specialized mass spectrometry equipment and 

standardized sample processing, limiting current use to research settings. 

Circulating tumor cell (CTC) enumeration has demonstrated higher specificity than traditional serum 

biomarkers in preliminary studies of canine mammary and lung adenocarcinoma. In a small pilot investiga-

tion, Marconato et al. used the automated CellSearch platform to test 27 dogs with metastatic mammary 

tumors, detecting CTCs in 44.4% (12/27) of malignant cases and no CTCs in 5 healthy control dogs. As these 

findings are limited by small sample size and the absence of a benign lesion control group, they should be 

interpreted as preliminary. A separate ctDNA analysis of 48 dogs demonstrated significantly higher ctDNA 

fractions in malignant splenic tumors (11.2%) compared to benign lesions (3.2%) and healthy dogs (1.4%), 

supporting the differential diagnostic value of circulating tumor markers [77]. 

Proliferative or metastatic tumors may shed CTCs early in disease progression, suggesting CTC testing 

could detect hematogenous dissemination before radiologically visible micrometastases [78]. A prospective 

analysis of 57 histologically confirmed canine soft tissue sarcomas detected CTCs in 28.1% (16/57) of periph-

eral blood samples, even in cases without imaging evidence of metastasis. CTC detection was significantly 

associated with higher tumor proliferative activity (high histologic grade) and predicted postoperative re-

currence risk [79]. This dissociation between radiologic metastasis timing and CTC positivity suggests CTC 

testing can provide prognostic information independent of imaging. 

Kanayama et al. (2024) developed a polymer-based microfluidic "CTC Chip" that can be conjugated 

with anti-EpCAM or anti-cell surface vimentin antibodies to capture epithelial or mesenchymal tumor cells, 

respectively. As a proof-of-concept using in vitro spiked tumor cell lines, the EpCAM chip achieved 99.4% 

capture efficiency for epithelial (PC9) cells and 88.8–90.8% for intermediate-type cells, but only 13.4% for 

mesenchymal (A549) cells. The CSV chip achieved 88.4% capture efficiency for mesenchymal cells at 100 

μg/ml antibody concentration [80]. These performance data are derived from laboratory-based cell line ex-

periments and have not yet been validated in clinical patient samples. A key conceptual advantage is that 

the platform does not rely on tumor-specific mutation profiles; in theory, switching antibody panels can 

adapt it to different tissue origins. While multicenter, large-scale prospective clinical validation is still re-

quired, CTC detection shows preliminary promise as a complement to traditional imaging, particularly for 

tumor types at high risk of micrometastatic spread. 

Flory et al. (2024) reported a liquid biopsy assay integrating cfDNA quantification with NGS for canine 

cancer screening. In a clinical validation study across seven predefined cancer types, the assay achieved 

71.3% overall sensitivity (95% CI: 62.9–78.5%) in 122 dogs with cancer and 98.7% specificity (95% CI: 97.0–
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99.3%) in 473 healthy dogs, using multi-dimensional cfDNA features including copy number variations and 

fragmentomics [49]. Ko et al. (2025) further confirmed the utility of cfDNA fragmentomics for canine he-

mangiosarcoma detection via whole-genome sequencing and machine learning, with an AUC of 0.93 [76]. 

Quantitative PCR (qPCR) targeting specific ctDNA hotspot mutations, such as BRAF V595E for canine 

bladder transitional cell carcinoma, shows auxiliary diagnostic utility for specific tumor types. However, 

performance is dependent on the tumor’s mutational status, making these assays unsuitable for tumors with 

low or no characteristic mutations, including most soft tissue sarcomas and lymphoma subtypes [81–85]. 

They are best applied as risk stratification tools for high-risk breeds (e.g., bladder cancer screening in Scottish 

Terriers and West Highland White Terriers) rather than universal screening modalities. 

Despite promising preliminary results, most emerging diagnostic methods suffer from small sample 

sizes, lack of independent external validation, and methodological heterogeneity. Most studies are single-

center or laboratory-based, limiting reproducibility and clinical applicability. Some commercial kits also lack 

multicenter prospective validation, carrying risk of result overinterpretation or false positives. These tools 

provide supplementary information and risk stratification value but cannot replace the traditional diagnos-

tic workflow of physical examination, imaging screening, and histopathologic confirmation. Figure 1 sum-

marizes a practical screening strategy prioritizing validated traditional tools, with adjunctive and emerging 

methods incorporated as clinically appropriate. 

 

Figure 1. Practical screening strategy for early cancer detection in dogs and cats 

4. Management Strategies Following a Positive Screening Result 

The primary goal of post-screening management is to obtain a definitive diagnosis via confirmatory 

testing (e.g., histopathology) while minimizing overdiagnosis and overtreatment, and to develop an appro-

priate monitoring or intervention plan based on tumor type, stage, and patient characteristics. No screening 

result alone should be used to initiate treatment; all cases require confirmatory diagnostic follow-up. 

4.1. Confirmatory Diagnosis and Staging Assessment 

For animals with screen-positive findings on imaging or liquid biopsy, cytologic or histopathologic 

specimens should be obtained via fine-needle aspiration (FNA) or core needle biopsy to confirm tumor na-

ture (benign/malignant) and histologic type [51]. If screening shows only elevated hematologic biomarkers 

(e.g., TK1, ctDNA fragmentomic abnormalities) with no definitive mass on imaging, recheck of biomarkers 

and repeat imaging after 2–3 months is recommended to avoid unnecessary invasive procedures. 

Following malignant tumor diagnosis, clinical staging is performed based on anatomic location, local 

invasion extent, and regional lymph node or distant metastasis status. For suspected metastatic cases, tho-

racic CT, triphasic contrast-enhanced abdominal CT, or whole-body 18F-FDG PET-CT are recommended 

[86,87,88]. Staging accuracy directly impacts treatment decisions (surgery alone vs. surgery with adjuvant 

chemotherapy) and prognostic assessment. 
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Treatment and monitoring plans should integrate patient age, body condition score, vital organ func-

tion (particularly hepatic and renal), comorbidities (chronic kidney disease, heart disease, diabetes), and 

owner financial capacity and treatment willingness. For geriatric patients or those with severe comorbidities, 

palliative supportive care with regular follow-up may be appropriate even for confirmed malignant tumors, 

if life expectancy is limited or surgical risk is prohibitive. 

4.2. Surgical and Medical Interventions 

For confirmed malignant tumors where intervention provides clear survival benefit, complete surgical 

resection with adequate margins remains first-line treatment for most solid tumors (mast cell tumors, soft 

tissue sarcomas, mammary tumors, splenic hemangiosarcoma) [89]. Preoperative evaluation includes base-

line hematology, coagulation testing, and cardiac function assessment; transfusion preparation is evaluated 

for large, deep-seated tumors. 

When complete resection is not feasible (e.g., tumors adjacent to major vessels or nerves), multiple me-

tastases are present, or owners decline surgery, alternative options are selected based on histologic type: 

chemotherapy (e.g., multi-agent protocols for lymphoma, NSAIDs combined with chemotherapy for transi-

tional cell carcinoma), targeted therapy (e.g., toceranib for mast cell tumors with c-Kit mutations), or pallia-

tive radiation therapy [90–94]. All pharmacologic interventions should be guided by a veterinary oncologist, 

with close monitoring for adverse effects including myelosuppression, gastrointestinal toxicity, and cardio-

toxicity. 

While awaiting biopsy results or when definitive treatment cannot be initiated immediately, sympto-

matic and supportive medications may be used to alleviate clinical signs: NSAIDs (e.g., meloxicam, 

carprofen) for tumor-related inflammation and mild pain; opioids for moderate to severe pain; glucocorti-

coids to reduce peritumoral edema or for temporary control of select lymphoproliferative diseases [95,96]. 

Such symptomatic treatment does not replace or delay etiologic treatment. 

All treatment decisions (including decision to forego treatment and monitor) should be made after his-

topathologic confirmation. Attending veterinarians should fully discuss expected benefits, risks, costs, and 

alternatives with owners, with written documentation of the discussion. 

4.3. Adjuvant and Emerging Treatment Strategies 

Adjuvant strategies include immunotherapy, molecular biomarker-guided personalized treatment, and 

nutritional and microbiome support. Most remain in clinical evaluation and should be administered at spe-

cialized referral centers or within clinical trial frameworks. 

Immunotherapy: The xenogeneic DNA vaccine (Oncept®) for canine malignant melanoma has been 

shown to prolong disease-free survival, but is only indicated for surgically resected early-stage (II–III) cases 

and must be used with an adjuvant [97,98,99]. A heat shock protein-based vaccine for bladder transitional 

cell carcinoma has shown preliminary safety in small studies, but efficacy requires further validation [100]. 

Tyrosine kinase inhibitors: Toceranib and masitinib may be used for canine mast cell tumors carrying 

c-Kit mutations; c-Kit genotyping is recommended prior to use to predict treatment response [101]. Response 

rates are significantly lower for mast cell tumors without these mutations, and routine use is not recom-

mended. 

Minimal residual disease (MRD) monitoring: ctDNA- or CTC-based MRD monitoring has shown ability 

to detect recurrence 2–4 months earlier than imaging in preliminary studies of canine lymphoma and mam-

mary carcinoma. However, use to guide treatment adjustments remains experimental and is not standard of 

care [102,103]. 

Nutritional and microbiome support: Dogs with cancer frequently experience reduced appetite, muscle 

wasting, and gut dysbiosis. Prospective studies indicate prebiotic (e.g., fructooligosaccharides) and omega-

3 polyunsaturated fatty acid supplementation can improve body weight and inflammatory status, but ran-

domized controlled trials confirming direct effects on tumor progression or survival are lacking [104]. These 

interventions are recommended as components of holistic supportive care, not as substitutes for anti-tumor 

therapy.
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Table 2. Summary of management strategies following a positive screening result 

Category Specific strategy Indication / notes References 

Staging assessment 
Chest CT, triphasic contrast-enhanced abdominal 

CT, or whole-body 18F-FDG PET-CT 

Suspected metastasis; influences 

treatment planning 
[86,87,88] 

Treatment decision factors 

Age, body condition score, organ function 

(liver/kidney), comorbidities, owner‘s financial 

capacity and willingness 

Comprehensive evaluation needed [45,46] 

First-line treatment (solid 

tumors) 
Surgical resection with complete margins 

Mast cell tumor, soft tissue sarcoma, 

mammary tumor, splenic 

hemangiosarcoma 

[89] 

Alternative therapies (when 

surgery not feasible or refused) 

Chemotherapy (e.g., CHOP for lymphoma; NSAID + 

chemo for TCC); Targeted therapy 

(toceranib/masitinib for c-Kit+ MCT); Palliative 

radiotherapy 

Based on tumor histology [90–94] 

Symptomatic/supportive care 

while awaiting definitive 

diagnosis 

NSAIDs (meloxicam, carprofen) for mild 

pain/inflammation; Opioids for moderate-severe 

pain; Glucocorticoids for peritumoral edema or 

temporary control of lymphoproliferative diseases 

Improves quality of life; does not 

replace etiological treatment 
[95,96] 

Immunotherapy (adjunctive) 
Xenogeneic DNA vaccine (Oncept®) for canine oral 

malignant melanoma 

Only for surgically resected stage 

II–III cases; use with adjuvant 
[97,98,99] 

 
Heat-shock-protein-based vaccine for bladder TCC 

(investigational) 

Small study; safe but efficacy needs 

validation 
[100] 

Tyrosine kinase inhibitors 
Toceranib or masitinib for canine mast cell tumors 

with c-Kit mutations 

c-Kit genotyping recommended 

prior to use to predict response 
[101] 

Minimal residual disease 

monitoring 
ctDNA or CTC-based monitoring 

In canine lymphoma/mammary 

carcinoma; may detect recurrence 

2–4 months earlier than imaging; 

still experimental 

[102,103] 
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For screen-positive patients with negative biopsy results (false-positive screening) or benign lesions, 

individualized follow-up plans are indicated: benign nodules (e.g., splenic nodules, hepatic cysts) may be 

monitored with imaging every 6–12 months; suspicious atypical hyperplastic lesions require shorter 3–6 

month intervals with repeat biopsy as needed [105,106]. For rare cases with positive liquid biopsy and neg-

ative conventional workup, no evidence-based guidelines exist; repeat liquid biopsy with whole-body dif-

fusion-weighted MRI after 3 months may be considered, but long-term repeated testing is discouraged to 

avoid owner anxiety and unnecessary costs. 

Key management strategies are summarized in Table 2, and Figure 2 illustrates the recommended work-

flow from positive screening to final decision-making. 

 

 

Figure 2. Recommended workflow following a positive cancer screening result 

5. Conclusion 

Early cancer screening in dogs and cats remains clinically challenging, primarily due to a lack of large-

scale validated early biomarkers with robust sensitivity and specificity. Traditional screening methods 

(physical examination, imaging, cytology) have limited ability to detect micrometastases, early carcinoma in 

situ, and occult lesions, and are time- and operator-dependent. However, ongoing technological advances 

are progressively addressing these gaps. 

Liquid biopsy technologies (ctDNA testing, metabolomic analysis, CTC enumeration) and AI-assisted 

image interpretation enable detection of peripheral blood molecular abnormalities before radiologically vis-

ible lesions appear, providing pathways for earlier, more precise screening and risk stratification. Quantita-

tive ctDNA mutation detection (e.g., BRAF V595E for canine bladder cancer), multi-omics discriminative 

models, and machine learning-enhanced cytomorphologic analysis can complement traditional cytologic 

and histopathologic diagnoses, supporting clinical decision-making and reducing unnecessary invasive pro-

cedures. 

The future of companion animal early cancer screening lies in the seamless integration of traditional 

clinical methods with emerging molecular diagnostics, AI-assisted image analysis, and multi-panel 
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biomarker testing. Realizing this potential requires large-scale, multicenter, prospective clinical validation 

studies to define diagnostic accuracy, clinical utility, and cost-effectiveness, and to establish standardized 

operating procedures and result interpretation criteria. The ultimate goal is to deliver efficient, precise, qual-

ity-of-life-aligned early screening tailored to individual patient risk profiles, ensuring timely diagnosis for 

cases that benefit from early intervention while avoiding excessive medical intervention. 
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