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POINT OF VIEW

Chronic hepatitis in man and in dog: a comparative update
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ABSTRACT

Chronic hepatitis is a frequent pathologic condition encountered
in both dogs and humans; however, in the latter etiologic factors
are usually searched and found that allow targeted therapeutic
approaches, whereas in dogs this is less frequent. This review will
take into consideration chronic hepatitis in dogs, and discuss dif-
ferences and similarities between the two species with respect to
this disease.
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INTRODUCTION

Chronic hepatitis in dogs represents a pathologic condi-
tion that can be hypothesized clinically, in which symptoms
may be almost nonspecific, laboratory test represent an
important aid, but whose diagnosis can be confirmed and
the disease classified only on an histopathological basis.
Unlike humans, in dogs it is usually difficult to identify the
underlying etiology of chronic hepatitis (1,2); however,
recent studies showed some similarities between liver reac-
tion patterns and the pathogenesis of such disease in men
and dogs (3.4), and fibrosis is considered the common evo-
lution in the two species (1).
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Thus, the comparative study between man and dog in
relation to chronic hepatitis may represent an interesting
opportunity attempting to improve the clinical and thera-
peutic management in the two species.

CHRONIC HEPATITIS IN DOGS
Etiological aspects

The etiology of chronic hepatitis in dogs usually remains
unknown, and for this reason many cases are classified as
idiopathic. Such aspect is important for the negative impli-
cations on treatment strategies, that are mainly based on
histopathology, and for the difficulties to formulate a prog-
nosis (1,2,5). Nevertheless, some causative agents are com-
monly associated to chronic hepatitis; for example, certain
toxins (e.g., aflatoxin) or drugs (e.g., anti-convulsivants)
have been associated to chronic hepatitis (1,6), as well as
infectious causes. For instance, although canine adenovirus
type 1 is responsible of acute hepatitis, it has also been
hypothesized its role in causing chronic hepatitis in partially
immune dogs (5,7,8); in addition, infections with leptospiral
serogroups (e.g., L. interrogans grippotyphosa) (8,9) other
than those normally included in the vaccination schedule
have been suggested as responsible for chronic hepatitis
(10). Subclinical chronic hepatitis has also been associated
with canine leishmaniosis (L. infantum) (11).

An important and well known cause of chronic hepatitis
in the dog is that of the Bedlington terrier, in which a
genetic mutation of copper transporting proteins (deletion
of exon 2 in both alleles in the COMMD1 gene) causes
accumulation of copper inside the hepatocytes, leading
to inflammation and necrosis (6,12-14). Copper accumu-
lation, and chronic hepatitis, have also been suggested to
be familial in West Highland White terrier, Skye terrier,
Dalmatian and Labrador Retriever (6), and could be breed-
associated in Doberman Pinscher (13), Anatolian Shep-
herd, Boxer, Norwich terrier, Wire Fox terrier, Airedale
terrier, Bull terrier, Kerry Blue terrier, Cocker Spaniel,
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Golden Retriever, German Shepherd Dog, Collie,
Pekingese, Keeshond, Bulldog, Schnauzer, Poodle, Dachs-
hund, Old English Sheepdog and Samoyed (15). Although
in these breeds it has not been convincingly demonstrated
whether copper accumulation it is the cause of the disease
rather than representing a concomitance with chronic
hepatitis (1), a recent study on a group of Labrador
Retrievers suggests a possible hereditary primary copper
storage disorder in these animals (13). Further studies and
the definition of shared criteria may help in the next future
to define a copper-related chronic hepatitis as primary or
secondary, as suggested by Spee et al., which proposed
the histochemical detection of copper liver levels as an
effective parameter for this purpose (14).

Furthermore, similarly to what happens in human medi-
cine, in which inherited a-1 antitrypsin deficiency may be
associated with an accumulation of a-1 antitrypsin in the
liver, participating in the genesis of a chronic hepatitis, also
in the dog (English cocker spaniels) elevated liver levels
of that molecule have been associated to chronic hepatitis
(5,16,17).

Clinical aspects

In dogs, it has been suggested to consider a chronic
hepatitis after finding four months of elevated serum alanine
aminotransferase levels associated to characteristic
histopathological changes (18). Clinically, the disorder is
generally not characterized by specific signs (19); anorexia,
vomiting, diarrhea, polydipsia and polyuria, fatigue but
also jaundice, hepatic encephalopathy and ascites can be
variably associated to the disease, depending on its severity
(1,19). In case of liver failure, coagulopathies may be pre-
sent; cirrhosis can be associated with portal hypertension
(6) and in dogs with chronic hepatitis, ascites has been con-
sidered a negative prognostic factor (20), as already known
for humans (21).

Laboratory findings are usually unspecific, and even
though they can suggest a problem involving the liver they
do not highlight whether the condition is a chronic hepatitis
or another problem affecting that organ (19).

Usually, in case of clinical and/or laboratory suspicion
of hepatitis an ultrasonographic liver scan can be of diag-
nostic aid; the finding of an altered structure can be indica-
tive of a liver problem (Figs. A and B) even though many
cases of chronic hepatitis may not be associated with ultra-
sound abnormalities (22,23); however, free fluid in the
abdomen (ascites) can usually be easily identified (22,23).

Histologically, a diagnosis of chronic hepatitis is done
when apoptosis or necrosis of hepatocytes, regeneration
and fibrosis, as well as mononuclear or mixed inflamma-
tory infiltrate, is found. It is important to determine the
activity (quantity and extent of the damage) and the stage
(extent of fibrosis and presence of cirrhosis) of the disease
(5,6,19) (Figs. C and D). The essential diagnostic feature
of canine chronic hepatitis is portal inflammation with
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Fig. 1. A. Hepatic parenchymal heterogeneity with hypoechoic nodules
alternated to hyperechoic areas. B. Altered structure of the hepatic
parenchyma with hypoechoic areas and irregularly defined contours;
anechoic peritoneal effusion is also present. C. Liver section characte-
rized by a dissecting septum (arrowheads) consisting of fibrous con-
nective tissue with formation of two sublobules. Fibrous connective tis-
sue is prominent in the portal areas and thin bands tended to encircle
small groups of hepatocytes. Note a generalized peri-centrolobular
degeneration with ballooning or vacuolated hepatocytes (large arrow),
and iron pigment deposition at the periphery of a sub-lobule (small
arrows). A mild lymphoplasmacytic inflammatory infiltration in zone 1
is also present, associated with moderate reticulofibrosis. Case com-
patible with an histological diagnosis of chronic hepatitis. H&E stain.
Bar = 100 pm. D. Liver histology showing severe architectural disorder
and abnormal nodules formation (arrowheads) associated with bands
of connective tissue often extending from one central vein to another.
A large regenerative nodule corresponds to the hypoechoic region seen
on ultrasonography in B, with collagen deposition along with a con-
densed reticulin network bordering the regenerative nodule (large
arrows). This hepatic lobular collapse and fibrosis is mixed with severely
vacuolated hepatocytes. Insert: high power view of the edge of the
regenerative nodule, in which vacuolated hepatocytes (bottom), con-
densed reticulin network with bile ductules (small arrows), and the
edge of the regenerative nodule (top) can be seen. H&E stain. Bar =
100 pm.

absence of piecemeal necrosis (24). As described by some
authors (25), fibrosing hepatitis results from a progression
of piecemeal necrosis and consists in dissection of the
lobular parenchyma by reticulin and fine collagen fibers
with minimal portal inflammation (26). Two other con-
ditions, histologically characterized by noninflammatory
fibrosis, which varied from diffuse to zonal reticulofi-
brosis, have also been reported (27,28) and named non-
inflammatory primary hepatic fibrosis (27) and idiopathic
hepatic fibrosis (28). In the latter condition, the young
age of the patients and overrepresentation of German
shepherds suggested a genetic component (28). Fibrosis
commonly occurs as a sequel to hepatic parenchymal
damage and inflammation, often progresses to cirrhosis,
and is associated with increases in interstitial collagen,
basement membrane collagen (type IV), and proteogly-
cans (29). Disse’s spaces contain increased amounts of
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laminin and fibronectin, as well as collagen (30,31) and
hyperplasic Ito cell, whose role in hepatic fibrosis has
been a topic of interest in the last decade. One of the like-
ly initiating factors of fibrosis is changes involving cel-
lular fibronectin, which seem to arise from activated
lipocytes (32).

The evolution of a chronic hepatitis is represented by
cirrhosis, characterized by diffuse fibrosis and rearrange-
ment of liver architecture, with nodules and porto-central
vascular anastomosis formation. Depending on nodules
size, smaller or larger than 3 mm, cirrhosis can be dis-
tinguished in micronodular or macronodular (2,6).

Lobular dissecting hepatitis is a disease characterized
by a rapid evolution and affecting young dogs, in which
fibroblasts and extracellular matrix modify the lobular
structure of the liver laying between hepatocytes (6).

Eosinophilic hepatitis is a rare condition associated to
allergic conditions, hypereosinophilic syndromes, para-
sites, or to drug-related disease, consisting in a non-spe-
cific reactive hepatitis characterized by a scattered
eosinophilic infiltrate (6).

The presence of an autoimmune hepatitis is still uncer-
tain in the dog because, even though in some cases of
chronic hepatitis it has been shown a lymphocytic (CD3+
lymphocytes) infiltrate, it is not clear if this represents a
primary or a secondary finding (1), although suggestive
of an immune-mediated process (9). The correlation
between chronic hepatitis and an immune-mediated
process has also been suggested in a study in which in
the liver of a dog affected by chronic hepatitis was found
an increased ratio of CD4+/CD8+ lymphocytes (33), and
in a study in dogs with chronic hepatitis showing prolif-
eration of peripheral blood mononuclear cells in response
to liver membrane antigens (34). Furthermore, a study
performed on Dobermans affected by hepatitis at different
clinical stages, showed upregulation of MHC class II anti-
gens in hepatocytes, leading the authors to hypothesize
an autoimmune ground (35), similarly to another study
in which for Doberman hepatitis, showing an association
between the disease and the homozygous haplotype DLA-
DRB1*00601/DQA1*00401/DQB1*01303, it has been
hypothesized an immune origin (36).

CHRONIC HEPATITIS IN MEN

— Chronic hepatitis in humans usually occurs without
symptoms, and it is often diagnosed after blood tests per-
formed for screening purposes. Differently than in dogs,
several etiologic causes, such as alcohol, viruses, meta-
bolic, autoimmune and hereditary factors, have been
identified in men, even though the pathogenic mecha-
nisms are not still completely clarified. The diagnosis of
chronic hepatitis is based on patient history, serological
tests, clinical context (i.e., the presence of metabolic syn-
drome, neurological symptoms, organ dysfunction). In
variable percentage, chronic hepatitis may evolve to cir-
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rhosis, the diagnosis being sometimes disclosed by
the occurrence of acute complications such as variceal
bleeding, encephalopathy, ascites, etc. Screening ultra-
sound in asymptomatic patients may reveal signs of
unknown liver disease and incidental hepatocellular car-
cinoma (HCC).

— Alcoholic hepatitis. Ethanol abuse is a relevant cause
of liver damage. The spectrum of disease ranges from fat-
ty liver to hepatic inflammation, necrosis, progressive
fibrosis and HCC. The pathogenesis of liver damage
involves abnormalities of energy metabolism, oxidative
stress and immunologic mechanism. Chronic alcohol use
depresses the activity of all mitochondrial complexes,
and causes hypoxia due to liver cells increased require-
ment deriving from ethanol metabolism. Alcohol also
leads to increased liver oxidative stress trough generation
of acetaldehyde; this molecule can form hybrid adducts
with reactive residues acting on proteins or small mole-
cules, mediating lipid peroxidation and nucleic acid oxi-
dation (37). Ethanol intake increases intestinal perme-
ability to a variety of substances, including bacterial
endotoxins, that trigger proinflammatory cytokine release,
namely TNF-alfa, TGF-beta, IL-6 (38). In addition, con-
comitant obesity and viral and iron overload aggravate
the severity and the progression of alcoholic liver dis-
ease.

— Chronic viral hepatitis. In humans, five known hepa-
totropic viruses, the hepatitis A, B, C, D, E viruses (HAV,
HBYV, HCV, HDV, HEV) are etiologically linked to viral
hepatitis. Of these, HEV, HBV, HDV and HCV are par-
enterally transmitted and can cause acute infection with a
high propensity to become chronic with long term sequelae,
such as cirrhosis and liver cancer. Viral contact generally
involves transfusion of blood products, injection with con-
taminated needles, unprotected sexual activity, and vertical
transmission.

These viruses are not cytopathic and hepatocyte necrosis
is probably a consequence of cytotoxic T-cell response
directed against membrane-bound viral antigens on hepa-
tocytes.

Despite significant overlap in clinical manifestations,
hepatitis viruses differ widely in their morphology, genomic
organization and modes of replication.

HBYV genome is a partial double-stranded circular DNA
with sequences encoding the viral core (HBcAg), enve-
lope (HBsAg), polymerase (P) and HBx proteins. The
viral genomic DNA is transferred to the nucleus, where
the partially double stranded DNA is circular-closed
(cccDNA), and serves as a template for transcription of
four viral mRNAs with the help of host RNA polymerase.
The largest transcripted mRNA, also called pregenomic
RNA, is used as a template to make new copies of the
genome and to make the capsid protein and the viral DNA
polymerase; pregenomic RNA is then transported back
to the cytoplasm where the viral DNA polymerase makes
a DNA copy. The viral particles begin to assemble at the
hepatocyte surface and are then released. Sera of HBV
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patients carry large number of empty particles composed
of envelope proteins, and the infected sera may contain
also Dane particles, which represent the intact virus. The
most effective measure of prevention is routine immu-
nization for infants and high-risk individuals. Passive
immunization is reserved to infants born from HBsAg
carrier mothers. Therapy of HBV chronic hepatitis
includes recombinant and pegylated IFN-alfa and nucle-
oside/nucleotide analogues (entecavir, telbivudine, ade-
fovir, lamivudine, tenofovir). The goal of therapy resides
on virus eradication and the delay or the interruption of
disease progression.

HDV virus is considered a sub-viral satellite because it
can propagate only in HBsAg carrier individuals. Virus
transmission can occur either with simultaneous infection
with HBV (co-infection) or with HBsAg carriers superin-
fection. These patients progress more rapidly toward cir-
rhosis and may even develop HCC. In chronic infection,
HDV RNA, HDVAg, anti HDV antibodies persist and allow
diagnosis. There is no specific therapy for HDV hepatitis,
mainly based on interferon therapy. As HDV needs HBV
for its propagation, though in absence of an available vac-
cine, HDV infection can be prevented by hepatitis B vac-
cination.

Hepatitis C virus causes a long-term chronic infection
in 70-80% of infected patients, it is a member of flaviviri-
dae family with a genome consisting of a single strained
RNA molecule. HCV enters target cells by a highly coor-
dinated process involving components of the virus par-
ticle and numerous cellular factors. Intriguingly, HCV
entry is restricted only to human and chimpanzee cells
due to the lack of specific receptors in other animals. Less
than one third of patients spontaneously clear a primary
HCYV infection. It has been shown that CD4+ T cell
response appears to be critical to coordinate effective
immunity (39). HCV RNA translation is unique and basi-
cally different from host cell RNA translation; thus, it
may be exploited to develop selective antiviral agents.
Diagnosis of chronic viral infections is made by moni-
toring biochemical, virological and histological parame-
ters. Anti-HCV antibodies and qualitative and quantitative
molecular methods (real time PCR) are used to assess
HCV infection; detection of HCV RNA in blood confirms
the presence of virus because anti-HCV antibodies can
only indicate the exposure to virus. At present no vaccine
candidate is available. A majority of antiviral research at
the moment is focused on protease and polymerase
inhibitors (40,41).

— Metabolic liver disease. Non alcoholic steatohep-
atitis (NASH) is a liver disease characterized by the pres-
ence of fatty infiltration with inflammation that resembles
alcoholic steatohepatitis in non-drinkers (42). The term
non-alcoholic fatty liver disease (NAFLD) has been
adopted to cover the full spectrum of metabolic fatty liver
disease, particularly when histology is undefined (43).
Fortunately, only a minority of patients with NAFLD pro-
gresses to more advanced disease characterised by inflam-
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mation, fibrosis, cirrhosis and HCC. Population studies
show that NAFLD is strongly associated with obesity,
insulin resistance/type II diabetes mellitus, and dyslipi-
demia, and it is considered the hepatic manifestation of
the metabolic syndrome (44). One large European study
found NAFLD present in 94% of obese patients (BMI >
30 kg/m?), 67% of overweight patients (BMI > 25 kg/m?),
and 25% of normal weight patients (45). Insulin resis-
tance is considered the initiating event in NAFLD/NASH
and promoting hepatic free fatty acid (FFA) flux provides
the appropriate substrate for NAFLD/NASH develop-
ment. In addition, direct hepatocyte lipotoxicity, hepato-
cellular oxidative stress secondary to free radicals pro-
duced during p- and w-FFA oxidation, endotoxin/TLR4
induced Kupffer cell cytokine release, lead to stellate cell
activation and hepatic fibrosis. Clinicians’ attention is
focused on insulin sensitizing” drugs such as glitazones,
which can be used to treat the liver disorder, but lifestyle
measures, diet and increasing physical activity through
aerobic exercise have been shown to be crucial for treat-
ment of this condition (46).

— Hereditary diseases. Metal accumulation is the main
cause of adult hereditary chronic hepatitis, causing sys-
temic diseases that involve many organs with consequent
clinical syndromes. “Bronze diabetes” or hereditary
hemochromatosis is a well defined iron load syndrome,
characterized by the toxic accumulation of iron in liver
and endocrine glands. Most cases of hemochromatosis
arise from genetic alterations, including HFE (mutated
in more than 80% of cases of hemochromatosis), TfR2,
and HJV. These genes regulate hepcidin synthesis, a pro-
tein involved in iron homeostasis. Increased saturation
of transferrin (which transports iron to cells such as ery-
throid precursors in the bone marrow) and iron accumu-
lation in the parenchymal cells of various organs (liver,
gonads, pancreas, heart, and skin), is related to the defi-
cient or reduced synthesis of hepcidin, which down-reg-
ulates the entry of iron into the bloodstream (47). Wilson's
disease or hepatolenticular degeneration is a rare auto-
somal recessive disorder caused by mutation in the
ATP7B gene, with resultant impairment of biliary excre-
tion of copper. Metal accumulation, firstly in the liver
but ultimately in the brain and other tissues, produces
protean clinical manifestations that may include hepatic,
neurological, psychiatric and ophthalmological alter-
ations. Free copper is extremely toxic and can produce
irreversible cellular damage. Both the ATP7B protein and
ceruloplasmin are involved with copper transport; the
ATP7B protein mediates the incorporation of six copper
molecules into apoceruloplasmin, forming ceruloplasmin.
ATP7B transports excess copper across the hepatocyte
apical membrane into bile canalicula for subsequent bil-
iary excretion. Mutation in the ATP7B gene occurring in
Wilson’s disease, results in defective ATP7B protein that
cannot perform these functions (48). The consequent pro-
gressive copper accumulation ultimately compromise
hepatic function; when the hepatic storage capacity is
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exceeded, unbound copper spills out of the liver and is
deposited in other organs and tissues, where it also pro-
vokes damage and dysfunction. Chelating agents such as
penicillamine, promoting copper excretion, represent the
principal therapeutic weapon for Wilson’s disease; zinc
acetate is commonly used in maintaining therapy after
copper depletion and has been shown to be effective in
neurological syndrome and in children (49).

— Autoimmune disorders. Autoimmune hepatitis
(AIH) is a chronic inflammatory disease of unknown eti-
ology characterized by the presence of circulating autoan-
tibodies, hypergammaglobulinemia (IgG), necroinflam-
matory changes on hepatic histology and a dramatic
response to immunosuppressive drugs (50). Although
more frequent in young women (at least 70% of cases
and 50% are younger than 40 years), AIH can affect chil-
dren and adults of all ages and ethnicities; 25-34% of
patients present with asymptomatic liver test abnormal-
ities, and 40% of them may have an acute onset, but the
presentation of severe fulminant hepatic failure is rare.
In children or elderly patients the disease commonly pre-
sents with liver cirrhosis. No single clinical or biochem-
ical test proves the presence of AIH and autoantibodies
are nonspecific; an exception may be the presence of sol-
uble liver antigen/liver —pancreas (SLA/LP) autoantibod-
ies (present in about 20% of patients). However, the pres-
ence of autoantibodies in the serum is of diagnostic
importance and helps in categorizing the various subtypes
of ATH. Type 1 AIH is characterized by the presence of
antinuclear antibody (ANA), anti smooth muscle antibody
(SMA) or both, and represents 80% of AIH cases; about
25% have cirrhosis at the presentation and the association
with other autoimmune disease is common. Type 2 ATH
is characterized by the presence of anti liver kidney
microsomal (LKM)1 and/or LKM3 and/or anti liver
cytosol (LCI) antibodies. Most patients are children, acute
severe presentation can occur, and progression to cirrhosis
commonly ensues. As a rule, autoantibodies should not
be used to monitor therapy, predict AIH activity or out-
come. Anti-nuclear antibodies (ANA) are encountered in
about 80% of AIH patients in titers greater than 1:40 and
anti-smooth muscle antibodies (ASMA) in titers greater
than 1:40 are seen in approximately 70%. Both ANA and
ASMA, in low titers, may be seen in other chronic liver
diseases such as HCV, Wilson disease, alcohol-related
liver disease, or NASH. Although the exact pathogenesis
is still unknown, AIH is thought to be caused by envi-
ronmental triggers (viruses or drugs) which cause the
failure of immune tolerance in a genetically susceptible
host. The underlying genetic predisposition has been sug-
gested because patients are predominantly female and
the association of the disease with certain human leuco-
cytes antigens (HLAs); in particular, HLA B8, DR3 and
DR4 are found to be significantly frequent in different
populations with AIH. The histological hallmark of ATH
is lymphoplasmacytic periportal infiltrate invading the
limiting plate, also called piecemeal necrosis or “interface
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hepatitis”, that eventually progresses to lobular hepatitis.
There is often abundance of plasma cells and eosinophils
and a lobular, or panacinar hepatitis is frequently
observed. Fibrosis is present in all but the mildest forms
of AIH, and it causes distortion of the hepatic lobule and
the appearance of regenerative nodules, resulting in cir-
rhosis. Immunosuppressive therapy with corticosteroids
usually in combination with azathioprine is considered
the gold standard to induce and maintain remission (51);
alternative treatments employ budesonide and mycophe-
nolate mofetil.

CONCLUSIONS

Primary hepatitis is a frequently encountered liver dis-
ease in the dog, and represents 0.5-1% of the case load
(depending on the study); about two thirds of these
patients are affected by chronic hepatitis (2,18,23).
Presently, many clinical cases of chronic hepatitis in dogs
are classified as idiopathic, while in humans an etiologic
diagnosis is usually sought to start a targeted therapy
(1,2). However, by considering some similarities in liver
reaction patterns in the two species comparative studies
could yield useful data to increase bilaterally the knowl-
edge on the disease (3,4). This concept is strengthened
by the fact that similarities in the hepatic fibrotic process
(transforming growth factor $-1 (TGF -1) expression
and Smad 2/3 phosphorylation) in man and dog have been
demonstrated (3). TGF f is produced by perisinusoidally
located hepatic stellate cells directly involved in fibro-
genesis, by stimulation release of collagens and gly-
coaminoglycans and of inhibitors of metalloproteinases
(2). In addition, an immunohistochemical study conduct-
ed on cytokeratin-7 (CK7), human hepatocyte marker 1
(Hep Par 1), multidrug resistance-associated protein-2
(MRP2), and breast cancer resistance protein (BCRP)
showed several similarities in the two species, in both
normal liver samples and pathological ones (acute and
chronic liver disease) (4).

In the dog, a-smooth muscle actin positive cells, similar
to stellate cells and myofibroblasts, seem to be correlated
with inflammation and fibrosis, as it has been shown in
man (1,9). The role of these cells is important because they
could represent the base for strategies directed against fi-
brosis (1).

Copper storage disorders are known both in man and in
dog, but even though there are similarities between human
Wilson’s disease and the Bedlington terrier one (12), there
are also differences, owing to the fact that in man the accu-
mulation is present not only in the liver, as it happens in
Bedlington terrier, but also in other organs like the eyes (1)
or the brain (52) and that different genes are involved in
Wilson’s disease and in Bedlington terrier copper storage
disorder (15).

Further studies are needed to widen our knowledge on
autoimmune hepatitis in the dog.
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