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ABSTRACT

Canine Acidophil Cell Hepatitis (CACH), the subject of
this study, was First described only relatively recently
by Jarrett and O0’Neil (1985). The aims of this study were
to increase understanding of the disease, to investigate
its experimental transmission to dogs and varicus labcrat-
ory animal species and to search for the aetioclogical

agent.

The introduction to this thesis describes the structure
and Function of normal and diseased liver, before concent-
rating on viruses knouwn to cause liver disease in animals
or humans and their resultant illnesses. A wide range are
discussed since the aeticlogical agent of CACH has still
to be isclated or identified. All of the protocols and
techniques employed in this study are covered in the

general materials and methods chapter.

A sample of twenty CACH fField cases described in chapter
three, demonstrate the wide age range and variety of dogs
which can be affected as well as the extensive geographic-
al distribution of the disease throughout the country.
The series was not a comprehensive coverage of all the

CACH cases and suspected cases studied.

Three canine transmission studies investigated the transm—
ijssibility of CACH, following the course of infection

with Ffrequent clinical, bicchemical and haematological
examinations. They provided material for other investigat-
ions including electron microscopy and serological
studies. The last of the three used material from
experimentally-infected rats to transmit CACH back to
dogs. Transmissibility to various laboratory species was
investigated, some were found to be more susceptible to

CACH infection than others.

Extensive electron microscopical examinations, of experim~



ental and field case material, located inumerable interes-

ting particles but none could be definitely identified as

virions.

Preliminary seroclogical studies, involving agar gel
immunodiffusion CAGID) and peroxidase-anti-peroxidase
(PAP) immunocytochemistry, produced some interesting

results but were not extensive enough to estimate the

possibililty of developing a diagnostic test for use in
living animals.
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Definitions

Canine acidophil cell hepatitis (CACH)

A liver disease characterised by the distribution of
acidophilic dying hepatocytes, especially in the limiting
plates of portal tracts, extending out with increasing

severity.

Acidophil cell
The classic cell seen in CACH lesions. A polygonal cell,
often with concave sides, with acidophilic cytoplasm and a

shrunken condensed nucleus.
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.0 INTRODUCTION

This chapter deals first with normal liver (section 1.1).
A brief outline of the liver’s physiological role is
followed by its general structure and ultrastructure. The
next section (1.2) 1is concerned with general liver
disease. Various causes of liver disease are given and the
effects of the resultant disturbance of hepatic Ffunction
are described. Some of the biochemical and histological
features of liver disease and the ultrastructural changes

revealed by electron microscopy are also given.

Viruses causing liver disease are considered in more
detail in section 1.3. The causal agent of canine acidoph-
il cell hepatitis (CACH) is thought to be a virus (Jarrett
et al., 1887). Since its identity and therefore any
relationship to other viruses are not yet known, both

human and animal hepatitis viruses are discussed.

The general features of acute hepatitis are dealt with
briefly in section 1.4. Chronic hepatitis is the subject
of section 1.5. The differences between the classification
of the disease in humans and dogs are discussed, before

chronic hepatitis in the dog is considered in more detail.

Section 1.6 deals with cirrhosis and the last section
(1.7) gives some suggestions for therapy for liver disease

cases.
p W% NORMAL LIVER

Faae 1 Physiology

The liver is involved in many important physiological
processes including protein, carbohydrate and fat metabol-

ism. Some plasma proteins, e.g. albumin and fibrinogen,
are synthesised in the liver and urea is produced as a



fpao

Fig 1-1 Structure of liver lgbules and acini
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protein metabolism by-product. The liver plays a role in
the maintenance of the blood glucose concentration, by
converting blood glucose into glycogen for storage until
required. It is important in the maintenance of circulat-
ing lipid levels, incorporating lipid from various sources
into lipoproteins. Liver cells detoxify endogenous waste
products and exogenous toxins and drugs. The liver is
responsible for bile formation and secretion, which
involves bile salt secretion and bile pigment excretion.
It is also involved in the synthesis of cholesterol and
various enzymes, and in the storage of some vitamins and

metals.
E.1.2 Histology

A thin connective tissue capsule surrounds the liver. The
connective tissue invests the portal tracts, dividing the
parenchyma into lobules. In most mammals, including the
species used in these investigations, the small amounts of
connective tissue present result in only indistinct
lobulation, the hepatic parenchuyma thus appearing continu-
ous. Lobules can, however, be imagined using the central
veins and portal tracts as landmarks, and the radiating

pattern of hepatocyte cords and sinuses.

The classical liver 1lobule is the area of parenchyma
around one draining central vein, with portal tracts at
its periphery (see Ffigure 1-1). It is primarily an
anatomical, descriptive structural unit since its blood
supply and bile drainage are both multiple and shared with
other areas of parenchyma. However, it can sometimes be
regarded as a functional unit. Two examples are the
deposition of glycogen after a meal, in concentric 2zones
from the periphery of the lobule towards its central vein,
and the centrilobular necrosis seen in chlorinated

hydrocarbon poisoning.

An alternative structural unit, the simple liver acinus



ed

Cfigure 1-1) defined by Rappaport et al. (1854), constitu-
tes the smallest functional unit of the liver. It is the
parenchyma, situated between two central veins, which
receives blood from its axial vessels (a terminal portal
venule and hepatic arteriole) and passes bile into one
bile ductule in the same portal tract. Each acinus can be
subdivided Ffunctionally into three concentric zones.
Periportal zone 1 hepatocytes receive blood richer in
nutrients and oxygen and are more active metabolically
than the more peripheral mid-zone 2 and perivenular zone
3. Cells of the last are the least metabolically active,
the most susceptible to hypoxic damage and are at the
microcirculatory periphery of the acinus. A complex acinus
(figure 1-1) is formed by the three or more simple acini
relating to the preterminal branches of a portal venule

and a hepatic arteriole.

In cross section, classical lobules are seen to consist of
anastomosing cords of hepatocytes C(two cells wide)d
radiating from a central vein. UVascular sinusoids lie in
the lacunae between the cords, separated from them by the
perisinusoidal space of Disse; they empty into the central
vein. The continous limiting plate of hepatocytes, around
portal tracts, is fenestrated for passage of terminal
branches of the hepatic artery, portal vein and bile duct.
Within the lobules is a supportive network of reticular
fibres which, at the periphery of the lobules, is continu-

ous with the interlobular portal connective tissue.

The liver’s blood supply is carried by the portal vein and
the hepatic artery; these branch and enter the liver
surrounded by connective tissue. Along with the branches
of the hepatic duct they form portal triads, which are
accompanied by lymph vessels. The terminal branches of the
portal vein supply the sinusocids, while those of the
hepatic artery mostly supply the peribiliary plexus oOr
empty directly into sinusocids. The latter have thin
cellular walls of fenestrated endothelial cells and fixed
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macrophages (Kupffer cells). They empty through pores into
the central vein (really a thin walled venule), which is
surrounded by a thin layer of connective tissue. At the
end of the lobule it opens perpendicularly into an inter-
calated vein. These coalesce to form anastomosing hepatic
veins which run alone, surrounded by abundant connective

tissue and eventually empty into the caudal vena cava.

Hepatocytes are large, polyhedral cells with large,
spherical, centrally-located nuclei. The latter are rather
light in appearance, with a few chromatin clumps and one
or more distinct nucleoli. The Ffluctuating Ffunctional
state of hepatocytes contributes to the considerable
variety in appearance of their cytoplasm. Scattered
basophilic clumps of ergastoplasm are usually seen.
Inclusions of glycogen and fat appear as empty spaces in
the cytoplasm, with routine histological preparation. They
have an irregular (glycogen) or rounded (fat) shape. Lipid
droplets normally occur in modest numbers. When fat
accumulates it usually does so centrilobularly first; the
small, spherical droplets enlarge by coalescence as well
as further accumulation, until the cell may be distended
by a single 1large drop. The amount of glycogen is
variable, being greatest shortly after a meal when it is
deposited from the periphery of the lobule inwards; it is

later removed from the most central depaosits first.

Bile canaliculi, situated centrally between two adjoining
hepatocytes, form a three-dimensional network. Their walls
are formed by the locally specialized surfaces of adjoin-
ing liver cells. The bile is carried by short canals (of
Hering) to terminal bile ducts (bile ductules) which empty
into the bile ducts of the portal tracts. The initially
cuboidal bile duct epithelium increases in height, to
columnar, with increasing duct diameter. It stains very
lightly and is surrounded by a dense layer of connective
tissue. These interlobular bile ducts anastomose and join,

to eventually form the hepatic duct. It is joined by the
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cystic duct, from the gall bladder (when present), to form

the bile duct which opens into the duodenum.

Kupffer cells have plumper nuclei than the Fflattened
sinusoidal endothelial cells. These fixed macrophages
arise from blood monocytes and are part of the reticulo-
endothelial system. They can contain remnants of

phagocytosed erythrocytes.

In the 1liver capsule, superficial 1lymph vessels form
plexuses with deep 1lymph vessels in the interlobular
connective tissue. Lymph vessels accompany portal triads
right to the terminal ramifications. Nerves also accompany
the triads, supplying the smooth muscle of the arterial

walls.
1.363 Ultrastructure

Electron microscopy reveals that the liver cell nucleus is
surrounded by a double-layered nuclear membrane which is
perforated by numerous nuclear pores. Heterochromatin
appears as masses of dense particles, mostly at the
periphery of the nucleus. The dense, usually eccentric
nucleolus also has associated chromatin at its circumfer-

ence.

Hepatocyte cytoplasm contains numerous mitochondria which
tend to be large and ovoid, with only small numbers of
cristae and conspicuous intramitochondrial granules. They
are frequently associated with 1lipid inclusions. Rough
endoplasmic reticulum (RER) is scattered throughout the
cytoplasm, often in parallel arrays corresponding to the
basophilic clumps of ergastoplasm visible with 1light
microscopy. Free polyribosomes also occur in the
cytoplasm. The smooth endoplasmic reticulum (SER) tends to
be located along the cell membrane and near glycogen
deposits. Golgi complexes are situated between the nucleus
and bile canaliculi, often close to the latter. Small,
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electron dense bodies are present in the cytoplasm. They
are mainly lysosomes, which are very electron dense and
finely granular, but there are also microbodies, which
have a finely granular matrix and can have a dense or

lamellar nucleus.

Various intracytoplasmic inclusions can be found in the
cutoplasm of hepatocytes. Lipid inclusions can be of two
types: homogeneous or sometimes reticulated fat droplets,
and laminated myelin figures. Stored glycogen occurs as
small homogeneous particles or rosettes of particles.
Pigmentary inclusions can be multilobulated lipofuscin
granules or bile pigment deposits in vacuoles. Iron-
containing granules consist of fFerritin particles
scattered through the cutoplasm or concentrated in

lysosomes; normally haemosiderin granules are very rare.

At the secretory surface of the 1liver cell, microvilli
project into the bile canaliculus; while from the sinusoi-
dal surface, numerous irregularly orientated microvilli
project into the space of Disse. Bundles of collagenous

fibrils are also found in the latter.

As well as the differences in metabolic activity and light
microscopical appearance between hepatocytes in different
parts of the classical lobule, variation can be seen at
the ultrastructural level with the electron microscope. In
normal human livers, Ma and Biempica (18971) noted intra-
lobular variations in hepatocellular organelles. Centrilo-
bular hepatocytes contained round/oval mitochondria and
more SER and peroxisomes; peripheral hepatocytes contained
more and larger, oval/oblong mitochondria and golgi
complexes, more RER, larger lysosomes and wider bile

canaliculi with more microvilli.

Two tuypes of cells can be identified lining the hepatic
sinusoids: endothelial cells and Kupffer cells (Ebe and
Kobayashi, 1972; Johannessen, 1978a). The lining endothel-
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ial cells are attenuated, with no marked projections on
their free surface. They contain few organelles, but do
have phagocytic potential, and extend processes to form
loose junctions with one another. Intercellular gaps and
cytoplasmic fenestrations (pores) mean that the sinusoidal
wall is discontinuous. In contrast, the larger Kupffer
cells bulge into the sinusoidal lumen and have numerous
long cytoplasmic processes. Kupffer cells have a more
heterogenous nucleus than hepatocytes and their cytoplasm
contains less mitochondria and RER. Abundant lysosomes and
well-developed Golgi complexes are indicative of their
phagocytic ability, while the presence of small vesicles

near their surface suggests pinocytotic activity.

Fat-storing cells of Ito, thought to be derived from

fFibroblastic cells (Ebe and Kobayashi, A 9720 are
occasionally seen in the space of Disse or between two
hepatocytes. They have also been called fat-storing

adventitial fibrocytes and perisinusocidal lipocytes
(Johannessen, 1878a). These polygonal, process-bearing
cells contain few organelles but several large cytoplasmic
lipid droplets, in which most of the liver’s vitamin A is
stored. The absence of any indication of phagocytosis
differentiates them from sinusocidal endothelial cells and

Kupffer cells.

Bile duct epithelial cells are cuboidal and smaller than
hepatocytes. Their low density nucleus is large in
relation to cytoplasmic volume. A small nucleolus is
rarely visible. These cells contain only a small number of
organelles. The few mitochondria have a clear matrix and
long cristae; they are often present in two groups, above
and below the nucleus. There is scanty RER and the Golgi
complex is always situated between the nucleus and the
apical pole. Many short microvilli project from the cell
surface into the bile duct lumen, at the apical pole.
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e GENERAL LIVER DISEASE

e .1 Aetiology

There are many different causes of liver disease. Viral,
bacterial and fungal infections can all cause hepatitis.
Hypoxic damage can occur in shock, venous congestion (e.g.
in congestive cardiac failure), or anaemia. Primary liver
tumours occur and the liver is a common site for secondary
metastases. The liver is susceptible to damage by toxins
and poisons, including some drugs. Metabolic disturbances
can also cause liver disease; specific dietary deficien-
cies may lead to fatty liver and 1liver cell necrosis,
specific enzyme deficiencies can result in hepatic storage
diseases or failure of biliary secretion. Extrahepatic
biliary obstructions and cholangitis (which is often the
result of an ascending bacterial infection) cause biliary
tract lesions. Prolonged biliary obstruction can lead to

biliary cirrhosis.
Lyeie Pathophysiology

The varied effects of the disturbance of hepatic function
by liver disease can be considered in three main groups:
hepatocellular failure, portal hypertension and biliary

obstruction (MacSween, 1385).

HEPATOCELLULAR FAILURE occurs when there is inadequate
total hepatocyte function to maintain the naormal physiol-
ogical state. This can be due to the loss of many cells
(e.g. in severe viral hepatitis) and/or the impaired
function of hepatocytes, often resulting from chronic
interference with blood flow (e.g. in cirrhosis). The
following conditions are some of the many and varied

effects of hepatocellular failure.

Hepatic encephalopathy is a term for neurological disturb-
ances due to the effect on the central nervous system
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CCNS) of changes in nitrogen metabolism leading to
increased blood levels of toxic nitrogenous compounds,
such as bacterial metabolites from the gut. The Ffactors
contributing to hepatic encephalopathy and the signs of it

are detailed more fully later in this section.

Jaundice results from failure of the removal of bilirubin
from blood, its conjugation and excretion in bile. It is
usual in acute hepatocellular failure, the severity
reflecting the degree of damage. In chronic hepatocellular
failure the degree and type of jaundice vary. An obstruct-
ive Jaundice precedes hepatic dysfunction in secondary
biliary cirrhosis. In other types of chronic failure it is
a late, bad prognostic sign, usually only mild or moderate
in degree and probably due to failure of hepatocytes to

excrete bilirubin.

Hormonal disturbances can occur in hepatocellular Ffailure
e.g. failure of hepatic inactivation of oestrogens, or
hyperadrenocorticism due to reduced metabolism and excret-

ion of adrenal corticosteroids.

Circulatory disturbances are possible e.g. a hyperkinetic
circulation, which is probably due to vasbactive substan-—-
ces or impaired sympathetic responsiveness. Coagulation
defects result from the defective synthesis of coagulation

factors.

Functional renal failure (the hepatorenal syndrome) can
occur in acute and chronic hepatic failure and is possibly
due to impairment of proximal tubular function by humoral

fFactors, released in severe liver cell injury.

Ascites only occurs when portal hypertension is also
present, as in cirrhosis. In chronic liver failure, reduc-
ed albumin production leads to a fall in plasma osmotic
pressure; portal hypertension raises the hydrostatic
pressure in the hepatic and intestinal microvasculature.
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Figil=e Example of an accessory portal circulation
Well developed APC with renal (R) and umbilical

(Ud anastomoses in B-year-old M dog
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Lymphatic compensation is overwhelmed (Grauer and Nichols,
1885) and there can also be lymph leakage due to outflow
obstruction. Peripheral oedema is mainly the result of the

fall in plasma osmotic pressure.

Fever is common in acute hepatocellular failure; hypother-
mia can occur in chronic failure. Other features of
hepatocellular Ffailure can include: general ill health
with anorexia, wasting and vomiting. Bacteraemia can be a

complication of hepatocellular failure.

PORTAL HYPERTENSION, due to extra or intrahepatic blood
flow obstruction, can result in enlargement of multiple,
frequently tortuous anastomoses shunting some portal
blood directly into the systemic circulation, bypassing
the liver (i.e. the opening up of pre-existing portosyst-
emic collaterals). This accessory portal circulation
increases the blood level of toxic compounds absorbed from
the gut, aggravating the effect of hepatocellular failure
on the CNS. Portal vessels can anastomose with the renal
veins or empty directly into the posterior wvena cava.
Anastomoses may also develop in gastric, oesophageal,
lower rectal and anal vessels, in the falciform ligament
and at points of contact between abdominal viscera and the
abdominal wall (see Ffigure 1-2). The cause of such
multiple aquired shunts in dogs with chronic hepatitis/
hepatic fibrosis or overt cirrhosis is intrahepatic blood
flow obstruction. In contrast, the single, large portosys-
temic shunts which can also occur in dogs are usually
congenital in origin (Hardy, 1983; Vulgamott, 18B5).

BILIARY OBSTRUCTION can be due to obstruction of a major
duct, or stagnation in bile canaliculi. It results in
obstructive jaundice, due to reabsorption into the blood
of conjugated bilirubin. Bile acids and cholesterol are
also reabsorbed. A lack of bile salts reaching the
intestine causes malabsorption of fat, hence steatorrhoea
and malabsorption of fat-soluble vitamins, leading to



L ieTEs

28

deficiencies of vitamins A, D, E and K. The harmful effect
of retained bile upon hepatocytes can result in liver cell
necrosis and eventually cirrhosis if cholestasis is
prolonged. A secondary, bacterial ascending cholangitis

can complicate major duct obstruction.

- Jaundice can have a variety of aetiologies including:
nonhepatic (haemolytic), with abnormal packed cell volume
(PCV) and high unconjugated bilirubin level; hepatic; and
extrahepatic biliary obstructive diseases. The serum
enzyme pattern can be helpful when trying to differentiate
the last two (see section 1.2.3). Functional changes in
hepatocytes, canaliculi and bile ductules are now thought
to dominate the pathogenesis of intrahepatic cholestasis
(Teodori, 1975); the older concept of mechanical obstruct-
ion of intrahepatic ducts, is thought to be less

important.

Hepatic encephalopathy is contributed to by three factors:
hyperammonaemia; altered plasma concentrations of the
amino acid precursors for neurotransmitter synthesis; and
increased plasma concentrations of short-chain fatty acids
(carbohydrate fermentation products) and mercaptans
(methionine degradation products) which act synergistical-
ly, in the intestine, with ammonia to cause clinical signs
(Z2ieve et al., 1974). A reduction in plasma concentrations
of branched-chain amino acids and an increase in aromatic
amino acids results in the production of less excitatory
neurotransmitters and more inhibitory .neurotransmitters.
The varied signs of hepatic encephalopathy include: alter-
ations in consciousness, personality changes, circling,

head pressing, blindness, seizures and coma.
1.2.3 Biochemical Evaluation

Laboratory tests can provide information about three
interrelated aspects of liver disease: whether there has

been recent hepatocellular damage, whether there is
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cholestasis and whether the liver is functioning normally
(Bush, 18B80). No single test can provide an adequate
overall evaluation and many are not specific for liver
dysfunction. Therefore several tests are usually performed
when liver disease 1is suspected and the results are

interpreted in conjunction with the history and clinical

signs.

Increased serum activity of liver-specific enzymes,
commonly used as an indicator of liver disease, can be due

to either increased hepatocellular release or production.

The release of hepatocellular enzymes can result from
increased membrane permeability or cellular necrosis. In
the former case, affected hepatocytes may revert to normal
or undergo necrosis. The size of the increase in serum
enzyme activity parallels the number of damaged hepatocyt-
es but cannot be correlated with reversibility of the
damage. Liver function may be near-normal despite severe
liver damage or may be seriously impaired despite normal
serum enzyme levels (Cornelius, 1985a). The two most
commonly measured ”leakage” enzymes are alanine aminotran-
sferase (ALT, Fformerly SGPT), which is essentially liver-
specific in dogs, and aspartate aminotransferase (AST,
formerly SGOT), which is also present in other tissues

muscle. The duration of increased serum activity

disappearance from plasma. The plasma half-1ife of most
enzymes is 2-4% days; however ALT has a short half-life of
only 2% hours. It is therefore possible to have high ALT
oncentrations that return to normal within 24 hours
(Z2inkl et al., 18971). In fact the ALT level can return to
ormal before morphologic evidence of necrosis disappears

(Dixon et al., 1875). Although ALT is the main indicator

of hepatocellular injury or necrosis, the increase in its

activity in serum is roughly proportional to the number of
ells injured and not to the degree of injury (Bush,
1S80) .



33

In contrast, alkaline phosphatase (AP) is one of the
enzymes whose increased serum activity can result Ffrom
increased cellular production without necrosis or cell
damage (Cornelius, 1985a). Sources of AP are
hepatocytes, biliary epithelial cells, osteoblasts,
intestine, placenta and some neoplasms. Although the AP
activity in many tissues is at a much higher 1level than
hat in liver, the latter is now considered toc be the main
source of normal serum AP in adult dogs (Milne, 1985).
his may be due to the very short half-life (less than 6
inutes) of placental, renal and intestinal AP isoenzymes,
ompared to the 3-day half-life of liver AP. The higher
serum AP levels seen in young dogs are due to AP Ffrom
Dsteoblasts in growing bone. Alkaline phosphatase released
rom damaged hepatocytes produces only a modest (2-3
imes) increase in serum activity compared to the increas-
es of up to 100 times, due to increased production, seen
in cholestasis (Bush, 1380; Cornelius, 1985a). Raised AP
evels are a nonspecific change reflecting bile duct
2pithelium proliferation, as in biliary obstruction and
egeneration (Pekarthy et al., 1872), since large amounts
are present in bile duct epithelium. Drug-induced increas-
s should also be considered; glucocorticoids are reported
0 increase synthesis of hepatic AP (Milne, 13885).

S mentioned in section 1.2.2, the serum enzyme pattern
an help differentiate whether a Jjaundiced case has
epatic disease or extrahepatic biliary obstructive
lisease (Schmidt, 1978). Elevation .of ALT indicates
arenchymal cell damage (disturbed hepatocellular permeab-

lity); while a raised AP level indicates biliary system

lisease, resulting in cholestasis.

hether due to intra- or extrahepatic disease, cholestasis
esults in hyperbilirubinaemia and bilirubinuria which are
ccompanied by increased AP activity (Duncan and Prasse,
377>. Although the latter may be detected before the
nset and in the absence of hyperbilirubinaemia.
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In humans, plasma gamma glutamyl transferase (GGT) is a
sensitive indicator of cholestatic disease due to hepato-
biliary obstruction (Schmidt, 1878). The much lower GGT
activity in canine liver compared to that in other
species, may explain the lower serum levels of GGT in dogs
Shull and Hornbuckle, 18738). In experimental studies in
plasma GGT activity was found to parallel that of
blasma AP (Noonan and Meyer, 18738). As in humans, GGT may
be helpful in differentiating the source of elevated serum
AP without using complicated iscenzymology. However Shull
nd Hornbuckle (1878) among others suggest that the
ccasional benefit from knowledge of serum GGT in dogs

oes not merit its routine determination.

he condition of the liver’s excretory function can be
uggested by the serum bilirubin level and bromsulphthalein
B5P) or indocyanine green (ICG) clearance tests. The last
wo tend to be used when serum biochemistry is inconclus-
€. UWhereas ALT, AST and AP indicate damage occurring at
at time, the BSP clearance test is really an index of
patic functional mass. The liver has a large spare

nctional capacity, so there has to be a major problem

efore the BSP clearance is markedly altered e.g. in a
ronic hepatitis case with a lot of fibrosis rather than
an acute hepatitis. It is better not to perform the BSP
learnce test when serum bilirubin levels exceed 3mg/dl
Strombeck and Gribble, 13878).

ea is synthesized from ammonia in the liver. Advanced
ver disease cases have low blood urea nitrogen levels
BUN) and elevated blood ammonia (due to reduced hepatic
nction and/or portosystemic shunting of blood ammonia) .
Jwever it should be remembered that fasting, not liver
sease, is the most common cause of low BUN levels. Due
) the liver’s influence on BUN levels, serum creatinine
ould be wused for evaluating renal function in canine

ver disease cases.
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Abnormal ammonia tolerance test results, 1like increased
BSP retention, indicate changes in hepatocyte function and
in hepatic circulation. However, the test now appears to
more specific for detection of hepatic circulatory
Histurbance than for reduced hepatic function (Conn, 1361;
1983; Twedt, 18985). The liver’s capacity to convert
to urea is reduced by necrosis. The exchange of

substances between hepatocytes and sinusocidal blood is

adversely affected by hepatic architectural changes.
epatocyte regeneration as double-cell plates, halves the
perfused surface area. Collagen deposition both separates
ells from their circulation and alters haemodynamics;
ascular shunts in the fibrous septa bypass the sinusoidal

irculation.

erum bile acid (SBA) levels have been used increasingly
n the diagnosis of canine hepatobiliary disease, since
he wvalidation of two methods for their measurement in
ogs and cats (Bunch et al., 1884b; Center et al., 1884).
hey would also appear to be useful tests of hepatic
xcretory function in dogs (Matern and Gerok, 18738). Hauge
nd Abdelkader (1884) found the SBA concentration to be a
ery sensitive parameter for the detection of liver
isease in dogs, including secondary liver involvement in
ther problems like diabetes or heart failure. Fasting SBA
FSBA) values were found to be increased in dogs with all
orms of liver disease (Center et al., 1885). They are
etter used to detect severe hepatobiliary disease than
ild and are not, on their own, of use in the differential
iagnosis of liver diseases. In Jensen’s (1881) evaluation
FSBA and 2-hour postprandial SBA (PSBA) levels he found
at the latter tended to be superior in sensitivity,
pecificity and predictive values to the other hepatic
BSts. However they are still best used in conjunction
ith tests Ffor liver enzyme activity (Center et al.,
991). Bile acids are synthesized in the liver from
olesterol, conjugated to the amino acids taurine oOr
lycine, then transported in the bile to the intestines,
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here their detergent action facilitates lipid digestion
nd absorption. HMost of the bile acids are reabsorbed, by
ctive transport, in the ileum. They are then carried, in
he portal blood, to the liver where they are actively
eahsorbed with wvery little spillover to the systemic
irculation. Normal, efficient enterohepatic circulation
esults in only a small daily loss of bile acids in the
‘faeces (Dowling, 18723, and only small amounts in the
stemic circulation after a 12-hour Ffast. The small
ysiological requirement for bile acids and vast reserve
;pacitg of hepatic synthesis means their levels are not
mited by hepatic failure. The FSBA level is determined
the net rate of hepatic uptake from plasma, in relation
the rate of absorption from the intestine (LaRusso et
., 187B); so values rise with substantial hepatobiliary

jsfunction or portohepatic circulatory insufficiency.

rum levels of acute phase proteins (APP) change during
:st acute and chronic inflammatory processes in humans
shner, 1882). Their levels have been investigated in
;patitis (Courtoy et al., 1881) and various chronic liver
seases (Meliconi et al., 1988; Ozeki et al., 13988).
surement of APP may be helpful in differential aetiolo-

.cal diagnosis.

ce hepatic function must be reduced by about BO0% before
oalbuminaemia is detectable, this usually signifies
-stage liver disease (Feldman, 1880)>. The circulating
F-1ife of canine serum albumin is 7-10 days and there-
e hypoalbuminaemia is not usually associated with acute
er Ffailure and is only seen in subacute or chronic
fuse hepatic disease (Cornelius, 1985b). But apart from
uced synthesis, low albumin levels can also be due (by

ution) to plasma volume expansion and ascites.

chronic
The

a and

Aised beta and gamma globulin levels occur in
iver disease, probably due to immune stimulation.

\tter can result From impaired filtration of bacteri
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ndotoxins from portal blood by the hepatic reticuloendo-
helial system, or can be an indication of hepatic

nflammation.

rothrombin and other coagulation factors are synthesized
y the liver, so abnormal clotting times may be seen in
ases with severe damage. These clotting factors have a
uch shorter half-life than serum albumin and so increased

rothrombin time may be present in acute hepatic failure.
Rcihk: Histopathology

must be remembered that the histological image obtained
om postmortem liver samples is not necessarily that
ich was present in life. There are three main groups of
enomena involved in distortion of the original cytologi-
al picture: agonal changes, postmortem changes and
echnical artefacts (Majno, 196%). Various agonal changes
8y occur when death is other than instantaneous. There is
sappearance of glycogen from hepatocytes, mainly due to
oxia and prolonged fasting. Liver parenchyma appears
arker and more uniformly stained. Perisinusoidal spaces
2come wider. Postmortem changes may be less morphologic-—
ly significant than these agonal changes, for a few
durs at least. Technical artefacts can occur when liver
kept at room temperature for several hours, despite
e remarkable degree of preservation of morphological
tail, due to an increase in susceptibility to damage by

rtain fixation and embedding techniqués.

is also worth noting that liver cells may have been
reversibly damaged without it showing histologically,
pecially with the light microscope. For example, when
chaemia is induced in rats, by clamping of a lobe’s
ood supply (Majno, 1964), there is initially a period of
versible alterations, then a point of no return after
ich irreversible changes eventually lead to total
truction. The critical time range for rat and dog liver
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tﬂyears to be between 30 and 60 minutes; after this most

mﬂﬁls cannot recover. However, at this time virtually no
morphological changes are apparent with the light microsc-
ope and cells remain normal looking for several more
hours.

When liver cell necrosis occurs, it can be in a variety of
patterns. Necrobiosis is when single, scattered liver
cells die one by one, in the midst of living tissue. In
piecemeal necrosis, individual hepatocytes are surrounded
by fibrosis and die; this often occurs adjacent to portal
tracts (e.g. see figures 4-135 and 4-181). Cells dying in
small, irregularly distributed groups, at which macrophag-
es and lymphocytes may accumulate, can be termed focal
necrosis. Confluent necrosis involves large groups of
dying hepatocytes, the most severe degree of this being

massive hepatic necrosis.

There are many other possible features of liver disease
which may be visualised with the light microscope. They
include: hypertrophy or atrophy of hepatocytes; hepatocel-
lular hyperplasia; intracellular inclusion bodies;
excessive intracellular accumulation of substances e.g.
fat vacuoles; cholestasis with bile plugs in canaliculi;
congestion; haemorrhage; inflammatory or other cell
infiltrates; fibrosis; structural abnormalities and some
infectious agents e.g. fungi, leptospires and bacteria. As
with necrosis, it is not only the presence of any of these
features but also their degree and distribution which are

significant.
1855 Ultrastructural Changes

The acidophilic body of light microscopy, resulting from
coagulation necrosis, is seen with the electron microscope

to be a very dense, entire cell with loss of microvilli

but recognisable endoplasmic reticulum and mitochondria.

It is smaller than, and detached from, neighbouring
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”;fpatocgtes. Degenerating hepatocytes generally have
ﬁﬁrunken nuclei, irregularly shaped mitochondria and Ffat
ﬁﬁcplets. They are often surrounded by macrophages,
iﬁmphocgtes or fibroblasts.

i

The ballooned cells seen in some acute viral hepatitides
are the result of functional impairment of the plasma
membrane, leading to increased water content in the
hepatocyte cytoplasm (Tanikawa, 1873). Changes in the cell
membrane can follow injury to any organelle; they may be
reversible or may result in liquifaction necrosis of the
hepatocyte. The susceptibility to injury of the plasma
membrane, in pathological conditions like hepatitis, may
result in large blebs, or organelles free in the tissue
spaces.

144

Mitochondrial swelling is a frequent, nonspecific,
reversible phenomenon seen in a wide variety of conditions
including fasting, acute hypoxia, viral hepatitis and
cholestatis. The fact that normal mitochondria may be seen
next to swollen ones, in the same cell, suggests that it
is not simply a passive reaction. Abnormal large mitochon-
dria can enclose many dense granules, as well as electron
opaque material in parallel layers and in filaments in a
regular paracrystalline arrangement - the “myelin-like”
degeneration of the organelle (Rouiller and Jé&zé&quel,
2NN .

Hypertrophied nucleoli may be noticeable in hepatocytes in
various conditions including hepatic regeneration and

viral hepatitis (Rouiller and J&zéquel, 1S63).

Bile ductules are often proliferated with fibre Fformation

around them, in chronic hepatitis, cirrhosis and obstruct-

ive jaundice.

sl

In cholestasis electron microscopy reveals changes in
N epithelial

hepatocytes, bile canaliculi, and bile duct
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=lls (Tanikawa, 1878). There is hypoactive hypertrophy of
epatocyte SER (enzyme activity reduced) and enlarged
itochondria, occasionally with curled cristae or matrix
clusions. The golgi apparatus near the bile canaliculus
s also distended and hypertrophied. Bile accumulates in
epatocytes as fine granular or fibrillar aggregates, with
without a membrane; in severe cholestasis it can occupy
pst of the cytoplasm of some hepatocytes. However, the
nst conspicuous morphological alterations in cholestasis
cur in the bile canaliculi (Schaff and Lapis, 1878).
lation of the lumen, with loss or stunting (bleb format-
on) of microvilli, is common to all clinlical fgpes of
olestasis. Although the canalicular lumen may be empty,

often contains dense bile thrombi which can be finely
anular, Ffibrillar, crystalline, lamellar or whorled.
le materials may also be seen in, or between bile duct
)ithelial cells. Whorled, lamellar material occurs in the

sosomes.

fibrosis the fat-storing cells of Ito, normally found
the space of Disse or between hepatocytes and thought
have fibre-forming potential, are hypertrophied and
creased in number in the immature connective tissue
rrounding degenerating hepatocytes. Their proliferated
d dilated RER suggests active protein production,
obably protocollagen (Tanikawa, 1875). But in cirrhotic
‘dules, with hepatocyte plates three or more cells thick,
llagen synthesis also occurs in regions distant from
nusoids or limiting septa. It is thought to be partly

to condensation of the original reticular network,
er necrosis and collapse of parenchyma, and partly due
new fibre production from precursors coming, via the
ze of intercellular canals, from portal tracts and septa
bhannessen, 1978b). Portal tracts and proliferating
tal bile ducts are the main centres of fibre genesis

the ductular proliferation may have an inducer role in
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The mature connective tissue septa of cirrhosis consist of
any interlaced bundles of collagen fibres and a few
ibroblasts; they contain small blood vessels. In the
barenchyma, dilation of intercellular spaces is a conspic-
ous ultrastructural feature of cirrhosis (Johannessen,
g978b) and many microvilli project into them. Capillariz-
ation of sinusoids with formation of a basement membrane
an be another feature of cirrhosis (Schaffner and Popper,
863); although this does not occur throughout the lobule,
ut mainly peripherally near the septa (Johannessen
979b). This can lead to further injury, by inhibiting the

upply of oxygen and nutrients to hepatocytes.

«3 HEPATITIS VIRUSES AND THEIR DISEASES

the major causes of liver disease detailed in section
.2.1 wviral infections, resulting in hepatitis and
pmetimes cirrhosis, are of the most relevance to this

udy and so will be considered in more detail.

man viral hepatitis has been more extensively studied
an viral hepatitis in animals. The major human hepatitis
ruses are hepatitis A virus (HAVU), hepatitis B virus
BU), hepatitis C virus C(HCV), delta virus C(HDV), and
epatitis E virus C(HEV). They will be considered first,
en other viruses causing human hepatitis, followed by
me causing hepatitis in humans and animals and finally

ruses causing hepatitis in dogs will be discussed.

patitis A, hepatitis B and hepatitis C have similar
inical and biochemical features (MacSween, 1985). Early
ptoms include nausea, anorexia, fat intolerance; and
ten retching, vomiting and fever. Arthralgia can occur

occasionally skin rashes. There is often epigastric

in with painful hepatomegaly. Jaundice tends to develop

days after the prodromal illness and peaks in 10 days,

ompanied by pale faeces and dark urine. One third of
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ases have palpable splenomegaly. Within 2-6 weeks these
satures subside but full clinical recovery may take much
pnger. An initial leucopenia in the pre-icteric stage is
bllowed by lymphocytosis. ALT and AST levels are markedly
hised early in the illness but fall rapidly with the
set of Jjaundice. The best single indicator of the
sverity of the hepatitis is the prolonged, one-stage
othrombin time. Most patients recover; but in severe
sses, death results from fulminant liver failure due to
yssive hepatic necrosis. When jaundice is deeper and
ersistent the problem is termed cholestatic jaundice;

1is usually ends in eventual recovery.
Bl Hepatitis A Virus

patitis A (Infectious hepatitis) virus, an RNA picorna

is a naked spherical particle of 27-28nm diameter
, 188B). It has an oro-faecal transmission, being
in faeces and blood early in infection (although
renteral spread is possible). The incubation period is
pund 15-40 days (MacSween, 1985) . An exceptional
ability favours its distribution via faecal material and
taminated water and food. It tends to cause a mild
sease of low mortality (1% or less) but it often has a
gh infectivity rate in susceptible populations. Only one
otype has been identified. In areas where it is

demic, infection often occurs in youth so there is a

er attack rate in adults.

ere is now strong evidence for the development of
otoxic T cells, capable of lysing HAU-infected target
ls, which may play a role in hepatocyte destruction
rane et al., 1885; UVallbracht et al., 188B6). HAV has
n experimentally transmitted to marmosets and chimpan~
s. It can now be propagated in vitro in 2a variety of
tures, including African green monkey kidney cells,
an embryonic fibroblasts, MRC-S and vero

ever, its recovery from clinical samples and adap

cells.
tation
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infectious virus to growth in wvitro can still be

B e R el B 5 5
LD Hepatitis B Virus

ppatitis B (serum hepatitis) virus is a DNA hepadnavirus,
e complete infectious virion being the 42nm diameter
Dane particle”. Excess coat material is seen as 20nm
nherical particles and tubular structures in hepatocyte
yjtoplasm and in serum. Viral replication occurs in the
cleus, so core antigen (HBcAg) is mainly seen there but

may also be seen in the cytoplasm. Coat material
rface antigen (HBsAg), is found in the SER. Hepatitis B
rus is mainly spread parenterally but it can also be
yread sexually, by intimate contact, oro-faecally and
rtically. Any age can be affected and the incubation
riod is long, 50-180 days. It causes a clinically severe
sease with a variable mortality up to 15%. Although
)st cases recover, with elimination of the virus, a small
rcentage (about 5%) develop chronic hepatitis then
ogress to cirrhosis; about another 5% become chronic
rriers (MacSween, 1885). There is an association between
patocellular carcinoma (HCC) and the chronic carrier
ate. HBU can be transmitted to anthropoid apes causing a
ss severe hepatitis. It is thought that the principal
mune mechanism involved in hepatocyte damage, in acute
d chronic HBU infection, is a cytotoxic T cell response
viral antigen on the surface of infected cells

ddleston, 1888).

animal hepadnaviruses, uwhich are related to HBU, are

scussed in section 1.3.8.

53 Hepatitis C Virus

non-B hepatitis (NANB) was a term
ed to be at least two different
entirely different viruses.

il recently non-A,
2d to cover what appear

Seases, caused by two
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renteral (transfusion—-associated) NANB hepatitis is now
ognised as hepatitis C. Enteric (epidemic) non-A, non-B
ANB) hepatitis is now termed hepatitis E (see section

Although, as Alter (188B) postulated, there may
be other less well defined disease entities in the
NANB group of diseases. The possible existence of
nother parenteral NANB hepatitis (which might be termed
natitis F) has been suggested by a proportion of cases

ich are negative for HCVU (Editorial, 18S0).

what was still classified at the time as parenteral
NB hepatitis, a cytoplasmic tubular-forming agent was
ualised with the electron microscope. It was found to
less than 80nm in diameter by Bradley et al. (1385);
le He et al. (1887) estimated its size to be betuween
" ,and E0nm, by comparative Ffiltration studies. This
mall, chloroform-sensitive, lipid-encapsulated agent was
“;ignated type 1. A nontubular-forming, chloroform-
 istant agent was also visualised and designated type 2.
1988 the biotechnology company Chiron announced it had
“T ated and partially characterised a virus responsible
' a large proportion of blood-borne NANB hepatitis
}-5. The agent was said to be a single-stranded RNA
s which might be classed as a toga virus (Ezzell,
}). Later named hepatitis C virus, it is now considered
5 be an RNA virus which has homology with the flavivirid-

ae (Editorial, 1930).

7‘.titis C can be a significant, sometimes fatal, disease
Hwih can also result in chronic active hepatitis (CAHD,
\:hosis and apparently hepatocellular carcinoma. Any age
p can be affected and the incubation period is between

0 days. It can be transmitted experimentally to

panzees.

Hepatitis D Virus

virus is a defective RNA virus which is dependent on
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he helper functions of HBU for its replication. The 36nm
harticle consists of HBsAg encoating the RNA genome and a
specific delta antigen (HDAg) which is a structural
rrotein. TIransmission modes are similar to HEU, except
+hat vertical transmission is rare. Coinfection with HBV
is commonest and has a low chronicity rate, about 2%
(Caredda et al., 1987). Superinfection of HBU carriers,
ith HDVU, has a high hepatitis D chronicity rate of 70-80%
De Cock et al., 18986; Caredda et al., 1887). HDVU infect-
ion results in a more severe disease, than that due toc HBV
alone C(although it may cause early repression of HBV),
ith more lobular inflammation and eosinophilic changes in
epatocytes resembling NANB hepatitis (Uerme et al.,
986). Damage is thought to be due to cytotoxic cell
effects (Popper, 1884).

3.5 Hepatitis E Virus

epatitis E was until recently called enteric (epidemic)
on-A, non-B hepatitis. Probably an old disease, only
ecently discovered, it is important in the developing
orld, where sanitation is poor. Using immune electron
icroscopy, 27-30nm particles were found in acute phase
aecal samples (Balayan et al., 1883) before the putative
etiological agent was classified as a possible calici
irus (Bradley and Balayan, 1888), named, and the RNA
enome cloned (Keyes et al., 1880J. Serologic tests for

epatitis E now exist, but in practice diagnosis can be
and demonstra-

E

in

ade by serologic exclusion of HAU and HBY,
ion of the epidemiologic characteristics of hepatitis
high attack rate in adults and high mortality rate

regnant women). Unlike hepatitis C, with its high
hronicity rate, hepatitis E appears to be a self-limiting
isease. There is focal necrosis with little inflammation
inflammatory

lobular predilection. The modest
orphs with

nfiltrate consists of Kupffer cells and polum
and lobular cholestasis are

1 cuytolytic necrosis

d no

lymphocytes. Cellular
een; also hepatocyte ballooning, foca
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ith acidophilic body formation, and pseudoglandular

teration of hepatocyte plates.
U376 Other Viruses Causing Hepatitis in Humans

lthough hepatitis A, B, C, D and E account for the
argest proportion of human liver diseases in the world,
ere are other viral agents which can infect the liver

d cause hepatitis.

patitis has been reported in up to B0% of measles
fections in adults (Bavish et al., 1883). Philips et
., (1991) recently described a viral particle associated
th and possibly the cause of syncytial giant-cell
patitis. The ultrastructural appearance of the particle
s suggestive of a paramyxovirus. Although measles could
t be definitely excluded as the causal agent, staining
r measles antibodies proved negative and the onset and
inical course of the disease were different from
asles, suggesting that another paramyxovirus was the
se. It has been suggested that the disease might even

ome known as hepatitis G (Editorial, 18S81).

hatitis can be an unusual complication in rubella or
pes simplex infections in children. Infectious mononuc~
psis, due to Epstein-Barr virus, can involve hepatitis,

cytomegalovirus hepatitis also occurs.

batitis is seen in yellow fever; a disease due to a

bup B arbovirus, transmitted from monkeys to man by

squitoes. Its severity can range from a mild, unsuspect-

febrile illness to a fFatal condition. Jaundice and a
of yellow fever.

s with Ffatty

morrhagic tendancy are features

tological lesions include midzonal necrosi
necrosis with Councilman body

s in the kidneys.

iltration, acidophilic

mation, and proximal tubular necrosi

of the arenaviruses usually found in animals can also
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ause human disease (including hepatitis). The arenavirus
roup is discussed in more detail in section 1.3.7,
scause it was considered possible that the speculative

qent of canine acidophil cell hepatitis might be an

genavirus.
L 37 Arenaviruses

enaviruses are round, oval or pleomorphic, enveloped,
ingle-stranded RNA viruses. They range in size from 50-
JOnm (Pedersen, 1970) or 60-350nm (Casals, 1875) in
ameter, with a mean size of 110-130nm (Lehmann-Grube,
384; Pedersen, 1873; Rawls and Leung, 13873). The group
intains some disease agents of animals (most can cause
ute or persistent infections in rodents (Howard and
mpson, 19B0)), but also the aetiological agents of some
the rare, exotic human diseases, like Lassa fever and
vere haemorrhagic diseases. Arenaviruses have a unigue
striction to a limited number of rodent species in
ture; there is no evidence of arthropod transmission
h any of them. The high degree of specificity may be
ause they are only capable of producing persistent
ection in the appropriate host and in nature the virus
maintained by persistently infected animals. The age at
ection is the major factor affecting persistence (Rawls
Leung, 1879). Congenital and neonatal infections
equently become chronic, while those aquired in adult

e do not usually result in continued virus excretion.

family is often divided into two groups oOn geographic-

occurrence: 0ld World and New World arenaviruses.
Mopeia and

although LCHM
The New World

sphocytic choriomeningitis (LCMD, Lassa,
)ala viruses belong to the former group;

us occurs in America as well as Europe.
considered to be members of the
Tacaribe, Machupo,

naviruses are all

aribe complex and include Junin,
Latino, Pichinde and Flexal

ari,
certain antigenic

Tamiami, Parana,
ses. The arenavirus family share
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pmponents, although the degree of cross reactivity varies
th different assay systems. Lassa, Mopeia and Mobala
i ruses are more serologically related to LCM virus than
. the New World viruses. Tacaribe virus is serologically

~1ated to Junin virus and all the other New World

ruses, to varying degrees.

MPHOCYTIC CHORIOMENINGITIS VIRUS (Armstrong and Lizllie,
is a human pathogen with a natural reservoir in
house mice. It is the only arenavirus pathogen
own to persistently infect peridomestic rodents in North
erica and UWestern Europe. Human infections are not
mmon; they can result from either natural exposure to
M virus shed by infected rodents (including laboratory-
ed and pet hamsters) or laboratory accidents. Although
humans the virus exhibits a neurotropism, it most
produces a subclinical infection or a mild,
, influenza-like (non-meningeal) illness which may
unrecognised. It can, however, produce aseptic meningi-
or meningoencephalomyelitis (Dldstone and Peters,

781 .

virus infection of adult mice results in 3 severe
une-mediated disease; whereas infection of immunologic—
y immature animals results in carriers, which may
ain healthy or later develop chronic illness (Lehmann—
be, 1984). The infection in adult experimental mice is

example of a virus-induced immunopathological disease
tal LCM

intra-

immunosuppression can protect adults against fa

ection. Intracerebral inoculation of adults or
vicerotropic strains can

duce the severe lethal disease, with myelitis and

infiltration of all the major
can

itoneal inoculation with

eralized lymphocytic
(Howard, 1886 pp71-72). Liver involvement

in severe hepatitis with necrotic  foci.
tranasal inoculation results

In

trast, subcutaneous or in

only slight disease with recovery to complete immunity.
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virus can be transmitted experimentally to both adult

neonate Golden Syrian hamsters and in the latter,
onic viraemia and wviruria may persist a long time
rker et al., 1876). Outbred guinea pigs have a variable
ponse to LCM virus and most viral strains do not cause
rt disease, although at least one is fatal. TmMonkeys
e also been infected experimentally with LCM wvirus

strong and Lillie, 183%).

fH VIRUS (Frame et al., 1970), found in only one type
mouse in UWest Africa, is also a human pathogen.
v ically Lassa fever in humans is notable for: liver
“'lvement, purexia for longer than a week, pharyngitis,
bxise, leucopenia unresponsive to antibiotic or
‘Pmalarial drugs, and a high mortality rate - although
| iction in children often follows an inapparent or
Iter course (Howard, 18986 pS2). Other features include:
ormal bleeding, swelling of the face or neck, pleural
sion or ascites, rashes, and death on or after the
:h day of illness. HMinor criteria can be: headaches,
algia, abdominal or chest pain, vomiting, a cough, and
: adenopathy. Lassa virus |is hepatotropic in man,
ike the neurotropic LCM virus and haemorrhagic Ffever
uses. The notable liver involvement results in elevated
A transaminase levels in acute infections. Microscopy
;ls severe liver cell damage (Winn et al., 1975) with
dual hepatocytes showing particular cytoplasmic
ology, often progressing to almost complete destruct-
‘of the plasma membrane and cytoplasmic structures.
4 severely damaged cells show vacuolation and pigment
mulation resulting in the formation of Councilman—-like
(Edington and White, 1872). Some lipid accumulation
be seen. Nuclear changes are less marked, although
51i can be very prominent. ArCeas of Focal degenerat-—

re occasionally seen, but hepatocellular damage i
with bridging necrosis. However,
In the areas of greatest cell

t are mainly monocytes and a

centrilobular
mation is minimal.
the few cells presen
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polymorphs at the periphery and along sinusoids,
hough enlarged Kupffer cells are prominent. Another
able fFeature, also seen at the ultrastructural level,
that severely damaged hepatocytes may be adjacent to
ls showing 1little or negligible signs of infection.
enic necrosis occurs in the marginal zone of the
iarteriolar lymphocytes and mononuclear cells (Walker
al., " 1882b). ' In the adrenals, multifocal necrosis in
zona fasciculata is often accompanied by focal
lammation. Prominent acidophilic, 3-15um cytoplasmic
lusions can occur in the adrenocortical cells at the
tion of the zona reticularis and medulla. Electron
oscopy may reveal virus particles in perisinusoidal
. extracellular spaces and in bile canaliculi. Maturing
ons may be seen at the surface of infected hepatocyt-
fVUltrastructural changes associated with viral replica-
| are: chromatin margination, increased nucleolar

; ity, dilation and disruption of RER (the hepatocyte’s

rmation of small vesicles. Extreme cellular swelling

llooned cells) is not a feature of Lassa hepatitis.

5 S virus transmitted experimentally to squirrel
»FUS’ by intramuscular (IM) injection (Walker et al.,
‘ exhibits a pantropism for the major organs,
ially the liver, kidney and lymph nodes. There is a
correlation between the severity of the disease and

‘extent of virus replication. A marked hepatotropism is

ced (Jahrling et al., 1880). Early lethargy and
‘ ia are followed by conjunctivitis, a skin rash and

death in some animals. Symptoms generally develop

in animals that survive; their pyrexia is intermitt-

Hepatocellular necrosis is a
in

d of variable duration.

stent Ffeature of acute lLassa virus infection

tes, in which the liver frequently contains the

st amount of virus. Although in rhesus monkeys
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iraemia coincides with elevated serum transaminase
svels, indicative of hepatic damage (Callis et al.,
gg2), only a small proportion (no more than 10%) of
epatocytes appear to be affected (Walker et al., 18B82a)d.
distributed, multifocal necrotic foci are

andomly
companied by only a slight mononuclear cell infiltrat-

n. The acidophilic cytoplasm of randomly distributed,
dividual hepatocytes contains a lot of viral antigen
Jahrling et al., 1880; Walker et al., 1982a). There is an
crease in mononuclear cells in the spleen and areas of
mphocytic depletion in lymph nodes. Kidneys, adrenal
ands and lungs are also often affected histologically.
e parallel appearance of virus and serum transaminases
the circulation and the minimal inflammatory response

ggest Lassa virus may be directly cytopathic.

lker et al. (1975) found infection of the natural rodent
st (Mastomys natalensis), at any age, to result in an
mptomatic infection. Histopathology of neonatally-
ected animals is unremarkable, although immunofluoresc-
e reveals the presence of virus in the liver and other
Meningoencephalitis is the only histological

sion found in infected adults, although virus is found
lymph nodes).

to

several organs (especially kidneys and
e adults remain persistently infected and continue
od Lassa virus in their urine. Neonatal outbred white
e are susceptible to intracranial inoculation of Lassa
us (Buckley and Casals, 1870). The outcome of experim-
al infection of guinea pigs is dependent of the strain
animals used. Jahrling et al. (1882) found a low dose
be fatal in some inbred strains, while outbred (Hartley
ain) animals survived despite inapparent infections in
y of them. Although the virus replicates in many

ans, including the liver, spleen, kidneys, luymph nodes

especially the lungs, the extent does not correspond

he, only mild, degree of tissue damage Seen in them.

sa virus shows a similar tissue tropism in all suscept-

host species. However, in the guinea pig lesions are
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ubstantially less severe and the liver is not a major
ite of virus activity. Therefore although the species is
for primary isolation of the virus from clinical
it is less suitable for detailed pathogenesis

seful
pecimens,
tudies of Lassa fever.

OPEIA UVIRUS (Wulff et al., 1977), found in Southeast

frica in the same large mouse as Lassa virus, does not

ause significant human disease.

OBALA UIRUS (Gonzalez et al., 1983) is found 1in a

ifferent rodent in Central Africa and does not cause

ignificant human disease.

NIN UIRUS (Parodi et al., 185B8), the cause of Argentin-
an haemorrhagic fever, is found in three types of rodents
ich do not freguent human duwellings. Human infection is
erefore seen predominantly in agricultural workers. The
athological features (Elsner st-al:y. 1973) sre general
semorrhage, myocarditis, renal damage and focal hepatic
crosis with acidophilic bodies (areas of degenerated
toplasmic membranes) similar to those found in yellow
ver. Kupffer cells are hypertrophied and there 1is
yidence of erythrophagocytosis. Monkeys have been infect-
experimentally, but Junin virus is only pathogenic in
me species.

perimental infection of guinea pigs with Junin wvirus
sults in weight loss, pyrexia, a reduction in the white

cod cell Cuwbe) count and increased acid and alkaline

osphatase levels (Kierzembaum et al., . 1970). Virulent

ains of Junin virus are immunosuppressive
are immunosuppressed

strain induces

in guinea

gs. However, when guinea pigs

armacologically, a normally avirulent
ere illness (Kenyon et al., 1885). Hamsters are SusCcep~
it

ble to experimental infection
y but only a limited degree
wistar

with Junin virus,

ses extensive neuropatholog
hepatitis without elevated transaminase levels.
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ats are also susceptible to Junin virus, the outcome of
Fection is dependent on the viral strain and the age of
he animals at inoculation (Avila et al., 18B81). Animals
der 2 days of age tend to be resistant toc a strain
athogenic for humans, susceptibility increases from B-l2
ays, then declines rapidly so that adults are resistant.

sceptibility to a nonpathogenic strain is greater from

irth to day 12.

\CARIBE VIRUS (Douwns et al., 1963), found in bats (and
sme mosquitoes) in Trinidad, is the only one ispolated
om a non-rodent species and is not a human pathogen.
caribe virus is uniformly lethal to neonatal mice,
though adults survive (Borden and Nathanson, 1874). This
in direct contrast to LCM virus, although both cause
mune-mediated diseases. All members of the Tacaribe
mplex normally produce lethal infections in newborn
sters (Howard, 1986 p387); the susceptibility of adults

strain-dependent.

HUPO VIRUS (Johnson et al., 1966) is transmitted from
type of mouse, via urine contamination of soil and
od, to humans causing Bolivian haemorrhagic fever.
hough extensive haemorrhage and congestion are seen in
stmortem cases, Child et al. (1867) found the most
)minent histological changes to be in the liver. There
an increase in the number and size of Kupffer cells
h erythrophagocytosis, increased eosinophilic staining
hepatic cells, lymphocytic infiltration in periportal
ions only and frequent mononuclear cells in sinusoids.
hough focal necrosis is occasionally seen, hepatic
hitecture is usually preserved. Acidophilic bodies, 10-
in diameter, are seen in sinusoids and sometimes

in Kupffer cells.

et al. (1967) found marmosets to be susceptible to

upo virus by subcutaneous (SC) inoculation. Virus

aged through hamsters, mice OrC cell culture can cause
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nfection. Other types of monkeys can also be infected and
epatic necrosis is a consistent feature in primates.
ecrosis of the skin, gastrointestinal tract and adrenal

lands can also be seen (Terrell et al., 1873D.

xperimental infection of the natural host after 8 days of
ge, results in a split response; half become immune, half
svelop persistent viraemia. Inoculation of neonates
variably results in a chronic infection. It has also
sen transmitted experimentally to newborn hamsters which

bpear to be more sensitive to machupo virus than newborn

PARI VUIRUS (Pinheiro et al., 1866), isoclated from
ydents and mites in Brazil, is not a human pathogen. It

s been transmitted experimentally to suckling mice.

MIAMI UIRUS (Calisher et al., 1870) is found in Florida
rshlands but only in the cotton rat. Apart from LCH
rus, introduced by man, it is the only arenavirus found
be indigenous to the North American rodent fauna.
olation of Tamiami virus in suckling mice is Frequently
hanced by dilution of tissue extracts, suggesting a high
pportion of noninfectious, interfering particles in the
gans of persistently infected animals. There is no
idence that Tamiami virus is a human pathogen. In
perimental Tamiami infections, in the natural host,
unof luorescence reveals viral antigen in many 0Organs;
hough no indication of viral cytopathology is detectab-
with light microscopy. In the liver the architecture is
sserved and Murphy et al. (1876) never found more than

of hepatocytes to be infected.

ANA UIRUS (Webb et al., 1870), isolated in Paraguay, is

a human pathogen.

INO VIRUS (Webb et al., 1973), isolated in Bolivia from

same rodent host as Machupo virus, 1S apparently not a
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man pathogen. In contrast to all the other arenaviruses,

appears not to be transmissible to laboratory mice.

T1CHINDE VUIRUS (Trapido and Sanmartin, 1971), isclated
om rodents and some ectoparasites in Columbia, may be
ble to cause asymptomatic human infection in the laborat-

y setting (Buchmeier et al., 1974%1).

e virus can be isolated experimentally in infant mice,
smsters and vero cell cultures. Jahrling et al. (1881)
apted Pichinde virus to guinea pigs as an alternative
del for Lassa virus infection. They found a difference
tween passage in an inbred strain and outbred animals:
Fection was lethal by the eighth passage in the Fformer,
t still inapparent in the latter. Infected inbred
imals develop severe leucopenia and raised transaminase
vels just prior to death. Moderate to severe hepatocell-

ar necrosis is seen in the livers of moribund animals,

‘minimal inflammatory infiltrate.

XAL VIRUS C(Pinheiro et al., 1977), isolated in Brazil,
one rodent host species and is not a human

eral animal hepadnaviruses, related to human HBU, have
in  identified. They tend to be named after the animal
m  which they were first isolated, but some have been

nd in more than one species.

DCHUCK HEPATITIS VIRUS (WHU) found in America by Summ-—
et al. (€1978), has also been found in some chinese

mots (Kai et al., 1888).

ND SQUIRREL HEPATITIS VIRUS (GSHU) was jsolated from
hey ground squirrels in America (Marion et al., 1880J.
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CK HEPATITIS B VIRUS (DHBV) has been found in domestic
.kin ducks in America (Mason et al., 1880), China, Europe
d Australia; as well as in wild mallards in France (Cova
al., 188B6) and America (Lambert et al., 13988). It has

sen experimentally transmitted to domestic geese (Newbold

d Cullen, 1888J.

milar particles have been seen in serum from tree
uirrels (Feitelson et al., 18863, herons (Will et al.,
87) and snakes (Yang et al., 1884). These are less well

aracterised, but it may be that hepadnaviruses also

fect these species.

padnaviruses share a unigue virion ultrastructure, and
mon genome size, structure and replication mechanism.

family can cause acute and chronic hepatitis and
etimes immune complex-mediated disease and HCC. They
e a strong tropism for hepatocytes and can all commonly
se persistent infection, with complete and incomplete
al forms in blood and other body fluids for uyears.
hough DNA viruses, they appear to utilise a reverse
anscriptase step in genome replication, with an RNA
ermediate copy of the genome (Summers and Mason, 1982).

family appears to be phylogenetically related to
roviruses C(Robinson and Marion, 1888). There was no
ected cell culture system available until Tuttleman et

(1986) reported replication of DHBU in duck hepatocyte
ture and it can be grown in mixed yolk sac cell culture
Connell and London, 1988). Coculture of infected duck
atocytes with rat liver epithelial cells has been used
maintain the differentiated Ffunctions of infected
atocytes and to help them survive longer (Fourel
al., 1988). Th&zé et al. (1887) maintained WHU in

dchuck hepatocyte primary culture.

8- Canine Adenovirus

ne adenovirus type 1 (CAU-1) is a DNA virus, with only
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e serotype defined by neutralisation assays. Adenovirus-
. range from 70 to SOnm in diameter. Canine adenovirus 1
. relatively heat-labile but acid-stable and can survive
11 days on solid fomites. 1t is highly contagious and is
ansmitted by direct contact (with saliva, respiratory
act secretions, urine oOr faeces) or by contact with
ntaminated items. The usual incubation period is 2-5
ys. One factor in the spread of CAU-1 is that it can be
creted in the urine of recovered animals for as long as

months after infection (Poppensiek and Baker, 1851).

nine adenovirus 1 is associated with systemic infection,
aracterized by damage to liver, lymphatic tissue and
scular endothelium, resulting in a clinical syndrome of
ying severity termed infectious canine hepatitis CIEHD .
disease was first described, in dogs, by Rubarth
547), hence its old name of Rubarth’s disease. [ore
ently CAU-1 has been isolated fFrom dogs with respirat-

disease. Clinical signs appear to depend, to some
ent, on the route of exposure to the virus (wright et
., 1871). The oropharynx is a common entry point for
ural infection; spread to regional lymph nodes is
lowed by viraemia and dissemination to, Ffor example
er, kidney, lymph nodes and vascular endothelium with
ultant clinical signs (Wright, 1873). Although there

be a high incidence of infection in unvaccinated
ulations, most cases are subclinical and inapparent. A
d case might exhibit anorexia, depression Or fever;
le more severe cases can show general depression,
rexia, vomiting, abdominal pain, tonsillar enlargement
occasionally generalized lymphadenopathy. A notable
ure is the temperature, which tends to be higher than
most other infections, even approaching y1°C (Farrow

Love, 1883). Jaundice is rare in uncomplicated

emic CAU-1 infection. The most severe cases collapse

die after a short illness of 12-24 hours, with severe

ominal pain, marked hyperthermia, and
Laboratory findings early

occasionally
atemesis and dysentry. -
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e disease include albuminuria and bilirubinuria, due to
dney and liver damage. If hepatic damage is sufficient,
kaline phosphatase, ALT and AST levels will be raised.
ucopenia in the febrile phase, increased red blcod cell
bc) sedimentation rate and prolonged clotting are
ditional features. Diagnosis can be made on demonstrat-

of wvirus in the blood or in biopsy material, by
orescence or isolation in cell culture. Detection of a
sing antibody titre during recovery gives further
Firmation of diagnosis. During recovery some dogs
elop interstitial keratitis and corneal oedema,

sulting in the characteristic "hlue eye”.

stmortem Ffindings in the fatal case include: bloody
(even pure blood) in the abdomen; an enlarged,
liver with rounded edges; marked gall bladder
gastrointestinal haemorrhage; often congested
ineys; and frequently enlarged, haemorrhagic luymph
es. Microscopy of the liver reveals extensive hepato-
lular necrosis and haemorrhage, with large basophilic
ranuclear inclusion bodies. The latter can also be
nd in kidney glomeruli and consist of viral particles
an amorphous matrix (Rakich et ali;s 1886). In less
te cases inclusions may occur in renal tubular epithel-
cells, with focal interstitial nephritis. CAU-1 may
a role in the aetiology of chronic progressive
atitis following infection of partially immune dogs
ke et al., 1970; see section 1.5.5). Various vaccines

inst CAU-1 are in common usage in dogs.

isolated From skunks (Karstad et al., 1978).

10 Canine Herpesvirus

which range from 120 to

herpesviruses are DNA viruses,
can be

m in diameter. Canine herpesvirus 1 (CHU-1)

smitted to pups from the pitch in utero OC during
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rth, by contact with infected littermates, or by
halation or ingestion of infected material. Older dogs
n be asymptomatic carriers of CHU-1. In pups more than 2
eks old, exposure to the virus usually results in only
inapparent infection with virus remaining localized in
= nasal cavity and oropharynx. However CHU is a cause of
nsnatal mortality in younger pups, due to their lower
iy temperature (Carmichael et al., 189638). In such
imals there is a leucocyte-associated viraemia with
ondary viral replication throughout the body, leading
disseminated focal necrosis, haemorrhages and death 5-
days after infection (Carmichael, 1870). Histology
eals lesions, in all major organs, of necrotizing
culitis with extension into surrounding parenchymal
sue (Cornwell and Wright, 1863). Eosinophilic intranuc-
r inclusion bodies occur especially in infected
piratory tract, liver and kidney cells, but they may be
ficult. toifdnd.

.11 Canine Acidophil Cell Hepatitis Agent

aetiological agent of canine acidophil cell hepatitis
H) is believed to be a virus. It has been transmitted
srimentally to dogs, by parenteral inoculation, with
m and/or homogenised liver from infected field cases
rett and O’Neil, 1885). Material from both acute and
)nic cases was found to be infective and second
sages in experimental dogs were achieved by Professor
ett. His studies demonstrated the transmissibility of

and its apparently episodic nature with persistence

nfectivity for most of the course.
natural and experimental infection can result in

hepatitis and cytolytic necrosis, Severe enough to
develop into

cirrhosis.

or a persistent infection which can
ic  hepatitis, hepatic fibrosis and
ical signs exhibited by CACH cases are not usually

ostic, being typical of liver disease. The agent
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ypears to result in the death of cells, particularly in
e limiting plate, giving rise to the characteristic
stribution of acidophilic necrobiosis round portal
The acidophil cells are usually shrunken with
degrees of cytoplasmic acidophilia and often
or angular surfaces. Their nuclei are often
runken and condensed (see e.g. figures 4-50 and 4-137).
severe cases the acidophil cell pathology extends out
om portal tracts to form bridging lesions (see e.g.
gures 3-5 and 4-1). Where fibrosis is present it usually
llows the distribution of acidophil cells, extending out
m portal tracts, and piecemeal necrosis is a common
ature. Infiltration by inflammatory cells is not a

ticular feature of the disease and is often minimal.

ce the experimentally-induced hepatitis appears able to
sist in outwardly healthy looking dogs, CACH may occur

an unnoticed subclinical entity in the field.
3.12 Other Unidentified Agents

)ng and Smirk (1978) reported finding viral particles in
electron microscopic study of a haematoxylin and eosin
E) stained section of dog liver which exhibited
dophilic crystalline inclusion bodies in - Bothi“the
leus and cytoplasm of hepatocytes. Numerous electron-
se particles (thought to be viral central cores) and 2

coated viral particles were seen in enlarged nuclei.
ed particles were seen, in clumps,  in the cytoplasm.
act viral particles (65-70nm diameter), in both sites,
ibited hexagonal central cores (20-30nm) surrounded by
thick capsids and many were trapped in the inclusio-
It was suggested that the formation of inclusions was

intracellular immune process for the exclusion of

sitized virus of low cytocidal activity in a possibly

viral disease of dogs.
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4 ACUTE HEPATITIS

ute hepatitis can result in acute hepatic failure in
gs, although acute widespread hepatic necrosis causes it
re consistently (Sherding, 1885). Of the many causes of
Lte hepatic disease in dogs the only well-recognised

al ones are CAVU-1 and CHU. Although fulminant ICH,
sed by CAVU-1, can result in acute hepatic failure, it

now uncommon due to the widespread use of vaccines.
g Clinical and Biochemical Features

> clinical findings in acute hepatic failure tend to be
sue and nonspecific, reflecting general liver dysfunct-
rather than a specific diagnosis and many are not even
scific for liver disease (Sherding, 1885). They include
te onset of anorexia, depression, vomiting and
rrhoea, as well as polyuria and polydipsia. Hepatic
ephalopathy signs may be seen in severe cases; as may
erbilirubinaemia and bilirubinuria, leading to jaundice
pigmented urine. Haemostasis abnormalities are less
mon but can result in gastrointestinal bleeding (with

atemesis or melaena), haematuria or cutaneous haemorr-—

severe acute hepatocellular injury or necrosis there is
substantial elevation of serum ALT levels. The less
er-specific AST tends to parallel ALT in acute hepatic
lure. Serum alkaline phosphatase. 1is usually also
eased in acute hepatic injury where there is cholesta-

Other possible findings in severe hepatic failure
ude hyperbilirubinaemia, bilirubinuria, hypoglycaemia,
yrmal BSP retention, hypokalaemia, respiratory and

bolic acidosis, reduced serum albumin and cholesterol.

ell as the clinical features of acute hepatic failure,
on findings in acute ICH are fever, leucopenia,

einuria and generalized bleeding diathesis.
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V2 Histopathology

fFulminating Fform of ICH is characterised by acute

satic necrosis, widespread vasculitis and severe dissem-—

ated intravascular coagulation GRIE) s

classical acute hepatitis in humans there is diffuse
clvement of the liver, usually worst in perivenular
bas (acinar zone 3), with scattered degenerating hepato-
es and a mononuclear inflammatory infiltrate in portal
scts and in the parenchyma, intimate to the necrosis.
infiltrate consists of lymphocytes with very occasion—
plasma cells and a few polymorphs. Varying degrees of
atocyte regeneration are seen and reactive hyperplasia
Kupffer cells contributes to the characteristic marked
rease in cellularity. Both ballooning degeneration
larged cells with granular cytoplasm condensing around
nucleus) and acidophilic degeneration (shrunken cells
increased cytoplasmic eosinophilia and pyknosis) are

In the latter type, eventual nuclear extrusion can
e the acidophilic Councilman body. Intracytoplasmic

pigment granules and occasional bile thrombi are

nonspecific ultrastructural changes include: irregular
ling of endoplasmic reticulum forming vesicles,
some detachment, and enlarged phagosomes containing

red mitochondria and debris.

osis and lysis disrupt the hepatocyte plates but leave
reticlulum Framework intact. Hepatocellular hypertro-
and hyperplasia occur, with the formation of bi- and
inucleate cells. Before clinical subsidence of an

k there is a reduction in necrosis and an increase in

bcytosis by Kupffer cells.

confluent necrosis occurs (especially in acinar zone

t results in more extensive 1OSS of hepatocytes
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ridging necrosis), leaving a loose meshwork or septum
jltrated by lymphocytes and macrophages. An unusual
plication of viral hepatitis can be massive (panacinar)
rosis, causing death when extensive enough. Surviving
ses can develop multinodular hyperplasia with postnecro-

scarring between nodules.

CHRONIC HEPATITIS

classification of chronic hepatitis is rather more
cific in humans than in dogs and some of the divisions
ntified in humans may not occur in dogs. The situation
humans is discussed First, since it may prove useful in

understanding of chronic hepatitis in dogs.
o Human Classification

‘term chronic hepatitis is used in humans to describe a
p of liver diseases characterised by a clinically
arent necroinflammatory process of at least six months
ation. It can be considered as two types: chronic
sistent hepatitis (CPH), in which inflammation is
ined to the portal tracts, and chronic active hepat-

(CAH), a more aggressive disease with portal and
nchymal involvement, in which progressive Fibrosis

s to cirrhosis.

NIC PERSISTENT HEPATITIS is a benign disorder, follow-
subclinical or clinical acute viral hepatitis, or
induced hepatitis. It is usually asymptomatic and
ted by biochemical screening; OrC patients may exhibit
symptoms including fatigue, malaise, vague upper
inal pain, sometimes dietary fat intolerance and
bly a tender, slightly enlarged liver. Serum aminotr-
>rase levels are moderately raised. Biopsy is used to
srentiate it from CAH. The mononuclear cell infiltrate

Jrimarily confined to the portal tracts.
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nimal hepatocellular necrosis, so lobular architecture
preserved with intact limiting plates. There is little

no increase in Fibrosis and piecemeal necrosis is
sent (or very mild). This disease does not progress to
rhosis, although mild hepatocellular inflammation may
sist for years before spontaneous resolution. There is

need for therapy, although follow-up biopsies may be
-d to differentiate the process from early CAH if there

any confusion.

20ONIC ACTIVE HEPATITIS is an cbvious clinical illness
h biochemical abnormalities (a 5-10 x times increase in
notransferase levels) for more than 6 months. It is a
tinuing progressive inflammation, with liver cell
eneration and necrosis accompanied by fibrosis. A
portion of cases progress to cirrhosis. A variety of
iological factors can lead to CAH including: hepatitis
d C viruses, drugs, and autoimmune, cryptogenic or
opathic problems. Autoimmune reactions against hepato-
s are involved in the pathogenesis of CAH due to any
these factors and there may be a degree of genetic
disposition (Hardy, 1885). The binding of drugs, drug
abolites or viruses to the cell surface results in
bodies and sensitised lymphocytes being directed
nst the altered hepatocyte membranes, eventually
ing to death of the cell. The release of hepatocyte-
ific antigens initiates additional immunological
tions leading to complement-mediated cytotoxic reacti-
which may be self-perpetuating. Although immunological
Y is critical early in the disease, it may become
important in late phases, when vascular factors or
ges in collagen formation probably become dominant

prs: (Hardy, ©1985).

nset of CAH can be acute or insidious with nonspecif-
mptoms of anorexia, tiredness, vague Upper abdominal

hepatomegaly and often splenomegaly. The disease
uates in severity. Other features include: arthralg-~
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, skin rashes, pleural effusions, thrombocytopenia,
copenia, and proteinuria (due to glomerular lesions).
ronic inflammatory bowel disease, chronic thyroiditis,
pgren’s syndrome and autoimmune problems are also seen
asionally. Serum aminotransferase levels are raised and
netimes jaundice is present, usually with a moderately
ised AP level. Immunoglobulin (Ig) G hyperglobulinaemia

urs, with a later hypoalbuminaemia and an increased

hthrombin time.

CAH portal inflammation extends into the parenchyma and
gresses to piecemeal necrosis and periportal fibrosis.

frequently progresses to macronodular eirrhosis,
atic insufficiency and death. Chronic active hepatitis
be divided into two types, really degrees of severity,
h can both end in cirrhosis. The first type is CAH
predominately portal and periportal inflammation and
emeal necrosis (destruction of hepatocytes at the
srface of parenchyma and connective tissue). The
iltrate is mainly lymphocytes and plasma cells, but a
able number of neutrophils can be present. The
snsion of the inflammation, out from portal tracts,
roys the limiting plate and cells infiltrate betuween
tocytes showing feathery degeneration (swelling and
plasmic vacuolation) with eventual necrosis. There can
be: Ffatty change, bile duct proliferation, bile
is and pseudoglandular rosette pattern formation by
regenerating liver cells surrounded by fFibrous
e. Figure 3-6 shows an example of rosette formation
CACH Field case. Eventually one can get fibrous septa
ing portal tracts, lobular collapse and ultimately
osis. The other type is CAH with bridging necrosis,

ich bands of inflammatory cells and necrotic hepato-
extend between adjacent portal tracts, and between
1 tracts and central veins as the destruction

prognosis and
although as
n macronod-

esses. This carries a more serious
progresses to cirrhosis and death;
d earlier, both types of CAH can result i
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2r cirrhosis. In active cirrhosis, fibrosis replaces the
lammatory cells in areas of bridging necrosis. Wide-
gad regenerating nodules of hepatocytes cause marked
hitectural distortion. This can be seen grossly, the

hoth liver surface becoming nodular.

summary, a definitive diagnosis of chronic active
Latitis in humans requires clinical data of active
vatic disease for 6 months or more, multiple immunologi-
abnormalities and biopsy confirmation.

b

e Canine Classification

dogs the designation of liver disease as chronic can be
ed on: history (often unreliable), repetitive
chemical evaluations (not usually obtained), oOr histo-
hological findings supporting chronicity (fibrosis)
rdy, 1985). Designation of the disease as active
ires evidence of continuing inflammation and/or
rosis; this is most easily determined by aminotransfer-

levels (see section 1.2.3J.

in humans, the histopathologic changes in CAH are not
ognomonic and similarly in dogs care must be taken in
ynosis. There has been much debate, in human medicine,
t whether the term chronic active hepatitis should be
srved for the multisystems disease which may progress
irrhosis and which may be viral C(HBV mainly) in origin
tcomb, 18738); or whether it should be regarded as
ribing a group of pathological changes with a variety
aetiologies, rather than one specific disease entity
euver, 1877). Similar debate has taken place in canine
cine. Thornburg (1882) came to the conclusion that,
e was a lack of evidence to suggest a disease, similar
AH of man, occurred in the dog. He gave fFive criteria

be satisfied before designating a canine disease as

duration of at least 6 months
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persistently raised ALT levels throughout the disease
hgpergammaglobulinaemia
relentless hepatocellular destruction with inflammat-
ion (piecemeal necrosis) in sequential liver biopsies
enhanced in vitf'o cytotoxicity toward canine
hepatocytes by the patient’s lymphocytes.
Felt that few of the published reports of CAH-like
sease in dogs met the above criteria. Thornburg advocat-
that in dogs, as in man, the term CAH should be
tricted to an immune-mediated disease directed against
atocytes. However in this thesis, as in many of the
orts discussed in this chapter, chronic active
atitis is used, in dogs, as a very useful descriptive
m for liver diseases exhibiting the typical histopatho-
ical picture, even if not strictly Fulfilling all of
rnburg’s criteria; rather than restricting its use to a
ine version of the specific human entity, which has not

been proved to exist in dogs.
B= Clinical and Biochemical Features

specific clinical signs of depression and anorexia are
quently seen; while jaundice, ascites, polyuria and
jdipsia are the most consistent signs of liver disease.
portal inflammation results in jaundice, more readily
that in other parts of the lobule (where more massive
osis is required), because it obstructs bile flow in
bile ductules entering the portal tract. Ammonia
cosis may contribute to the depression although there
o direct correlation in severity (Fischer and Baldess-
i, 1878; Schenker et al., 1874). 5igns of hepatic

may be seen in severely affected Cases;
encephalo-

phalopathy
and the Factors contributing to hepatic

are discussed in section 1.2.2. Polydipsia and

ria may be contributed to by reduced metabolism and

like adrenal corticosteroids
contributes

2tion of hormones

ion 1.2.2). The insidious nature of CAH

s poor prognosis, since cases are often not presented
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il late in the course of the disease, when the patholo-

al process is already well developed.

definite aminotransferase ranges have been established
chronic hepatitis in the dog; Strombeck and Gribble,
578) suggested ALT levels averaged fifteen times normal
canine chronic active hepatitis, but cases of CAH with
mal ALT levels have been seen. In man five to ten
es normal ALT levels are considered compatible with CAH
ction 1.5.13. A normal ALT level does not rule out the
sibility of CAH (Strombeck and Gribble, 1878) because
s e L e e e nDr L i il G0 of ald
ore morphological evidence of necrosis disappears.
hough serum biochemistry results cannot be specific for
raised ALT and alkaline phosphatase levels concurrent

increased BSP retention and a low albumin concentrat-

]

are suggestive of progressive hepatic disease (see

tion 1.2.3). Ammonia tolerance test results may also be

prmal (section 1.2.3).

e is a lack of supportive data for an immune component
epatic injury in dogs (Hardy, 1985), as very little
surement of antibodies is done. Although elevated
21s of IgG have been noted in some cases of CAH, this
nonspecific feature of many canine inflammatory liver
ases. Kupffer cells have an important role in antigen
jestration and degradation. There is evidence that
r strategic interposition, in the liver, between the
rointestinal tract and antibody-forming cells elsewhe-
(e.g. the spleen) may regulate sensitisation to
aluminal antigens. In humans it is postulated that,
to Functional impairment or shunting of portal blood,
er cells may fail to sequester antigen absorbed from

resulting in hgpergammaglobulinaemia due to
(Triger and

gut,
sased access to antibody-forming organs
t, 1873). So hypergammaglobulinaemia can be due to:
infective agent (e.g. the hepatitis virus), release of

antigens, or an unrelated antigenic stimulus (re

lease
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sequestered antigen, persistent viral infection, or

-associated bacteriad.

T Histopathology

severity of hepatitis can vary between different areas
the same liver, so care must be taken in interpretation
biopsy specimens (especially if being used to monitor
response to therapy?’. There can be a mixed inflammat-
infiltrate in portal tracts (usually plasma cells,
and lymphocytes, although neutrophils are

pcytes
inent in some cases) with disruption or destruction of
iting plates and a variable degree of piecemeal
osis. The infiltrate can vary in degree betueen
erent areas of liver. Piecemeal necrosis is postulated
e a consequence of infiltration of mononuclear cells,
uding T and/or K lymphocytes, causing depletion of
tocytes by apoptosis. Scattered, individual cells
>cted by apoptosis condense and bud to form membrane
d fragments, which may be taken up by surrounding
s (Kerr et al., 1879). Larger fragments have previous-—
been called Councilman bodies. Although evidence of
tosis (eosinophilic bodies) has been seen in associat-
with CAH in dogs (Meyer et al., 1880; Strombeck and
ble, 13978; Doige and Lester, 1881) the role of immune
anisms in canine CAH is not clear. In some cases
ge and Lester, 19881) individual necrotic hepatocytes

characterized by pyknosis oOrC karyorrhexis and
plasmic eosinophilia. These circular cells, apparently
going coagulation necrosis, Wwere often surrounded by
le hepatocytes and were not always associated with
mmatory cells. They were scattered throughout the
e and were only occasionally found adjacent to portal

S.

regeneration of
162 the

thick,

liver’'s response to the necrosis is
ocytes and bile duct epithelial cells.

ing plate regenerates it reforms as two cells
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ving the surface area perfused by sinusoidal blood.
hough bile duct hyperplasia is often seen, ducts can
etimes appear proliferated, when in fact their numbers

normal, due to marked hepatocyte 1loss and lobule

lapse. Mild hepatic lipidosis is a feature of some

ES.

rosis usually follows the inflammatory process accomp=
ing hepatocyte necrosis. It can be defined as an
ormal deposition of collagen, without disruption of
atic architecture. Collagen deposition occurs adjacent
he hepatocytes at the portal edge of the lobule, and
the inflamed septa radiating from portal tracts to
ral veins. Experimentally it has been proven that
osis is not always irreversible (Rojkind and Kersheno-
, 1976). The term cirrhosis defines a more diffuse,
anced process which involves distortion of normal

itecture, it is dealt with in section 1.6

disease usually progresses, as can be sSeen if time
ses between a biopsy and necropsy. Portal infiltration
ists, wusually worsening. There usually appears to be
ncrease in: hepatocyte loss, fibrosis, parenchuymatous
les and intrahepatic venous stasis. The similar
oscopic appearance of the liver’s response to inJjury,
various aetiologic agents, can make it difficult to

inguish specific disease entities.

Aetiological Types

bus types of chronic hepatitis in dogs, with lesions
atible with a definition of CAH but probably not
mmune in nature, are covered in this section.
R-ASSOCIATED liver diseases are seen in several
s of dog. Copper is a proven hepatotoxin in

es (Sternlieb, 1980). It is known to accumulate in
(Johnson

several

ortal hepatocytes secondary to cholestasis
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als; 19887 Goldfischer et al., 1980), due to interfer-
e with biliary excretion, which is the main route for
mination of copper from the liver, and via faeces, from

body. Although in 18985 Thornburg and Rottinghaus
sidered normal hepatic copper levels in dogs to range
to 400ppm dry weight (DWJ, in a later study with others
623 healthy dogs they could not determine an uppermost
it For normal hepatic copper (Thornburg et al., 1830)J.
did determine that the threshold for histochemical
ermination of copper-ccntaining granules, using rhodan-
or rubeanic acid staining, was 400ppm; at which
entration they were localised in centrilobular (zone
epatocytes. Copper-containing granules were also found
idzonal and periportal (zone 1) hepatocytes in livers
copper levels more than 1000ppm. Multifocal hepatitis
ons were found to be associated with liver copper

21s of 2000ppm or more.

nic hepatitis in Bedlington terriers is an inherited
ysomal recessive problem in which liver damage results

progressive accumulation of copper, initially in
rilobular hepatocytes then midzonal as deposits
ease (Hardy et al., 1975; Ludwig et al., 1880; Owen Jr
Ludwig, 1982; Eriksson, 1883; Johnson et al., 198%;
nburg et al., 1985b; Hultgren et al., 1386). This can
ent as acute fFulminant hepatitis, chronic hepatitis,
irrhosis. Hepatic injury increases with age and with
liver copper concentration, although the latter tends
ecline after 6 years of age (Twedt et al., 1879). The
high incidence of the disease suggests that the

ity of normal dogs may be heterozygous carriers.

er-associated hepatitis in West Highland white
ers is a hereditary problem in which centrilobular
accumulat-

ysis is associated with significant copper
again centrilobular towards midzonal.

ast to the Bedlington terrier disease, noO age-related
ationship betuween the liver

However in

ulation and no direct rel
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pper concentration and the severity of lesions uwere

Lund in a study by Thornburg ot al.t 61886c ;s

onic hepatitis in Doberman pinschers is associated with
pper accumulation within hepatocytes. Johnson et al.
gg2) suggested there might be a hereditary basis to this
pblem, with an interplay of genetic and environmental
tors. Females appear much more susceptible than males;
of Johnson’s 11 cases were female, as were 25 of the 26
estigated by Crawford et al. ($1985), Fiorito’s case
385), Cornelius’s case (1989) and the S Doberman Pinsch-
. in a mixed breed review of 1% dogs with CAH (Doige and
ster, 1981). It was not initially clear whether the
umulation of copper was the primary initiating cause of
disease; or whether it was secondary, due to prolonged
lestasis. Studies by Fuentealba et al. (1989) suggested
latter. Intrahepatic cholestasis, hyperbilirubinaemia
iron accumulation are other features of this disease.
h liver copper levels have also been reported in 2
erman pinschers with subacute hepatitis (Thornburg et

L1+ BB

her-associated liver disease, of an apparently heredit-
nature, has been reported in other breeds including:
er spaniels, Labrador retrievers, German shepherd
5(GSDs), collies, wire-haired fox terriers, Pekingese,
bulldogs, keeshonds, English bulldogs, schnauzers,
y blue terriers and Skye terriers (Thornburg et al.,
; Thornburg et al., 18B5a; Thornburg et al., 19B86a;
ood et al., 1888)). Although unusual, it has also been
rted in some mixed-breed dogs including 2 Pekingese-
le crosses, a cocker spaniel cross and & German
herd-collie cross (Thornburg et al.,

1., 19868),

1986a; Thornburg

hepatitis of
al.

mixed

DISSECTING HEPATITIS, a chronic
aetiology, has been described by Bennett et

The histopathology was characterised by 2
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flammatory infiltrate (neutrophils, lymphocytes,
crophages and occasional plasma cells) in the sinusoids,
patocyte clusters and some portal tracts; although
rtal infiltrates uwere generally scanty. There was
sruption of lobular architecture with an abnormal
ralobular reticulin pattern. Reticulin and fine
llagen Ffibres subdivided the lobular parenchygma into
dividual, and small groups of hepatocytes. The limiting
was often disrupted but there was 1iteleé of" no
in portal connective tissue. Hepatocellular
hearance was variable; some cells were pale and swollen,
e had irregular cytoplasmic clearing and others had
sinophilic granular cytoplasm. Although some hepatocytes
tained lipid droplets, Ffatty change was not marked.
sre were occasional necrotic hepatocytes. Mitoses were
e, anisokaryosis was marked, and binucleate cells and
settes of hepatocytes were common. Small, sublobular
enerative nodules were seen. Prominent vascular changes
e a Feature of this disease, including dilated portal
ous radicles, sinusoidal distension and intralobular
ling of blood. Central veins were often inconspicous,
le lymphatics were dilated. It was considered that the
onic hepatitis was responsible for the alteration in
al haemodynamics, resulting in the prominent aquired
osystemic shunts and ascites of all six cases. The
pase was found in several young standard poodles as

as in other breeds.

sen amd Nielsen (1981) described .a morphologically
ilar type of chronic hepatitis in three young, related
dard poodles. The disease had some resemblance to
dissecting hepatitis, although it could not be
:luded that that was actually the diagnosis.

lar

OSPIROSIS-ASSOCIATED chronic active hepatitis was
rted by Bishop et al. (1879) in five American fox~
ds. Leptospires had previously been knoun to cause

isystem disease, including hepatitis, during acute
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ase infection but chronic leptospirosis had generally
elieved to be limited to persistent renal infection.
were identified in the liver of four of the

Leptospira interrogans

sen b
hirochaetes
gs, while a rising titre to
was fFound in the Fifth; six of

.rovar grippotyphosa
wed serological evidence of

irteen kennel mates also sho
posure. Although one of the commonest serotypes in the

ja, it7had previously been thought to have low pathogen-

ity in dogs. Histologically all Five showed active
flammation, Ffocal hepatocyte necrosis, and fibrosis in

areas with variable intralobular involvement.

eriportal
two most

architecture was only distorted in the
A variable amount of infiltrate

imiting plates

bular
verely affected dogs.

storted portal tract margins, disrupting 1

d dissecting into lobules. This consisted of lympho-

macrophages, & few neutrophils,
and mast cells. There wuwas an
at portal

tes, plasma cells,
frequent eosinophils
rease in collager and reticulin fibres

acts, often enclosing individual hepatocytes at the

iting plate, with extension into lobules; sometimes

bridging portal tracts and Fibrotic central
compressed by sinusoidal congestion,
were Seen,

dules. Only

veins.

h atrophic cords,
thickened, distorted hypertrophic cords
though only one dog had true regenerative no
asional lymphoid nodules were found, in or near portal
acts. Apart from periportal and lobular necrosis of

other degenerative changes seen
vesicular

dividual hepatocytes,
luded: reduced cytoplasmic basophilia; pale,
lei; occasional binucleate cells;. fFoci of swollen

patocytes, with pyknotic or karyolytic nuclei
associated with extensive

Also present

and

egular cytoplasmic clearing,
iary hyperplasia or sinusoidal fibrosis.
e hepatocyte rosette formation, bile ductular hyperpl-
a, preportal intracanalicular bile stasis, distension

portal 1lymphatics and Kupffer cell hypertrophy and

erplasia. Using Warthin-Starry stain spirochaetes could
between liver cells,

seen singly or in small clusters,
the

hin hepatic cords. They were even less numerous in
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dney, where they were found in the lumens or epithelium

proximal convoluted tubules of the outer cortex.

ECTIOUS CANINE HEPATITIS VIRUS-ASSOCIATED chronic
ive hepatitis, with periportal mononuclear infiltrates,
s been produced experimentally in dogs with low concent-
ions of antibody to CAU-1 (Gocke et al., 1867; Gocke et
., 1970). Virus was only identifiable in the very early
ages of the experimental infection, so these partially
nune dogs developed evidence of chronic persistent
batic damage in the absence of demonstrable virus. Since
sistence of virus in liver was thought to be essential
the induction and maintenance of chronic hepatocellul-
damage (Mackay, 1883) it was uncertain whether CAU-1
yed a role in the pathogenesis of naturally occurring
onic hepatitis in dogs. However a later study wusing
e sensitive immunohistochemical staining detected small
unts of CAUVU in livers of dogs with various types of
atic disease, suggesting a possible relationship
kich et al., 139886).

INE ACIDOPHIL CELL HEPATITIS can manifest itself as
hepatitis, but the pathological complex also

acute hepatitis, cirrhosis with multilobular
erplasia, and acute and subacute cytolytic necrosis
rett and O’Neil, 188BS5; Jarrett et al., 1887). Evidence
biopsies, clinical histories and necropsies indicates
chronic canine acidbphil cell hepatitis can develop
2C an episode of acute nonlethal hepatitis, or without
arlier identifiable clinical episode of disease. It is
eved that some cases of chronic CACH can remain
linical wuntil the development of cirrhosis and liver
ure. '

21l as the presence of acidophil cells in the charact-
ic distribution (see section 1.3.11), the chronic
ition can exhibit fibrosis of the bridging areas,
ellular Fibrosis, Ffatty vacuolation and multilobular
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perplasia. Professor Jarrett et al. (1987) found a
iking lack of sustained inflammatory response, despite

sic elevations of ALT indicative of chronic active

atitis.

G-INDUCED chronic hepatitis and cirrhosis have been
orted in dogs on long-term anticonvulsant therapy
nch et al., 1882 & 19B4a; Poffenbarger and Hardy,
5. Bunch et al. (19B4a) estimated that up to 15% of
s on such therapy (primidone or primidone and phenyto-

are at risk of suffering severe hepatotoxicity.
hough the histopathology is not typical of CAH care
t be taken in diagnosis since, despite the presence of
g-term biochemical abnormalities and severe hepatic
ions, affected dogs require only a change in

ication.

OPATHIC chronic active hepatitis can be diagnosed in
es of active liver disease, established on clinical
tory and biochemical tests (especially ALT), where no
ntifiable cause can be found. Only supportive care 1is
ired if signs are mild or intermittent. If signs
if biochemistry indicates a continuing necroinfl-
process, or if the disease is chronic a liver
sy can be performed. Examination of this may permit
nosis of CAH of undefined aetiology (possibly
immune). Steroid therapy has been tried in dogs with
pathic CAH (section 1.7), although care is required
e dogs are prone to sterocid-induced hepatopathy
tschen and Bellamy, 1984) and steroid catabolism is

ed in the diseased liver.

nusual HEPATITIS WITH FIBROSIS IN GERMAN SHEPHERD DOGS
noticed amongst the field case material investigated
ng this study. There were several cases of a morpholo-
lly similar liver disease, histologically distinct
canine acidophil cell hepatitis, including four sets

ltiple cases. The main characteristic of the hepatit-
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was extensive very Ffine fibrosis, often extending
roughout the parenchyma, dissecting between individual
patocytes. None of the cases stained with rubeanic acid
hibited any acumulation of copper in the liver. The
sion appears to be different from that described for
ular dissecting hepatitis (Bennett et al., 1883), with
s inflammatory infiltrate and without the dilated

cular channels.

first multiple set occurred in the East of Scotland
involved an B-month-old male German shepherd dog,
hanased after 3 months of intermittent vomiting and

rrhoea followed by ascites, which was found to have

rhosis. The owner obtained his next dog, another male
, from the same kennels. The two were born 7 months
rt and were never in contact, but there was no informa-
n about whether or not they were related. The second
(dog M) also developed ascites, it had raised liver
mes and was euthanased at 18 months of age. It
ibited macronodular cirrhosis with no evidence of
er accumulation. Material from dog M was used in the
nd immunodiffusion experiment (section 9.4). The next
p of cases came from central England. An B-month old
le GSD with micronodular cirrhosis had exhibited
ting, diarrhoea and ascites. Much later, material was
ived from her last remaining littermate, a 3%-year-old
with micronodular cirrhosis. The rest of the litter
all died of liver failure. The owners of the last dog
owned the dam which became ill and possibly ascitic 8
hs later, at 6 years of age. Her blood biochemistry
lts were normal and the outcome of the illness is not

The third set of multiple cases came from the
east of England. Material was first received from a
th-old female GSD with hepatitis, extensive fibrosis
arly nodular hyperplasia; stains for copper accumula-
proved negative. Material was then received from a
littermate (dog V), euthanased at 6 months of age by
fferent veterinary surgeon. It also had hepatic
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Liver of dog U (Mass tri x56)

Diffuse hepatic fibrosis in &-month-old M GSD



76

prosis without any accumulation of copper (see fig. 1-3)
4 had exhibited raised levels of ALT, AP and bilirubin.
is animal had been a replacement to the ouwner for
Hther littermate which had been euthanased at 4 months
age because of an apparently similar liver disease. Two
ers of the original litter of thirteen were still with
. breeder; they had normal blood biochemistry results,
hough the vet did not measure ALT levels. The fourth
yup, a GSD bitch and her two pups, uwere all owned by
eone in the north of England. The male pup became ill
4 months of age with ascites, but then recovered. AN
loratory laparotomy revealed the liver to be abnormal
= not nodular. Ascites recurred at 7 months of age, with
ormal blood biochemistry results. The pup was euthanas-
and found to have active hepatitis and cirrhosis. Thé
ale pup was mildly ill at 4 and B months of age but had
mal blood biochemistry results at the time af; +the
sther’s death. The dam had been ill and ascitic when the
)s were 4 months of age, but improved only to worsen
in a month later when, very ascitic, she died. Other
ividual cases of hepatitis with extensive Fine fFibrosis
cirrhosis in German shepherd dogs were obtained from
ctices in central and western Scotland. These cases may
all have had the same disease, despite similar histol-
cal appearances, and the aetiology or aetiologies were
established. However the frequency of multiple cases
related dogs and the severity of the process in often
young dogs is suggestive of a possible hereditary

or.

e have been reports of similar problems in German
cherd dogs. In Zimbabwe, Obwolo and French (1888) found
hosis in a 2-year-old GSD and a 3-year-old male GSD
s from different households; however they both
bited minimal fibrosis. Savage (1887) described an
arently similar hepatitis and early cirrhosis in two
g GSD littermates. Apparently there had been 2
larly affected puppy in the previous litter from the
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e sire and dam. Most recently, Rutgers et . al, (1883
Lcribed a series of fifteen, mainly young, dogs with
opathic. hepatic fibrosis. Nine of the series were
man shepherd dogs; an overrepresentation which they

50 felt suggested a genetic component.

CIRRHOSIS
i Classification

rhosis is the end stage of many types of chronic liver
gase and is generally considered irreversible. Removal
control of the aetiological agent may slow progression
the disease, but its consequences usually result in
h. The progression from chronic hepatitis to cirrhosis
a gradual one, with no specific anatomical transition
t. Although some workers consider human cirrhosis a
gle entity, others subclassify the type in morphology
aetiology (BGall, 1860; Millward-Sadler and Wright,
89). Twedt (1985) considers it better not to subdivide
hosis in veterinary medicine since different histolog-

features can be present in different parts of the
Br | different aetiologies tend not to result in
inctive morphological patterns and morphological forms
change during the course of the disease. Two basic
s can be differentiated on gross macroscopic appearan—
macronodular and micronodular cirrhosis; where both
present, the term mixed cirrhosis may be used. The
ulness of this morphologic classification is not
ous since there is poor correlation with aetiological

ors.

onodular cirrhosis (the commonest classification in
) is characterized by variable sized, irregular
les ranging from Smm to Scm in diameter (Twedt, 18B65).
liver is usually reduced in size. An example of the

al gross appearance of macronodular cirrhosis can be
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Figid=\t Gross appearance of macronodular cirrhosis
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y in fFigure 1-%. Wide fibrous bands separate nodules
'$-uallg contain two or more portal tracts. This form
esult from continued single-cell and piecemeal
=is or from submassive necrosis with fibrous bridging

hrtal and central areas (Millward-Sadler and UWright,

odular cirrhosis (not common in dogs) is character-
by small, similar sized, evenly distributed nodules,
y less than Smm in diameter (Twedt, 1885). The liver
to be firm, with a finely granular surface and may
reased or reduced in size. This pattern can follow

necrosis replaced by fine fibrous bands.

cirrhosis, the final stage in the progression of
giohepatitis (Garvey and Zawie, 1884), appears to be
ommon in cats than in dogs. Histological features
marked portal fibrosis, bile duct hyperplasia,
ular hyperplasia and a variable degree of chronic
lammation. In humans biliary cirrhosis can be divided
o two types: primary and secondary (MacSween, 1885).
mary biliary cirrhosis is a nonsuppurative destructive
cess of unknown aetiology, affecting intrahepatic bile
ts. Secondary biliary cirrhosis, due to prolonged
hanical obstruction of the larger bile ducts, is often

ravated by ascending bacterial cholangitis.
.2 Pathogenesis

hough a single acute massive necrosis may result in
tnecrotic cirrhosis (Thornburg, 1883; Thornburg and
iels, 1983; Thornburg et al., 18B83a;b;c;d), most
dence suggests the damaging agent must be continually
licted to result in fibrosis and nodular regeneration
rombeck, 1879). In most naturally occurring cases of
rhosis in the dog the aetiology is never determined,
the common denominator in pathogenesis is hepatocyte
h (Twedt, 1985).
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long-continued loss of liver cells is accompanied by
sistent inflammation, fibrosis and compensatory hyper-
sia, with fFurther changes altering hepatic circulation.
lammation can be stimulated by the aetiological agent,
immunological process, Or the release of breakdouwn
ducts by injured hepatocytes. The last two factors may
a self-perpetuating process. The intensity of the
onuclear cell infiltrate is used to assess the degree
activity of inflammatory conditions, it is this that is
often treated with immunosuppressives. Fibrosis, the
al repair mechanism in inflammation, is due to increas-
ollagen synthesis by fibroblasts and hepatocgtes, and
ced hepatic collagenase activity (Rojkind and Kershen-—
h, 1976). The focal nature of hepatocyte regeneration
proliferation, in response to necrosis and reducéd
atic function, results in architectural disruption with
tal tracts and hepatic veins spaced irregularly in
les and embedded in fibrous septa. If cell death
seds (rather than balances) regeneration, then rapid
ical deterioration occurs. Even when compensation is
nuate, it can become self-limiting if expanding nodules
oress the Fibrous stroma, vascular channels and bile
s. A vicious cycle of ischaemic hepatocellullar damage
lts from fibrosis and nodular regeneration increasing
ular resistance, reducing hepatic blood flow, and
cing hepatic uptake capacity. So the liver cell loss
tinues until hepatocellular failure and/or portal
ertension results in death. Apart from the blood supply
g pushed to the periphery of regenerating nodules,
r vascular changes may occur in cirrhosis. Vascular
ging from portal tracts to central veins bypasses
soids. Extrahepatic anastomosing collaterals develop
een the portal and venous circulation, due to portal
rtension (see section 1.2.2 and figure 1-3>). By
enting hepatic clearance, these intra and extrahepatic
ts may allow toxins and metabolites to enter the

emic circulation.
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1.6.3 Clinical and Biochemical Features

The variability of clinical features in cirrhosis can make
diagnosis difficult. Laboratory evidence of chronic liver
disease is almost always evident before clinical present-
ation, which may occur at any time during the progression
to cirrhosis, or not at all. In the latter situation,
clinically latent or compensated cases may be diagnosed

only incidentally at necropsy.

The three major clinical signs, which together suggest
cirrhosis, are Jaundice, hepatic encephalopathy and
ascites. Jaundice Ffrom hepatic causes tends to indicate
extensive damage of hepatocytes or cholestasis, since the
liver has a large reserve capacity for bilirubin process-
ing. Reduced hepatocellular function and portosystemic
shunting of blood contribute to hepatic encephalopathy,
the clinical manifestations of which are given in section
l.2.2. Ascites results from complex hepatic and renal
metabolic changes and from portal hypertension, altering
the equilibrium between hydrostatic and osmotic pressure
(section 1.2.2).

Various other nonspecific signs can be present in cirrhot-
ic cases. These include general deterioration with
anorexia, weight loss, weakness and exercise intolerance.
Bastrointestinal signs like vomiting, diarrhoea or melaena
may occur. Polydipsia and polyuria are less common. Late
clinical signs may include bleeding disorders and

testicular atrophy or anoestrus.

LabDratUFU fFindings in cirrhosis are very variable. They
are affected by various factors, such as whether or not
disease is active or inactive and the severity of
hepatocellular damage. Both ALT and AP levels are usually
but mneed not be markedly raised e.g. the ALT
May be virtually normal in an inactive stage.
Nodules and Fibrosis stimulate a rise in AP. GBT, another
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hepatobiliarg—associated enzyme, is said to increase under
similar conditions to AP (Feldman, 1880). Although signif-
jcant hepatic damage is necessary before serum levels of
bilirubin rise, many cirrhotic dogs have mild elevations.
Increased BSP retention (slowed excretion) is expected in
cirrhosis, it is said to occur once a 55% reduction in
fFunctional mass is reached (Cornelius, 1978). Indicators
of hepatic function (e.g. urea, albumin, globulin and
coagulation factors) tend to be abnormal only when damage
is severe, in the end stages of liver disease (see section
1.2.3) and therefore may indicate a very poor prognosis
e.g. bleeding abnormalities with cirrhosis. Serum levels
of acute phase proteins and bile acids may be useful as

additional aids in differential diagnosis (section 1.2.3).

The two most important effects of cirrhosis, portal
hypertension and hepatocellular failure, are the cause of
many of its other complications which frequently lead to
death of the patient (see section 1.2.2). These include
aquired portosystemic shunts, ascites, hepatic encephalo-
pathy, gastrointestinal ulceration, bacterial infections,
bleeding disorders, renal failure, and serum electrolyte
and pH Cacid-base) changes (including sodium retention,

hgpokalaemia, alkalosis or even acidosis).

1.6.4 Gross Pathology

Since the cirrhotic liver is usually small and may have an

irregular surface, abdominal radiographs may aid diagnos-~

is. Definitive diagnosis of cirrhosis requires a liver

biopsy. However sampling errors, with regional variati
t than

ons

and regenerative nodules, are even more significan
‘N hepatitis cases. Gross visual inspection is therefore a

Very useful complement to microscopic findings.

variable.

change

The gross appearance of the cirrhotic liver is

It may be normal or enlarged, in cases with fattu
. Excessive hyperplasia; whereas it will be reduced 1N
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size, when loss exceeds regeneration. Cirrhosis involves
the entire liver, it has been defined in a World Health
Organization bulletin as a diffuse process characterized
by fibrosis and a conversion of normal architecture into
structurally abnormal nodules (Anthony et al., 1877). The
liver surface is irregular due to the division of paren-
chyma into rounded nodules by irregular branching and
anastomosing fibrous tissue sheets (see figure 1-4). The
colour can vary depending on the presence or ahsence of
fatty change and cholestasis, and the degree of congest-
ion. Nodules often appear paler, than surrounding
parenchyma, due to the lipochrome deficiency of-recentlg

divided liver cells.
1.655 Histopathology

Microscopically there is loss of the normal architecture
and the regular spacing of portal tracts and central
veins. Foci of atrophy and loss, and foci of hypertrophy
and hyperplasia are apparent, so both small cells and
enlarged (even binucleate) cells are seen. Fine or dense
collagen fibres develop in relation to damaged hepatocyt-
es, to form septa whose vascularity depends on duration.
These septa involve portal tracts and also hepatic veins,
and often contain entrapped, individual and small groups
of hepatocytes. Increased numbers of small bile duct
elements are seen in them - sometimes termed ductular
proliferation. Cholestasis, although usually not marked,
can be Ffocal and is seen terminally . in hepatocellular
failure. Infiltrates vary, with lymphocytes and, e
often, plasma cells infiltrating connective tisSsue and
Sometimes parenchymal nodules. Feathery degeneration
(section 1.5.1) may occur, especially at nodule
and  is indicative of an actively progressing cirrhosis,

especially if accompanied by a heavy lymphocyte feactian;

margins
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157 THERAPY

The mainstay of therapy for hepatic failure remains
supportive and symptomatic care; aimed at reducing the
severity of clinical signs, improving the quality of life,
and providing optimal conditions for hepatic repair and
regeneration. Specific therapy to remove the aetiological
agent, applicable in the few cases where this is identifi-
able, may slow or stop progression of the disease e.g. in
certain drug toxicities or in inherited copper toxicity.
D-penicillamine (a copper chelater) is the recommended

therapy for the latter.

Dietary therapy is very important, especially the type and
gquantity of protein. The aim is to reduce blood ammonia
and normalize the altered circulating amino acid ratios
(branched:aromatic). Multiple small feeds of readily
digestible protein Chigh in branched-chain amino acids and
low in aromatic amino acids) can be used to allow assimil-
ation to be completed in the small intestine, avoiding the
ammonia-producing bacteria in the large intestine. Dogs in
hepatic failure should get the majority of their calories
from easily digestible carbohydrates to avoid dietary
protein (and even body protein) being used to meet energy
requirements, resulting in even more ammonia production.
Also, readily digested, easily absorbed carbohydrate
leaves less to ferment to volatile free fatty acids (FFA)
in the colon. Small amounts of fats are required to supply
&ssential Ffatty acids and fat soluble _yvitamins, and to
improve palatability. UVitamin and mineral supplements are
only required with home-made diets. Strombeck et al.
(1983) published formulations for well-balanced, home-made
diets For hepatic insufficiency. However, the various
Commercial reduced protein diets now available are easier
for ouners to use. More detailed discussions of dietary
therapy are given by Hardy (1985; 1989). Lipotropic drugs,
although used in hepatic disease cases to treat lipidosis,

Should be avoided in dogs with hepatic Failure since, even
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at therapeutic doses, methionine-containing ones can

induce hepatic coma in such cases (Merino et al., 1875).

The aim with general therapy in cirrhotic cases is to
maintain fluid and electrolyte balance, prevent hypoglyc-
aemia, control infection and prevent/control secondary
complications (Twedt, 1985). Half-strength (0.45%) saline
with 2.5% dextrose is the fluid of choice (isotonic and
low in sodium) for chronic liver disease (Twedt and
Grauer, 1982) with 20mEg/1 potassium supplementation.
Nonabsorbable, enteric antibiotics like neomycin,
recommended in hepatic encephalopathy treatment (Hoyumpa
Jr et al., 19739) to reduce intestinal bacterial flora, may
acutely cause release of lots of bacterial toxic ‘products
while the liver’s ability to stop them entering the
systemic circulation is impaired. The synthetic disacchar-
ide lactulose is as effective in the management of acute
and chronic hepatic encephalopathy (Conn ot alx iy 1977
Atterbury, 1978), but it avoids the potential complication
of bacterial toxin release, since it has no antibacterial

properties.

In humans with moderate to severe autoimmune CAH, steroid
therapy can improve the quality and length of life, and
reduce the progression of early lesions to cirrhosis.
Prednisone can be used alone or in combination with
azothioprine (Schalm, 1982). Histological improvement may
take months to years and complete cures are uncommon.
However, there is no evidence that steroid therapy is
useful if the hepatitis is asymptomatic and it is contra-
indicated in viral-induced hepatitis. Steroid therapy has
been tried in dogs with idiopathic chronic hepatitis.
Strombeck and Gribble (1878) recommended dosages of 0.5-1
mg/1b body weight CBW) daily (1-2mg/kg /day) of prednisol”
One until clinical remission. Dosage can then be reduced
gradually to maintenance levels of 0.% mg/kg/day (Hardy,
1385). Prednisone, its precursor, has also been used but

s considered less suitable by some workers since it
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requires metabolism, by the liver, to the active form
(Powell and Axelsen, 1972). However, others found no
therapeutic advantage of one drug over the other (Uribe et
al., 18827 . Blood biochemistry should be monitored
regularly and treatment may be tapered until stopped if
complete remission OCCUrS (biochemical and histopathologi-

cal recovery), but re-evalulation in case of relapse is

required.

There is a shortage of comprehensive, controlled studies
to prove whether or not specific anti-inflammatory agents
(e.g. corticosteroids) and immunosuppressives (e.g.
azothioprine) prolong survival in dogs with cirrhosis. The
detrimental effects of corticosteroids in advanced 1liver
disease sometimes outweigh the beneficial ones and result

in deterioration (Twedt, 1885).

Some of the drugs tried experimentally in humans might be
of use in dogs. The antifibrotic immunomodulatory agent d-
penicillamine (Chen et al., 18739) may be used in dogs, at
10-15mg/kg twice daily, to attempt to reverse or delay
hepatic Fibrosis in CAH (Hardy, 18985). Polyunsaturated
phosphatidylcholine (PPC) has been used experimentally in
humans, to try to modify the immune injury in CAH; it may
help protect hepatocytes from cytotoxic lymphocytes
(Jenkins et al., 1982). The use of colchicine, to try to
inhibit or reverse hepatic fibrosis in cirrhotic patients
(Rojkind and Kershenobich, 1876; Kershenobich et al.,
19753, resulted in clinical, biochemical and histological
improvements in some patients. Experimentally colchicine
interferes with procollagen synthesis and secretion by
Eibr‘cblasts, and stimulates the production of 2 collagena~
Se& enzyme (Rojkind and Kershenobich, 1376; Ehrlich et al.,

1974; Harris and Krane, 1871>. So it may inhibit collagen
removal ©of

has been

Production and increase collagenase-mediated

fibrous tissue already deposited. Colchicine
tried experimentally in rats (Rojkind et al., 1973) and in
dogs (Rojkind and Kershenobich, 1876 with apparent
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success. Its use by Boer et al. (18B84), in a dog with
hepatic fFibrosis (an wuncontrolled case), apparently
resulted in several months of clinical improvement without
any of the adverse reactions associated with its use in
man (Rojkind and Kershenobich, 1876; Flower et al., 1380).
It is worth noting that, dietary management and cortico-
steroid therapy (where appropriate) can result in the

disappearance of a moderate amount of Ffibrosis, without

the use of antifibrotic agents (Strombeck and Gribble,

18978).
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2.0 INTRODUCTION

This chapter covers the animals, materials, equipment and
techniques used in most of the investigations undertaken.
Variations, specific to individual experiments, are

usually detailed in the chapters dealing with those

experiments.

The usual sources of canine field case material and the
procedures for dealing with it are explained at the start

of this chapter (section 2R

The transmission experiments are dealt with in the next
section (section 2.2). It covers: the sources, housing and
clinical examination of experimental animals; the
equipment and techniques used for the haematological and
biochemical investigations; the preparation of immunosupp-

ressive agents; and the postmortem protocol used.

Although the processing of tissue samples fFor light
microscopy is covered in section 2.3," the details of the
procedure and the recipes for the stains used are given in
appendix 1. Section 2.4 details the processing of various

tupes of samples for electron microscopy.

The techniques used to raise antiserum in rabbits and its
application in agar gel immunodiffusion, enzyme immunocyt-
ochemistry and immune electron microscopy are described in
section 2.5.

e.1 FIELD CASES

Canine field case material was obtained from many sources.

liver disease
s throug~

samples

Formalin-fixed tissues, from suspected
cases, were received from veterinary practitionet
hout the country. These were usually postmortem

but sometimes biopsies; some were accompanied by Bloas
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samples. Postmortem material was also obtained from liver
disease Cases passing through the Glasgow University
JUeterinary School (GUUS) postmortem room, these originated
from either GUUS hospital or from local practitioners.
Blood samples were sometimes available from hospital cases
suspected of having liver disease. Liver biopsies uwere
obtained from some live hospital cases. Material, Ffrom
some suspected canine acidophil cell hepatitis cases, was
passed on from the histological diagnostic service
operated by the Canine Infectious Disease Research Unit

(CIDRU) in the veterinary pathology department of GUUS.
2dni Clinical Details

There was great variation in the quantity of information
available on Field cases (history, clinical signs etc.),
although attempts were always made to gain as many details
as possible. With biopsy samples, when the dog was still
alive, attempts were made to follow the progress of the
disease. Unfortunately these often proved unsuccessful for
a variety of reasons e.g. owners not returning to their

vet with the animal.

2.1.2 Postmortem Examination

Postmortem room cases were subjected to a full postmortem
EXamination with all organs being examined. Samples for
histological investigation were usually collected, into
10% neutral buffered formalin (NBF), from the following:
liver, kidney, spleen, mesenteric lymph node, tonsil,
Pancreas, thymus, adrenal gland, 1lung and any other
tissues exhibiting lesions. These samples Wwere s
Processed as described in section 2.3. If the carcass was

fresh some liver was usually frozen in liquid nitrogen and

Stored at -70°C for later studies.
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10% Neutral bu = rmalin C(NBF):
Tap water S00ml
Concentrated formaldehyde (40%) 100ml

Sodium dihydrogen orthophosphate 4.6g/1
Disodium hydrogen orthophosphate 8.0g/1

20158 Haematological And Biochemical Examinations

When appropriate blood samples were received haematologic-
al and biochemical analyses were performed as described in
sections 2.2.5 and 2.2.6. 1f whole, clotted blood was
available, but no heparinised blood for plasma extraction,
then serum was used for the biochemical investigations.
Any serum left over was fFrozen and stored at -20°C for

later studies.

2.e TRANSMISSION EXPERIMENTS

vl Experimental Dogs

The dogs used in the first two transmission experiments

were young, unvaccinated pups obtained from rural sources.

They were border collies and border collie Crosses. The
implementation of the Animals (Scientific Procedures) Act
those

1986 prevented the use of any animals other A
obtained from registered breeders. The dogs used in the
third experiment were therefore commerciallg—reared,
vaccinated beagles purchased at around.B months of ag@e,
from a closed breeding colony.

On arrival, the dogs were given a clinical examination and

were sprayed for Fleas with Nuvan Top (an
Geigy ﬁgrochemicals,
actic

aerosol of

dichlorvos and fenitrothion, Ciba
Cambridge). Later they were vaccinated and prophyl

anthelmintic regimes were instigated.

e groups of dogs were housed in isolation units from
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arrival, except for the first group which initially spent
some time in other accommodation (detailed in section
4.3.3). Tuwo isplation units were used, each consisting of
a work side and a dog accommodation side. The entrance
door opened into a small area, separated from the rest of
the work area by a louw wall. Here workers changed into
poiler suits, kept in the unit, and 1leaving outdoor
footwear behind stepped over the wall into rubber boots on
the other side. In the work area was a sink and a counter
for equipment storage and food preparation. The dog
accommodation side was fenced off from the work area, with
access by a gate. HMetal grill partitions divided the dog
accommodation area into a bare run area and a straw-bedded
living area with a raised wooden bed and a self-filling
water bowl. The units were built of stone blocks and had
concrete floors. They uwere equipped with screened
ventilation fans and thermostatically controlled electric
fan heaters. The isolation units were thoroughly cleaned
and fumigated before and after use by each group of dogs.
Two types of fumigation were used; either formaldehyde gas
(produced by adding potassium permanganate to formalin),
or an aerosol mist of Tegodor (Th. Goldschmidt Ltd,
Middlesex).

The dogs were fed once daily on a mixture of commercial
dog meal (Wilson’s Dog Meal, Wilson & Sons, Dundee) and
tinned dog food (Spillars Foods Ltd, Cambridge). The strau
bedding was changed daily. They were taken into the work
area for most procedures e.g. blood sampling and temperat-

ure measurement.

2.2.2 Experimental Laboratory Animals

The rats, guinea pigs, hamsters and mice used in this

research were virtually all bred in-house. Only the rats

USed in rat experiment 5 (section 5.7) were not bred in-

h0use, along with their mothers who were PUfChaSEd while

Pregnant and later became part of rat experiment B
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(section 5.8). A commercial supplier was the source of the
rabbits used. The laboratory animals were housed in
suitable cages in various rooms of a controlled-environ-
ment animal house. They were fed ad lib on appropriate

commercial, pelleted diets.
e 3 Inocula

Homogenised canine ljiver was the most commonly used
inoculum for the transmission experiments, but rat 1liver
and canine serum were among others used. The method of
inoculum preparation also varied between experiments.
Specific details of each inoculum are given in the

appropriate experiment description.

All the inocula used were subjected to poth bacteriologic-—
al and virological examinations. Smears were prepared and
inspected microscopically for the presence of bacteria.
The culture of organisms was attempted aerobically in
sheep blood and MacConkey’s agars as well as anaerobic-
ally. Inocula were also checked for the presence of canine
adenovirus by attempting its culture in both MDCK (Madin-
Darby canine kidney) cells and GH (greyhound kidney)
cells. The use of freshly thawed and prepared liver
homogenates meant that the results of the pacteriological
and virological checks were not available until after the
inoculation of experimental animals. Although not ideal,
the use of this procedure did not appear to result in any
adverse reactions and it insured that the checks were
performed on what the animal actually received. Both
preparation of a small sample for checking, pefore prepar-
ation of the main inoculum, and freezing of prepared
homogenates until tests could be performed would have
allowed the possibility of variations petween tested and
of canine adenovirus
used in

inoculated samples. No evidence

infection was ever found in any of the inocula

EXperimental animals.
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Inocula were always administered subcutaneously in the

scruff of the neck and large volumes were split betueen

two sites.
2 et Clinical Investigations

Fach dog was given a thorough clinical examination on
arrival. They were monitored daily for any signs of ill
health, attention being paid to features such as demeanour
and appetite. Rectal temperatures uwere recorded daily.
Blood samples were collected by jugular venipuncture,
twice or thrice weekly for biochemical analysis ahd weekly
or fortnightly for haematological examination. At regular
intervals, extra blood was taken for serum collection.
This was spun at about 1 500 rpm for 10 minutes in a
bench centrifuge (Minor Centrifuge, MSE, England) to
separate the clot From the serum, which was Ffrozen and
stored for later studies. Faecal samples uwere collected
periodically from the dogs, to be checked for evidence of
intestinal parasites. The McMaster'’s Technique (Dunn,

1978) was used to obtain faecal egg counts (FEC).

The laboratory animals were checked daily for deaths oOr
signs of ill health. Prior to destruction blood samples
were collected by cardiac puncture, under anaesthesia, for
serum collection and sometimes for biochemical and haemat-

ological analyses.

2.2.5 Haematological Procedures

Blood samples, %ml, for haematological examination were
Placed in Potassium EDTA-coated tubes CLIP. (Equipment &
Services) Ltd, Middlesex) and gently mixed. A Coulter
Counter S-PLUS IV (Coulter Electronics Ltd, Coatbridge)
Was used to test the following parameters: total white
blood cell cwbe) count, total red blood cell (rbec) count,
Platelet count, haemoglobin concentration (HbJ, haemato-
Crit CHCT), mean rbc volume (MCY), mean rbc haemoglobin
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content (MCH), and mean rbc haemoglobin concentration
(MCHCY. A differential wbc count was performed on a blood
smear, made from geach sample and stained with the May-
Gruenwald Giemsa method. A standard 200 cell count was
used, from which were calculated absolute numbers of
neutrophils, lymphocytes, monocytes, basophils, eosino-
phils and normoblasts. When considered necessary, reticul-
ocyte numbers uwere counted from another smear stained with

New Methylene Blue, a supravital stain technique.
225 Biochemical Procedures

Two ml blood samples for biochemical analysis were placed
in Lithium Heparin-coated tubes (LIP. (Equipment & Servic-
es) Ltd, Middlesex) and gently mixed. The tubes were sSpun
in a bench centrifuge for 2 minutes at about 3 000 rpm to
separate the blood cells from the plasma, which was then
collected and analysed. A Cobas Mira analyser (Roche
Diagnostica, Switzerland) was used to measure blood levels
of alkaline phosphatase, aspartate aminotransferase,
alanine aminotransferase, urea, bilirubin, cholesterol and
gamma glutamyl transferase. A Technicon AutoAnalyser 11
(Technicon (Ireland) Ltd, Dublin) was used to measure the
levels of total protein (method AA II-149) and albumin
(bromocresol green method). The globulin level  was
Calculated by subtracting the latter from the former.
Sodium (Na) and potassium (K) levels were measured with a
IL Flame Photometer, model 543 (Instrumentation Laborator-
ies (UK) Ltd, Cheshire). An EEL 820 Chloride meter (Evans
Electoslenium, Essex) was used to measure the blood
Chloride (Cl1) level.

©.2.7 Preparation of Azothioprine Solutions

The protocol for the production of azothioprine solutions
was adapted from the manufacturers instructions (Burroughs
Wellcome Co, London). Using the same ratios, the quantiti-

S uwere adjusted to provide enough solution for a few days
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treatment. E.g@. SOmg azothioprine powder suspended in Sml
normal saline (NS> then 0.181ml 1IN sodium hydroxide (NaOH)>
added dropwise. after dilution with NS to 25ml, the emg/ml
solution should have a pH of B.5. Since solutions uwere
prepared in advance and stored at 4°C, their stability had
to be checked daily. The optical density (0D) of a sample
diluted to 10ug/ml at pH 1 was measured in a spectrophoto-
neter at 280 and 330um. The normal ratio of the two 0ODs
should be 3.3-3.6. Any samples with lower ratios, indicat-

ing breakdown to B-mercaptopurine, were discarded.
2.248 Postmortem Examination

Full postmortem examinations were performed on all of x=the
experimental dogs immediately after death, to minimise the
effects of the postmortem changes and technical artefacts
discussed in section 1.2.%. They were killed by overdosing
with intravenous (IU) Pentobarbitone Sodium 20% (Euthatal,
RMB Animal Health Ltd, Dagenham). After death, the dogs
were bled out by venisection of the jugular vein. Blood
was collected Ffor serum separation and, into sodium
citrate anticoagulant, Ffor buffy coat and lymphocyte
extraction. The abdomen was opened and sterile samples of
liver were collected Ffor bacteriological examination,
virological testing for canine adenovirus (cav), attempted
novel agent extraction and dissociated cell preparations

for electron microscopical examination. All organs Wwere
then examined.

Small samples of the following tissues Wwere taken for
electron microscopical examination of tissue blocks: liver
(3 or 4 sites), kidney, spleen, mesenteric lymph node,

t 5
onsil, pancreas and bone marrow. Bone marrow was also

taken for smear production. Tissue samples, frozen in

liguid nitrogen, to be stored at -70°C for possible Future

Studies included: 1liver, kidney, spleen, lymph node,

tonsil, pancreas, bone marrow, thymus and adrenal gland.

Urine was collected, directly £from the bladder, for
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piochemical examination and to be checked for cellular
deposits. Samples for histological examination were
collected, into 10% neutral buffered formalin, from the
following: liver (each lobe), kidney, spleen, lymph nodes,
tonsil, pancreas, bone marrow, thymus, adrenal gland,
lung, groin skin, brain and any other tissues exhibiting
lesions. The full 1length of the intestinal tract was

checked for nematode parasites.

Laboratory animals were also given a full postmortem
examination immediately after death. They uwere anaesthet—
ised with intramuscular Pentobarbitone Sodium B% (Sagatal,
RMB Animal Health Ltd, Dagenham). As much blood as
possible was collected, by cardiac puncture, for serum
separation and sometimes biochemical and haematological
examinations. The animal was then killed by cervical
dislocation under anaesthesia and a postmortem was perfor-

med, all organs being examined.

Liver was occasionally taken from laboratory animals for

electron microscopical examination. whenever possible,
samples of liver, kidney and mesenteric lymph node were
frozen in liquid nitrogen for storage at ~-70°C. Tissues

taken into 10% NBF for histological examination included:
liver (from 3 lobes), kidney, spleen, mesenteric lymph
node, adrenal gland, thymus, lung and any other tissues

exhibiting lesions.

2.3 HISTOLOGICAL PROCEDURES

Small blocks of tissue were Fixed in 10% neutral pbuf fered

formalin, usually for a minimum of 2% hours. Each block

Was then trimmed to a thickness of not more than 4mm and

transferred to Fresh 10% NBF to ensure complete fFixation.

Canine tissue blocks were post-fixed in corrosive formol

for 24 hours, the smaller blocks from laboratory animals

WO Bbuer | ket arund: 12 hours .| ALl blocks Ehen; uens
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through 2 P4-hour processing cycle (appendix 1) involving
dehydration through a series of alcohols, clearing in
xylene and embedding in paraffin wax. Sections were ctit
from the paraffin wax blocks at a thickness of 3um and
stained using Mayer’s haematoxylin & eosin (H&E) (appendix
1251 BEher specialised stains used, especially on liver
sections, included Masson’s trichrome, Masson-orange G,
acid fuchine, Gordon and Sweet’s reticulin, rubeanic acid,
shikita’'s orcein, Victoria blue, PAS, Sudan black and

oil red 0 (appendix 1J.

Corrosive formol:
Concentrated fFormaldehyde (40%) 100ml

Mercuric chloride (sat. agueous soln.) S00ml

ey ULTRASTRUCTURAL PROCEDURES

Transmission electron microscopy (TEM) was used for the
ultrastructural examination of tissue blocks, preparations
of dissociated cells, buffy coat, lymphoctes and purified,
extracted preparations suspected of containing a causative
agent. Material from both dogs and laboratory animals was
examined. All investigations were performed with an EMBO1
transmission electron microscope (AEI Scientific Apparatus

Division, Essex).

2.4.1 Tissue Blocks

Small pieces of tissue to be examined uwere removed
immediately after death and placed in drops of chilled
Paraformaldehyde/glutaraldehyde (para./glut.) fixative, on
blocks of dental wax. They were chopped into tiny blocks,
transferred to glass phials containing chilled Fixative
and Fixed at 4°C For a minimum of % hours. Each tissue was

then rinsed overnight in cacodylate rinsing solution and

POSt-Fixed in osmium tetroxide for 1 hour. Fixed tissue
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was dehydrated through an ascending series off 30%;0=B80%;
go% and absolute acetone. Tissue was then soaked for: 30
minutes 1in & 50:50 mixture of araldite and acetone, 30
minutes in a 75.25 araldite:acetone mixture and 2 minimum
of 1 hour in 100% araldite mixture. Individual blocks uwere
then embedded and the embedding resin polymerised at B0°C

for 48 hours.

An LKB ultramicrotome (Ultrotome III, LKB Instruments Ltd,
Surrey) with glass knives, was used to cut 1um thick
sections. These uwere mounted on glass slides and stained
with methylene blue and azure II. A light microscope was
used to select fields for ultramicroscopy and the original
blocks were trimmed accordingly. Ultrathin sections (750~
70nm thickness) were cut on the ultramicrotome and mounted
on uncoated Athene 400 copper specimen grids (Agar Scient-
ific Ltd, Stansted). They were stained for 2 minutes with
uranyl acetate, rinsed in methanol, then in 50% methanol,
then in distilled water and dried on Filter paper. Next
followed 2 minutes staining with lead citrate, rinsing
with 0.02N NaOH, then in distilled water and air drying on
filter paper. Sections were then ready for examination in

the electron microscope.

Farafornm hude/ nude Cpara./glut.) fixative: A
mixture of 1.3% paraformaldehyde and 1.6% glutaraldehyde
in cacodylate buffer pH 7.2-7.%.

Paraformaldehyde 2g
Distilled water 25ml
1M Sodium hydroxide 2-3 drops
25% glutaraldehyde 10ml
Cacodylate buffer 115ml

Anhydrous calcium chloride  25mg

Cacodylate buffer: A 0.1M solution of sodium cacodylate in
distilled water (21.4g/l) adjusted to pH 7.%77.8 with @

few drops of concentrated hydrochloric acid (HC1)D.
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cacodulate rinsi tion: A 0.1M solution of sucrose in
cacodylate puffer (3%.2g sucrose/l) adjusted to pH 7.2-7.4%

with a few drops of concentrated HCl.

osmium _tetroxide: 1% osmic acid in Millonig’'s phosphate

pufFfer pH 7.2-7.4%. The latter consists of:
Sodium dihydrogen phosphate (2.26%) B83ml

Sodium hydroxide (2.52%) 17ml
Distilled water 10ml
Sucrose 0.54g

Stain for 1.m _sections: Equal parts of the following were
mixed in a coplin jar and warmed on a hotplate:
Methylene blue

Azure I1

e
NN

M=
NG

Borax

Slides were left in the warm stain for approximately 5
minutes, before being rinsed with water and dried on the
hotplate.

Araldite mixture: Equal parts of the araldite resin and
hardener (DDSA) were mixed, before the addition of the
accelerator (BDMA). (Agar scientific Ltd, Essex)

Araldite CYe2le 10ml

DDSA (dodecyenyl succinic anhuydride) 10ml

BDMA (N-benzyldimethylamine) 0.4ml

Uranul acetate: A 20% solution made up in 100% methanol .

Lead citrate: 1.33g lead nitrate and 1.750 sodium citrate,

each dissolved in 15ml of distilled water, were mixed. The

lead citrate precipitate was shaken for 1 minute, allowed

to stand Ffor 30 minutes with periodic agitation, then
MBI R i st ionscFacBnly OF L 3bcsNaOH, . 3D9
solution was diluted to 5Oml with distilled water Final

PH 11.8-1p2.1.
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2.4.2 Dissociated And Other Cell Preparations

Dissociated cell preparations were most commonly made from
liver, ths various techniques used are described in
chapter B (section 8.2.1). The cell preparations uere
usually mixed 50:50 with chilled para./glut. Ffixative and
pelleted in a bench centrifuge. The supernatant was
removed, fresh fixative added, and the cell pellet left to
Fix at 4°C for 2-% hours. It was then rinsed for the same
amount of time in cacodylate rinsing solution. Subsequent
processing of cell pellets for electron microscopical

examination was the same as for tissue blocks.

Buffy coat was obtained by spinning blood, collected in
sodium citrate or potassium EDTA anticoagulant, at around
3 500 rpm for 10 minutes to form three layers: packed
rbcs, buffy coat (wbcs and platelets) and plasma. The
latter was drawn off, and chilled para./glut. fFixative was
added over the buffy coat layer. After about 20 minutes
this was firm enough to be extracted from the tube and
transferred to fresh chilled fixative for 2-% hours at
1°C. Further processing, before examination in the
electron microscope, was the same as for dissociated cell
preparations.

Preparations of lymphocytes were processed for electron
microscopical examination in the same way as the dissocia-
ted cells. The ficoll-hypaque extraction method was used
to obtain 1lymphocytes from blood samples collected in
Sodium citrate.

1) Using a syringe, 10ml of citrated blood was carefully
transferred onto the surface of 10ml of fFicoll-hypaque
solution in a universal.

2 This uwas spun at 1 400 rpm for 20 minutes,
refridgeration.

Lymphocytes were found in the middle layer,
removed and washed twice in phosphate-buffered
(PBS). The first wash and spin (750 rpm for 30 minuks

without

H which was

saline
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es) removed platelets. After the second wash and spin
¢(1 000 rpm for 10 minutes) the lymphocytes were resus-

pended in PBS.

Ficgll-h u ign: Stored at 4°C after being mixed

for several hours.
g% ficoll in distilled water 288m1l

33.9% hypaque in distilled water 120ml
(S0.36ml 45% hypaque soln. + 28.64ml water)

Phosphate-buffer in . 1 PBS tablet (Oxoid Ltd,
England) dissolved in 100ml distilled water and solution

autoclaved.
23 Purified preparations

Variations on two purification techniques (detailed 1in
chapter 8) were used in attempts to extract a causative
agent for CACH from various samples. Liver and mesenteric
lymph node were the two main tissues studied. They were
Finely chopped before either homogenisation, with a
Silverson Homogeniser (Silverson Machines Ltd, Chesham),
or stomaching, with a Colworth Stomacher B0 (A.J. Seward,
London), in phosphate-buffered saline or tris-buffered
saline (TBS) pH 7.4. Preparations were then clarified to
remove gross debris; this usually involved spinning at
about 1 500 rpm for 10 minutes in a bench centrifuge,
followed by spinning of the supernatant at 10 000 rpm for
10 minutes at O°C in a Sorvall OTD-50 Ultra Centrifuge (Du
Pont Instruments, Newtown) using an Sw-4l rotor. The
F8Sultant supernatant was then subjected to either density
gradient centrifugation in caesium chloride (CsCl)  or

Centrifugation in sucrose gradients.

Preformed caesium chloride gradients were made in Ultra-
Clear centrifuge tubes (Beckman Instruments) by adding
Solutions of CsCl of density ranges from either 1.1g/cc up

te 1.4g/cc or 1.2g/cc up to 1.5g/cc. 1.5ml of the lowest
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density CsCl solution, e.g. 1.1g/cc, were added to the
centrifuge tube by means of 2mm tubing attached to a
syringe, this was displaced upwards by 1.5m1 of the
1.2g/cc density CsCl being added to the bottom of the
tube. This procedure was repeated until the highest
density CsCl solution, e.g. 1l.4g/cc, was in place. The
clarified sample was carefully layered on top of the
gradient which was spun at about 35 000 rpm for around 36
hours in the ultracentrifuge. The bottom of the tube was
pierced with a needle and Fractions were collected. These
were dialysed overnight against cold TBS, before negative
staining for examination in the electron microscope.
Dialysis was found to be more efficient at caesium removal
than washing the sample on the specimen grid with ammonium
acetate For 2 minutes before phosphotungstic acid (PTA)

staining.

The sucrose gradient centrifugation procedure used was
adapted from Pedersen (1873). The clarified sample was
centrifuged in a discontinuous gradient, consisting of 5ml
B5% sucrose and Sml 15% sucrose in TBS pH 7.4, at around
23 000 rpm Ffor about 1% hours at 4°C in the Sw-'1 rotor.
The band, hoped to contain virus, fFormed in the interface
between the two sucrose layers was collected and bovine
serum albumin added to a Final concentration of 0.1%. The
Preparation was dialysed overnight against cold TBS pH
7.4. A gradient maker powered by a 2132 Microperpex
Peristaltic Pump (LKB) was used to form a 15% to B5%
Continuous sucrose gradient in TBS pH 7.%, in an Ultra-
Clear Su-41 tube. The sample was layered on top of this
fFor centrifugation to equilibrium in the ultracentrifuge
at 23 000-25 000 rpm for 16 hours at 4°C. When examined
8gainst direct, light various bands were visible. The
bottom of the tube was pierced with a needle and the
gradient was collected in fractions. The refractive
indices of these were ascertained using an Abbe 60 refrac-
tometer (Bellingham and Stanley Ltd, Turnbridge Wells) and

- density (D) of each fraction was calculated. The
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fFractions were dialysed overnight against cold TBS pH 7.4,

pefore negative staining for examination in the electron

microscope.

Phosphotungstic acid (PTA) negative staining was used on

the fractions from both types of gradient.

1) One drop of the preparation for examination was
dispensed onto a copper specimen grid, coated with a
thin parlodion support film. This was 1left for @2
minutes at room temperature before most of the excess
Fluid was removed with filter paper. ]

2) Without allowing the grid to dry out, 1 drop of
freshly prepared 2% PTA solution (pH 7.2) was added
and left for 2 minutes at room temperature. '

3) The excess Ffluid was removed with filter paper and
once dry, the grid was ready for examination in the

electron microscope.

Iris-buffered saline
IBS x10: The following were dissolved in distilled water

and made up to 1 litre before autoclaving:

Sodium chloride (NaCl) 58.14g
Irizma base (Iris[hgdroxgmethgl]aminomethane) iBzilg
Ethylenediaminetetraacetic acid (EDTA) 3.72g

IBS x1: S00ml distilled water was added to 100ml TBS x10
and the pH was adjusted to 7.4 with concentrated HC1.

aesi i ;
Sium ch n

l.lg/cc: 1.33g CsCl dissolved in 10ml TBS
1.Sg/ce: 6.718g CsCl dissolved in 10ml TBS

Sucrose solutj n

15%: 15.89g sucrose dissolved in 100ml TBS pH 7.4
B5%.

8% B2.28g sucrose dissolved in 100ml TBS pH 7.4

B : . :
“8rlodion solution: A 3% stock solution of parlodion 17

8Myl acetate was made by allowing 2 days to dissolve 0.30

Parlodion pieces in 10ml amyl acetate. A 0.6% solution was
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used to coat the copper grids i.e. 0.2ml of 3% stock
solution diluted with 0.Bml amyl acetate.

avs IMMUNOLOGICAL PROCEDURES

2. 9vk Raising Antiserum

The aim of this work was to immunise rabbits to the
causative agent of canine acidophil cell hepatitis, soO
that they would produce antiserum which could be used in

various studies.

Two New Zealand White rabbits had already been put through
an immunisation regime, 2% years previously. Dog D (dog B2
from an earlier CACH transmission experiment (Jarrett and
0’Neil, 18B5), had been the source of antigenic material
used. This animal’s details and history are given in
section 5.7.2. A 10% weight:volume (wt:vol) homogenate of
liver in PBS had been sonicated, then clarified in a bench
centrifuge. The supernatant had been emulsified with an
equal wvolume of Freund’s complete adjuvant CECAY=EE TEN,
ImmuncBiologicals). The emulsion had been administered to
the rabbits by an intramuscular injection of 1.5ml1 into
®ach hind leg. One week later the procedure had been
Fepeated, except that Freund’s incomplete ad juvant (FIR)
(ICN, ImmunoBiologicals) had been used to make the
emulsion. That process had been repeated 1 week after
that. Ten days after the third inoculation the rabbits had
been bled, by venisection of the marginal ear vein, and

Serum collected.

It was decided to boost these two rabbits, with slightld
More purified material Ffrom dog D again, to obtain
@ntiserum for the current study. First they were bled and
® Pre-boost serum sample was collected. For each rabbit, a
5% wt:vol homogenate of liver in TBS was prepared and
“larified for 10 minutes in the MSE bench centrifuge. The
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supernatant was then clarified, at 10 000 rpm for 10
minutes at 1°C, in the Sorvall OTD-S0O ultracentrifuge. To
concentrate the preparation; the supernatant was spun in
the ultracentrifuge, at 35 000 rpm for 75 minutes at 4°C,
and the resultant pellet was then resuspended in 1.5ml of
TBS, using a rotamixer (Hook & Tucker Ltd) and sonicater
(Millipore). AN equal volume of FIA was added and the
mixture emulsified using the rotamixer. The emulsion wuwas
divided into two doses of just over 1lml, given intramuscu-
larly in each hind leg. Eleven days later the rabbits were

bled and the immune serum collected.

Before inoculation, the integrity of the emulsion wuwas
always determined by allowing a drop of the suspension to
fall onto the surface of cold water. Only when the droplet
remained intact, indicating that the aqueous phase
containing the antigen was entirely closed within the oil,

was the suspension deemed fit to use.

Seventeen months later it was decided, due to their age,
to boost and bleed the rabbits again, before humane
destruction. A 10% wt:vol homogenate of dog D’s liver in
TBS was prepared and then clarified twice, as before. The
resultant supernatant was spun in the ultracentrifuge, at
35 000 rpm for 80 minutes at 4°C, to form a pellet which
Was resuspended in TBS by rotamixing and sonication. This
was emulsified with an equal volume of FIA. The dose of
emulsion, 1.2Sml for each rabbit, was split between the
two hind legs and given intramuscularly. Twelve days later
the rabbits were bled out, by cardiac puncture under

anaesthesia, and then destroyed. The immune serum was
Collected.

E‘
5.2  Absorption of Antiserum

Several different powdered preparations of canine liver
“ere used, to remove any antibodies to normal canine liver

COmponents, in the production of absorbed sera for the
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serological investigations.

Two preparations of dried dog liver were already available
at the start of the study (liver powders 1 and 2) and they
were used to absorb the rabbit sera for the first immuno-
diffusion experiment (section 8.3). Since they had been

prepared previously, the exact method used was not known.

To produce absorbed serum, 1ml of tissue powder dampened
with PBS was mixed with 1ml of serum and incubated at 37°C
for 30 minutes. Then followed a 10 minute spin at 3 00O
rpm in a bench centrifuge and a further 10 minute spin of
the supernatant, at 10 000 rpm at 4°C in an ultracentri-
fuge. The resultant supernatant was put through a 0.45Hm
Acrodisc disposable filter (Gelman Sciences UKJ, moistened

with PBS, to give the absorbed serum.

The freeze-dried, normal dog liver powders (3 and ') used
for absorbing sera in the second immunodiffusion experim-
ent (section 8.4) were prepared by the following method.
Liver was chopped, then homogenised in an equal volume of
IBS, before spinning in a bench centrifuge at 3 000 rpm
for 30 minutes. The supernatant was discarded and the
Pelleted liver resuspended in PBS to wash out the haemogl-
obin. The preparation was spun again for 10 minutes and
the supernatant discarded. This rinsing procedure uwas
repeated (usually twice) until the supernatant appeared
free of haemoglobin. The precipitate was then resuspended
and the preparation lyophilised in a freeze-drier (Edwards
High Vacuum, Crawley). The freeze-dried flakes were ground

to a powder with a mortar and pestle and then stored at

q.C .
The protocol for the production of absorbed serum for the
Second immunodiffusion experiment was also slightly

different. After 900ul1 of serum had been jncubated with
added,

0. :
¥5g of liver powder, an equal volume of PBS was
bed

b
efore clarification, to increase the volume of absor
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serum. This produced a 1 in 2 dilution of absorbed serum.

2.5.3 Agar Gel Immunodiffusion (AGID)

The Ochterlony double diffusion technique was used to test
whether the rabbits had been immunised with the dog liver
inoculum, and whether any of the antibodies produced were
specific for CACH infection. Antigen-antibody reactions
petween both unabsorbed and absorbed antisera and liver
preparations from various dogs were investigated. The
theory behind the technique is given in chapter 8 (section
b =l

Dog livers for testing were thawed (from storage ats=70°C2
and homogenised in TBS, wusing the Silverson homogeniser.
The homogenate was clarified in a bench centrifuge at
1 500 rpm for 10 minutes, then the supernatant was further
clarified at 10 000 rpm for 10 minutes at 4°C in the

ultracentrifuge.

The medium used for the immunodiffusion tests was Ochterl-
ony gel, prepared using Ochterlony buffer. Before use the
gel was warmed to melt it, then it was pipetted onto glass
microscope slides (Blue Star, Chance Propper Ltd, warley)
on a levelling table - 2ml/slide. Once set, the slides
were stored in moisture chambers at 4°C and usually kept
until the next day before two 7-well rosettes were cut out
with a punch and they could be used. Rabbit serum
(antibody) was always put in the central well of each
rosette. The dilutions of dog liver preparations were put
In  the surrounding ring of six wells, working clockwise
from neat in the ”1 o’clock” position round in two-fold
dilutions to 1/32. Half-strength Ochterlony buffer

USed to make the dilutions.

was

Slides were kept in moisture chambers at yeC for several

9ays, to allow diffusion of reactants and the formation of
Precipitin lines, before staining. A rubber pand was wound
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round one end of each slide to prevent the gel from
floating of f when slides were washed in PBS for B6-8B hours
and then soaked overnight in distilled water. They were
then stained with Coomassie blue for 25 minutes before

peing put in destain for 5-15 minutes.

Ochterlony buffec: 41iml of A. mixed with Sml of 5.

A. 1.78g disodium hydrogen phosphate dissolved in 50ml

distilled water.
B. 0.21g citric acid dissolved in 10ml water.

Ochterlony gel: 1.5g lonagar No.2 dissolved, slowly over a
bunsen, in 50ml water. Then 50ml Ochterlony buffer added
(prewarmed in 56°C water bath to prevent it from setting
the gel). O0.2g Sodium azide (NaN=) added and mixture

dispensed into universals for storage at p &4 O

Coomassie blue stain:
Coomassie blue 1lg
Ethanol 450ml
Acetic acid 100ml

Distilled water to 1000ml

Destaining solution:
Acetic acid 100ml
Ethanol 250ml
Distilled water to 650ml

2.5.4  Enzyme Immunocytochemistry

Tissues, Ffixed in formalin and corrosive formol then
embedded in paraffin wax, were sectioned and mounted ©n
Poly-L-lysine-coated glass slides. The latter were prepar-
® by immersing clean slides in poly-L-lysine solution

(0.1g/100ml distilled water) for 5-10 minutes, then drying
employed

method,

t i '
hem in an oven. The immunoperoxidase technique
Yas the following peroxidase-antiperOXidase il
ad

apted from Sternberger (1874).
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Sections were deparaffinised in Histo-Clear (National
Diagnostics, New Jersey) for 3 minutes, then rehydrat-
ed through two baths of alcohol and one of 85% methy-
lated spirits (meth. spirit).

They were washed in running tap water then immersed in
Lugol’s icdine for 3-5 minutes.

Aanother wash in water was fFollowed by a short wash in
5% sodium thiosulphate, to remove mercuric chloride
artefact, then another wash in water.

Endogenous peroxidase was inhibited by treating with
freshly prepared 0.5% hydrogen peroxide (Hz02) in
methanol for 30 minutes.

Sections were washed well in distilled water, then the
temperature of the slides was equilibrated in distill-
ed water at 37°C for 10 minutes.

Sections were treated with 0.1% trypsin and O0.1%
calcium chloride (CaClz) in TBS (adjusted to PpH 7.8
with N/10 NaOH) for 30 minutes at 37°C.

They were transferred to cold distilled water, with
agitation for 2-3 minutes.

To reduce the staining of nonspecific tissue binding
sites, the sections were washed for 5-10 minutes in
each of two baths of tris-buffered saline pH 7.6
containing 1% normal swine serum (TBS/NSS).

The primary antiserum (rabbit), absorbed with freeze-
dried tissue powder, at optimal dilutions was applied
to each section after the rest of the slide had been
dried. The area of the section was never allowed to
dry out. The diluent used was TBS containing 0.1%
bovine serum albumin CBSA) and 0.01% sodium azide; it
prevented the proteins from adhering to the glass. The
primary antiserum was left on for either 1 hour, OC
overnight for higher dilutions.

Sections were washed For 10 minutes in
baths of TBS/NSS.

The bridging antibody, swine anti-rabbit 1gG (Dakopat-—
plied

each of two

ts a/s, Denmark), at 1/20 dilution in TBS was ap
for 1 hour.
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12) Sections were washed in two 10-minute TBS/NSS baths.
13) The peroxidase-rabbit antiperoxidase (Dakopatts a/s)
was applied at 1/20 dilution in TBS for 30 minutes.

14) Sections were washed in twc 10-minute baths of TBS.

15) The peroxidase reaction uwas developed with 3,3’-
diaminobenzidine tetrahydrochloride (DAB) for up to 5
minutes (Graham and Karnovsky, 139686).

16) Sections were washed in TBS, then in distilled water.

17) The sections were counterstained with Mayer’s haemato-
xylin and differentiated in 1% HCl in alcohol before
blueing in Scott’s tap water substitute (STWS).

18) They were dehydrated through 85% meth. spirit and
alcohol before clearing in Histo-Clear and mounting

with a resinous medium.

Peroxidase activity stained brouwn. The following controls

were routinely employed:

1) Xnown positive control tissue was included, once
found, to eliminate technical error.

2) Primary antibody was omitted, PBS used in its place,
to check endogenous peroxidase activity and the
nonspecific binding of the secondary antibody.

3) Primary antibody was replaced with normal rabbit

serum.

Lugol's iodine:
Iodine 1g
Potassium iodide 2g
Distilled water 100ml

AB devel r: 25Smg of 3,3’-diaminobenzidine tetrahydro-
chloride (DAB) dissolved in SOml TBS with 0.15ml 3% FHzl=

3dded immediately before use.

4 : haem xulin: The following were dissolved in 1
litre of distilled water.
Haematoxylin 1g

Sodium iodate 0.2g
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Potassium alum S0g
Citric acid 1g
Chloral hydrate S0g

Scott’'s t w i (STWS): The following were

dissolved in 1 litre of distilled water.
Sodium bicarbonate 3.5g

Magnesium sulphate 20g
2,545 Immune Electron Microscopy

The method employed was adapted fFrom Almeida and Waterson
(1968). It involved mixing a suspected virus suspension
(antigen) with immune serum (antibody) with the aim of
forming antigen-antibody complexes, more easily visualised
with the electron microscope than individual virions.

Purified preparations from the tissues of an experiment-

ally-infected dog were the sources of antigen used. The

antibody source was the same rabbit antiserum, absorbed
with normal dog liver, that was used in the immunoperoxid-
ase technique, two dilutions of this were tested.

1> 40ul aliquots of antigen preparation were mixed with
20u1 absorbed antiserum diluted 1:2 in PBS or with
20n1 absorbed antiserum diluted 1:10 in PBS.

2) ‘T iR I eed: 14041 THS (pH 7.4) to make tuwo
mixtures of 0.2ml each.

3) Samples were incubated at room temperature for 1 hour,
then overnight at 4°C. This optimum approach should be
used for a system where the concentration of neither
antigen nor antiserum is known and maximum clumping of
immune aggregates is needed.

Samples were pelleted by spinning at 10 000-14% 000 rpm
(Eppendorf

43

for about 20 minutes in a microcentrifuge

centrifuge G5415). The supernatant was collected and

sterile

the pellet resuspended in a2 small volume oOf
with

distilled water (SDW) before negative staining
PTA (as described in section 2.%.3) and examination in

the electron microscope.
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5) The supernatant collected in 4) above was spun at
14 000 rpm for B0-80 minutes in the microcentrifuge.
The resultant pellet was resuspended in a small volume
of SDW and, after negative staining, was examined in

the electron microscope.

It is important that the time between suspension of the
pellet in distilled water and placement of the grid in the
electron microscope is kept as short as possible, because
conditions are nonphysiological at this time and dissocia-

tion or other changes will almost certainly take place.
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CHAPTER 3 CANINE FIELD CASES
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3.0 INTRODUCTION

This chapter deals with naturally occurring cases of
canine acidophil cell hepatitis, which were identified
histologically during the study. The main objective of the
study was the experimental transmission of CACH; the
investigation of field cases, although of interest, was
not a major part of this study. To avoid a deluge of
material, no request Ffor suspected cases was made to
general practitioners and comprehensive screening of all
the cases passing through Glasgow University Ueterinary
School hospital and pathology department was not .attempt—
ed. Adequate numbers of suspected CACH cases for investig-
ation were received from interested practitioners and vet
school staff. Not all of these cases turned out to be CACH

and only those which did are described in this chapter.

The amount of information available about field cases uwas
very variable. The pathological findings for each dog in
section 3.2 are accompanied, whenever possible, by details
of the case history and clinical findings. Some of the
important features of the CACH field cases are summarized

in table 3-1 and discussed in the conclusion (section
3.

A few of the dogs discussed in this chapter were used as
Sources of CACH infection for the dog and laboratory

animal transmission experiments described in chapters 4 to

7. Material from CACH Field cases was alsoO used in some

of the serological studies described in chapter S.

3,
1 MATERIALS AND METHODS

Fleld cases of canine acidophil cell hepatitis Were

diagnosed on the histopathological appearance of liver

‘esions. As explained in section 2.1, cases were obtained

Ee : e
OM various sources. Some veterinary practitioners sent
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in material from suspected cases, of their own volition,
after reading about the disease in the VUeterinary Record
(Jarrett and O0’Neil, 1985; Jarrett et al., 1987). Workers
in BUYS hospital, postmortem room and Canine Infectious
Disease Research Unit C(CIDRU) were kind enough to draw
attention to other suspected cases of CACH. The CIDRU run
a national diagnostic pathology service for practitioners.
The postmortem room receive cases from the veterinary
hospital and the pathology department, as well as monitor-
ing cases from a disposal service performed for some local

practitioners.

When it was possible to perform a postmortem, the protocol
given in section 2.1.2 was followed. When formalin-fixed
tissues were received, they were processed for histol-
ogical examination as described in section 2:3. & The
haematological and biochemical analyses, performed on any
blood samples received, are described in sections 2.2.5
and 2.2.6. As explained in section 2.1.1, it often proved
difficult to follow the progress of the living cases

identified from biopsy samples.

3.2 CASE HISTORIES

The first three CACH Field cases described in this section
(dogs A, F and G) died before the start of this study, but
were included because of their role in the study. The
field cases of CACH in this chapter are numbered in the
Chronological order of their biopsies or necropsies.

3.2.1  Field Case 1 / Dog A

B°g FC1,  known as dog A, was used as the source case for
experi-
MeNts and the second hamster experiment (sections 5.3,
5.2, B.3 and 7.4 respectively). Its history, clinical

details ang gross pathology are described in this section,

the First rat, mouse and guinea pig transmission
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put the description of dog A’s liver histology is given in

chapter 5 (section 5.3.2).

Dog A was an 8-month-old, male German shepherd dog, from
the West of gcotland, with a “-month history of occasional
vomiting, intermittent diarrhoea, slight dullness and
weight loss as well as ascites and polydipsia later. As a
result of diuretic therapy, the dog was not ascitic when
admitted to GUUS hospital but fluid then began to reform.
On admission dog A had raised blood levels of ALT and AST
¢71 and 63 I1U/1 respectivelyl), a very high BSP retention
(52.5% at 30 minutes) and a reduced blood albumin level
(23g/1). Its alkaline phosphatase level was so1 Iu/l, the
blood bilirubin level was 12umol/l and there was bilirubin
in the wurine. Dog A had a normal blood ammonia level
(67umol/1) and normal haematology results apart from a low
platelet count and the presence of target cells. A spleno-
portogram, performed to check for a congenital portacaval
shunt, indicated instead an aquired shunt to the renal

veins and capsules i.e. an accessory portal circulation.

When a laparotomy was performed, B days after admission,
dog A’s liver was found to be fibrous and covered with
pale spots (up to 2mm in diameter). The entire liver was
affected and it bled freely when a wedge biopsy was taken.
Splenomegaly was present and more than 2 litres of ascitic
fluid were removed from the abdomen. Some of the biopsy
was processed for histology and the remainder was frozen
in liquid nitrogen, Ffor storage at -70°C along with some

Serum from the case.

phil cell
the

Microscopy of dog A’s liver biopsy revealed acido

hepatitis: with ‘extensive FEibrosis, dividing UP
cuolation (see

histologi~

Parenchyma, piecemeal necrosis and Fatty va

figures 5-1 and 5-2). A Full description of the

Cal appearance is given in chapter S (section 5.3.27.

By 2 days after the operation dog A’s wbc count had risen
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to 22.8 x10%/1, due to neutrophilia, but its ALT level had
Fallen to 47 1U/1 (AST=6B4 I1U/1, AP=561 IU/1 and bilirubin
13umol/13. The dog was discharged the following day, but
the ascites later returned and by 1 week after the
laparotomy dog A was dull, wvomiting and exhibiting pica.
It was immediately readmitted to the hospital and found to
also be ataxic and pyrexic (40.5°CD. It had a very high
wbe count (36.2 x10%/1) due to neutrophilia; markedly
raised ALT, AST and creatinine levels (173 IU/1, 457 1U/1
and 309 wumpl/l respectively) and a raised blood urea
(18.9mmol/1). Blood ammonia and bilirubin levels were
normal (50 and 3umol/l respectively). The mornihg after
admission dog A collapsed, with Fits, purexia (41.8°0CO and
a raised blood ammonia level (122umol/1), before dying. a
postmortem revealed a postoperative, suppurative peritoni-
tis in addition to the chronic hepatitis already diagnos-
ed. There was no ascites but the liver was small, firm and
granular with an accessory portal circulation. The spleen
was nodular with Fibrous bands. There was also oesophagit-

is and evidence of inhalation of vomit.

Histological diagnosis: CACH and fibrosis, death was later

precipitated by postoperative complications.

3.2.2 Field Case 2 7/ Dog F

Dog FC2, known as dog F, was the field case of CACH used
by -Jarrett and.0’Neil -(1885) to infect dog D. Experimental
dog D was used in this study as the source case for the

Fifth rat and First hamster transmission experiments

(sections 5.7 and 7.3 respectively).

Dog F was a 13-month-old, male cocker spaniel from the

West of Scotland. During the 6 months after its vaccinat~®

ions the dog had been presented to the veterinary surgeon
With sarcoptic mange, a brief bout of diarrhoea, conjunct”
otitis. It

ivitis with periorbital eczema and eczematous

“as ‘than presented as a 1-gear-old for treatment of
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to 22.8 x10%/1, due to neutrophilia, but its ALT level had
Fallen to 47 Iu/1 CAST=B4 IU/l, AP=561 1U/1 and bilirubin
13umol/13. The dog was discharged the following day, but
the ascites later returned and by 1 week after the
laparctomy dog A was dull, vomiting and exhibiting pica.
It was immediately readmitted to the hospital and found to
also be ataxic and pyrexic (40.5°C). It had a very high
wbc count (36.2 x10%/1) due to neutrophilia; markedly
raised ALT, AST and creatinine levels (173 1u/1l, 457 IU/1
and 309 wmmol/l respectively? and a raised blood wurea
(18.Smmol/1). Blood ammonia and bilirubin levels were
normal (S0 and 3umol/l respectively). The morniﬁg after
admission dog A collapsed, with fits, pyrexia (41.8°C) and
a raised blood ammonia level (122wmol/1J, before dying. A
postmortem revealed a postoperative, suppurative peritoni-
tis in addition tc the chronic hepatitis already diagnos-
ed. There was no ascites but the liver was small, firm and
granular with an accessory portal circulation. The spleen
was nodular with Fibrous bands. There was also oesophagit-

is and evidence of inhalation of vomit.

Histological diagnosis: CACH and Fibrosis, death was later

precipitated by postoperative complications.

3.2.2 Field Case 2 7/ Dog F

Dog FC2, known as dog F, was the field case of CACH used
by Jarrett and O’Neil (18985) to infect dog D. Experimental
dog D was used in this study as the source case for the

Fifth rat and First hamster transmission experiments

(sections 5.7 and 7.3 respectively?.

Dog F was a 13-month-old, male cocker spaniel from the

West of Scotland. During the & months after its vaccinat-

ions the dog had been presented to the veterinary surgeon
With sarcoptic mange, a brief bout of diarrhoea, conjunct®
otitis. It

ivitis with periorbital eczema and eczematous

Was then presented as a 1-year-old for treatment ©OF
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abscessed anal glands. By the following day the dog was
shivering, anorexic and purexic (10°C). 1t appeared to
respond to antibiotic therapy, but within a fortnight it
was back at the vet with abdominal distention, anorexia, a
temperature of 38.5°C and an apparently enlarged liver.
gince obvious ascites developed over 2 few days and dog F
remained anorexic and began to cough, it was referred to

GUUS hospital.

When admitted, dog F had been 1ill for 4 weeks. It
exhibited abdominal enlargement, weight loss, occasional
coughing, @& reduced appetite and behavioural changes
(lethargy with occasional aggression), put had a normal
water intake. Blood tests revealed a raised wbc count (25
%x10”/1) due to neutrophilia, numerous target cells, 2 low
blood albumin level (17g/l), @& high BSP retention (35.5%)
and ALT, AST and AP levels of 53, 87 and ygl1 Iu/l
respectively. Blood urea and bilirubin levels were within
normal ranges. Two and 2 half litres of clear Fluid, with
a low albumin content (4g/l), Were removed from the
abdomen but dog F did not improve and was destroyed. At
postmortem the liver was found to be small and firm with

several hyperplastic nodules and an accessory portal circ-
ulation.

Histological examination of dog F’s liver revealed diffuse
chronic hepatitis with extensive fibrosis throughout the
parenchyma, as can be seen in figure 5-20. There was fin€

dissecting Ffibrosis between individual cells and around

small groups of hepatocytes, as well as fFibrous linking of
portal tracts. Acidophil cells were present in varuind
Numbers around portal tracts, although the latter Wwere

often difficult to locate due to the degree of Ffibrosis.
nent features

Three of

Pi i
ecemeal necrosis and vacuolation were proml

and there was a little scattered cell infiltrate.

five liver sections examined had One hyperplastic nodule

€ach,
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Histological diagnosis: CACH and fibrosis, progressing to

garly macronodular cirrhosis.
3.2.3 Field Case 3 7/ Dog G

Dog FC3, known as dog G, was the CACH field case used by
Jarrett and O’Neil (1985) to infect dog E. Experimental
dog E was used as the source case for the second dog

transmission experiment of this study (section 4.4%).

Dog G was a 19-month-old, female German shepherd dog from
the West of Scotland. It was presented to the veterinary
surgeon with a 1-month history of abdominal swelling,
polydipsia, weight 1loss and an increased frequency of
vomiting; although still bright and active. The animal had
vomited infrequently before, but had started to vomit
about every other day usually 10-30 minutes after eating.
The vet operated on dog G, identifying an accessory portal
circulation and removing S litres of clear fluid from the
abdomen.

When dog G was younger there had been an episode of
complete anorexia for one week, accompanied by vomiting of
fluid and water, abdominal pain and slight diarrhoea; but

the animal had improved after intravenous Fluid therapy.

Dog G was admitted to GUUS hospital the day after its
operation and was found to have raised blood levels of ALT
and AST (177 and 173 IU/1 respectively) and a low albumin
level of 1Bg/l1. Target cells, seen in a blood film, were
also indicative of liver disease. The abdominal Fluid
reformed and dog G was euthanased. At postmortem there was
marked ascites and a pronounced accessory portal circulat-
lon. The liver was bronze in colour, very reduced in size,
but soft to cut. There were only two or three nodules
visible on the liver. Many small urinary calculi were

found in the bladder and there was one in the left kidney.
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Histological examination of 'dog G’s  liver revealed
acidophil cell hepatitis (see figure 4-50) with varying
numbers of acidophil cells at most portal tracts. There
was a slight increase in the amount of fibrous tissue in a
few portal tracts, with very fine fibrous processes exten-
ding out from them, and a 1little fatty vacuolation.
Eosinophilic intranuclear inclusion bodies were present,
some of them were found in the limiting plate hepatocytes

of portal tracts exhibiting an acidophil cell reaction.
Histological diagnosis: CACH
Jucsl Field Case 4

Dog FC4 was an adult, female German shepherd dog from the
West of Scotland. At postmortem the veterinary surgeon

found ascites and an accessory portal circulation.

Microscopy, of the sample of FC4’s liver received, reveal-
ed a marked acidophil cell reaction. Numerous acidophilic
hepatocytes were seen in the limiting plates of many
portal tracts and the majority of portal tracts uwere
affected to some extent. There was an increase in the
amount of fibrous tissue in portal tracts, with small
Fibrous processes extending out from some. In other areas
little fibrous networks were seen in the parenchyma.
Piecemea] necrosis was evident and there was marked Ffatty
Vacuolaticn, mainly in central zones. Occasional neutro-
Phils were scattered in the sinusoids, but cellular

infiltration was not a feature of this lesion.

Histological diagnosis: CACH

32451 Phele Case 5

Dog  FCS was a 4-year-old male cocker spaniel, from the

W
St of Scotland. It had a history of vomiting after food

£
°F 2 days, followed by anorexia and a cough. When
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presented at BUVUS hospital the dog was thin, ascitic, dull
and had an abnormal gait due to weakness. On admission dog
rcs was found to have a markedly increased BSP retention
(49.5%); very high AP, AST and ALT blood levels (1504, 125
and 154 IU/1 respectively); a raised bililrubin level
(1Sumol/1) and a low albumin concentration (17g/13. Numer-
ous target cells seen in a blood film were also indicative
of a liver lesion. Bilirubin was found in the urine.
Despite the removal of 24 litres of clear yellow fluid
from the abdomen the ascites recurred. Analysis of the
ascitic fluid revealed it to be a transudate, low in
protein (4g/l1). The blood ammonia level was slightly
raised (8S6umol/l) when measured a week after admission.
During 12 days of hospitalisation the dog was diarrhoeic
twice and vomited once, it was also polydipsic. Dog FCS
was then destroyed and at postmortem another 2 litres of
abdominal Ffluid were collected. The animal exhibited
marked portal hypertension with an accessory portal
circulation. Its liver was reduced in size and mottled
yellow in colour. Small nodules (2-3cm in diameter)
protruded from the surface of all of the liver lobes

except the right lateral lobe.

Microscopy of dog FCS’s liver revealed fibrosis of portal
tracts with processes extending out to form fine pericell-
ular fibrous networks in places. There were also bands, of
loose Fibrous tissue and vacuolated hepatocytes, dividing
Up the parenchyma and some nodular hyperplasia. Piecemeal
Necrosis and biliary thrombi were obvious and megalocytes
Were also seen. Acidophil cells were present in the
limiting plates of many portal tracts, in hyperplastic
Nodules and scattered in the fatty fibrous tracts. The
Marked fatty vacuplation was in a bridging pattern between
Portal tracts. Many of the affected cells were filled by
Single large droplets. A scattered cellular infiltrate,
"inly neutrophils, was present especially in the Ffatty
fibrous tracts. There were also occasional foci of
MONonuclear cells,
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Histological diagneosis: CACH and cirrhosis
3.2.6 Field Case B

Dog FC6, a Y—month-old standard poodle from the West of
Scotland, had been bred by its owner from her own bitch.
At 5 days of age a littermate had developed diarrhoea and
become dehydrated. The problem had spread rapidly to the
rest of the litter and two of the pups had died. Faecal
bacteriology at the time had revealed a mixed culture of
E. coli, streptococci and B toxin-producing staphylococci.
Dog FCB was well and gaining weight when vaccinated, at 12
and 14 weeks of age. It was then presented to the
veterinary surgeon at 16 weeks of age because it was off
colour, with a reduced appetite and increased thirst. At
that time, FCB was smaller and thinner than a littermate.
The vet found the dog to be ascitic, with normal blood
biochemistry except for raised AST and alkaline phosphata-
S8 levels (BB and 2178 IU/l respectively) and a reduced
albumin level of 25g/1 (ALT=31 IU/1).

When there was no improvement in its condition, despite
diuretic and antibiotic therapy, the dog was referred to
BUUS hospital. On admission, at 1B weeks of age, dog FCB
was dull and still exhibiting the same clinical signs. Its
blood biochemistry results were by then indicative of
liver disease: markedly raised ALT and AST levels (163 and
125 1U/1 respectively), low blood albumin (17g/1), slight-
ly increased bilirubin level (12umol/1) and increased BSP
Fetention (31.7%). The dog had dilute urine and was
diarrhoeic on 2 of its 3 days in the hospital. At
POstmortem, 500ml of clear Fluid was found in the abdomen.
The  liver was slightly shrunken, with numerous nodules

(
emm to 2em in diameter) protruding from the surface.

T

here was a marked variation in the histological appearan~”
c .

® Of sections from different sites in FCB’'s liver. Some

S i .
SCtions exhibited extensive Fibrosis and hepatocyte 10ss:
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yith areas of dense Fibrous tissue around individual
nepatocytes, as well as areas of lacy pericellular fibrous
networks and a few hyperplastic nodules which were the
only easily recognisable parenchyma. Acidophil cells were
present in the nodules, around structures like bile ducts,
as well as in the fibrosed areas. Other liver sections
exhibited only a little fibrosis but a more prominent
acidophil cell reaction. In these, most portal tracts uwere
afFfected and in places the acidophil cells extended out to
bridge between portal tracts. Fine fibrous processes
extended out from some portal tracts and there were areas
of fibrous tissue full of bile ducts and groups of
hepatocytes. Both types of FC6E’s liver sections had a le}
of intracellular gluycogen, except in the regenerative

nodules.
Histological diagnosis: CACH and cirrhosis
3ias} Field Case 7

Dog FC7 was a 14-month-old, female greyhound, which had
been imported from Ireland to an English racing kennel.
She exhibited a sudden onset of jaundice and died, despite
antibiotic therapy, within 1 week of arrival. A necropsy

was performed and tissue samples sent to the CIDRU.

Microscopy of dog FC7’s liver sample revealed hepatitis,
With no evidence of ICH or leptospirosis. Small numbers of
atidophil cells were seen around some portal tracts. There
Was a slight increase in the amount of fibrous tissue at
SOme portal tracts, with a Few tiny Ffibrous processes
®Xtending out from them. Some piecemeal necrosis was
Present and a little vacuolation of hepatocytes, but nO
°bvious cellular infiltration. The liver lesions were
Strongly suggestive of CACH, but were not of sufficient

s N
8Verity to permit a definite diagnosis of CACH.

A
"ethes greyhound bitch, imported along with dog RC7, %199
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exhibited jaundice but recovered. A blood sample was
collected from the surviving bitch 1% weeks after FC7’s
death, by which time the animal appeared to be fit and
nealthy, having lost all trace of the jaundice. Houwever,
niochemical analysis of the blood sample revealed a very
high ALT level of 372 1U/1, with normal AST and bilirubin
levels (41 IU/1 and 7umols/13. This indicated that,
despite an apparent clinical recovery, there was still a

degree of liver damage present in the surviving bitch.
Histological diagnosis: Acute hepatitis, probably CACH
3is8 Field Case B

Dog FCB was a 7-year-old retriever from the South of
England. It had a sudden onset of illness and was present-
ed to the local veterinary surgeon with obvious pallor of
the mucous membranes and slight jaundice, but no other
clinical signs. It was the only dog in the household and
there were no instances of canine or human illness in the
immediate neighbourhood. The dog was found to be anaemic
(PCU=18%) with a prolonged clotting time and a neutrophil-
ia with left shift. It had very high blood levels of
alkaline phosphatase and ALT, with a normal blood urea
level. Dog FCB died shortly afterwards and the practition-
€&c performed a postmortem. Haemorrhages were Found
throughout the body cavities and the liver was swollen,

Pale and firm to cut. No other lesions were found.

Histological examination of FCB’s liver sample, received
from the practitioner, revealed diffuse widespread lesions
°f acidophil cell hepatitis. There were small numbers of
8Cidophil cells round some portal tracts and moderate
ﬁumbers round many other portal tracts. Eosinophilic,
‘Ntranuclear inclusion bodies were a noticeable feature in
the liver section. There was only a very slight increase

= i o i
N Ffibrous tissue and very occasional evidence of piece
Meal necrosis.
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another CACH Field case (FC3) was later received from

FCB’s veterinary practice (see section 3.2.3).
Histological diagnosis: Acute CACH

3.2.8 Field Case S

Dog FCS was a 6-year-old, male crossbreed. This animal
presented, to the same South of England veterinary practi-
ce as dog FCB, with emesis and diarrhoea. Its condition
declined rapidly, despite antibiotic therapy, and it was
euthanased 2 days after presentation (within a month of
FCB's death). The veterinary surgeon who performed the
postmortem described the liver as »grossly abnormal”.
Although this animal attended the same practice as dog

FCB, it did not live in the same neighbourhood.

The most noticeable histological feature of FCS’s liver
was extreme fatty vacuolation of most hepatocytes. Many of
the affected cells had a foamy appearance due to the
presence of several small vacuoles; in others, these had
coalesced to Fform large vacuoles. The least affected
hepatocytes were often those around portal tracts, some of
which exhibited an acidophilic reaction. The severity of
the vacuolation made it difficult to assess the extent of
the hepatitis, but although there were usually only small
numbers of acidophil cells in the limiting plates, the
majority of portal tracts appeared to be affected. There
was a little increase in the fibrous tissue content of the
liver and a few small bile plugs. Eosinophilic intranuc-
lear inclusion bodies were found throughout the liver

Section and there was a little scattered cell infiltrate.
Histological diagnosis: CACH and fatty liver

3240  Fimld: Cese 10 / Dog B

O%g FL1Q; known as dog B, was a S-year-old, neutered
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remale German shepherd dog. It was used as the source case
for the first dog and second rat transmission experiments
of this study (sections 4.3 and 5.4). Dog B’s pathology is
described fully in chapter 4 (section 4.3.2) along with a

brief summary of its clinical history.

Dog B was first referred to GUUS hospital, at around 4
years of age, exhibiting anorexia, weight loss, dullness,
vomiting C(usually 2-3 hours after food), watery diarrhoea,
ascites and scaly skin. On admission the dog was also
found to be halitotic, proteinuric and anaemic
(PCU=P4.3%), with a neutrophilic leucocytosis and a low
platelet count. It had very high blood levels of ALT and
AST (140 and 185 IU/1 respectively), a low blood albumin
level (17g/1) and an alkaline phosphatase level of 343
IU/l1. Radiography indicated a reduction in liver size. A
large volume of ascitic fluid, with a low protein content
(4g/1), was drained from the dog’s abdomen. Despite a
clinical and haematological improvement, with treatment
during hospitalisation, the dog’s blood biochemistry
results worsened; especially the AP and ALT levels which
rose dramatically. Three days after admission dog B was
found to have a high BSP retention of 22.8% and AP, ALT
and AST levels of S6B8, 162 and 57 IU/1 respectively. After
10 days in hospital dog B’s BSP retention (10.3%) was
improved, although still abnormal; but its AP, ALT and AST
levels had risen to 1320, 313 and 140 IU/1 respectively.
It also had slightly raised blood levels of urea, bili-
Fubin and creatinine (10mmol/l, 12umol/l and 158umol/l
I‘esillac:tivelg). A clinical diagnosis of cirrhosis was made

a i i
nd a poor prognosis was given.

Ascites recurred within a month and dog B was readmitted
to Guus hospital for abdominal drainage. Although it was
Polydipsic and still had an abnormal BSP  retention
(12.5%), some of its blood biochemistry and haematology
feSults had improved a little (AP=355 IU/l, ALT=28 IU/I
ad  AST=g7 71U/1). It has a raised blood sugar level
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(8.3mmol/1l) and low phosphate level (0.38mmol/1). At a
checkup a fortnight after the second hospitalisation AP,
AaLT and AST blood levels were 422, 50 and 't4% IU/1 respect-
ively. After this episode the dog remained reasonably well
for 2 uyears, apart from gynaecological problems which

necessitated neutering.

at B years of age dog B was readmitted to the wveterinary
hospital because of restlessness, vomiting and continual
wandering around. It was also pyrexic ¢35 0 o hreath=
less, panting, polydipsic, diarrhoeic and appeared to be
exhibiting mental aberrations. The dog was found to have
markedly raised blood levels of ALT, AST and ammonia (553
Iu/1, 1814 IU/1 and 3B4umol/l respectively), a high BSP
retention of 22.5%, low blood albumin (18g/13 and phosph-
ate levels and an AP level of 244 1IU/1. Haematology
results were normal apart from rbc morphology; target
cells were present. Despite a clinical diagnosis of termi-
nal hepatic FfFailure, the owners were determined to
maintain the dog using dietary and supportive therapy. At
a checkup, 4 months later, dog B was bright with normal
blood biochemistry apart from raised aminotransferase
levels (ALT=110 and AST=62 IU/1) and a low blood albumin
level. uWhen checked after another year the dog was found
to be anaemic (PCU=28.8%) with leucocytosis. It had an
increased BSP retention of 25.5%, ALT and AST levels of 62
and 46 IU/1 and low blood phosphate and albumin levels.

Dog B was fFinally presented for destruction at around S

Ysars of age, nearly 11 months after its last checkup,
with

and

a leaking lesion on its cedematous right hind limb
nervous signs which included extreme dullness and
being unaware of its surroundings. The dog had a high BSP
etention of 25.4%, a slightly raised bilirubin level
(15Hm01/1j, low blood phosphate and albumin levels, but

u wd
Inremarkable aminotransferase levels (ALT=47 and AST=38
U415,
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at postmortem dog BE’s liver was found to be firm and
shrunken with one custic noddle; "bBut “there-was no ascites.
microscopy of the liver revealed a marked acidophil cell
reaction, including occasional bridging lesions betuween
portal tracts (see Figure 4-1). The degree of fibrosis
varied between sections from different sites in the liver.
Nodular hyperplasia was only seen in the sections with the
most fibrosis. Piecemeal necrosis and hepatocellular
vacuolation were alsoc features of the liver pathology. A
more detailed description of dog B’s histopathclegy 1is

given in chapter % (section Y.,
Histological diagnosis: Chronic CACH with cirrhosis
3.2.11 Field Case 11

Dog FC1l1 uwas a B-year-old, male Irish wolfhound Ffrom
Southeast England. The dog presented with sudden onset
pyrexia (41.1°C), anorexia, vomiting, mild lameness,
congested mucous membranes and a purulent nasal discharge.
A urine sample was found to contain high levels of
bilirubin and blood. Despite antibiotics and intravenous
Fluid therapy, the animal did not improve and uwas euthan-
ased by the veterinary surgeon 4 days after presentation.
Distemper or adenovirus infection was suspected and blood
and tissue samples were sent to the CIDRU for investigat-

ion. Blood titres were found to measure 128 for CDV and 16
For cav.

Microscopy of a postmortem liver sample from FC11 failed
to reveal any evidence of infection with CDYU, CAV or
leptospires. However, many portal tracts had numerous

SCidophil cells in their limiting plates. There was &

little increase in the amount of fibrous tissue in many

partal tracts, some small areas of delicate fibrous

n :
Stuorks in the parenchyma and fibrosis of some of the

s
Mall and medium-sized veins, which had fibrous processes

e o
Xtendlng out Ffrom them. The small amount of cellular
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infiltrate present (monocuclear cells and occasional
neutrophils) was mainly confined to areas of fibrosis.
piecemeal necrosis was seen at some portal tracts and in
the little fFibrous networks. Fatty vacuclation occurred in
foci and in individual scattered cells. Eosinophilic

intranuclear inclusion bodies were also seen.
Histological diagnosis: CACH
3.2.12 Field Case 12

Dog FCl12 was a beagle from a large commercial establish-

ment in Scotland.

The only material available for inspection, fFrom . this
animal, was a histological section of liver, which had
been processed by another laboratory. Microscopy of this
revealed acidophil cell hepatitis, with varying numbers of
acidophil cells grouped around most portal tracts and some
scattered in the parenchyma. Cell infiltration of some
portal tracts and central veins, with neutrophils and
mononuclear cells, was a noticeable feature in the section
examined. The extent of fibrosis varied: with a 1little
increase in fFibrous tissue at some portal tracts, but a
general increase in other areas disrupting the architect-

ure. A little piecemeal necrosis was also seen.
Histological diagnosis: CACH

3.2.13 Field Case 13

Dog FC13 was a 20-month-old, male Doberman pinscher from
the North of England. The dog had a S-month history of
being in poor condition, with occasional vomiting and
?EFSistent soft motions. The animal’s coat was thin, but
1t had had skin problems from an early age. Laboratory
tests for malabsorption and pancreatic problems had proved

n ; .
®gative. Blood biochemical analysis revealed raised ALT



Frgrd=1 Liver biopsy of CACH Field Case 13
(Mases tra =175 20-month-old M Doberman Pin

ACs lining fibrous process extending out from FI

Fig 38 iver biopsy of cirrhotic CACH Fi se 14
(Mass tri xB7.5) 4-year-old F cocker spanie!

ACs at portal tracts and some fibrous septa
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and GGT levels, an alkaline phosphatase level of 188 IU/1,
and normal levels of blood urea and protein. Haematology
parameters were normal apart from a raised eosinophil

count of 11.1 w1 O® /10 (17%of wbc countd.

The practitioner performed a laparotomy, for the collect-
ion of a wedge liver biopsy, during which the liver was
seen to have an exaggerated “nutmeg” pattern and was
thought to possibly be reduced in size. After the operat-
ion the dog was put on a restricted protein diet ‘and
initially appeared toc be doing quite well and maintaining
weight. Unfortunately, attempts to follow the‘progress of

dog FC13 further were unsuccessful.

The liver biopsy sample, sent to the CIDRU, was very
small; histological examination of it revealed mild
hepatitis lesions compatible with a diagnosis of CACH.
Although there were only small portal tracts present in
the three small sections examined, several of them had
small numbers of acidophil cells round them and one or two
per section were surrounded by larger numbers of acidophil
cells. Figure 3-1 shows a few acidophil cells at one
little portal tract, with more extending out from it along
a fine fibrous process. However, fibrosis was not an
Obvious feature of this case; there was only a slight

increase in fibrous tissue in some portal tracts.
Histological diagnosis: CACH

3.2.14 Field Case 14

Dog: FCi4 yas a 4-year-old, female cocker spaniel from
South Wales. The local veterinary surgeon had diagnosed
liver Ffailure and performed a laparotomy. The liver was
found to be pale, nodular and slightly enlarged. The dog
Yas anaemic and mildly jaundiced. A wedge liver biopsy Wl
Sent to the CIDRU to obtain a prognosis. There had been no

h
istory of ililness in this dog’s family, mnor had there
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peen any outbreaks of disease in the neighbourhood or any

human hepatitis.

The daughter of dog FCl4%, a 2-year-old cocker spaniel
living in the same house, appeared to be healthy. Biochem-
ical analysis of a blood sample, from the younger animal,
produced normal results apart from a high AST level (114
IU/1), which may have been the result of haemolysis of the

sample.

Histological examination of FCl4’s liver biopsy confirmed
the presence of severe progressive liver disease. There
was extensive fibrosis, loss of hepatocytes, reactive
nodular hyperplasia, a marked acidophil cell reaction,
piecemeal necrosis, vacuclar degeneration of hepatocytes
and some inflammatory infiltrate (neutrophils and luympho-
cutes) which was mainly in some of the fibrous bands. The
histological features of this case, including the acidoph-
il cell reaction around portal tracts and some fibrous

bands, can be seen in figure 3-2.

A poor prognosis of imminent terminal liver failure was
given.

Histological diagnosis: CACH and cirrhosis

3.2.15 Field Case 15

Dog FC15 was a 7-year-old male German shepherd dog from
Northern Ireland which presented to the veterinary surgeon
With ascites. A laparotomy revealed peritonitis as well as
free abdominal Fluid; a liver biopsy was taken and sent to
the CIDRU. This animal had never been boarded at 2
?DNMErcial kennel and there had been no disease outbreaks
N the neighbourhood, nor was there any history of human
hepatitis in its contacts.

n :
leroscopy of dog FC15‘s liver biopsy revealed a marked
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Figdad Liver biopsy of CACH Field Case 15 (H&E xB7.9
7-year-old M GSD ACs round a portal tract

Fig 3-4 Liver of CACH Field Case 16 (Mass tri x35)
1l-month-old M GSD ACs at PTs and Fibrous seP®
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acidophil cell reaction in the limiting plates of many
portal tracts. Figure 3-3 shows a typical portal tract
with acidophil cells forming most of its limiting plate.
The surface of the liver was irregular, indicating collap-
se of the parenchyma. The fibrous capsule was thickened in
places and there was subcapsular inflammatory cellzinfilt-
ration. Eosinophilic intranuclear inclusion bodies were
present and some hepatocellular vacuolation, but only as
scattered individual cells. Shikita’s orcein and rubeanic
acid stains of liver sections, for hepatitis B and copper

respectively, proved negative.

One month after the biopsy, dog FC15 still had gross
ascites, with considerable loss of weight and muscle bulk.
Unfortunately it was not possible to follow the progress
of this case Further since the vet did not see the dog
again. Material from two other CACH field cases (FC18 and

FC19) was later received from FC15’s veterinary practice.
Histological diagnosis: CACH
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