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Abstract

Chronic hepatitis (CH) is a group of inflammatory-necrotizing liver diseases with clinical
and biochemical hepatocellular dysfunction. It can be characterized by periportal
mononuclear or mixed cell typed inflammatory infiltration and periportal necrosis and
fibrosis. CH in dogs is a quite common condition that can be caused by many different
reasons, all from ingestion of toxic substances, different drugs, viruses, bacteria, immune-
mediated and the accumulation of copper. Copper is a trace element that is mainly ingested
with the food the dogs eat. The liver is the main place where copper is stored and it is then
excreted by the bile. As the copper concentration gets higher than what the hepatocytes can
transport and the bind, free copper will cause oxidative stress damage which will lead to
hepatocellular degeneration and necrosis, this will the lead to acute or chronic inflammation
of the liver, or sometimes both. The diagnostic criteria of copper-caused chronic hepatitis
(CuCH) are histological evidence of CH and centrilobular Cu accumulation; positive
histochemical Cu staining (rthodanine) and Cu concentration > 1000 ug/g dw liver (ppm).

Primary copper accumulation inside the liver is a pathological condition and is caused by a
failure in the copper excretion into bile, this will lead to an increased copper concentration
inside the liver especially centrilobular. In primary CuCH the progressive Cu accumulation
resulting from failure of normal hepatic biliary excretion in transport from lysosomes to
biliary tract and this leads to chronic hepatitis.

There is also a secondary form of the copper associated hepatitis. This form is often due to
cholestasis which can be caused by an intrahepatic or an extrahepatic disease and the Cu
accumulates mostly periportally and not throughout the life.

The copper associated hepatitis can be seen in many different dog breeds but there are some
breeds that are predisposed for the disease, especially Bedlington terrier, Labrador retrievers,
Dalmatians, Doberman pinschers, and West Highland White Terrier.

In my thesis I have focused on to map out why these breeds are more prone for the disease,
what are the pathophysiological reasons behind it. I have focused on trying to find the reason
behind it and if there are any differences between the breeds, that could explain the disease
a bit more in detail.

When it comes to Bedlington Terriers and Labrador retriever, these are the dog breeds where
most studies and research have been made. A primary form of the disease has been seen in
both these dog breeds and evidence have been found that there is an inheritable defect on
several genes. These genes are a part of different proteins that participate or influence the
copper excretion from the liver and blood. In other dog breeds like Dalmatians and West
Highland White Terrier the research done can also prove that the primary form of the disease
can be seen in them as well, but due to the low number of studies made the result can not
exactly tell us the background. In Dobermann pinscher the published studies mainly show
that there is a secondary form of the disease, caused by another pathological condition inside
the liver.

Abnormal copper concentration in the liver can come from altered copper excretion into the
bile, and or excessive dietary Cu intake. Beginning in the late 1990s, there were a growing
number of CH cases. This increase is related to the change in the premixes used to add copper
in commercial dog food, which increased the amount of accessible copper in diets.



1. Introduction

Definition of chronic hepatitis is an inflammation of the liver that can be caused by many
possible underlaying causes. The clinical signs of chronic hepatitis are often unspecific but
can be seen general signs like loss of body weight, vomiting, skin problems and anorexia.
Other symptoms we can see are polydipsia and polyuria, even in some cases a problem with
the coagulation of the blood can be seen. If the disease gets more serious even icterus and
ascites can be detected (Watson, 2014). More specific findings can be found when looking
closer of the liver upon histopathological examination we can find signs of inflammation,
necrosis, and fibrosis.

Hepatitis in dog is a quite common disease and, in a study, from 200 dogs, that were
euthanized due to various reasons like general illness, signs of severe liver failure, age and
economic issues, chronic hepatitis was diagnosed in 12% of the dogs (Watson et al 2010).

Already in the late 20™ century, studies were made conserving the copper associated chronic
hepatitis and it could be proven that Bedlington terrier were predisposed for this disease
(Hardy et al 1975). Since these old studies were made, the disease has been seen in more
breeds.

In my thesis I will focus on the most predisposed breeds such as Bedlington terrier and
Labrador retriever. I will look at the possible causes to why these breeds are predisposed. I
will look at the pathophysiological mechanism that might be behind the copper associated
chronic hepatitis in dogs.

Copper is one of the essential trace elements that the dog will take in with its food. In a fully
functional body, the copper is mainly stored in the liver and the excess copper are then
excreted via the bile. If the accumulation or the excretion is malfunctioning it is a
pathological condition due to a defect in the copper metabolism. The science behind how
copper associated chronic hepatitis can cause inflammation and/or fibrosis is not fully
understanded yet, but some studies say it due to the free copper ions can cause oxidative
stress which then can cause inflammation and damage the surrounding tissue.

Increased copper concentration can also occur secondarily to other liver diseases.

When it comes to research that have already been done, the above-mentioned breeds have
had the best mapping and are the most understood. It has been shown that in both these
breeds the primary copper accumulation can occur, often in association with an inherited
defect on several different genes. The genes that are mutated are part of the genes that
participates or influence the excretion of copper from the liver to the bile and the blood. It
must be remembered that the copper associated chronic hepatitis can be both due to primary
causes, like the ones mentioned, but it can also be due to secondary causes. Secondary causes
can be for example the intra or extrahepatic cholestasis or the high copper intake via the diet.



3. Literature overview

3.1 Liver as an organ and its mechanism.

In the body of a dog, liver is a major organ facilitating a lot of different functions. We can
call it the treatment plant of the body. The position of the liver is in the cranial part of the
abdominal cavity, just caudal to diaphragm. The structure of the liver consists of lobuli, in
which we can find the v. centralis and portal triads, where the triads consist of a. hepatica
and v. portae and bile duct. At this triad the oxygen poor blood from the v. aortae will be
mixed with the oxygen rich blood from a. hepatica and will then continue into the sinusoids,
which is the basis of the capillary system of the liver. Around the sinusoids can be found
fenestrated endothelial cells. Another very important structure in the liver is “disses space”,
which created a form of cavity between the fenestrated endothel and hepatocytes, at this
space the nutrients can be absorbed from the blood while the circulating blood cells remain.
Sinusoids will then empty into the c. centralis which in their turn will empty into the v. cava
caudalis, direction towards the heart (Sjaastad et al 2016).

As it was mentioned above, liver is a very important organ in the body. Some of the most
important tasks of the liver is to metabolize and inactivate toxins, drugs, and hormones. Liver
will also take part in the metabolism and absorption of lipids from the intestines, by the help
of bile, in other word bile is important. Bile is produced by the hepatocytes and in it can be
found bile acids and bile salts. It is by the help of bile the liver can excrete metabolites and
inactivated toxins. These waste products will then be eliminated together with bile, via the
intestines and out with the feces. Also, the storage of glycogen is an important task of the
liver (Sjaastad et al 2016).

3.1.1 Chronic liver disease

When talking about liver diseases we can categorize it into either acute or chronic liver
disease. In my thesis I will mainly focus on the chronic path.

Definition of chronic hepatitis according to the World Small Animal Veterinary Association
is the following “Chronic hepatitis is defined as a combination of inflammation, liver cell
death, fibrosis, and regeneration”. The cause of chronic liver disease can be many, for
example can it be infectious, metabolic, toxic, and immune mediated, or idiopathic.

3.1.1.1 Infectious causes to chronic hepatitis.

Today there are no strong evidence on how the viral and bacterial causes can cause chronic
hepatitis. There have been seen in some cases that Leptospirosis, Leishmaniosis, Bacillus
piriformis or Helicobacter canis have caused chronic hepatitis in dogs (Table 1).



Table 1: Infectious agents that can cause liver failure [1]

Infectious agent Evidence that it causes CH

Leptospirosis Moderate
Leishmaniasis Moderate to strong
Mycobacteria Moderate
Histoplasmosis Moderate
Protozoal causes Moderate

- Neosporidia

- Sarcocystis

- Toxoplasma

Leptospirosis

Leptospirosis is a disease that can be found all around the world, it can affect both animals
but also humans [2]. In dogs the disease is mainly caused by the Leptospira interrogans and
Leptospira kirschneri species, the serogroup icterohemorrhagiae, canicola, pomonoa and
gryppotyphosa. Dogs can be infected from the environment by contact with urine (direct
transmission) or by contact with contaminated water (indirect transmission) [2].

The disease will manifest several different symptoms and the severity of the symptoms will
be very varying. Clinical symptoms include such as fever, myalgia, and vascular injury. As
the pathogen mainly target the kidney, we will also see signs that indicate kidney failure
such as polyuria, polydipsia, vomiting, and diarrhea [4, 5]. Dogs may also have signs of
liver failure, in this case icterus could be one of the leading symptoms [6, 7], and therefore
leptospirosis should be on the differential diagnosis list when a dog present with above
mentioned symptoms. Also, pulmonary hemorrhages and hemorrhagic diathesis can be seen
[8]. The diagnosis of leptospirosis is important, as this disease can spread between animals
but also it is classifying as a zoonosis and can therefore infect humans as well. Further tests
that can be used is also PCR test, serology, or microscopic agglutination tests (MAT).

Leishmania

Leishmania associated chronic hepatitis is more common in tropical regions such as Spain,
Greece, Portugal, and France[9]. The main causative agent is L. infantum. It is transmitted
by vectors, especially sand flies, it is also by these vectors that dogs get inoculated with the
causative agent. A dog diseased with leishmania can show several clinical signs such as
emaciation, anemia, ulcerations of the mucocutaneous junctions. Leishmania will primarily
affect the kidney and the main reason for death is kidney failure, but also a fully developed
hepatic failure have been seen.

In a study made [9] histopathological examination showed that the hepatic tissue had
multifocal hepatocellular necrosis, they could see vacuolar degeneration and parasitized
macrophages that had infiltrated the hepatic tissue. On a biochemical note, there was increase
in serum ALT, AST, and ALP.

Mycobacterium

Mycobacterium is a very large bacterial family and there are several species that technically
could infect dogs. Dogs that are diseased with a mycobacterial disease (tuberculosis) will



show various signs. The clinical symptoms can be both pulmonary, gastrointestinal, or
cutaneous. The most common form of tuberculosis (TB) in dogs is the pulmonary form.

Mycobacterium tuberculosis: A case where a female dog showed signs of systemic illness
such as fever, dyspnea, cough, emaciation, emesis has been reported. The anamnesis of the
dog was that she had been in close contact to her owner, who passed in pulmonary
tuberculosis Upon postmortem examination there were found multifocal grey-white
circumscribed lesions on organs such as pleura, spleen, and liver [10]. Dogs may also be
infected by the M. bovis, M. avium complex.

Histoplasmosis

Histoplasma capsulatum is a fungal agent that can mainly be found in United Sates. It’s a
quite common fungal infection found in our companion animals. If the infection becomes
disseminated it will mainly affect the liver, spleen, and the gastrointestinal system. Clinical
signs of a histoplasmosis infection include chronic wasting, anorexia, respiratory problems,
and lameness. In dogs the gastrointestinal symptoms are more common [11].

Treatment in the case of an infectious cause to chronic hepatitis is based on the etiology
behind it. In case of infective agents caused chronic hepatitis, by the histopathological
examination a characteristic pyogranulomatous abnormalities can be detected in the liver.
We need to screen for the possible pathogen and then base our treatment on that. In most
cases an antibiotic treatment is needed.

3.1.1.2 Drugs and toxins

As mentioned in above, liver is the treatment plant of the body, so many drugs and toxins
will end up in the liver for its further destiny. If the dog ingests something that can be harmful
for the liver it may result in chronic hepatitis. The outcome of the toxicosis highly depends
on the dose, the duration of the drug, also the general condition of the animals and other
drugs applies together. The effect can be dose dependent or idiosyncratic. There are several
drugs that could cause a liver failure (Table 2). There is strong evidence that drugs like
phenobarbital, carprofen, primidone and lomustine can cause chronic hepatitis.

Table 2: Pharmacological agents that can cause liver damage

Drug name Usage Adverse effects

Phenobarbital Anticonvulsant Idiosyncratic hepatic injury,
especially with long-term
usage.

Primidone Anticonvulsant Long-term usage can cause
liver cirrhosis.

Carprofen NSAID Labrador retrievers are
overrepresented.

Paracetamol NSAID Especially toxic in cats.

Potentiated sulphonamides | Antibioticum Hepatocellular, cholestatic

or mixed pattern.
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Itraconazole

Antifungal

Can cause a mild and self-
limiting increase in AST. In
severe cases it can cause
severe hepatitis and liver
failure.

Fluconazole

Antifungal

May cause hepatocellular
liver damage.

When a dog suffers from an intoxication of toxins/drugs that can be hepatotoxic the
administration of the drug or the removal of the toxin is indicated. If the dog has ingested a
substance, it is very important to get the details about the substance, the concentration and if
possible, when did the dog ingest it? If it is inside the time frame it is possible to give the
dog drugs to induce emesis, activated charcoal to prevent the absorption of the toxic

substances.

Table 3: Other toxins that are hepatotoxic

Compound

Where it can be found

Adverse effects

Xilit/xylitol

Artificial sweetener (food,
chewing gums)

Xylitol-induced
hypoglycemia [12].
Xylitol-induced liver failure
[13].

Blue green algae

Fresh, brackish, and marine
water bodies.

Affects cellular proteins and
will affect the normal
cytoskeletal structure which
will lead to hepatic necrosis
and liver failure [14].

Amatoxins

Fungal toxin

Hepatorenal failure. It will
penetrate  hepatocytes. It
will prevent transcription of
DNA into mRNA -> protein
synthesis is inhibiting which
leads to cell death and
necrosis [15].

3.1.1.3 Immune mediated chronic hepatitis

Immune mediated chronic hepatitis is more investigated when it comes to humans and is
thought to occur in certain individuals when they are exposed for a certain trigger such as
some pathogens, drugs, toxins, or a change in the intestinal microflora. This factors will then
provoke a T-cell mediated immune response that will target specific epitopes belonging to

the liver.

11




In human medicine the research and evidence have come a long way, this is a big difference
between humans and dogs. The research when it comes to dogs still needs further research
and evidence. However, there are some criteria that could suggest that the chronic hepatitis
is of the idiopathic form, these could be according to the ACVIM consensus statement on
the diagnosis and treatment of chronic hepatitis in dogs [1]. Lymphocytic infiltrates [16—18],
abnormal expression of major histocompatibility complex II proteins [19-21], positive
serum antibodies [22-25], familial history of hepatic diseases [26—28], and other immune
mediated disorders.

To be able to diagnose the idiopathic cause to a chronic hepatitis in dogs we need to first
eliminate every other possible etiology and a positive response to immunosuppressive
treatment. When it comes to the treatment protocol in the case of immune-mediated chronic
hepatitis a few studies have been made when using prednisolone, azathioprine or
cyclosporin’s[17, 29, 30]. In a study made by Ullai et al. 48 dogs with idiopathic chronic
hepatitis were treated with cyclosporin. The results showed that using cyclosporin could
decrease the biochemical parameters in most of the 48 dogs [31]. In these studies a part of
the diseased individuals showed an improvement, but even though this it is hard to make a
final determination whether it works or not, and therefore there is no recommendations for
an optimal protocol using these types of drugs.
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Table 3: Treatment of immune mediated chronic hepatitis. [1]

Drug name Recommended Adverse effects to take into consideration
dose
Prednisolone 2mg/kg SID then - Induce liver enzymes: ALP, GGT
gradually decreased - PU/PD
to 0.5 mg/kg EOD - Hypercoagulability

- Nausea and vomiting

Azathioprine 2 mg/kg SID for 14 - Bone marrow suppression
days then EOD - Hepatotoxic
Cyclosporine Smg/kg BID and - Nausea and vomiting
then SID - Gingival hyperplasia
- Hepatotoxic

3.1.1.4 Reactive hepatitis

Reactive hepatitis can be detected when different extern factors will induce a response from
the liver. These factors were associated to other organ systems such as urinary, reproductive,
and gastrointestinal, mainly. This response will cause lesions in the liver with infiltration of
neutrophils if the disease is acute, and lymphocytic and plasmocytic in chronic cases. This
is a big challenge to distinguish the primary hepatitis from the secondary reactive hepatitis.
On the histopathological evaluation, periportal infiltration of plasma cells and lymphocytes
are common but cannot be seen liver cell necrosis [32] and only a mild grade of fibrosis can
be detected.

A study was made by Neumann and Danner in 2012 using 114 dogs with diagnosed liver
disease, out of these 114 dogs, 55 dogs showed to have reactive hepatitis. The main organ
system that could be caused the reactive hepatitis were the urinary system and the
reproductive system. The study could also show that some of the dogs had problems with
the respiratory, gastrointestinal, and the cardiovascular system [32].
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3.1.2 Clinical signs of chronic hepatitis.

These are usually nonspecific and include decreased appetite and lethargy and PU/PD More
specific signs but that are seen in a fewer cases are such as jaundice, ascites, bleeding
tendencies. However, even if there are some clinical signs that point towards the chronic
disease, it is more reliable to look at the liver enzymes, and function tests [1].

Table 4: clinical signs of chronic hepatitis [1]

Clinical signs Physical examination findings
- Abdominal distension - Ascites
- Emesis/diarrhea - Abnormal mucous membrane color
- Hepatoencephalopathy caused by jaundice
- Hyporexia - Abnormal capillary refill time
- Jaundice (normally 1-2 seconds) caused by
- Lethargy hypovolemia
- Polydipsia/Polyuria - Icterus
- Weight loss
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3.1.3 Diagnosis of chronic hepatitis
Hematology

Hematology itself is not used that much as a diagnostic tool in liver disease, but it can give
us a suspicion.

Microcytic hypochromic anemia: In one third of affected dogs, we can see a mild anemic
picture. The reason behind this is that dogs with a chronic liver disease are predisposed to
duodenal ulcerations, but also a hepcidin dysregulation can be in the background [33].

Thrombocytopenia: a mild subclinical form can be seen in around 23% of affected dogs.
These dogs are often in a later stage of the disease and can be to the decreased production of
thrombopoietin done by the hepatocytes [34, 35].

Biochemical analysis

Chronic hepatitis usually has a longer subclinical phase in which can be seen an increase in
liver enzymes. 27 different studies were made, and they documented an increase of ALT
activity in the early stages of chronic hepatitis, and therefor ALT activity is the best screening
test for chronic hepatitis [27, 30, 36—43]. However, even if the ALT is the best parameter to
detect chronic hepatitis in the early stages, histopathological evidence of chronic hepatitis
can be found without the presence of elevated liver enzymes [27, 44—47]. Another valuable
parameter is alkaline phosphatase (ALP), but this parameter elevates in later stages. If both
ALT and ALP is elevated, the elevation of ALT is often higher than the one of ALP.

Table 5: Other biochemical parameters that can be abnormal in dogs with chronic hepatitis

[1].

Parameter Percent increased Number of dogs examined
Increased Alanine 85 +/- 16 10 out of 250
Aminotransferase

Increased Alkaline 84 +/- 19 10 out of 250
Phosphatase

Increased Aspartate 78 +/- 10 3 out of 56
Aminotransferase

Increased Gamma- 61 +/- 12 5 out of 121
glutamyl Transferase

Increased Total serum bile | 75 +/- 14 9 out of 109
acid

Decreased Blood urea 40 +/- 29 5 out of 65
nitrogen

Decreased albumin 49 +/- 19 15 out of 323
Decreased cholesterol 40 +/- 12 4 outof 118

[27,37,38,48-50]

15



Function test

Bilirubin

Serum bilirubin is based on the rate which heme pigmentation is formed, albumin binding,
hepatobiliary circulation, hepatic storage, conjugation, and elimination. Therefore,
hyperbilirubinemia can be caused by increased production (prehepatic), decreased uptake
(hepatic), or decreased elimination (post hepatic). A study made in dogs that were suspected
to have a liver disease, the total bilirubin had a high specificity but unfordable, a low
sensitivity [51].

Normally the serum bilirubin levels should be less and 6 umol/L [52]. In around 50% of the
dogs that suffers from chronic hepatitis can be seen an increase in the serum bilirubin causing
hyperbilirubinemia [53]. Liver is also responsible for the albumin synthesis and in the case
of chronic hepatitis we can see a decrease in albumin, especially in late stages of hepatic
failure.

Total serum bile acid (TSBA)

TSBA is the most sensitive function test for diagnosing chronic hepatitis, mainly to diagnose
the later stages of it[51, 54, 55]. Since its sensitivity in early stages is non-valuable this
marker should not be used to decide whether to perform a biopsy. TBSA is however good to
use as a diagnostic tool for detecting portosystemic shunting and therefore it’s a good
indicator for the detecting liver cirrhosis [56].

Even if the sensitivity in early stages is not that specific and sensitive this is the test we
should perform first when we suspect liver disease in an animal without jaundice. Increases
in the serum bile acid may be caused by an abnormal enterohepatic circulation
(portosystemic shunt), reduced uptake of the already used bile acids from the portal blood
due to a diffuse hepatic disease or, due to an increased backflow of bile into the circulation
due to biliary stasis [57].

Hyperammonemia

This function test has an equal sensitivity as the one mention above. One big difference
however is that the hyperammonemia test will be slightly more specific as it is not affected
by cholestasis, which the TSBA can be [58]. The one negative part of testing for increased
ammonia levels are the measuring technique. The test is very sensitive to external factors
and it cannot be stored or even sent by post [59]. It has also been shown in studies that arterial
blood is to be preferred when testing the ammonium concentration as it will be significantly
higher compared to venous ammonia concentration [59].

Urea

The measure of urea can indicate a hepatic disease in dogs. When we find a low urea
(BUN) concentration it can tell us that there is a low ability to form urea from ammonia.
The Urea test is however not sensitive and specific enough to be used as a diagnostic tool
[60].
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Urinalysis
We can also test urine. Isosthenuria can be seen in dogs that have polyuria and polydipsia.

Also, a transient acquired Fanconi like syndrome with concurrent euglycemic glucosuria can
be seen in dogs with copper associated chronic hepatitis.

Imaging

Abdominal radiographs can be helpful to estimate the size of the liver, the opacity, and the
presence of ascites. We prefer to use the ultrasound for dogs with suspected chronic hepatitis.
By using the ultrasound (US), can be detected changes in echogenicity that can correlate to
disease, identified the process of the disease, other abnormalities like vascular and biliary
abnormalities, and it can also help us during biopsy sampling [61]. Even is the US providing
us good information about size, shape, echogenicity and echotexture of the liver, the imaging
of the liver in dogs with CH can be challenging.

It is very important to keep in mind that there are several hepatic diseases in dogs that will
cause different forms of alterations. When using the ultrasound, it is important to check
several parameters like size, contour, parenchymal density, and the degree of abnormalities.
Some diseases have characteristics alterations but ultrasound itself is often non-pathognomic
[62].

The procedure of doing an ultrasound examination of the liver is performed with the dog
laying on its back most commonly but can be done in lateral recumbency as well. The liver
can be found just caudally to the xiphopid process. We examine the liver in both transverse
and longitudinal sections. The normal appearance of the liver is very variable and can be
ranging from slightly coarsened to a fine-grained texture [63].

Picture: Mannion, P. Ultrasound in Small Animal practice. Picture shows an
ultrasound picture of the liver.
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3.1.4 Biopsy in case of chronic hepatitis

To be able to diagnose the chronic hepatitis it is required to perform histopathological
evaluation of liver biopsy specimens. This procedure can be done, by using US-guided
percutaneous core biopsy, laparoscopy, or by using the wedge biopsy. The latter supplies us
bigger specimens and are also therefore more reliable in the diagnosis of chronic hepatitis.

We should collect the specimen from the area that is least affected to be able to avoid the
regenerative nodules and the lobes that are highly fibrotic. We should collect a minimum of
12-15 portal triads to be able to perform a proper evaluation of the collected samples [63].
In the ACVIM consensus statement publication of Webster et al. is recommended to collect
the following specimen:

- <5 laparoscopic/surgical specimens from <2 liver lobes should be collected for
histopathological, aerobic, and anaerobic culture and for a quantitative Cu analysis.

There are research going on to try to find biomarkers for the disease to be able to easier

diagnose and put a final diagnosis [1].

Table 6: Different procedures to obtain liver sample for diagnosis [64]

the needle used. 14G
is recommended in
most dogs

Technique Percutaneous Laparoscopic Surgical biopsy
ultrasound guided biopsy using biopsy | during
needle biopsy forceps laparotomy
Invasiveness Least invasive and Less invasive than Most invasive
low pain level laparotomy but method, require
requires analgesics. | analgesics
Sedation/anesthesia | Requires heavy General anesthesia is | General
sedation but for a requiring anesthesia is
shorter period required
Sufficiency of Poor to adequate. The | Usually enough for | Usually enough
sample sufficiency will | diagnosis. Around 8- | for diagnosis
depend on the size of | 13 triads per biopsy.

Post procedure
complications

No direct control is
possible and post-
procedure
complications are
hard to control. Pre-
procedure check is
highly recommended.

Direct control of
post-procedures is
possible and possible
to correct.

Direct control of
post-procedures
is possible and
possible to
correct.

Post procedure

Sometimes
analgesics may be
needed. Coagulation
factors and blood
parameters should be
checked. Patients can
g0 home same day or
the day after

Analgesics are
needed. Patient can
g0 home same day or
the day after. The
vital parameters
should be checked.

Analgesics are
needed. Patient
should be
hospitalized for
24hr. Vital
parameters
should be
monitored.
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Before biopsy

Liver biopsies do always come with a risk, and in already ill patients the illness may even
further complicate the procedure and the post-procedure recovery. Risks that could possible
show are hypotension, hemorrhages, damage to surrounding structures and peritonitis [65,
66].

As the liver is responsible for the coagulation factor production, we must always remember
that there can be abnormalities in the coagulation process and biopsy always comes with a
risk of post-biopsy hemorrhages. Studies have been made that have stated that there is a 1.2-
3.3% risk of bleeding complications [1, 67]. Even though there is evidence that a biopsy can
be risky in patients with coagulation problems, the biopsies are still performed. One solution
to the risk is to pre-treat the patients with fresh frozen plasma transfusions.

Before the biopsy it is therefore recommended to perform coagulation tests such as:
evaluation of the prothrombin time (PT), activated partial thromboplastin time (aPTT),
plasma fibrinogen concentration, platelet count, and buccal mucosal bleeding time (BMBT).

Table 7: Tests to perform to assess the bleeding tendencies [28]

Tests that can be used to determine the risk of bleeding after a biopsy

Test High risk
PCV <30%
Platelet count < 50 000/uLl
PT and aPTT >1.5x ULN
Fibrinogen < 100 mg/dL
Von Willebrand factor activity < 50%
BMBT > 5 minutes

After biopsy

When the procedure is done, we should monitor the patient carefully and look out for
possible complications, especially hemorrhage. We can prescribe pain medication, and we
should closely monitor the viral signs.

Interpretation of biopsy specimens.

What we look for when interpreting the specimens are: inflammation, cellular injury or
death, fibrosis, ductular reaction and if there is any pigment deposition. To be able to
evaluate the specimens special staining methods can be needed, this is to be able to better
evaluate the remodeling, Cu, Iron, and connective tissue deposition.

When evaluating the inflammation, must be seen what type of inflammation, for example:
neutrophilic, suppurative, granulomatous or lymphocytic, plasmocytic or eosinophilic. We
also look at the location (periportal, centrilobular or diffuse) of the inflammation and the
extent of the inflammation. Necrosis in the case of chronic hepatitis can affect different
cells, hepatocytes, biliary epithelium, sinusoidal endothelium. The cell types that are affected
by necrosis should be identified and we should also look at the extent and the distribution of
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the necrosis. The cell death can be classified into massive, multifocal, centrilobular etc. The
main feature in this case is that we can see the presence of lymphocytic, plasmocytic, or
granulomatous inflammation. These features can be seen in both portal, multifocal, zonal, or
panlobular areas. Liver cell death and different extent of fibrosis and regeneration might also
be seen. The inflammation seen most often originates in the portal regions and spread into
the hepatic lobule. Cirrhosis will be seen and this will reflect the so-called end stage chronic
hepatitis. In this stage we will see architectural changes, fibrosis, and hypertension of the
sinusoidal portals.

Fibrosis and the necrotic areas are a key feature in the diagnosis of chronic hepatitis,
especially the location and extent. To be able to perform a good interpretation of the fibrosis
can be used the Sirius red or Massons trichrome stains.

Picture. (Jubb, Kennedy & Palmer's Pathology of Domestic Animals, 6th Edition, Volume
2.pdf) The same liver specimen seen from 2 different views shows a liver with chronic
hepatitis. Small and rigid liver with irregular borders can be seen [68].

As mentioned earlier in my thesis there are also another form of hepatitis, the reactive form.
This form can be differentiated from the chronic hepatitis as we cannot see any hepatocyte
necrosis. The main feature from the histopathological view when it comes to the reactive
hepatitis is that in acute cases can be seen neutrophilic infiltration and in the chronic form,
plasma cells and lymphocytic infiltrations.
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3.2 Copper associated chronic hepatitis

Copper is a small molecule, an essential micronutrient that is needed for all the living
organisms at earth. This small metal will participate in several different system in the body
such as: different enzymes, help with electron transport, and antioxidizes copper is a
transition element which means that it can either be in the form of oxidized Cu2+ or reduced
Cu+ and thanks to this copper can act as both a donor and acceptor and participate in electron
transports [69].Copper is also an important factor in the cytochrome-c enzyme, blood
coagulation and more important functions. In a normal liver the Copper-concentration
should be less than 400 ppm.

One branch of the chronic hepatitis is the copper associated chronic hepatitis. This form of
hepatitis can be seen in a primary form or a secondary form. This type of hepatitis occurs as
breed related disease in Bedlington terriers [70], Labrador retrievers [71], Doberman
Pinchers [72], WHWT [40] and Dalmatians [41]. What happens in this form of hepatitis is
that copper will accumulate in liver cells, which starts at the centrilobular regions and then
progress into liver cell necrosis, inflammation, and finally chronic hepatitis and cirrhosis.

Primary copper-associated chronic hepatitis (CuCH) is mainly due to a genetic defect in the
copper metabolism and this form have been reported in several breeds (see chapter 3.2.2).
The secondary form is when copper accumulates inside the liver due to a malfunction of the
biliary copper excretion or too high copper intake. Also, these two forms will differ in where
the copper accumulates. In the primary form we will mainly see copper-accumulation in the
centrilobular area, but in the secondary form it is mainly seen in the periportal areas [37, 50,
73].

3.2.1 Copper metabolism

Even if copper is a very important trace element, important for the normal physiological
processes in the body of a dog. Copper can be found in both a reduced form and an oxidized
form, this means it can act both as an electron giver but also a receiver. Dogs get their major
intake of copper from their food. Its absorption takes place in small intestines, via
enterocytes. From this, ATP7A-carriers will further transport the copper ion to the blood. In
the blood copper will then be bound to ceruloplasmin and albumin. In this form the copper
complexes will be transported through v. portae to the liver where the primary accumulation
takes place. By the help of transmembrane protein copper transporter 1, copper can get into
the hepatocytes. Copper is as mentioned a very important element, but as it is good, it can
also be harmful. The free reduced copper ions can cause oxidative injury and therefore can
be found these copper ions bound to metallothionein and glutathione inside the hepatocytes
and can be protected and transported to specific targets inside the cell. In the cell these copper
ions are very important in the mitochondrial respiratory chain and in the defense against
oxidative stress.

Two very important transport proteins can be found in the liver. These are the ATP7A and
ATP7B. These proteins are ATP-dependent membrane-bound transport proteins which will
help with the excretion of copper from the liver. ATP7B task is to attach copper onto
ceruloplasmins for further transport to blood.

To summarize the main steps in copper metabolism we can say that the homeostasis of
copper, which is very important, is maintained by intake from diet, and excretion via the
bile. When copper exceeds the hepatocyte transport and copper-binding capacity, free copper
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will cause oxidative stress which will lead to hepatocellular degeneration and to cell death
with chronic hepatic inflammation, or both [68, 74].

3.2.2. Copper accumulation

When we study the reasons behind copper accumulation we can differentiate between
primary and secondary causes. The primary cause is due to failure in the hepatic copper
metabolism while the secondary is caused by cholestasis due to an intrahepatic or
extrahepatic reason [37].

Primary copper accumulation in the liver is associated with gene defects and this form have
been reported in Bedlington terriers mainly but have also been seen in other breeds. In the
case of a primary copper accumulation, we will see an increased copper concentration and
inflammation in zone 3 [37]. The inherited form of copper associated hepatitis the copper
concentration is always located in the centrilobular areas.

The secondary form of the copper associated hepatitis is when there is a failure of the
copper excretion into the bile, often due to an extrahepatic disease that cause cholestasis. In
the case of the secondary form, we most often see the copper accumulation in the
periportal areas, in the hepatocytes [71].

Table 8: Differences between primary and secondary copper-associated chronic hepatitis

Primary form Secondary form
Location of copper Centrilobular areas Periportal areas
accumulation
Copper concentration 600-2200 ppm [71] Average 997 ppm [75]
(ug/g dw)

As mentioned, the main difference between the primary and the secondary form is the
etiology behind it and this was also proven in a study was also made by Azumi in 1982,
where the examined dogs were divided into two groups. Both groups had their ductus
choledochus ligated. One part of the dogs was given copper intra venously, in the dose of
0.5 mg/kg/bw. In the study there were also a control group of dogs that had neither the
surgery, nor the administration of copper. According to their results, there was an increase
of copper concentration in the liver of the dogs that have been through the ligation of ductus
choledochus in addition to copper administration. There were not seen any remarkable
difference between the control group and the group that did not receive any copper intra
venously [76].

The copper concentration in the liver can be measured quantitative either by spectrometric
methods or by radiation of tissue pieces from the liver which then are measured on copper
radioactivity[74]. In a healthy dog we can see a copper concentration in the liver up to 400
microgram/gram dry matter of liver (parts pro million ppm), this is the reference value. In
case of primary copper accumulation, the concentration of copper can be as high as 2000
microgram/gram dry mass of liver. If there is a secondary cause of copper accumulation, we
rarely see a higher value than in primary copper accumulation [68].
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3.2.3 Diagnosis of copper-associated chronic hepatitis

When it comes to the diagnosis of the copper associated chronic hepatitis there are certain
criteria that must be taken into consideration before a final diagnosis can be made:

- Histological evidence of chronic hepatitis, and centrilobular copper accumulation

- Histochemical copper staining done by using stains like rhodanine or rubeanic acid,
and

- A copper concentration >1000 ug/g dw (ppm)

The samples are collected by the help of biopsy (which is discussed in detail: biopsy). It is
important that the samples are not only collected from the periphery liver lobes if these lobes
have a fibrotic appearance [77]. To avoid an underrepresent hepatic copper concentration,
the sample should be taken from the least affected area, to avoid the regenerative nodules
and liver lobes that are highly affected by fibrosis [78, 79]. For the diagnosis of copper
associated chronic hepatitis we need around 20-40 milligrams of wet liver weight. The
atomic absorption spectrometry can be used.

According to the Webster et al 2019, the diagnosis an abnormal copper accumulation
requires special stains such as rhodanine or rubeanic acid [1]. By the help of these staining,
we can detect copper-binding proteins presence, acinar distribution and with this information
can be estimated the severity of copper-accumulation. The areas that are most affected in
dogs are the centrilobular areas, this accumulation might extend into the midzonal and
periportal hepatocytes as well. However, the periportal copper accumulation are often not
very specific and the copper concentration n might be false negative. In the article made by
G. Hoffman in 20009 it is suggested to then use a subjective grading scale to score the degree
of copper accumulation [78, 80]. When we decide how much of a clinical relevance the
copper accumulation have, we must also take the necrotic hepatocytes, and the development
of so-called copper-granulomas. The definition of copper granulomas is a specific form of
macrophages that aggregate together with lymphocytes, pigmented macrophages,
neutrophils and sometimes we can see plasma cells.

The main diagnostic test for the copper-associated hepatitis is the so-called atomic
absorption spectroscopy. This test requires only a small amount of tissue, around 20-40
milligrams [1, 75].

Conclusion of the diagnosis is that it can be hard to get a correct diagnosis. The copper
concentration may vary between the different liver lobes and therefore the pathologist should
have the experience and knowledge to be able to identify the different liver lobes during a
histopathological evaluation.

The reference for copper concentration in the liver should be lower than 400 ppm. If it is
above >1000 ppm we consider this as definitely abnormal. If the value exceeds 2000 ppm,
we will see ruptured lysosomes will be seen which means that the different liver zones and
structures are destroyed and clinical signs will appear. However, there are no studies that
can prove what copper is needed to trigger the copper-associated chronic hepatitis, for
example is Cu-concentration exceeds 1000 ppm, changes in ALT and morphology have been
seen, but there are also cases where Cu exceeds 1500 ppm and no changes is seen. Also,
there are several phenotypic differences. In some individuals a severe damage of the liver
can be seen already if copper is lower than 1000 ppm while in some cases no evidence of
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liver damage can be seen even if copper exceeds 1000 ppm. The individual threshold is
influenced by environmental factors, genetic factors, and physiologic factors. This is also
one of my big questions in my thesis, what is the difference between different breeds?

Histopathological changes.

When we stain the samples with a HE is staining, copper will look like grayish yellow to
grey-brown granules inside the hepatocytes and the Kupffer-cells cytoplasm. When using
the special stains like rhodanine or rubeanic acid, it is easier to confirm the accumulation.

Primary copper-associated chronic hepatitis is often characterized by centrilobular copper-
accumulation and inflammation. The inflammatory changes are characterized by the
infiltration of plasma cells, lymphocytes, macrophages, and even sometimes neutrophil
granulocytes. Inside the inflammatory zones there may also be possible to identify apoptosis
and necrosis of the hepatocytes. If the chronic hepatitis is far exceeded, even cirrhosis of the
liver can be observed, which can be identified by pseudo lobules of the liver.

In secondary copper-associated chronic hepatitis, caused by cholestasis, the accumulation of
copper will mainly be seen in the periportal zones. In addition, bile duct proliferation and
periportal fibrosis with infiltration of mixed inflammatory cells can be detected [40, 68, 74].

HE-staining: The inflammatory | Rodanin-staining: This is a special
cells and necrosis seen inside the | staining where copper will be seen
hepatocytes is seen because of as blackish granules.

3copper-accumulation.

Photo: Soderstrom F and Photo: Soderstrom F and
Andersson E 2019 Andersson E 2019

The usage of a histological semiquantitative grading of the copper-concentration inside the
liver have become praxis in copper-associated chronic hepatitis. This grading consists of a

scale between 0-5, between 3-5 will indicate a primary copper-associated chronic hepatitis.
This grading system were founded by Johnson et al [81].
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Table 9: Grading scale based on histochemical examination [37]

0 No copper could be found in hepatocytes.

1 Some hepatocytes contain a low number of copper molecules.

2 Small hepatocyte groups contain a moderate amount of copper molecules.
3 Larger areas of hepatocytes or certain areas of the liver contains a moderate

amount of copper and/or copper containing macrophages.

4 Large areas of the liver contain large amount of copper, we often see copper
containing macrophages.

5 Diffuse areas with large amount of copper. Copper macrophages can be seen.

Bedlington terriers

Bedlington terrier is the most examined dog breed when it comes to copper-associated
chronic hepatitis. This dog breed is affected with an autosomal recessive defect in copper
metabolism [82, 83]. It has been shown that homozygous recessive individual will
accumulate a higher concentration of hepatic copper. These concentrations can be as high as
10.000 ppm [84, 85] . The copper accumulation is almost in all cellular compartments inside
the living cells can be seen. The lowest hepatic concentrations can be found in the young
dogs and the concentrations will then increase with age, with its peak when the dog is around
6-year-old [86]. In the youngest dogs we can see copper accumulation in the so-called
centrilobular liver cells and its related lysozymes. During this period the expected copper
concentration is expected to be around 400-1500 ug/g, these dogs are often asymptomatic
and the diagnosis is very hard. As the disease proceeds the copper concentration is between
1500-2000 ug/g and copper can be found in the midzonal and in the periportal liver cells, as
well. Even in this stage clinical signs are absent but focal hepatic inflammation,
lymphoplasmacytic inflammation and copper-laden macrophages can be found. In the
second stage also an increase in serum ALT can be seen. When the disease reaches the most
severe stage the copper concentration exceeds 2000ug/g we can find morphological
alterations that will reveal chronic hepatitis. This chronic hepatitis might proceed into
cirrhosis and clinical signs and biochemical alterations can be seen.

Table 10: Stages of CuCH in Bedlington terriers [37]

Stages Clinical signs Copper Liver histology
1 No clinical signs Copper can be No morphological
can be seen found in zone 3. changes
400-1500 ppm
2 No clinical signs Copper can be Hepatic
found in all liver inflammation can be
areas. 1500-2000 seen.
ppm
3 Clinical illness can | Copper is found in | Hepatic
be seen all liver areas. inflammation and
>2000 ppm liver cirrhosis
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Diagnosis of CuCH in Bedlington terriers is best achieved by performing liver biopsies in
early age. It is recommended to perform liver biopsies in individuals we want to use for
breeding. Screening of individuals with no symptoms at the age of 6 months and 15 months
can help us determine whether an affected dog is homozygous or heterozygous (carrier) [87].
Dogs being affected, both homozygous and heterozygous, will have an increased copper
concentration by the age of 6 months. The difference is that by the age of 1 year the copper
concentration will decrease in heterozygous individuals while in the homozygous
individualist will keep on increasing [88]. The specimens are then examined with special
staining methods to be able to determine the amount of copper. (See: Interpretation of biopsy
specimen)

In the study that was made by Hardy et al in 1975, blood samples were taken from 21
Bedlington terriers (BT) dogs that showed signs of liver disease, out of these 21 dogs, 19 of
them had abnormal biochemical values which indicated liver disease. The copper
concentration was then measured and in which a massive increase could be proven.
According to the author, the disease was inheritable [88].

Year 2002 it was detected that a mutation could be the reason behind the disease. This
mutation was found as a deletion of exon 2 on copper metabolism MURR1 domain
containing 1-gene on chromosome 10. When this was detected the function of this gene was
still unknown [72]. It was detected that abnormal gene could be connected to the absence
of COMMD1-protein in the liver. According to the author of the article, this protein could
be involved in several functions and in the regulation of copper excretion [89]. In another
study by S. Haywood, it was however proven individuals that lack this mutation, still can
develop CuCH (non-COMMD1) [90]. The study that Haywood did sample 30 BT, 15 of
these dogs had CuCH and lacked the COMMD1-gene defect.

Labrador Retriever

In a publication that was made in the early 1900 century there was evidence an increased
incidence of chronic liver disease in this breed as well, and especially in females [80]

In one of the studies compared Labradors with copper-associated chronic hepatitis to
Labradors without any clinical signs of liver disease were found that from 14 asymptomatic
Labradors, 8 was related and 6 unrelated. In the related Labradors there could be seen an
increase of copper in the liver but in the dogs that were unrelated, this increase could not be
seen [80]

Smedley et al in 2009 measured the copper concentration in 12 Labradors with
histopathological changes, like centrilobular inflammation and copper accumulation. In 10
of these 12 dogs the copper concentration in the liver could be measured to above 2000 ppm.
The authors of the study could then confirm that primary copper-associated chronic hepatitis
most likely occurs in Labradors [91].

When viewing pedigrees and biopsies from the liver from 146 Labradors, the inheritance
occurrence of copper-associated chronic hepatitis has been evaluated to be around 39-52%
[92]. In a Gene Wide association study of 235 Labradors a miss-mutation could be identified
on two chromosomal loci. These miss-mutations were found on the genes that codes for the
copper-transport-protein ATP7B and ATP7A. There was one mutation found on ATP7B-
gene, on chromosome 22, this was associated with increased copper-accumulation in the
liver, this mutation was most prominent in bitches. According to the authors to the study
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these miss-mutations could explain up to 12.5% of the total inheritance of copper-
accumulation [91].

Copper mediated liver injury in Labrador retrievers may be influenced by mutations in
ATP7B gene, which predispose for the accumulation of copper, and mutations on gene
ATP7A may influence the intestinal copper transporter, which protects against the copper
accumulation. Although there have been tests to try to diagnose these mutations and test
available, the predictive and diagnostic utility of these tests is currently unknown.

A study made by Fieten in 2016 found that the genes that encodes for the copper carrying
proteins ATP7A and ATP7B had mutations [48]. The mutation on ATP7A have later been
associated with partial protection against accumulation of copper inside the liver while the
mutation on ATP7B could be connected to an increased copper accumulation inside the liver.
In the study that Fieten made, only 12.5% of these mutations could explain the inheritance
of copper accumulation in the liver. I think that the results show that there could be an
inheritance, like the Bedlington terrier, of copper-associated chronic hepatitis.

Doberman Pinscher

In this breed the chronic hepatitis has mainly been observed in bitches. In Doberman
pinschers we mainly see CuCH in dogs of the age 1-3 years old, with increase in ALT and
sub-clinical hepatitis. The clinical sign of CH usually develops around 4-7 years of age.

In a study made in the late of 1900, 8 Doberman with chronic hepatitis and cirrhosis were
compared to 17 healthy dogs of the same breed. In all, except one, of the affected dogs,
intrahepatic cholestasis could be seen. The copper-concentration were appreciated to be
grade 3 by a semiquantitative grading, while in the dogs without chronic hepatitis and
cirrhosis were graded between 0-2 [72].

Later, a new study was made by Mandigers et al in 2006 [92]. In this study, 106 randomly
chosen Dobermans were picked and in 50 of these a copper-containing granula could be
found by a fine needle aspiration examination of the liver. An increased median copper-
concentration in the liver were measured in dogs with hepatitis compared to dogs without
hepatitis. When further following up of 16 of these dogs after ca 2 years, the liver
inflammation was persistent in 6 of the dogs, which also showed an increased copper-
concentration. According to the authors to this study, the results being found indicated a
connection between copper-accumulation and hepatitis [93].

Spee et al did a study in 2005, to try to see on what gene and miss-mutation could explain
the findings [94]. In this study, 6 Dobermans with copper-associated chronic hepatitis were
examined. In these dogs, a significant decrease of the mRNA encoding for ATP7A, ATP7B,
ceruloplasmin, metallothionein and COMMD1-protein could be found, this compared to a
healthy control group with normal copper-concentration in the liver. It has been thought to
be a primary copper-associated hepatitis [94].

Another important form of chronic hepatitis that must be taken into consideration when it
comes to this breed is the immune mediated form of the chronic hepatitis. This form of
hepatitis is mainly seen in female dogs in the age of 4 to 7 years old. The chronic hepatitis
in Doberman pinschers is mainly characterized by micronodular cirrhosis, fibrosis,
infiltration by plasma cells and lymphocytes of the portal triads. There is some suspicion
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that Doberman hepatitis could have some genetic background but the complete inheritance
pattern has not yet been confirmed.

The etiology behind Doberman hepatitis (DH) is not completely clear yet. The suspicion of
a idiopathic cause were raised when it could be found mononuclear cell infiltrates inside the
liver cells and also an abnormal expression of MHC class II antigens found on liver cells
that can correlate with the degree of inflammation found in the liver [93]. The author of this
article studied different parameters that could indicate the prevalence of a genetic
background, these parameters DLA class II antigens that could be associated with DH.
Variations of the promoter areas of homozygous DLA-
DRB1*00601/DQA1*00401/DQB1*01303 that could explain why some individuals are
more prone for DH. Circulating serum anti-nuclear autoantibodies, autoantigens that can be
found in the liver and might be associated with DH, autoantibodies that could be used as
biomarker for DH. The author could conclude that there was evidence when investigating
these factors that the DH could have an idiopathic background especially in homozygous
individuals [43].

When it comes to Doberman Pinschers, conclusions have been made that the copper-
associated hepatitis seen in this breed could be explained to occur secondarily due to a
problem with cholestasis. We need more studies here to be able to draw a complete
conclusion about the pathophysiological that is in the background of the disease in this breed.
The fact that the evidence is so limited could be explained by the fact that the disease is not
as widespread in this breed, or that the breed itself is rarer than Labrador for example.

West Highland White Terrier

In a study made in Sweden, by Andersson and Sevelius in 1991. 250 histopathological
samples were examined from dogs with mixed breeds and chronic liver diseases, there was
an increase in the incidence of chronic liver disease in WHWT. In 2 out of 18 WHWT,
according to the authors, they could see a moderate amount of copper in the liver. This
finding according to the author were seen to be secondary to the chronic hepatitis [94].

In a published study that examined 71 WHWT, there could be proven that in 44 of these
dogs had higher copper-concentration in the liver. In dogs with increased copper-
concentration, 20 of them had normal hepatic histomorphology. In the remaining 15 dogs,
10 of them had multifocal hepatitis with centrilobular placed inflammatory foci consisting
of mixed inflammatory cells and necrosis. The median value of the copper-concentration of
10 dogs with the multifocal hepatitis were 2460 ppm [37].

Summarizing, in WHWT there is probably a secondary Cu accumulation associated with
chronic hepatitis.

Dalmatians

In a study that was based on 10 dalmatians with suspected copper associated chronic
hepatitis, these dogs showed signs of gastrointestinal disease such as anorexia and vomiting.
In the study the age of the dogs varied from 2-10 years of age, in the group there were both
females and males, spayed and non-spayed individuals [95].

When checking the liver enzymes there was an increase of the ALT in all 10 dogs, the
increase was around 6.4x higher than normal, and in 9 out of 10 they could also see an
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increase in ALP, as high as 7.0x higher than normal. Three individuals also shower low
serum albumin [97].

A biopsy was made on the affected dogs where the copper concentration was measured. An
average concentration of 3197 ug/gram dwl of copper in the liver could be proven. On
histopathological examination there were found necrosis, fibrosis, and signs of
inflammation. These histopathological findings together with the high Cu-concentration, the
author of the study could draw the conclusion that even dalmatians could be susceptible for
primary copper-associated chronic hepatitis [74].

I have studied 2 different case reports [1, 71, 96] in which both authors state that the most
likely explanation for the copper-associated chronic hepatitis in dalmatian is due to a primary
disease. In the mentioned studies, both individuals were below 2 years of age, healthy, and
presented with signs that could be connected to gastrointestinal disease. Upon further
investigation of the blood parameters there could be found an increase in both ALT and ALP.
On histopathological examination there were found liver cell necrosis, mixed inflammatory
cell infiltration and cirrhosis of the liver. The copper accumulation was mainly found in the
centrilobular areas. The copper concentration was measured and determined to be between
7.664 ug/g/dwl-9.424 ug/g/dwl.

In Dalmatians there is probably a primary Cu associated hepatitis, where the Cu
accumulation develops already in early age [95]

Table 11: Genes of different breeds that are believed to be behind the disease.

Breed Type of CuCH
Bedlington terrier Primary form. Mutations of gene:
- COMMDI1 protein
- ATP7B
- ATP7A
- ABCA12
Labrador retriever Primary form
- ATP7B
Dobermann Pinscher
West highland white terrier
Dalmatians
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4. Treatment of chronic hepatitis

When treating the chronic hepatitis our goal is to treat the underlaying cause/causative agent,
but as mentioned, chronic hepatitis in dogs is often idiopathic and therefore no underlaying
treatable cause. In this case, when we have excluded all other possible causes, a treatment
with immunosuppressive drugs and nonspecific hepatoprotective agents may be indicated.

4.1 Treatment of copper associated chronic hepatitis

The increased copper concentration in the liver is an abnormal condition and will also come
with consequences, therefore it needs treatment. When a dog is diagnosed with copper-
associated chronic hepatitis the treatment first is chelator drug until the Cu concentration in
the liver is normalized together a lifelong low copper diet. When the chelator treatment was
stopped than Zink supplementation is necessary.

Chelator

A chelating agent is used to lower the blood and tissue levels of a heavy metal that can cause
injury. These agents have special metals that they target. The one commonly used chelating
agent in the case of copper associated chronic hepatitis is the D-Penicillamine. The function
of this drug is that it will bind the copper, makes complex with it and help the excretion via
urine [100, 101]. Other positive characteristics of this drug is that it will increase the
metallothionein and the enterocytes, in addition it also has a milder anti-inflammatory and
anti-fibrotic properties [102—-105].

Table 14: D-penicillamine

Mechanism of

Dose and

Other relevant

Side effects

to bind intracellular
copper.

hours after the
meal.

The duration
of the
treatment
depends on
repeated
measurement
of hepatic
copper
concentration
or by
monitoring the
ALT.

action duration of information about
the treatment | the drug

It will bind/chelate 10-15 mg/kg This drug is also Common side
to the copper and twice a day. anti-inflammatory, effects are related
excrete it with urine. | Should be anti-fibrotic. to the
It will also given 30 gastrointestinal
upreg'ulate the ‘ minutes before Should not be used system such as
hepatic metallothien | the food or 2 . . nausea, vomiting,

together with Zinc.

hyporexia. These
side effects are
common.

Rare side effects
include
immunologic
reactions and bone
marrow dyscrasia
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When combining the D-penicillamine together with a copper-restricted diet the effects are
often good and this combination can normalize copper-concentrations as high as 1500ug/g
dw in 6 months. If the copper concentration is around 2000-3000 ug/kg dw we can see a
decrease in copper concentration within 9 months.

Diet
In the beginning of the late 1990s, there was an increase in the number of cases of chronic
hepatitis. This increase could be connected to the change in premixes which was used to add

copper into the commercial dog food, which then increased the accessible copper in diets
[37,96,97].

The national Research Council (NRC) and Association of American Feed Control Officials
(AAFCO) dietary guidelines, along with a change to more bioavailable Cu chelate premixes
in commercial dog food, are linked with an increased prevalence of hepatic Cu accumulation
in dogs. The NRC has recommendations for the adult dogs that are based on puppies that
were given diets that had 0.11-0.19 mg/kcal/me/day, this diet reduced the serum
ceruloplasmin. However, serum ceruloplasmin do not reflect the copper bioavailability and
therefore it is not for dietary recommendations [1]. AAFCO recommends that adult dogs
need a minimum of 7.3 mg/kg/DM/day, this is regardless of the copper source. Copper is
then often added as a form of premix, the problem here is when copper is added, the copper
level in the base feed is often forgotten, resulting in a higher copper level.

Table 12: Recommended copper level in food. [1]

NRC minimum | AAFCO Average dog Hepatic diets
minimum food

Copper 6 7.3 Approx. 15-25

concentration

(mg(kg/DM/d)

A copper restricted diet is needed in all dogs that have a copper concentration higher than
>600 ug/g dw [1, 37] and it is recommended that the food should contain less than 0.12
mg/100 kcal. Another thing that must be kept into consideration is that these copper
restricted diets are often low in protein and therefore additional protein is advised. Copper
restricted diets usually contain between 3.9-4.1 mg/100 kcal of protein, and the minimum
protein requirement is 4.5 mg/100 kcal.

It is also advised to make sure that the copper content in water do not exceed 0.1 ug/g, this
can be done by flushing the pipes for 5 minutes.

Commercial diets are available today. There are a lot of commercial diets that could be
suitable for a dog that suffers from copper-associated chronic hepatitis. As mentioned earlier
the main feature of a diet that suits these patients are to find a food that have no more than
12 mg copper per 100 kcal. The variation of these diets are many and many of these
commercial diets exceeds the NRC recommendation very much [98, 99].
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Table 13: Commercial dog foods for dogs with liver diseases.

Brand name Total amount of copper/kg
Hills liver care (I/D) 2.9 mg/kg

Purina Hepatic S mg/kg

Royal Canin Hepatic 3 mg/kg

A research study made by G. Hoffman et al 2009, studied 29 Labrador retrieves that had
been diagnosed with copper associated chronic hepatitis. The aim of the study was to see
how the copper associated chronic hepatitis could be managed by the help of both drug and
diet. All the examined dogs had completed their treatment with the D-penicillamine and had
a good response to it where a decrease in copper concentration in liver could be seen. All
dog owners were then supplied with the same commercial dog food that contained 2 ppm
copper, 43 ppm zinc, no further salts were added into the diet. The owners got the
instructions to only feed the dogs with this food during the study and avoid any treats or
supplements. In 11 of the examined dogs, a new copper concentration was measured, after
the treatment with the D-penicillamine but before starting the diet. The result showed that in
all but one dog, the concentration of copper had increased for 8 months. Further results
drawn from the study did show that during the special diet the copper concentrations did
decrease and stabilize. The authors of this study did in the end recommend that dogs with
abnormal high copper concentration in the liver should be kept on a life-long copper
restricted diet to avoid re-accumulation of copper [97].

We can determine whether the combination between chelating agents and a copper
restricted diet is effective by repeating the quantification of hepatic copper accumulation.
Also, the ALT level can be used as an indicator of success.

Zinc

Zinc is a substance that will interfere with the copper uptake from the gastrointestinal tract
by inducing metallothionein in the enterocytes [1, 69]. The metallothionein binds to copper
of the diet and eliminates with the feces. Co-treatment with D-penicillamine and Zinc is
strictly contraindicated because each negates the benefits of the other.

A study was made in 1992 where 3 Bedlington terriers and 3 WHWT were treated with zinc
to treat and prevent copper accumulation in the liver. 2 out of 3 dogs from both breeds were
treated with zinc for 2 years while 1 from each breed were only treated for 1 year. The first
observation of clinical signs was good. Three dogs had only mild to moderate liver disease
and higher copper concentration than they had in the beginning of the treatment. A biopsy
was made in which the copper associated chronic hepatitis and the copper concentration had
been decreased. The authors of this study believed that zinc could be a good and nontoxic
treatment for the copper associated chronic hepatitis [106].
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Table 14: Zinc [109]

Mechanism of Dose Other useful Side effects
action information
It will induce the 8-10 mg/kg/day. Serum levels for Nausea and
intestinal Divided in 3-4 effective vomiting are
metallothionein that | portions. administration common side
binds the copper. should be >200 effects while
Should be used for ug/dL hemo} ytie anerhia,
and zinc-toxicity
long term treatment
. are rare
and maintenance.
Antioxidants

When we are treating the copper-associated chronic hepatitis by the help of a chelator, it is
advised to also supplement with antioxidants. This is because copper will cause an oxidative
injury on the liver [5, 106-109]. The antioxidant treatment is also suggested in secondary

Cu accumulation.

Table 15: Different antioxidants that can be used. [1, 5, 108, 109]

Drug name Formulation | Dose Mechanism of Side effects
action
S- Very Stabilized | Increase Nausea can be
adenosylmethionine | unstable salt:20 intracellular seen in rare
(SAMe) compound, mg/kg PO | cysteine which cases
use stabilized | SID on an | leads to an
salts. empty increase in the
Also, stomach formation of liver
available in glutathione
the form of Phytate
phytate salt | ga]t: 8-10
mg/kg SID
Vitamin E 10 IU/kg It protects against | If an overdose
SID PO. 1t | lipid is seen it may
should be | peroxidation, impair the
given with | work as anti- vitamin K
food as this | fibrotic and anti- | activity and
will inflammatory may increase
increase its the risk of
absorption. oxidative
injury.
Ursodeoxycholate Stable 15 mg/kg | Have antioxidant, | Side effects
secondary SID PO choleretic, anti- are rare but
bile acid. with food | inflammatory gastrointestinal
effects signs may be
seen.

33




Silymarin

Undefined,
but
between 4-
8
mg/kg/day
can be
given BID-
TID

Have similar
effects as
ursodeocycholate.
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5. Discussion, results, conclusion

There are 2 dog breeds that are overrepresented when it comes to the copper-associated
chronic hepatitis, these are the Bedlington terrier and Labrador retriever, and in these two
breeds we can find most studies and research. In the study, made by Johnson et al. 1980, we
can see that the inheritance of the disease in Bedlington terrier is an autosomal pattern. At
first sight this pattern could not be found in Labrador retrievers but in the book written by
G. Hoffmann (2006), it has been proven that the copper-concentration in the liver is higher
in related individuals compared to unrelated. According to this information a conclusion can
be made that there can be some inheritance of the disease in Labrador retrievers as well.
When seeing these results, this is very important information to take into consideration when
breeding these breeds. In Bedlington terrier there is a compulsory genetical filtration of Cu
and checking the pedigree before breeding. This control would be also important in Labrador
retriever as well. I think this will be also the part of the breeding program in the future.

In the other dog breeds where we have currently less studies, the diagnosis of the copper
associated chronic hepatitis have mainly been concluded to be due to a primary or secondary
form of the accumulation. These conclusions have been made by studying the copper
concentrations found inside the liver. Thanks to these studies we can see an indication about
what pathophysiological processes that might be behind the disease. In my opinion, these
studies still miss some important evidence about the background of the disease, compared
to the well-studied breeds. Additional studies are required in those breeds about the
pathomechanisms of the Cu accumulation.

The conclusion of my work here is that there are 2 different forms of the same disease with
different etiology. In Bedlington terrier we can see a recessive inheritance with mutations on
several different genes. Probably a similar pathomechanism goes for Labrador Retrievers.
These breeds have been more studied and the researcher have come a long way in the science
behind it. In Dalmatians there is probably also primer Cu accumulation, which starts very
early age and cause chronic hepatitis. The exact pathomechanism must be clarified in this
breed. In other dog breeds like West Highland White Terrier and Doberman Pinschers have
another form of it, the secondary form, which originates from intra- or extrahepatic bile duct
obstruction most commonly. The Doberman has also an immune-mediated chronic hepatitis.

One thing that I find very interesting when it comes to this topic is that there is evidence that
the disease is more common in Labrador retrievers and Bedlington terrier females [37, 72,
74]. This is very interesting because the gene that encodes for ATP7A can be found on an
X-chromosome. Later, in another study however, no difference between the two genders
could be seen [37, 72, 74].

Studying this topic have been very interesting and giving. How come that the Bedlington
terrier and the Labrador retriever are so overrepresented when it comes to this disease? A lot
of evidence can be found that it can be genetic predisposition like mutations on different
genes. But what I find interesting is how one disease can be so different with different
background in different breeds. How come that we can find a lot of evidence in two of the
breeds while in the others it is unexplored ground. I see a big opportunity to precede this
research to be able to map out more information about it and more tools to be able to manage
it and eventually prevent it. I see that this is possible as the science and the tools we can use
is being developed all the time. I hope to see a progress in this topic in the future.
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