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Abstract
Objectives: Canine hepatobiliary disease is common, however data determining disease frequency and breed predispositions are lacking. The primary objective was to identify the frequency of different hepatobiliary disease in a UK population of dogs and consequently determine breeds at both an increased and decreased risk of hepatobiliary disease.  

[bookmark: _GoBack]Methods: Anonymised histopathology reports from a commercial veterinary diagnostic laboratory, that were submitted between August 2013 and February 2018, were analysed. Data were retrospectively categorised into hepatobiliary diseases according to World Small Animal Veterinary Association Standards and the breed, age and genders recorded. Cases with incomplete data or no definitive diagnosis were excluded therefore multivariate analysis could not be performed to account for confounding factors. Breed predisposition was calculated using odds ratios and 95% confidence intervals against a UK-based control population of micro-chipped dogs. 

Results: Histopathology results from 4584 cases met inclusion criteria. The most frequent histological diagnoses were reactive hepatitis (n=770); chronic hepatitis (n=735) and reversible hepatocellular injury (n=589). A number of breeds were shown to be at an increased or decreased risk of individual liver diseases. 

Clinical Significance: This is the first study to document the histopathological frequency of hepatobiliary diseases in a large cohort of dogs in the UK, as well as novel possible breed and age predispositions. This information hopes to inform and support future investigations for breed related hepatic diseases.
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Introduction:
Canine hepatobiliary diseases are frequently encountered in the United Kingdom (UK) with a calculated prevalence of 0.8% in dogs attending primary care practices in England (O’Neill et al. 2014). However, the frequency of individual hepatobiliary diseases has yet to be elucidated and only one large-scale study has investigated breed, age or gender relationships for chronic hepatitis in dogs (Bexfield et al. 2012). The 2006 World Small Animal Veterinary Association (WSAVA) Liver Standardisation Project (Rothuizen et al. 2006) has provided well-defined histological criteria for hepatobiliary diseases in both dogs and cats, allowing sub-categorisation into morphological groups of vascular, biliary, parenchymal and neoplastic disorders.

One previous retrospective study has evaluated breed, age and gender predisposition of canine hepatobiliary disease, and this was performed in Japan (Hirose et al. 2014). In this study it was reported that vascular disorders, notably microvascular dysplasia (also termed portal vein hypoplasia), were the most common histopathological diagnoses in dogs followed by chronic hepatitis. However, in this study categories of disease other than those used by the WSAVA were employed. 

Liver biopsy is universally accepted as the gold-standard for diagnosing and further characterising hepatobiliary diseases (Cocker & Richter 2017). Knowledge of the varying histopathological frequencies of different canine hepatobiliary diseases in the UK, and data on breed predispositions may assist in increasing a veterinarian’s index of suspicion of a particular liver disease, especially if a biopsy-confirmed diagnosis cannot be obtained. 

The main objective of this retrospective study was to identify the frequency of canine hepatobiliary disease in a large UK population of dogs and investigate breeds at an increased and decreased risk of those diseases. In addition, we aimed to report the gender and age distribution for these hepatobiliary diseases. 

Materials and Methods
Histopathology reports from canine liver tissues submitted to a commercial veterinary laboratory (Bridge Pathology LTD) by UK first and second opinion practices between August 2013 and February 2018 were reviewed. Histopathological examination was performed by board-certified anatomical pathologists. 

Data collected from these records included breed, age, gender, gross and histological descriptions, diagnosis and additional comments. Breed was recorded using The Kennel Club breed groups (The Kennel Club, 2020) and age was reported as a median value. 

The neuter status was not included due to inconsistent documenting of this variable. Cases for which breed, age or gender information were unknown were excluded. Cases were also excluded if the results of histopathology were not diagnostic no evidence of significant liver disease was identified or if the sample was from a non-domestic canine species. The method of tissue sampling was rarely given and as such was not used in further analyses. 

Data were then grouped into 23 categories according to WSAVA histological criteria for canine hepatobiliary diseases (Rothuizen et al. 2006) using the four main morphological groups of vascular, biliary, parenchymal and neoplastic disorders. Cases were placed into the appropriate category according to the primary pathology. Each category was subsequently ranked by frequency with the ten most common morphological diagnoses identified. Due to difficulty in distinguishing between the two diseases by histopathology alone, the subcategories of portal hypoperfusion and congenital portosystemic shunt (cPSS) were combined within the category of disorders of impaired vascular perfusion. The group with gall bladder (GB) disease was split into those with ‘gall bladder mucoceles’ (GBM) and ‘other GB diseases.’ Cases positive for chronic hepatitis were further categorised according to whether they had rubeanic acid staining for copper performed, and which cases yielded a positive result. Breed analysis was then performed on the top five ranking breeds within each individual category. 

A control population of 615,029 dogs that were registered with a UK-based microchip company (Petlog) between 2009 and 2015 was used as the comparator (control) population. Only breed information was available for the control population. 

Statistical Analysis
All statistical analyses were performed using the commercially available software MedCalc®. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated as (a)/(b) divided by (c)/(d). This was further defined where ‘a’ was the number of dogs in the breed of interest with a specific disease in the Bridge Pathology LTD database; ‘b’ was the number of dogs in the breed of interest in the Petlog population, ‘c’ was the number of all other breeds with the disease of interest in the Bridge Pathology LTD database and ‘d’ was the number of dogs in all other breeds in the Petlog population. Statistical significance was defined as p<0.05. Breeds showing a positive predisposition to a particular hepatobiliary disorder had ORs and 95% CIs >1.0. A breed was considered protected against an individual hepatobiliary disease if ORs and CIs were <1.0. Gender information is presented as the male to female ratio for each diagnosis. 

Results

Overall histopathological distribution: 
A total of 5534 histopathology reports of canine liver tissue performed between August 2013 and February 2018 were evaluated. In total, 950 submissions were excluded; 272 samples were non-diagnostic and 678 contained incomplete data. This resulted in 4584 cases meeting the inclusion criteria. 

Table 1 shows the number of cases and the percentage frequency of the 23 morphological categories of hepatobiliary disease. Parenchymal disorders were the most frequent histological diagnosis comprising 51.6% (2365/4584) of submissions, followed by neoplastic disorders (1311/4584, 28.6%); biliary disorders (521/4584, 11.4%) and disorders of impaired vascular perfusion (387/4584, 8.4%). 

The ten most common histopathological diagnoses in descending order (Table 1) were reactive hepatitis (770/4584, 16.8%); chronic hepatitis (735/4584, 16.0%); reversible hepatocellular injury [RHI] (589/4584, 12.9%); hepatocellular neoplasia (589/4585, 12.8%); disorders of impaired hepatic perfusion (387/4584, 8.5%); nodular hyperplasia (361/4584, 7.9%); gall bladder disease (291/4584, 6.4%); metastatic neoplasia (168/4584, 3.7%); neutrophilic cholangitis (140/3584, 3.0%) and hepatocellular death (103/4584, 2.3%). 

There were 589 cases of RHI of which 304 (304/589, 52%) were morphologically diagnosed with cloudy swelling; 259 (259/589, 44%) with vacuolar hepatopathy and 26 (26/589, 4%) with lipidosis. Of the 735 chronic hepatitis cases, 341 were stained with rubeanic acid to assess for copper and of these 170 were positive. Parenchymal diseases in the miscellaneous group comprised of extra-medullary haematopoiesis (24) and pigment or lipomatous granulomas (43). A histopathological diagnosis of hepatocellular neoplasia occurred in 589 cases with 365 cases (365/589, 62%) reported as hepatocellular carcinoma, 122 (122/589, 21%) as hepatocellular adenoma and 102 (102/589, 17%) samples as hepatocellular neoplasia (adenoma or carcinoma). 

The GB disease group consisted of 291 cases of which 164 (164/291, 56.3%) were due to GBM and the remaining were categorised as other GB diseases. This latter group included 55 (55/127, 43.3%) with cholecystitis; 54 (54/127, 42.5%) with cystic GB hyperplasia; 7 (7/127, 5.5%) with choleliths; 5 (5/127, 4.0%) each to GB necrosis or rupture and 1 (1/127, 0.7%) to GB haemorrhage. 

Breed distribution:
The distributions of the five most frequently affected breeds for each disease group are detailed in Table 2, with ORs of each of the top five breeds for each disease shown in Table 3. Labrador Retrievers were found to be at increased risk for reactive hepatitis whilst crossbreeds demonstrated a reduced risk (Table 3). Breeds at an increased risk for chronic hepatitis were the Labrador Retriever, Springer Spaniel, Cocker Spaniel and West Highland White Terrier (WHWT). In the 170 cases that were positive on rubeanic acid staining the most common breeds were the Labrador Retriever (48), Crossbreed (25), WHWT (14), Cocker Spaniel (13) and Springer Spaniel (12). 
Within the RHI group the Schnauzer and Bichon Frise showed an increased risk for the disease. Once again crossbreeds showed reduced risk for chronic hepatitis and RHI. Border collies were the only breed shown to have an increased risk for hepatic neoplasia. Crossbreeds had decreased risk of nodular hyperplasia however Labrador Retrievers and Cocker Spaniels were at increased risk. The Yorkshire Terrier, Pug, Shih Tzu and Schnauzer were all at increased risk for disorders of impaired hepatic perfusion. The Border Terrier, Schnauzer and Shetland Sheepdog all had an increased risk for GBM with the Border Terrier and Bichon Frise also presenting in the other GB diseases grouping. German Shepherds, Labrador Retrievers and Golden Retrievers were at increased risk for metastatic neoplasia. The Bull Terrier and Border Terrier had an increased risk for neutrophilic cholangitis. The final most frequent histopathological diagnosis in this study was hepatocellular death, defined as concurrent hepatocellular apoptosis or necrosis, for which crossbreeds and Border Collies were most represented

Discussion
	This is the first study to report the histopathological frequency of hepatobiliary diseases, and to identify any breed predispositions in a large cohort of dogs in the UK. 
	The most frequent histopathological diagnosis in this study was reactive hepatitis. In Japan, cases of hepatitis were found to be the second most common histopathological diagnosis to vascular disorders (Hirose et al. 2014). However, in their study, supplementary histopathological subcategories of hepatitis were created which are not included in published WSAVA criteria, which therefore make a true comparison with the results of our study difficult. Additionally, their study had a cohort of entirely second-opinion cases which contrasts with the present study. This could result in second-opinion level cases e.g. portosystemic shunts, GB surgery being over-represented. 
	Reactive hepatitis is characterised by non-specific inflammatory changes primarily focused on the portal triads and results secondarily from conditions affecting the urinary, reproductive, gastro-intestinal and cardio-respiratory systems (Neumann & Danner, 2012). One study (Neumann & Danner, 2012) focused specifically on reactive hepatitis in dogs and observed it most commonly in older terrier and crossbreed dogs. These results are in contrast to the results from our current study, which found crossbreed dogs to have protection against reactive hepatitis, whilst Labrador Retrievers were found to be at risk.
	Chronic hepatitis was the second most commonly reported histopathological diagnosis. It is a common disease in the UK, with a previously reported prevalence of 12% at post mortem examination (Watson et al. 2010). In addition to the Labrador Retriever, other breeds found to be at increased risk were the Springer Spaniel, Cocker Spaniel and WHWT, breeds having a previously documented increased risk of this disease (Bexfield et al. 2011; Bexfield et al. 2012). A gender bias could not be identified in this study however a disposition in females has been previously identified (Bexfield et al. 2012; Hirose et al. 2014). Doberman Pinschers have been consistently recognised as susceptible to CH (Madingers et al. 2004) although this was not recognised in our dataset, possibly due to the lower relative popularity of the breed in the UK. The aetiology of chronic hepatitis remains unknown in the majority of cases, but could be secondary to copper accumulation due to impaired metabolism or increased dietary exposure (Hoffmann et al. 2006; Johnston et al. 2013); genetics, autoimmune disease and chronic inflammation secondary to infectious causes (McCallum et al. 2019, Webster et al. 2019). The 170 cases that were positive for hepatic copper accumulation support previously identified data on at risk breeds e.g. Labrador Retrievers and WHWT (Strickland et al. 2018; Webster et al. 2019). The amount of copper accumulation was not consistently reported and it is therefore difficult to determine whether the copper accumulation was primary or secondary. 
	Reversible hepatocellular injury encompasses a range of histopathological changes that are often seen secondary to metabolic diseases such as hyperadrenocorticism, diabetes mellitus and hypothyroidism. The Bichon Frise is reported to be 6.5 times more likely, relative to crossbreeds, to develop hyperadrenocorticism (O’Neill et al. 2016) and therefore it is not surprising this breed showed an increased risk for RHI. Similarly, familial hypertriglyceridaemia is very common in older Miniature Schnauzers (Xenoulis et al. 2007); probably attributing to their presentation as an at risk breed for RHI. 
	Hepatocellular death is usually associated with toxic or infectious aetiologies and acute liver failure (Lester et al. 2016), which in this study the crossbreed and Border Collie were over-represented for. Additionally, Border Collies were also found to be at increased risk for primary hepatic neoplasia. The specific histological type of neoplasia was not analysed in this study, but this would be an interesting area of future research. Previous studies (Patnaik et al. 1980, van Sprundel et al. 2013) have not demonstrated a breed predilection for hepatic neoplasms although more recently a predisposition for hepatocellular carcinoma in Welsh Corgis and Beagles has been identified (Leela-arporn et al. 2019). Additionally, a relationship between vacuolar hepatopathy in Scottish Terriers due to adrenal steroidogenesis has been suggested as a predisposition to hepatocellular carcinoma (Cortright et al. 2014), although interestingly, this breed was not reflected in either category of RHI or primary hepatic neoplasia. 
	Golden Retrievers, German Shepherds and Labrador Retrievers had an increased risk for metastatic neoplasia. In the United States, the Golden Retriever is recognised as having a high prevalence for neoplasia with this diagnosis being the most likely cause of death (Fleming et al. 2011).  One study identified the most common malignant hepatic lesion in 51/68 dogs undergoing surgery, with concurrent gross splenic masses, to be as haemangiosarcoma (Levya et al. 2018). Haemangiosarcoma has been reported as a common cause of mortality in Golden Retrievers and German Shepherd Dogs, the latter already being established as a high-risk breed (Craig 2001). Affected animals often present with haemorrhagic effusions requiring emergency treatment; it is therefore possible that some cases are euthanased without hepatic biopsy, on the basis of high disease suspicion and poor long-term prognosis which would skew calculated and perceived presence within these populations. 
	Nodular hyperplasia is a condition of benign, focal proliferative lesions and appeared most commonly in older Labrador Retrievers, crossbreeds and Cocker Spaniels (Bergman 1985). There is an increased incidence of nodular hyperplasia with age but not with breed or gender predilection (Bergman 1985). Ultrasonographic diagnosis of focal liver lesions can be non-specific (Warren-Smith et al. 2012) primarily due to a wide range of conditions that similarly appear focally and with overlapping echogenicities. This may be of extra consideration in Labrador Retrievers as this breed represented at risk for both metastatic neoplasia and nodular hyperplasia. However macroscopic identification of multiple, dark-coloured and actively bleeding nodules have been highly associated with malignancy (Clendaniel et al. 2014); this is a useful consideration for practitioners taking such cases to laparotomy. 
	Young Yorkshire Terriers presented most frequently along with Pugs, Shih Tzus and Schnauzers as predisposed to disorders of impaired hepatic perfusion; previous studies have not associated this with a gender predisposition (Van den Bossche et al. 2012, Akiyoshi et al. 2017). A limitation of this category is that it is histologically not possible to differentiation between cPSS from primary portal vein hypoplasia. Therefore the diagnoses of cPSS and other disorders of portal hypoperfusion were grouped together. 
	For cases affected with GB disease (254), 164 were due to GBM of which 65 cases were Border Terriers. A recent study was the first to describe GBM as a leading cause of biliary disease in dogs especially Border Terriers (Allerton et al. 2018). Our study found this breed to be significantly at risk with an OR of 86 for GBM and just under 29 for other GB diseases. Previous breed predispositions and increased prevalence have also been identified in Shetland Sheepdogs, Cocker Spaniels, Miniature Schnauzers, Chihuahuas and Pomeranians (Aguirre et al. 2007, Kutsanai et al. 2014, Jaffey et al. 2018). An association between endocrinopathies and GBM has been described (Mesich et al. 2009). In the present study Schnauzers were affected by both GBM and RHI, the latter often a consequence of endocrinopathy; whether further surveillance on this breed is warranted is of future interest.
	The Border Terrier was at risk for neutrophilic cholangitis which could be associated with their propensity for GB disease. However, there is currently little data on whether a cause-and-effect relationship exists between these two conditions. A study with histologically confirmed cholangitis and cholangiohepatitis in dogs (Harrison et al., 2018) found these to be pathologies affecting middle-aged medium sized dogs with no specific pure-breed predominance, despite crossbreeds commonly presenting. As bacterial cultures were not carried out on the samples in this study, the aetiology of the neutrophilic cholangitis cannot be elucidated. Bacterial cholangitis is rarely reported in dogs, however one study found that it may appear more frequently that previously suggested (Tamborini 2016). Interestingly, in our data the Bull Terrier demonstrated at increased risk of neutrophilic cholangitis; this has not been previously reported and its relevance yet to be elucidated. 
	The crossbreed was found to be protected against several diseases including reactive hepatitis, chronic hepatitis, RHI and GBMs and GB disease. Superior genetic performance, or ‘hybrid vigour,’ and longevity have been described in crossbred animals relative to their parents of purebred origin (Proschowsky et al. 2003, Nicholas 2010). Despite this being widely accepted in production and wild animal species, few studies have elucidated this in domestic canines and this therefore prompts further research (O’Neill et al. 2013). 
	There are several limitations to this study. Firstly, the microchip data from Petlog was available only before dog microchipping became compulsory in the UK. Therefore, despite this being the largest and most representative dataset of the canine population available, it will inevitably have resulted in reduced breed demographics. However predicting the impact this could have had on the dataset is ambiguous, as established breed susceptibilities still penetrated through to the results obtained. 
	Some breeds were not further categorised into their specific groups for example, the Cocker Spaniel as English or American, or Schnauzer as Giant or Miniature, which could affect breed acuities. With increasing attraction towards the mixing of dogs of popular breeds already at high risk of hepatobiliary disease, it is possible that the future representation of crossbreeds in a population will be biased. The knowledge that some breeds have been previously reported to develop specific liver diseases, may have introduced a selection bias when clinicians were deciding to perform a liver biopsy, therefore affecting the reliability of our results. As certain breeds are known to be at an increased risk of liver disease, this may have prompted biopsy, therefore affecting the results of breed predisposition. Finally, this analysis was a hypothesis-generating exploratory study, which screened a large number of breeds for predisposition to a variety of liver diseases, therefore type I errors cannot be excluded. Additionally, with the absence of data for age in the Petlog population, a multivariable logistic regression model could not be generated. Therefore, confounding factors could not be accounted for in the present study. Future studies, which evaluate the odds of specific liver diseases in different breeds after adjustment for age and sex, are warranted to confirm our findings. 
	In summary, our study reports the histopathological frequencies of hepatobiliary diseases in a large cohort of dogs in the UK and the documentation and identification of some at risks breed that have not been previously recognised. The data generated will also act as a reference for future studies on the epidemiology of individual diseases and possible genetic reasons for apparent breed predispositions. 
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