
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 48.1.1.1 Infection mode of FeL.V.

The viral genome integrated into the cell DNA is called a ‘provirus’. A
viral mRNA is formed by transcription of viral DNA; this migrates to
the ribosomes where viral proteins are formed by the process of
translation. The proteins are generated as precursor proteins and,
in the case of the Gag and Pol proteins, are cleaved into the
individual components by a viral protease, and in the case of the Env
proteins, by a cellular protease, in the sense of maturing into the
infectious virus particle. The precursor proteins are also involved in
the formation of matrix proteins, which are important for capsid
formation and assembly. Assembly of the virion occurs at the
plasma membrane. Triggered by the attachment of the Gag precursor
protein, the virion is budded. After budding, the virion undergoes a



maturation process that turns it into a virus (Goff 2001; Nisole and
Saib 2004).

The mechanism of cell damage by FeLV infection is based, among
other things, on agglutination and apoptosis of the infected cells
(Rojko et al. 1996).
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Pathophysiologic Consequences

The main clinical manifestations of FeLV infection are tumours as
lymphomas, myelosuppression as pancytopenia or anaemia,
thrombocytopenia and granulocytopenia or immune complex
deposition as glomerulonephritis.
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Reproductive system

Tumours resulting from FeLV infection occur as alimentary, central
nervous, renal or ocular lymphomas. The alimentary lymphomas
are T cell lymphomas or B cell lymphomas. The former are more
likely to occur in the mid-small intestine, and the latter in the caudal
small intestine or stomach (Moore et al. 2012). Other tumours, such
as fibrosarcomas are sometimes associated with leukaemia virus
infection, where FeLV is thought to play a helper role by



recombination of FeLV genes and cellular oncogenes to form feline
sarcoma virus. Central nervous symptoms develop depending on the
regional localisation of the tumour tissue and lead to ataxia, paresis
or Horner's syndrome.

Anaemia is another common clinical symptom of FeLV infection.
When it is a consequence of bone marrow infection by the virus with
corresponding apoptosis of the erythrocytic stem cells, it occurs as a
non-regenerative anaemia called ‘pure red cell aplasia’.

Also non-regenerative is the anaemia of chronic inflammation, which
can be caused by FeLV infection. Various causal mechanisms are
possible. The influence of proinflammatory cytokines can influence
iron metabolism, erythropoiesis directly and their stimulation by
erythropoietin. IL-6 can reduce intestinal iron absorption via
increased hepatic synthesis of hepcidin. Hepcidin is a peptide that
inhibits the iron transport protein, ferroportin, by promoting its
metabolism. Ferroportin is involved in iron absorption and its
release from the reticuloendothelial system. The result is an iron
deficiency for erythrocyte synthesis.

Another effect of IL-6 is the downregulation of genes of haemoglobin
synthesis as well as a reduction of mitochondrial function. Both lead
to a direct disturbance in erythropoiesis (Nemeth et al. 2003; Raj
20009).

Finally, in the anaemia of chronic inflammation, there is a relative
erythropoietin deficiency, recognisable by inadequate erythropoietin
synthesis (de Lurdes Agostinho Cabrita et al. 2011) (Table 48.1.1.1).

Another causality for anaemia due to FeLV infection can develop
from bleeding due to thrombocytopenia. These are surface
bleedings of the mucous membranes (gastrointestinal, bladder) or
prolonged bleedings after trauma. Initially, bleeding anaemias are
non-regenerative but become regenerative after a few days.

Another form of FeLV-induced anaemia is regenerative immune-
haemolytic anaemia. In this form, the haemolysis is the result of a
hypersensitivity reaction. Infections lead to the expression of atypical
proteins on the erythrocyte surface, whereby these antibodies bind.
Associated complement binding opens transmembrane channels on
the erythrocyte surface and an osmotic gradient allows water to enter



the cell, destroying it (Tuomari et al. 1984). It is not fully understood
whether and how FeLLV damages red blood cells, causing haemolysis.

The immunosuppression caused by pancytopenia allows
opportunistic pathogens to form a co-infection with the FeLV
infection. Co-infections with feline immunodeficiency virus, feline
coronavirus, mycoplasma or dermatophytes occur.
Myelosuppression is the result of an inhibition of the function of
different lymphocyte forms and is caused by different virally
expressed proteins, for example, from the viral envelope (Haraguchi
et al. 2008).

Another group of diseases develops when FeLV break down into
antigenically active protein complexes by lysis. This produces a
specific antibody reaction. The resulting antigen—antibody
complexes are deposited in the glomerula, for example, and lead to
glomerulopathy (Hardy 1982).

Reproductive problems in the form of infertility occur in female
cats. The cause is a vertical viral infection. The infection of the
puppies can lead to fruit resorption or abortion. In addition,
bacterial infections can develop in the uterus, promoted by the
pancytopenia caused by FeLV. Altogether, this can lead to infertility
of the queen (Figure 48.1.1.2).

Table 48.1.1.1 Influence of cytokines on erythropoiesis.
Source: Adapted from Madu and Ughasoro (2017).

Cytokine
s

Effect

Inhibition of erythropoietin synthesis

TNF-a Stimulation of erythrocyte phagocytosis and/or
apoptosis

INF-y Inhibition of erythropoietin synthesis

IL-6 Inhibition of erythrocyte progenitor cells



Glomerulopathy ~ Anaemia Behaviour Lymphoma
Leucopenia changes

Systemic

FelV

Figure 48.1.1.2 Pathophysiology of FeLV infection.

Therapy
Symptom Therapy
Antiviral therapy Interferon
Antibiotic therapy co- Doxycycline,
infection Amoxycillin
Non-regenerative anaemia  Erythropoietin
Prevention Vaccination
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48.1.2
Feline Infectious Peritonitis

Aetiology

The causative agent of feline infectious peritonitis (FIP) is an
enveloped RNA virus and belongs to the coronavirus family. Two
types of coronaviruses are described in the cat, with type II causing
more than two-thirds of infections in the cat. The morphology of the
coronavirus is characterised by the spike proteins of the ‘corona’, the
envelope, the capsid and the RNA.

Pathogenesis

The infection cycle of the coronavirus infection of the cat begins with
the oro-nasal uptake of the pathogen. Regionally, the virus first
multiplies in the epithelial cells of the oral cavity and lymphoid
tissues, e.g. the tonsils. Subsequently, an infection of the enterocytes
develops. Virus multiplication includes the following steps in viral
infections:

Adsorption
Penetration
Uncoating
Integration
Transcription
Translation
Assembly
Budding

Adsorption takes place via a cellular membrane protein,
aminopeptidase N, which is primarily expressed by enterocytes
(Tresnan et al. 1996).



There, aminopeptidase N is involved in protein digestion and amino
acid absorption. Further functions are involvement in angiogenesis
and the cleavage of peptides presented as antigen.

After ingestion, multiplication and release of the virus, the
enterocytes are damaged via the mechanism of caspase-driven
apoptosis. The consequence is villus atrophy of the mucosa. This, in
turn, leads to reduced absorption and secretion. The consequence is
osmotic-secretory diarrhoea. However, many infections with the

feline coronavirus are clinically inconspicuous (Pedersen et al. 1984;
Le Poder 2011).

The more pathogenic virus of FIP compared to the enteric corona
virus arises from mutations of the enteric corona virus. These occur
particularly when there is a high level of virus replication due to
immunosuppression caused by age, nutritional status, competing
diseases, glucocorticoids, etc. (Foley et al. 1997). Mutations in
different viral genes have been described, e.g. gene 3c or the spike
protein gene (Bank-Wolf et al. 2014; Tekes and Thiel 2016). The
consequence of the mutation is that the mutated coronavirus, when

phagocytosed by macrophages, causes massive viral replication on
the ribosomes.

Oral uptake of FCoV

Colonisation of enterocytes

Mutation prevents enterocyte colonisation
Uptake of mutant viruses by macrophages

Distribution of viruses by macrophages
Lysis of infected endothelial cells
Effusion

Deposition of immune complexes
Consumptive coagulopathy

ESS IR
SRS SR S

Figure 48.1.2.1 Course of coronavirus infection.



The virus is distributed systemically by the macrophages. Antibodies
against the infected macrophages that bind complement cause
pyogranulomatous inflammation. Accordingly, the clinical symptoms
are not a direct consequence of the viral infection but of the immune
response to the infected macrophages. The usual immunological
response to viral infection by the cellular and humoral immune
responses is altered in FIP-infected macrophages. On the one hand,
the reduced synthesis of interferon-y by FIP-infected cells seems to
reduce the cellular immune response and prevent an adequate
immune response with lysis of the infected cells. On the other hand,
there is a marked reaction of the humoral immune response as a
result of FIP infection, but this does not lead to lysis of the infected
cells because the FIP virus prevents complement-assisted cell lysis.
As a result, in the case of FIP virus infection, the cellular immune
response is reduced, while the humoral immune response is
increased. The latter, however, does not lead to virus elimination, but
to the formation of immune complexes. These are related to the
subsequent increased vascular permeability, which leads to the
effusion form of FIP virus infection (Olsen 1993; Felten and
Hartmann 2019).

The consequences of FIP virus infection are systemic
pyogranulomatous inflammatory lesions and systemic vasculitis.
These are possible in all organs. Vasculitis is associated with
perivascular infiltration with macrophages, lymphocytes, plasma
cells and polymorphonuclear neutrophilic granulocytes (Figure
48.1.2.1).

The FIP virus-infected macrophages release proinflammatory
cytokines, such as IL-1, IL-6 and TNF-a. IL-6 induces the synthesis of
acute-phase proteins in hepatocytes and the proliferation of B
lymphocytes into antibody-forming plasma cells. IL-1 triggers the
synthesis of matrix metalloproteins. These, in turn, can degrade
parts of the extracellular matrix and thus cause an increase in the
permeability of the vessels.
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Pathophysiologic Consequences

The clinically inconspicuous enteric coronavirus infection will not be
considered further in the following. Instead, the focus is on the
pathophysiology of FIP disease.

Influenced organ Clinical Clinical pathological
systems symptoms alterations
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Central nervous Weight 1 Lvmoh )

system eight loss ymphopenia .
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As a systemic disease, FIP can affect numerous organ systems and
trigger corresponding symptoms. Non-specific symptoms include
fever or weight loss. Further symptoms can be assigned to the two
basic clinical forms of the so-called ‘wet form’ with body cavity
effusions and the ‘dry form’ with only pyogranulomatous
inflammatory foci. However, there is also a mixed form of wet and
dry FIP.

Fever is caused by a setpoint shift in viral infections. The infection
process leads to the release of proinflammatory and, at the same
time, pyogenic cytokines (IL-1, IL-6, TNF-a). These induce the
release of prostaglandin E2 in the temperature regulation centre by
activating cyclooxigenase 2. Prostaglandin, in turn, binds to
receptors of the hypothalamus and leads to a shift in the
physiological body temperature. This setpoint shift increases the
body temperature and fever develops. At the same time, mechanisms
are activated that reduce the body's heat loss, for example through
peripheral vasoconstriction (Young and Saxena 2014).



Weight loss with its clinical consequences, such as lethargy is
explained by the virus-induced cytokine-mediated change in
metabolism towards a catabolic metabolic state. Different factors
play a role in the metabolic change. These include CD8+ T-cell-
mediated lipolysis of fat cells. This leads to interferon-mediated
downregulation of anabolic metabolic pathways in adipocytes
(Baazim et al. 2019).

Icterus is the clinical symptom of bilirubin elevation. The
mechanism leading to hyperbilirubinaemia and jaundice is based
on the histological changes that develop in the liver as a result of
pyogranuloma formation. Cats with FIP show liver changes in terms
of fibrinous hepatitis or pyogranulomatous foci. Both can lead to
necrosis of the hepatocytes and thus to increased serum activity of
transaminase, or to hyperbilirubinaemia. The latter is not exclusively
due to cholestatic changes but can also result from hepatocyte
destruction intrahepatically (Giordano et al. 2005).

A very important change in cats suffering from FIP is effusion.
Although the disease occurs in dry, without effusion, and wet, with
effusion, forms, wet FIP is the classic clinical presentation. Effusion
may occur thoracically and abdominally in the form of an exudate
with a protein concentration >3.5 g/dl. Effusion is a consequence of
peritonitis or pleuritis. Peritonitis is the result of the reaction to the
virus-carrying macrophages. The release of vasoactive mediators,
such as histamine or prostaglandins leads to vascular dilatation and
increased vascular permeability with exudation of fibrin-containing
blood plasma. Under the influence of tissue thromboplastin,
prothrombin is activated to thrombin, which polymerises the fibrin.
At the same time, the fibrinolytic system is suppressed in peritonitis
by inhibition of plasminogen. Both lead to the formation of fibrinous
deposits, which are detectable abdominally or thoracically in FIP
(Hall et al. 1998).

The dry form of FIP is not clinically conspicuous by effusion, but by
numerous organ dysfunctions that develop due to the
pyogranulomas and vasculitides.

Affected organs can be: liver, spleen, kidneys, pancreas, intestines,
eyes, central nervous system (CNS) and lungs.



Pyogranulomas are focal inflammatory lesions composed of a
necrotic core, multiple layers of macrophages or lymphocytes, and a
connective tissue capsule.

Vasculitides are characterised by infiltration with macrophages and,
to a lesser extent, lymphocytes, plasma cells and neutrophilic
granulocytes. In FIP, they are visible in the smallest vessels. The
result of the inflammation is endothelial swelling and cell necrosis,
which in turn induces blood stasis with thrombus formation or
ischaemia in the local tissue.

Vascultis Vasculitis Vaculitis

EIE

Figure 48.1.2.2 Pathophysiology of FIP.

The main haematological changes in FIP-affected cats are
neutrophilia and lymphopenia. Neutrophilia is often associated
with a nuclear left shift, which can be interpreted as an inflammatory
response to the infection, or immunological response. In cases where
there is no nuclear left shift, a stress reaction would be a causal
factor. In the course of the disease, both mechanisms are possible.
Lymphopenia may be a consequence of the infectious-inflammatory
process in FIP or may reflect a depletion of lymphocytes in the
inflammatory changes.

The main laboratory diagnostic change in FIP is
hyperproteinaemia with polyclonal



hypergammaglobulinaemia. This is the result of an activation of
plasma cell clones with the synthesis and secretion of different
globulins. The trigger for the secretion of globulins in FIP can be
activation by IL-6.

IL-6 as a proinflammatory cytokine fulfils numerous functions
within the inflammatory process. It induces antibody production by
plasma cells, directly or via activation of CD4+ T helper cells, which
in turn activate the plasma cells for antibody synthesis (Dienz et al.
2009) (Figure 48.1.2.2).

Therapy

Sympto
m

Infection Antiviral therapy (e.g. Remdesivir)

Vasculitis Antl-mﬂammatory therapy (e.g. Prednisolone,
interferon)

Therapy
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48.1.3
Feline Immunodeficiency Virus
Infection

Aetiology

The feline immunodeficiency virus (FIV) is an enveloped RNA virus.
This occurs in various subtypes worldwide. The pathogen belongs to
the group of lentiviruses.

Pathogenesis

The excretion of the virus occurs via saliva. Since the virus is
predominantly cell-bound, the presence of virus-bearing
inflammatory cells in the saliva is advantageous for transmission.
These cells originate, for example, from oral inflammatory lesions
and ulcers that occur in connection with an FIV infection. In this
case, the virus is transmitted cell-associated to other cats through
bites.

Other transmission mechanisms, such as during sexual contact or
vertical transmission to the kittens, are possible but of secondary
importance. After transmission, the virus is taken up by lymphocytes
(CD4+; CD8+) or macrophages. Through these, the virus is spread in
the organism.

The cell cycle of FIV infection follows the sequence described in
Chapters 9.1. The described process generates various defence
mechanisms in the body cells, which are controlled by interferon.
The TRIM protein can inhibit the uncoating process of the virus from
the capsid. Inhibition of reverse transcription and transport into the
nucleus occurs through APOBEC3 and SAMDH1 and the tetherin
protein prevents virus release (Doyle et al. 2015). If the defence
mechanisms are overcome, disease symptoms can develop due to
impaired function of the infected defence cells (Figure 48.1.3.1).
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Figure 48.1.3.1 Course of an FIV infection.
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Pathophysiologic Consequences

The course of an FIV infection is divided into four phases. In the first
phase, which lasts a few weeks after transmission, symptoms such as
fever, lymphadenopathy or gastrointestinal and respiratory
symptoms develop. This phase is followed by the second phase,
which can last for months to years. In this stage, the animals show no
clinical signs. In the third phase, the cats show clinical symptoms in
the sense of fever, swelling of the lymph nodes, stomatitis and
behavioural changes. Laboratory diagnostics show leukopenia and
anaemia. Finally, the fourth phase, the ‘FAIDS’, follows in which the
cats increasingly develop symptoms due to progressive
immunodeficiency. Here, neurological symptoms also occur, but also
symptoms depending on the localisation of an opportunistic
infection.

Influenced organ Clinical Clinical pathological
systems symptoms alterations
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The general symptoms of inappetence and weight loss follow the
general mechanisms of infectious diseases or are carried by reduced
feed intake due to stomatitis. In this case, the weight loss would be
secondary to the reduced feed intake. Independently of this, the
symptoms are induced by central cytokine effects. Inappetence may
be a consequence of TNF-a effects on the hypothalamus. In addition,
the proinflammatory cytokines induce the release of leptin from fat
cells, which also suppresses the feeling of hunger via an effect on the
hypothalamus (Francesconi et al. 2016; Aviello et al. 2021).

Fever is the result of a setpoint change in the hypothalamus. Under
the influence of proinflammatory cytokines, prostaglandin is
released which binds to specific receptors in the hypothalamus. The
consequence of fever is an increase in the immune defence in the
organism. Lymphocyte migration and adhesion, as well as the
activity of killer cells, is increased at elevated body temperature (Lin
et al. 2019; Umar et al. 2020).

The neurological consequences of an FIV infection develop
through virus-infected monocytes that pass the blood-brain barrier
and accumulate in the microglia. There they release neurotoxic
effective factors that lead to calcium accumulation in the nerve cells

via a disturbance of the Na*-Ca2* exchanger. Calcium activates

enzymes, such as calpain, which lead to actin destruction. Disruption
of the cytoskeleton disrupts transmembrane transport processes and



eventually leads to cell swelling and dysfunction (Meeker and
Hudson 2017) (Figure 48.1.3.2).

Nerve dysfunction

i

Destruction of the cytoskeleton

Intracellular Ca2* accumulation 0

I Disturbance of Na-Ca exchanger

Release of neurotoxic factors

Virus infected macrophage passes blood-brain-barrier

Figure 48.1.3.2 Mechanisms of neuropathic dysfunction
due to FIV.

Stomatitis is a common clinical consequence of FIV infection.
Histologically, lymphoplasma cellular infiltration is in the
foreground. Bacterial secondary infections to the causal FIV infection
would probably result in more neutrophilic infiltrates. However,
secondary infections with caliciviruses are possible, influencing the
expression of stomatitis.

Inflammations in other organs, such as cystitis, pneumonia,
gastroenteritis are attributed to secondary infections. The
described uveitis can be accompanied by toxoplasmosis. Common
competing infections to an FIV infection are:

Viral Bacterial Protozoal Mycologic
Ffeline leukaemia Mycoplasma Toxoplasm Dermatophyte
virus spp. a S
Calicivirus Babesia

Hepatozoo

n



Significant laboratory diagnostic changes in FIV infection relate to
haematology. Here, depressive changes in the sense of a reduction in
the number of white and red blood cells are in the foreground.
Leucopenias mainly occur during the acute phases of the disease
and reflect the extent of the disease. Lymphopenias are seen in
connection with a reduction of CD4+ helper cells infected by the FIV
virus. Neutropenias are due to apoptosis or a reduction in colony
forming units (CFU) (Linenberger et al. 1995; Sprague et al. 2010).

The anaemia of FIV infection is predominantly non-regenerative
and is often seen in association with secondary infections, such as
mycoplasma (Grimes and Fry 2015).

Polyclonal hypergammaglobulinaemia is the regularly
occurring laboratory diagnostic change in cats with FIV. Competing
infections do not fully explain the occurrence of this change.
Increased activity of B lymphocytes in response to viral antigen is
thought to be another mechanism (Gleich and Hartmann 2009)
(Figure 48.1.3.3).

Anaemia Behaviour

Uveitis :
Leucopenia changes

Pneumonia Stomatitis

FIV

Figure 48.1.3.3 Pathophysiology of FIV infection.
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48.2.1
Distemper

Aetiology

The causative agent of canine distemper belongs to the family of
paramyxoviruses and the genus Morbillivirus. The structure is an
enveloped RNA virus. The pathogen occurs worldwide and infects
members of the order Carnivora.

The virus structure contains numerous molecules that play a
pathogenetic or diagnostic role (Table 48.2.1.1).

Pathogenesis

The virus is transferred aerogenically and reaches the tissues of the
respiratory tract. There, the viruses are taken up by epithelial cells or
defence cells, such as macrophages and dendritic cells. Canine distemper
viruses can infect cells via two different receptors. The SLAM receptor is
predominantly expressed in the membrane of defence cells such as
lymphocytes, macrophages or dendritic cells. The nectin receptor, on the
other hand, is expressed by epithelial cells and central nervous
endothelial cells (Pratakpiriya et al. 2012).

Infected lymphocytes carry the virus into the regional lymphoid organs,
where primary viraemia occurs through infection of the sessile lymphoid
cells via SLAM receptor in the first two days post infection. Drainage of
the lymphoid organs distributes the distemper virus bound to
lymphocytes via the blood to the secondary target organs. This process
takes place between four and seven days post infection. In the secondary
target organs, the resident epithelial cells are infected via nectin
receptors. Nerve cells of the brain are infected after passage of the blood-
brain barrier. The histopathological changes in the target organs are
interstitial bronchopneumonia with proliferation of alveolar cells and
thickening of the alveolar septa, haemorrhagic enteritis and
meningoencephalitis. The latter can also occur protracted and probably
has an immune-mediated genesis (Summers and Appel 1994).

Diagnostics



Clinica Clinical Imagin Histopatholog Microbiolog

1signs pathology g y y
Immunofluorescenc
e smear conjunctive, Not

Non-  tonsils

specific PCR blood, necessar Not necessary Not necessary

Cerebrospinal fluid y
(CSF)
Table 48.2.1.1 Molecules of the canine distemper virus.

Source: Kalbermatter et al. (2023).

ILlocahsatlo Name Function
Nucleocapsid protein (N),
Phosphoprotein (P),

Capsid L protein, Structural

p Matrix protein (M), proteins

Haemagglutinin protein (H)
Fusion protein (F)

Envelope Surface glycoproteins F and H

Pathophysiologic Consequences

The pathophysiologic consequences of the distemper virus infection are
characterised by insufficiencies of the secondary target organs of the
respiratory tract, the gastrointestinal tract and the central nervous
system. Hyperkeratosis on the pads and on the nose are further
symptoms.

Influenced organ Clinical Clinical pathological
systems symptoms alterations



Influenced organ Clinical Clinical pathological

systems symptoms alterations
Anorexia
Respiratory system II::ethargy
; ) ever
Gastrointestinal D
yspnoea
system Couch
Central nervous g Lymphopenia
system Vomting Thrombocytopenia
Haematological Diarrhoea
Svstem 8 Ataxia
Siin Hard pad
Nasal and ocular
discharge

The development of anorexia, lethargy and fever follows the usual
mechanisms of a viral infection.

The symptomatology of infections of the organs of the respiratory tract
and the gastrointestinal tract is based on a viral infection of the epithelial
cells and their dysfunction. The inflammations are often complicated by
secondary bacterial infections. These are due, among other things, to the
immunosuppression caused by a distemper infection. The distemper
virus proteins, V protein and C protein, lead to rapid viral replication in T
lymphocytes and antagonise proinflammatory cytokines, such as IL-2,
IL-6, TNF-a and interferons. The result is a secondary infection with
various pathogens. Known are Bordetella, Salmonella, Nocardia,
Toxoplasma etc. (von Messling et al. 2006; Zhao et al. 2020).

This results in symptoms that indicate inflammation in the respiratory
tract, such as dyspnoea or cough. In the gastrointestinal tract, the
inflammation can cause vomiting and diarrhoea. In addition to virus-
induced symptoms, consequences of immune-mediated dysfunction are
also seen in this manifestation.

The distemper infection of the central nervous system may affect the grey
or white matter, less frequently polioencephalitis occurs. Cellularly,
demyelination develops associated with low or moderate lymphocytic
infiltration. In demyelination, the myelin sheaths are destroyed. These
are formed centrally by oligodendrocytes and surround the axon.
Myelination leads to saltatory conduction of the action potential between
Ranvier's constrictions. Demyelination decreases the electrical resistance
along the axon and results in a delayed or precipitated action potential.
This, in turn, causes the various nerve function failures, the



symptomatology of which depends on the affected region. The symptoms
that occur can be tonic-clonic spasms (cerebrum), tremors and ataxias

(cerebellum).

Hardpad

Skin

Lymphopenia A Pneumonia Vomiting
Lethargy Diarrhoea

Distemper

Figure 48.2.1.1 Pathophysiology of distemper infection.

Hyperkeratosis in the area of the pads or on the nose leather are further
symptoms of distemper observed in the chronic course. Histologically,
orthokeratotic hyperkeratosis, acanthosis and mild mononuclear cell
infiltrates are found. Infection of the cells of the stratum spinosum and
granulosum is considered to be the cause (Koutinas et al. 2004).

In laboratory diagnostics, suppression of white blood cells or platelets is
seen in distemper infections. A direct infection of the lymphocytes with
their destruction through apoptosis but also an infection-independent
destruction is seen as a mechanism (Schobesberger et al. 2005) (Figure

48.2.1.1).
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48.2.2
Canine Parvovirus

Aetiology

The Parvoviridae family is divided into two subfamilies. The canine
parvoviruses belong to the subfamily Parvovirinae. The genus
Parvovirus includes the clinically significant variant canine
parvovirus-2 (CPV-2). Canine parvovirus-1 is of lesser clinical
importance. Feline panleukopenia viruses also belong to the
parvoviruses, but are not identical to CPV-2. CPV-2 is a non-
enveloped DNA virus. It occurs worldwide and causes an infectious
disease in dogs, usually of younger age. This is characterised by
symptoms resulting from destruction of mitotically active cells, for
example, of the gastrointestinal tract. The virus can remain
infectious outside the organism for up to 12 months. Accordingly,
clusters of infections have been observed in dogs during months of
high outdoor activity (Houston et al. 1996).

Pathogenesis

Canine parvovirus-2 is transmitted via faecal-oral transmission. After
excretion of the virus particles via vomit or diarrhoea, the viruses can
be ingested orally. Initially, the virus multiplies in the local
lymphatic organs of the mouth and throat region for about one to
three days. Virus uptake by lymphocytes corresponds to the usual
path of virus replication (Table 48.2.2.1).

The cellular uptake of canine parvovirus occurs via a transferrin
receptor. After binding, the complex is taken up by an invagination
of the cell membrane and is cut off from the cell membrane as an
endosome. Within the endosome, the viral capsid remains bound to
the receptor for several hours. Afterwards, the capsids enter the
nucleus via nuclear pores for replication (Hueffer et al. 2004).

After the first local multiplication phase in the lymphatic tissue,
viraemia follows three to five days post infection, during which the
parvoviruses are distributed haematogenously. In this process, the



viruses are distributed freely or via the lymphocytes into other body
organs (Meunier et al. 1985).

The target organs for virus distribution are organs with a high
mitotic rate, including the thymus, bone marrow, mesenteric lymph
nodes, spleen, Peyer's patches and intestinal epithelium. In young
dogs, cardiac muscle cells are also involved. In the target organs,
cellular multiplication of the viruses occurs according to the
principle described above. The target cells are destroyed in the
process. The histological changes of affected organs are characterised
by necrosis. In the small intestine, necrosis of the epithelium of the
intestinal crypts, loss of the enterocyte villi and collapse of the
intestinal villi are found in dogs with parvovirus infection. Necrosis
and atrophy of the intestinal-associated lymphatic system are also
prominent. The same applies to extraintestinal lymphoid organs,
such as the spleen or thymus. In dogs suffering from a cardiac form
of parvovirus infection, pathohistologically a myocarditis with
necrosis of the cardiomyocytes is found. The mechanism of cell death
is probably initially due to induced apoptosis. Infected cells show
structural changes, condensation on cellular DNA, mitochondrial
membrane depolarisation and increased caspase activity. As a result,
the cells go into apoptosis. However, histological changes often show
necrosis in the affected organs. It was concluded that apoptosis is not
completed in canine parvovirus infection, but that secondary
necrosis occurs as a result of activated phagocytosis of the ‘apoptotic
bodies’ (Nykky et al. 2010) (Figure 48.2.2.1).

Table 48.2.2.1 Mechanisms of virus replication.

Phase Mechanism
Absorption Attachment of the virus to a membranous receptor

Penetratio Invagination of the virus-receptor complex in an
n endosome

Uncoating Release of viral nucleic acids from the endosome

Replicatio Integration of viral nucleic acids into cellular genetic
n information

Translatio
n

Assembly Synthesis of viruses

Formation of viral proteins



Phase Mechanism
Elution Release of the viruses from the host cell

Postnatal infection

Neonatal infection > 8 weeks

Prepartal infection Postnatal infection Lymphoid tissue Intestinal epithelial cells
<2 weeks bone marrow l

l l l Intestinal crypt necrosis
Myocarditis Acute death Lymphopenia l

l Increased permeability
Sudden death l

Enteritis

Diarrhoea

Figure 48.2.2.1 Pathogenesis of parvovirus infection in

dogs.
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Pathophysiologic Consequences

The pathophysiologic consequences of a parvovirus infection become

clinically noticeable after the incubation period of 7—14 days.

Influenced organ Clinical Clinical pathological
systems symptoms alterations



Influenced organ Clinical Clinical pathological

systems symptoms alterations
Anorexia (71%)
. Lethargy (71%)
8ardloyascu1ar system -0 (33%) Leucopenia (35%)
astrointestinal : . A
svstem Diarrhoea Lymphopenia (61%)
}%’ sematological (69%) Panhypoproteinaemia
svstem & Vomiting (66%) (27%)
Y : Dehydration Hyponatraemia (56%)
Systemic (64%)
Sudden death

Source: Mylonakis et al. 2016

Anorexia due to CPV-2 infection probably follows the general
mechanisms of anorexia in infectious diseases. A direct induction of
anorexia can occur through molecules of the pathogen when these
act on the feeding centre in the hypothalamus. Another mechanism
is an indirect effect via the inflammatory response. Proinflammatory
cytokines, such as IL-1, IL-6 and TNF-a play a role here. On the one
hand, the cytokines can induce a peripheral mechanism, for example,
by inducing the leptin synthesis of the fat cells. Leptin is a peptide
hormone synthesised by adipocytes. It can cross the blood-brain
barrier, and acts on structures of the hypothalamus. There it
promotes the synthesis of anorexigenic hormones (e.g. neurotensin,
serotonin) and reduces the synthesis of orexigenic hormones (e.g.
neuropeptide Y). The result is a reduced feeling of hunger. In
addition to this peripheral effect, the proinflammatory cytokines can
also act directly on the central nervous system. After passage across
the blood-brain barrier, the cytokines bind to endothelial receptors
and induce the synthesis of mediators, such as eicosanoids, which in
turn act on the neuronal structures of the hypothalamus (Langhans
2000).

Lethargy is related to anorexia. By reducing the feed intake, the
organism changes into a catabolic metabolic state. This depletes the
body's energy reserves and leads to lethargy. Fever as a result of the
infectious process, triggered by pyrogens through the inflammatory
process, can also affect the general condition and thus cause
lethargy.



The central clinical symptoms of parvovirus infection are vomiting
and diarrhoea. Mostly, vomiting occurs clinically first, followed by
sometimes bloody diarrhoea. The mechanisms are essentially based
on the destruction of the mucous membrane of the small intestine.
There, a reduction of the absorption surface develops due to atrophy
and collapse of the intestinal villi. This causes osmotically active
molecules to remain in the intestine and induces osmotic diarrhoea
by actively inducing a water shift through the intestinal wall into the
intestinal lumen. Another mechanism is that the destruction of the
villous structure increases the permeability of the intestinal vessels,
leading to bleeding into the intestinal lumen with loss of plasma and
blood cells. The enzymatic digestion of enterocytes and blood cells
results in the typical odour of dogs with parvovirus enteritis.

The consequence of massive diarrhoea is dehydration. This has its
own pathophysiologic consequences. With a loss of extracellular
fluidity >5%, the haematocrit rises into areas where the altered blood
viscosity changes the flow behaviour of the blood and can induce
thrombogenesis. The latter is associated with reduced mobility,
which is evident in critically ill patients. In addition, water loss
reduces blood volume and blood pressure. This activates the RAAS,
leading to tachycardia and vasoconstriction of the splanchnic vessels.
This, in turn, reduces renal blood flow and can lead to pre-renal renal
failure. The consequences are sometimes shock and death. Sudden
death in dogs with parvovirus infection is from myocarditis. This is
particularly seen in puppies in the first few weeks of life. In these
animals, the cardiomyocytes are still markedly proliferative and are
among the target cells of the parvoviruses. The infection results in
cardiomyocyte necrosis, infiltration with macrophages, lymphocytes,
plasma cells and neutrophilic granulocytes. In some cases, tissue
fibrosis is also observed (Ford et al. 2017).

An essential laboratory diagnostic change is the reduction of blood
cells. This affects the erythrocytes less than the leucocytes, and
especially the lymphocytes. The mechanism is not completely clear,
but could correspond to the generally assumed mechanism in viral
infections. In this case, lymphopenia develops from direct apoptosis
or necrosis of the lymphocytes; in addition, the viral infection can
inhibit lymphopoiesis in a cytokine-mediated manner. Stress
associated with infection causes glucocortcoid release. Increased



glucocorticoids in turn induce lymphopenia by inhibiting
lymphopoiesis and inhibiting the release of lymphocytes from
lymphoid organs. Finally, sequestration of lymphocytes can cause
peripheral lymphopenia. In addition, direct suppressive effects on
the bone marrow are possible (Guo et al. 2021) (Figures 48.2.2.2 and

48.2.2.3).
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Figure 48.2.2.3 Pathophysiologic consequences of canine
parvovirus infection.
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Ereventlo Vaccination
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48.3.1
Anaplasmosis

Aetiology

Canine anaplasmosis belongs to the vector-borne diseases and is
caused by Anaplasma platys or Anaplasma phagocytophilum. Both
are gram-negative obligate intracellular bacteria of the
Anaplasmataceae family. Wild animals that belong to the rodents,
such as various mouse species, are considered to be the reservoir.
Wild ruminants or birds can also be reservoirs. It is transmitted by
the tick as a vector. Ixodes ricinus is the transmitter of A.
phagocytophilum and Rhipicephalus sanguineus of A. platys.
Accordingly, the respective form of anaplasmosis occurs depending
on the distribution of the vector. I. ricinus the vector of A.
phagocytophilum begins its life cycle with the laying of eggs by the
female tick. Larvae hatch from the eggs. These live in the low
vegetation layers, where they can infest small rodents and become
infected with A. phagocytophilum by ingesting blood. After the blood
meal, the larva sheds its skin and becomes a nymph. This requires
another blood meal for metamorphosis into an adult. Infected
nymphs can transmit Anaplasma during this process. Non-infected
nymphs can ingest pathogens during this meal. After moulting to
become an adult, the female tick takes another blood meal after
mating before laying eggs. This can lead to further transmission of A.
phagocytophilum. A similar life cycle with blood meals before each
moult is also found in the brown dog tick. Anaplasmosis appears
clinically primarily in dogs.

Pathogenesis

The pathogenesis of the disease begins with the ingestion of the
pathogens by the vector. During the sucking act by the tick, the
Anaplasma are ingested and enter the midgut of the tick. Replication
of the Anaplasma is located in the epithelial cells of the midgut. The
Anaplasma migrate into haemocytes and through these into the
salivary glands of the tick, where they remain until they are



transmitted during the next blood meal. The uptake of the blood by
the tick is carried out by two different mechanisms. Firstly, the tick
can destroy the superficial skin layers with its mouthparts, which
erodes superficial blood vessels and causes bleeding. More important
for the pathogenesis is the absorption of blood from deeper blood
vessels. To do this, the tick bites its biting apparatus into the skin
and injects saliva. This contains, among other things, proteins that
are anticoagulant and prevent platelet aggregation. In this way, the
sucking act can take place over several days without blood clotting
preventing the absorption of blood (Figure 48.3.1.1).

The transfer of the Anaplasma to the respective target cells occurs in
steps. In general, A. phagocytophilum shows tropism for
granulocytes and leads to granulocytic anaplasmosis, while A. platys
has tropism for platelets and causes canine cyclic thrombocytopenia.
For A. phagocytophilum, the infection cycle presumably begins
initially with infection of endothelial cells. This induces the increased
expression of adhesion molecules (e.g. ICAM-1). Subsequently,
granulocytes bind to the endothelial cells, resulting in pathogen
transmission. The mechanism is supported by an induction of the
release of IL-8 by infected granulocytes. IL-8, in turn, is a
chemotactic cytokine and implies the immigration of neutrophilic
granulocytes, which increases the rate of infection. At the same time,
infected granulocytes show a reduced diapedesis and therefore
remain in the vascular system for a longer time (Figure 48.3.1.2).

The pathogens are transmitted by receptor-mediated endocytosis. In
the neutrophilic granulocytes, A. phagocytophilum multiplies in
membrane-bound vesicles and forms so-called ‘morulae’. Increased
synthesis can lead to rupture of the cell membrane of the
neutrophilic granulocytes, releasing A. phagocytophilum. Within the
granulocytes, A. phagocytophilum can prevent its own elimination
by, for example, inhibiting the synthesis of superoxides. In addition,
the pathogen can prevent granulocytic apoptosis and thus ensure its
survival by prolonging granulocytic lifespan (Severo et al. 2012).



1. Ingestion of the pathogens

2. Replication of the anaplasmas in the epithelial
cells of the midgut

3. Migrate into haemocytes
4. Transport of haemocytes to salivary glands
5. Transmission during the next blood meal.

Figure 48.3.1.1 Pathogen uptake in the tick.

The target cell of A. platys is the platelet. Here, too, there is invasion
by the pathogens, multiplication and finally destruction of the target
cell as the degree of multiplication increases.
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Lethargy, fever, inappetence follow the general mechanisms of
infectious disease.

The lethargy that often accompanies infections is closely linked to
the body's immune response. The activation of the immune system
involves various cells, such as macrophages and T cells, which
release proinflammatory cytokines, such as IL-1, IL-6 and TNF-a.
These cytokines play a central role in coordinating immune defence
against pathogens. They also affect the central nervous system by
crossing the blood-brain barrier or stimulating peripheral nerves.

1] Infection of endothelial cells after transmission > /
2] Increased expression of ICAM-1 /

(adhesion molecule)

E Binding of granulocytes and transmission of 9 o

Anaplasma

4] Release of IL-8 from granulocytes e

Chemotaxis of further granulocytes and infection of
further granulocytes °

Reduction of granulocyte diapedesis

Figure 48.3.1.2 Infection of granulocytes by A.
phagocytophilum.

In the brain, these cytokines interact with microglia, the immune
cells of the central nervous system. This interaction triggers a
cascade of events involving the production of other inflammatory
mediators, such as prostaglandins and reactive oxygen species. As a
result, these molecules alter the balance of neurotransmitters,
particularly serotonin, dopamine and glutamate, affecting mood,



motivation and energy levels. Dysregulation of these
neurotransmitters is associated with symptoms, such as lethargy and
depression during infection.

In addition, anorexia during infection can be attributed to several
biochemical mechanisms. Cytokines released during the immune
response not only affect the brain, but also target specific
hypothalamic nuclei responsible for regulating appetite and satiety.
These cytokines disrupt the balance of neuropeptides, such as
neuropeptide Y (NPY) and suppress the action of appetite-
stimulating hormones, such as ghrelin, while promoting
anorexigenic signals, such as corticotropin-releasing hormone (CRH)
and leptin.

In addition, the shift in metabolic priorities from digestion to
immune defence influences hormonal signalling related to hunger
and satiety. The body's redirection of energy resources to fight
infection reduces the production of gastrointestinal hormones
involved in appetite regulation, thereby reducing the desire to eat.

Bleeding can occur in anaplasmosis due to thrombocytopenia.
Although the tropism with regard to thrombocytes is given by A.
platys, infections with A. phagocytophilum also lead to
thrombocytopenia. The mechanism is based, on the one hand, on an
infection of the megakaryocytes, which reduces the formation of
thrombocytes. Another mechanism is based on an immune-mediated
thrombocytopenia caused by the presence of anti-platelet antibodies
(Kohn et al. 2008).

Mild non-regenerative anaemia, which occurs in anaplasmosis, could
be a consequence of the effect of the Anaplasma on the bone marrow
or a consequence of an immune-mediated reaction. The anaemia, in
turn, could cause mild hypoxia leading to elevation of liver
enzymes.

Lameness in dogs with anaplasmosis develops as a result of immune-
mediated non-erosive arthritis.
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48.3.2
Borreliosis

Aetiology

Lyme borreliosis is an infectious disease that occurs predominantly
in dogs. The pathogen belongs to the Spirochaetaceae family and the
genus Borrelia. The clinically relevant genospecies belong to the B.
burgdorferi sensu lato complex. They occur worldwide and have
different reservoirs. B. burgdorferi sensu stricto has rodents in the
larvae and nymphs or wild animals, such as deer, in the adults as
reservoirs. B. garinii has birds as reservoirs, and B. afzelii and B.
spielmanii rodents.

The pathogen is a spirally coiled, motile bacterium with a length of
8—-30 um and a width of 0.18—0.25 um. The motility is made possible
by 7—11 periplasmic endoflagellae located in the cell membrane.

Lyme borreliosis belongs to the vector-borne diseases. The vector is
Ixodes ricinus, which have a life cycle of two to four years with the
developmental stages: egg, larva, nymph and adult. In each
developmental stage, there is a blood meal. This takes two to four
days for larvae and nymphs, and five to seven days for adults.

Pathogenesis

The pathogenesis of Lyme borreliosis begins with the uptake of the
Borrelia by the ticks. This takes place during the sucking act in
animals of the reservoir. In the ticks, the Borrelia lives in the midgut
after ingestion. During another blood meal before the next moult,
transmission of the Borrelia occurs. In the preliminary phase of
transmission, the Borrelia bacteria are inactive in the midgut. This
can be recognised by an increased expression of a surface protein A.
After ingestion of blood, the expression of surface protein A is
downregulated and there is increased expression of surface protein
C. This altered structure of the bacterial surface allows translocation
of the Borrelia into the salivary glands of the ticks. The Borrelia is
transmitted from these. Since activation and translocation take some



time, there is a delay of about 24 hours after a tick bite before the
Borrelia bacteria is transmitted. The Borrelia species with which the
vectors are infected also seems to influence the speed of
transmission. Thus, I. ricinus transmits B. afzelii faster than B.
burdorferi sensu stricto (Crippa et al. 2002).

After transmission, there is a multiplication of Borrelia at the site of
entry. This leads to an invasion and activation of defence cells, such
as dendritic cells, macrophages and T and B lymphocytes. Borrelia
with surface protein A, if transmitted, is eliminated by the body's
own defences. The expression of surface protein C, on the other
hand, protects the Borrelia from intervention by the immune
system. A second protective factor is the tick salivary protein 15,
which covers the Borrelia and protects it against the immune
system, as well as the surface lipoprotein VISE. The body's own
defence system can inactivate Borrelia by phagocytosis and the
formation of oxygen radicals. Borrelia that has survived this initial
defences spreads throughout the organism. Dissemination via the
blood with migration into target organs is discussed. These are
preferentially rich in connective tissue; especially N-acetyl-
glucosamine seems to be an important factor for the survival of the
Borrelia. Another migration discussed is movement along connective
tissue structures, such as fasciae (Figure 48.3.2.1).



Uptake of the Borrelia by the ticks

In the ticks, the Borrelia live in the midgut after ingestion

In the preliminary phase of transmission, the Borrelia is inactive in the midgut.
This can be recognised by an increased expression of a surface protein A

After ingestion of blood, the expression of surface protein A is down-regulated and there is increased
expression of surface protein C

This altered structure of the bacterial surface allows translocation of the Borrelia into the salivary glands
of the ticks. The Borrelia is transmitted from these

Figure 48.3.2.1 Mechanism of transmission of Borrelia by

Ixodes.
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Pathophysiologic Consequences

The clinical symptoms of Lyme borreliosis can be systemic in the
acute phase or local in the joints and kidneys due to immune-



mediated processes.
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Figure 48.3.2.2 Pathophysiology of Lyme borreliosis.

In the acute infection phase, Lyme disease may be accompanied by
fever and swelling of the lymph nodes as signs of active
infection.

Clinically, dogs suffering from joint or kidney manifestations are
presented more frequently.



The lameness is a consequence of mono- or polyarthritis, which
occurs a few months (two to four months) post infection. The
arthritis may be associated with systemic symptoms, such as fever or
lethargy. Locally, there is an increase in synovial fluid and an
accumulation of leucocytes in the form of neutrophilic granulocytes
in the synovium. The mechanism could be based on a joint infection
with Borrelia, but an immune-mediated genesis is also possible.
According to this, the immune system would be sensitised to surface
proteins of the Borrelia and, in accordance with the mimicry
hypothesis, autoantibodies would be formed against joint structures,
which leads to arthritis (Steere and Glickstein 2004; Nardelli et al.
2008).

Nephropathy is a consequence of immune-complex associated with
tubulopathy and is more common in some dog breeds, such as
retrievers. In addition to necrosis in the renal parenchyma, signs of
regeneration or repair processes (fibrosis) are recognisable,
accompanied by lymphoplasma cellular interstitial nephritis. The
changes lead to increased protein secretion via the glomerula and
thus to proteinuria and hypoalbuminuria. (Littman 2013) (Figure

48.3.2.2).
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48.3.3
Ehrlichiosis

Aetiology

Ehrlichia are gram-negative, obligate intracellular bacteria. They
belong to the family Anaplasmataceae and the order Rickettsiales.
The pathogen is transmitted by ticks and canines are considered the
reservoir. The disease occurs in dogs and cats, but is more common
in dogs. E. canis, E. chaffeensis and E. ewingii are of veterinary
importance.

Pathogenesis

The pathogenesis of ehrlichiosis begins with the ingestion of the
pathogens by the vector. These are ticks, primarily Rhipicephalus
sanguineus is considered the vector for the transmission of
ehrlichiosis. The uptake of the pathogens takes place during the
blood meal by the tick, which is before each moult. Larvae and
nymphs are susceptible and can transmit the pathogens to the next
stage before moulting. Transmission is possible after only a few
hours. After transmission, the Ehrlichia bind to glycoproteins
expressed by monocytes. After binding, the Ehrlichia are taken up
into the cell by an invagination of the monocyte membrane. This
results in the formation of a so-called ‘endosome’. Endosomes are
eliminated under physiological conditions by fusion with lysosomes.
The latter contain numerous hydrolytic enzymes, such as proteases,
nucleases and lipases. Ehrlichia prevent the fusion of the endosome
with the lysosome. Thus, the pathogens escape elimination in the
monocytes and can be transported with them via the blood flow.
Within the monocytes, the Ehrlichia form a morula by division. This
can rupture after the Ehrlichia have proliferated and the Ehrlichia
can be released by cell destruction and infect further monocytes. The
resulting clinical picture is monocytic ehrlichiosis. In addition,
granulomatous ehrlichiosis has also been described after infection of
neutrophilic granulocytes. In the case of infection with E. canis, the
incubation period is two to three weeks. Clinically manifest



ehrlichiosis can take an acute course lasting two to four weeks.
Subacute and chronic infections have also been described. The latter
forms develop through persistence of the pathogens in cells of the
spleen and bone marrow (Figure 48.3.3.1).
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Pathophysiologic Consequences

Antibodies against E. canis are detectable from about 15 days post
infection in experimental studies. Furthermore, the formation of
high, non-protective antibody titres, polyclonal or monoclonal
hypergammaglobulinaemia with hyperviscosity, and
immunopathology with circulating immune complexes and
formation of autoantibodies play an important role in the
pathogenesis (Day 2011).



Figure 48.3.3.1 Mechanism of infection of monocytes.

Clinically manifest ehrlichiosis shows a variety of organ
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Weight loss, anorexia, lethargy, fever are typical generalised
symptoms of the infectious process (see Anaplasmosis or Babesiosis
which is described in Chapter 48.3.1. in detail).

Splenomegaly and lymphadenopathy are consequences of the
activation of the defence system. As a result of the infection,
thrombocytopenia also occurs due to minor synthesis,
aggregation or sequestration. This in turn disturbs blood coagulation
and can explain manifestations, such as petechiae or neurological
deficits or ocular changes as a consequence of bleeding. Other
symptoms such as proteinuria, hypoalbuminaemia, but also
anaemia can be immune-mediated. This is underlined by the
massive synthesis of globulins after an infection with Ehrlichia. This
is reflected in a polyclonal gammopathy. The synthesis of non-
protective antibodies in high concentrations can lead to
hyperviscosity in the blood and to the formation and deposition of
immune complexes in various organs, for example the kidneys, with
the development of glomerulonephritis.



Different ocular symptoms are common in ehrlichiosis. One
mechanism is that E. canis induces an inflammatory response in the
body, which can cause damage to the blood vessels in the eyes. When
E. canis infects white blood cells, it triggers the production of
cytokines. The cytokines can cause inflammation and damage to the
blood vessels, leading to a reduction in blood flow to the eyes.
Reduced blood flow can cause different ocular symptoms, including
uveitis, retinal haemorrhage and vision disturbances. Another
mechanism is that E. canis directly invades the cells of the eyes,
including the cornea, iris and retina, and triggers an immune
response that leads to inflammation and damage to these structures.
Finally, E. canis can cause ocular changes through the formation of
immune complexes. When the body produces antibodies against the
bacteria, the antibodies can form immune complexes that can
deposit in the blood vessels and tissues of the eyes. The immune
complexes can trigger an immune response and cause inflammation
and damage to the eye tissues.
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48.3.4
Leptospirosis

Aetiology

Leptospirosis is a bacterial infectious disease caused by a gram-
negative spiral-shaped bacterium belonging to the Spirochaetaceae
family. A total of more than 250 serovars in different serogroups
have been described. Of veterinary importance are the species
Leptospira interrogans and Leptospira kirschneri. These can also be
differentiated into different serogroups.

Leptospires are characterised by a curved cell body, which has a
length of 20—24 um and has a width of 0.1 um. Leptospires are
motile; motility results from rotation around their own axis. The
disease occurs regularly in the dog. In the cat, infections have been
described without clinical symptoms.

Pathogenesis

Numerous warm-blooded animals, such as rats, mice, dogs, horses
and ruminants, are considered reservoirs for leptospirosis. The
pathogens are excreted by infected animals via various body fluids.
Particularly high pathogen concentrations are found in urine. In

dogs, up to 109 leptospires/ml are detected in the first weeks of
infection (Heath and Johnson 1994). Even clinically inconspicuous
dogs can excrete leptospires (Rojas et al. 2010).

Outside the organism, the survival time of leptospires depends on
the environmental conditions. Humid and cool months allow a
survival time of several weeks.

The pathogens are transmitted directly through contact with infected
urine or blood or indirectly through ingestion of the pathogens from
infected waters or infected cadavers (Greene et al. 2006).

The leptospires can be absorbed through the intact mucous
membrane, for example, of the mouth or the conjunctiva. Skin
wounds are also considered entry points. After ingestion, the



leptospires are spread haematogenously. The pathogens multiply
significantly in the blood, especially if no antibodies have been
formed yet. The leptospires protect themselves from intervention by
the body's own defences through various mechanisms. Inhibitory
influences on the complement system have been described, for
example through the binding of plasmin on the bacterial surface,
which inactivates complement (Barbosa and Isaac 2020). After
haematogenous spread, organ colonisation occurs, which can begin
as early as one day post infection. The target organs in a leptospirosis
infection are:

Liver
Kidney
Lungs
Musculature
Eyes
Pancreas
Spleen

Of greater clinical relevance are the infections of the liver, kidneys
and lungs.

The liver is the first parenchymatous organ to be colonised during
haematogenous dissemination. Leptospires have been detected in
liver tissue as early as 24 hours post infection. In the liver
parenchyma, the leptospires cause acute hepatitis. Different bacterial
proteases, such as phospholipases and collagenases cause damage to
the hepatocyte membrane with cell necrosis (Schuller et al. 2015).
Another mechanism is the downregulation of the expression of
cadherins, which are involved in cell-to-cell contact of hepatocytes.
This results in reduced intercellular communication and disruption
of intercellular transport (De Brito et al. 2018).

Persistence of leptospires in the liver parenchyma can additionally
destroy the liver tissue via fibrosis induction due to the persisting
inflammation.

Invasion of the renal parenchyma begins approximately 72 hours
post infection. The leptospires penetrate the renal capillaries and



enter the renal interstitium and renal tubular epithelial cells, where
they multiply (Greene et al. 2006). The invasion leads to capillary
damage with ischaemia of the parenchyma. Consequently, reduced

ATP formation develops, which in turn inhibits the activity of Na*-

K*-ATPase, causing water to enter the cell following the osmotic
gradient and inducing cell oedema with loss of cell function. This
affects both glomerular filtration and tubule function. Reduced
expression of aquaporins in the collecting tubule limits the retention
of water in the kidneys.

In the lung parenchyma, leptospirosis causes interstitial pneumonia.
The pathomechanism is multifaceted. If leptospirosis proceeds
septically, pulmonary vasculitis can lead to lung damage. In addition,
immune complex deposits in the alveoli have been described as
triggers of pneumonia (Croda et al. 2010; Medeiros et al. 2010).

Experimental studies have demonstrated deposits of IgG, IgA and C3
along the alveolar basement membrane, leading to alveolar
destruction (Nally et al. 2004). Leptospirosis-associated

coagulopathies may also contribute to pulmonary vascular damage
(Greene et al. 20006).
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Source: Greene et al. (2006).

The non-specific symptoms of anorexia and lethargy result from
mostly cytokine-driven mechanisms which are described in Chapter
48.3.1. in detalil.

Mechanism of diarrhoea and vomiting in leptospirosis is
complex; vomiting may result from gastritis or associated

pancreatitis. Diarrhoea is the result of a disturbance of Na*-K*-
ATPase induced by the leptospira. The disturbance leads to a

reduced Na™ resorption from the intestinal lumen, water also
remains, in addition to a disturbed CI" resorption, even a secretion is
possible, this further reduces the water resorption. Glucose is
reabsorbed in cotransport with Na*, which is also impaired. All this
together leads to osmotic-secretory diarrhoea.
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Figure 48.3.4.1 Pathophysiology of leptospirosis.

Pneumonia Hepatitis Tubulopathy

PU/PD is associated with renal damage caused by leptospires.
Reduced glomerular filtration initially leads to oliguria and
azotaemia, but as tubular damage progresses, renal water
reabsorption along the nephron is reduced and by reducing
aquaporin expression, leptospires also affect water reabsorption in
the distal tubule and collecting duct. Thus, they produce functional
peripheral diabetes insipidus (Etish et al. 2014). In addition,
metabolic acidosis can result from renal bicarbonate loss.

The elevation of liver enzymes initially shows increased cellular
disintegration due to hepatocyte necrosis; this causes an increase in
the activity of ALT and AST. ALP and T-bilirubin, on the other hand,
are consequences of cholestasis caused by leptospires. This is
mainly caused by the destruction of the tight-junctions between the
hepatocytes. This causes leakage of bile into the sinusoids (Miyahara
et al. 2014).

Leptospirosis-associated myositis is accompanied by a marked
increase in the muscle enzymes CK and AST, indicating destruction
of the myocytes. Immune-complex-mediated destruction is
suspected as the cause.

This mechanism is also responsible for the associated immune-
mediated haemolytic anaemia. The mechanism of IMHA is based



on a structural change of the erythrocyte surface due to leptospiral
infection. This results in an antibody (AK) reaction with complement
activation leading to intravascular haemolysis with haemoglobin
release or extravascular haemolysis with activation of the MPS and
spherocyte formation (Figure 48.3.4.1).

Therapy

Symptom Therapy

Antibiotics against Amoxycillin, Doxycycline

pathogen Xy ’ yey

Vomitus Antiemetic drugs (e.g. Ondansetron,
Maropitant, Omeprazole)
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48.4
Protozoal Infections



48.4.1
Babesiosis

Aetiology

The causative agent of babesiosis is a protozoan that parasitises in
erythrocytes and is transmitted by vectors. Vectors include different
tick species (Dermacentor, Rhipicephalus, Ixodes). Babesias are
differentiated into small and large forms, which are also
distinguished by different courses of disease. Babesiosis occurs in
dogs and cats, but plays a greater role in dogs. Different wild and
domestic animals are considered to be the reservoir for the babesia
(Table 48.4.1.1).

Pathogenesis

Pathogenesis begins with the ingestion of the babesia by the vector.
The babesias are ingested by the ticks during the blood meal before
moulting and can thus be ingested by larvae and nymphs. Adult
female ticks can also ingest the babesia and transmit it transovarially
to the eggs and thus to the next generation. The merozoites are
ingested by the ticks as products of the asexual reproduction of the
babesia (merogony) in the erythrocytes. After ingestion, sexual
reproduction (gamogony) takes place in the vector with the
formation of a zygote in the intestinal cells of the ticks' midgut. From
there, the ookinetes migrate as an intermediate form into the salivary
glands of the tick and, after asexual reproduction, are transmitted as
sporozoites during the sucking act. After transfer, the sporozoites,
which are self-motile, penetrate through the membrane into the

erythrocytes.

Within the erythrocytes, asexual reproduction then takes place as
merogony (Figures 48.4.1.1 and 48.4.1.2).

Anti-erythrocytic antibodies develop, as well as increased
macrophage activity and complement activation. This triggers intra-
and extravascular haemolysis. After activation of the kallikrein-kinin
system, vasodilation and increase of capillary permeability occur.



Fibrinogen-like proteins are released, triggering increased adhesion
of erythrocytes to capillary endothelia and thus clumping of
erythrocytes. As a result, circulatory stasis and disseminated
intravascular coagulopathy occur. The tissue hypoxia leads to the
release of cytokines and organ damage in the kidneys, liver, lungs
and central nervous system (Rafaj et al. 2009).
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Table 48.4.1.1 Differentiation of some veterinary relevant babesias.
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Figure 48.4.1.2 Invasion of the erythrocytes and release
of the parasites.

Pathophysiologic Consequences



The pathophysiologic consequences of babesiosis result from the
destruction of the erythrocytes and the associated reduced oxygen
supply. In addition, an immunological reaction against the
erythrocytes can lead to immune-mediated reactions.

Influenced organ Clinical Clinical pathological
systems symptoms alterations
Generalised
Lethargy
Depression Anaemia
: Fever Thrombocytopenia
grlnary tract Pale mucous Autoagglutination
entral nervous -
system membranes Positive Cpombs tests
Haematological Icterus E!e.vate.d hver. enzymes
system Brown urine Bilirubinaemia
Neurological Increased
Symptoms urea and creatinine
Seizures
Coma

Lethargy, depression, fever are consequences of the infectious
process or the inflammation triggered by it. The mechanisms are
described in Chapter 48.3.1 in detalil.

Lethargy, or a feeling of fatigue and lack of energy, can be caused by
several factors during an infection. Firstly, the immune system's
response requires a lot of energy, and this can make the body feel
tired and sluggish. Additionally, the immune response can cause the
release of cytokines, which are small signalling molecules that can
cause fatigue and reduce the motivation to move or perform physical
activity.

Inappetence, or a lack of appetite, is another common symptom of
infection. This can also be caused by the release of cytokines, which
can affect the brain and cause a feeling of nausea or loss of appetite.
Additionally, during an infection, the body may divert its resources
away from the digestive system to focus on the immune response,
leading to a decreased desire to eat.

The anaemia is a regenerative, haemolytic anaemia and results, on
the one hand, from the direct destruction of the erythrocyte



membrane during eversion of the merozoites. Another mechanism is
increased osmotic fragility of the erythrocytes, which reduces their
resistance to haemolysis. Effects of babesia, which reduce membrane
stability through enzymes, are suspected. In addition, an
immunological reaction takes place by means of anti-erythrocytic
antibodies.

All these mechanisms destroy erythrocytes. This produces the
clinically visible symptoms of anaemia, such as pale membranes,
etc. Due to haemolysis, more haemoglobin is released, this leads to
haemoglobinaemia and bilirubinaemia and thus clinically to
icterus. This is followed by haemoglobinuria. Acute renal failure
may develop due to obstruction of the structures of the nephron.
This is accompanied by azotaemia. In addition to pigmenturia in
the form of haemoglobinuria, glomerulonephritis can also lead to
renal failure due to the deposition of immune complexes. Increased
liver enzyme activities can result from an increased release of
enzymes from the hepatocytes when, due to hypoxia, the transport
processes at the hepatocyte membrane are impeded and the
hepatocytes absorb more water and become fragile.

The neurological symptoms are mainly caused by the destruction
of red blood cells which lead to anaemia and as consequence a
reduced oxygen supply of the central nervous system. Further,
proinflammatory cytokines, like TNF-q, IL-1, IL-6 and INF can cause
an increase in the levels of excitatory neurotransmitters, such as
glutamate, which can lead to overstimulation of nerve cells and
damage to the cells themselves. This overstimulation can cause
seizures and other neurological symptoms. Additionally, the
cytokines can cause a decrease in the levels of inhibitory
neurotransmitters, such as GABA, which can lead to a reduction in
the ability of nerve cells to regulate their activity. This reduction in
regulation can lead to altered behaviour and disorientation (Figure

48.4.1.3).
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Figure 48.4.1.3 Pathophysiology of babesiosis.

Therapy
Symptom Therapy
Large babesia Imidocarb
Small babesia Atovaquone + Azithromycin
Uncomplicated Clindamycin + Metronidazole +
cases Doxycycline
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48.4.2
Giardiasis

Aetiology

Giardiasis is caused by protozoa of the genus Giardia. Giardia
duodenalis occurs in dogs and cats.

Pathogenesis

Giardia have a simple life cycle. In the environment, the Giardia are
present in a roundish-oval cyst.

These are resistant survival forms with a rigid wall that protects
against temperature and drying out.

This creates a resistance that leads to survival in the environment for
several months. After oral ingestion of the cysts, two trophozoites are
released from each cyst in the intestine by an excystation. The release
is triggered by macro-organism factors, such as temperature, low pH
and pancreatic enzymes. Internal mechanisms include the activation
of proteases, such as cathepsin protease. After excystment, motile
trophozoites (9—21 um x 5—12 um) are present in the intestine.
These have an adhesion disc on their ventral side, which allows them
to adhere to enterocytes of the small intestine. Adhesion is achieved
by receptor binding of adhesins of the trophozoites. The dorsal side
of the trophozoites can take up nutrients by pinocytosis. The
expression of various surface proteins protects the trophozoites from
the digestive enzymes of the intestine or pancreas. The
multiplication is carried out by a simple division into two parts.
Through intestinal peristalsis, the trophozoites reach the caudal
region of the small intestine. There, the process of encystation
happens in which the trophozoites are transformed into the resistant
cyst. Bile salts or cholesterol deficiency in the caudal small intestine
are discussed as triggers for encystation. The cholesterol deficiency
causes a disruption of the membrane structure of the trophozoites,
which triggers encystation. The cysts are subsequently released into



the environment via faeces (Payne and Artzer 2009; Ryan and
Zahedi 2019) (Figure 48.4.2.1).

The clinical consequence of giardiasis is diarrhoea. This is triggered
by different mechanisms. On the one hand, trophozoites infected
enterocytes induce the activity of caspases, which initiates apoptosis.
At the same time, the release of apoptosis-inhibiting factors, e.g. Bcl-
2, is inhibited. In addition, Giardia increase the permeability of the
intestinal wall through caspase-induced destruction of the tight-
junctions between the enterocytes. In this process, the proteins of the
tight-junction are taken up intracellularly. By inhibiting the release
of IL-8 by the enterocytes, the trophozoites are able to prevent the
chemotaxis of neutrophilic granulocytes (Chin et al. 2002; Cotton et
al. 2011).

Nevertheless, trophozoite infection induces an inflammatory
response by allowing luminal antigens to pass through the intestinal
wall.

The inflammatory reaction leads to morphological changes in the
intestinal wall with a shortening of the villi length, thus reducing the
absorption surface. Decreased secretion of disaccharidase prevents
the cleavage of disaccharides, thus increasing the osmotic pressure in
the intestinal lumen. Increased chloride secretion due to enterocyte
destruction leads to secretory diarrhoea (Figure 48.4.2.2).



Figure 48.4.2.1 Cycle of giardiasis.



Figure 48.4.2.2 Mechanism of interaction between
giardiasis and enterocytes.
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Pathophysiologic Consequences

The pathophysiologic consequences of giardiasis are based on the
destruction of the intestinal wall cells.

Influenced organ Clinical Clinical pathological
systems symptoms alterations
Gastrointestinal .

Diarrhoea
system

Diarrhoea is the main clinical symptom of giardiasis. However, this
is accompanied by other symptoms. These include weight loss and
dehydration. The former is the result of malabsorption, and the latter
is due to enteral water loss. The faeces in giardiasis are mucous,
greasy or even bloody (Tangtrongsup and Scorza 2010). The
mechanism of greasy or fatty diarrhoea in giardiasis is due to the
disruption of the normal absorption of fat in the small intestine.
Giardia duodenalis attaches to the lining of the small intestine and
interferes with the normal digestive and absorptive processes.
Specifically, the parasite causes damage to the microvilli. The
damaged microvilli cannot effectively absorb fat, which leads to the
excretion of fatty acids and other lipids in the faeces, giving it a
greasy appearance. This condition is known as ‘steatorrhoea’.

Therapy



Symptom Therapy

Therapy against Fenbendazole,
Giardia Metronidazole
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48.4.3
Leishmaniasis

Aetiology

The disease is caused by an obligate intracellular protozoan of the
genus Leishmania. Leishmania infantum is of greatest veterinary
importance. Leishmaniasis is a vector-borne disease and occurs in
dogs and cats.

Pathogenesis

The infection cycle begins with the ingestion of the Leishmania by
the vector. These belong to the genus of sandflies (Phlebotomus). Of
the sandflies, only the females suck blood facultatively before laying
eggs and thus serve as a vector. During the sucking act, the vector
bites into the skin of the organism and absorbs wound secretions and
blood from superficial skin vessels. In the process, amastigote
Leishmania present in macrophages can be ingested. Within the
midgut of the phlebotomes, the non-motile amastigote stage
transforms into the motile promastigote stage. Triggers are thought
to be temperature or pH changes following ingestion by the vector
(Bates and Rogers 2004). Sexual reproduction of the promastigote
stages is located in the midgut of the phlebotomes. The next time the
sandfly sucks, the promastigote stages are transmitted. In the
process, the parasites enter the blood and tissue of the macro-
organism and are taken up there by phagocytosing macrophages.
Within the cell, the phagosome fuses with lysosomes and the
promastigote stage develops into the amastigote stage, which
reproduces asexually. The multiplication destroys the macrophages
and releases amastigote stages into the blood or tissue, which are
then, in turn, taken up by other macrophages (Figure 48.4.3.1).

Diagnostics
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Pathophysiologic Consequences

Leishmaniasis can show different clinical pictures. These range from
severe multisystemic diseases to asymptomatic forms. The respective
manifestation of the disease depends on the immune response of the
organism. A distinction can be made between cellular and humoral
responses. Presumably, cellular-based immunity (Th-1 and Th-2) is
more effective in suppressing infection than humoral-based
responses. Another predisposing factor in dogs appears to be breed.
Spaniels and German Shepherds are more frequently affected. No
breed predispositions have been described in cats.
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Figure 48.4.3.1 Leishmaniasis cycle.
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Source: Baneth et al. (2008).

The clinical symptoms can be differentiated into a cutaneous and a
visceral form of the disease.

The lymphadenopathy and splenomegaly are an expression of
the permanent stimulation of the immune system. Histologically, the
lymph nodes show hyperplasia of medullary macrophages (Lima et
al. 2004). In the spleen, there is hyperplasia of plasma cells (Santana
et al. 2008). The marked humoral response of the immune system is
reflected in hyperproteinaemia and
hypergammaglobulinaemia. The latter can be mono- or
polyclonal. This reflects the complex immunological response to
leishmaniasis. While the monoclonal form represents an increase in
immunoglobulins, the polyclonal forms also include an increase in
complement and other inflammation-associated proteins.

An essential symptomatology of leishmaniasis are the various skin
lesions, which show a predilection for the head area and the limbs.
Purulent and erosive forms may occur, and the mucocutaneous areas
are also affected. Histologically, infiltrates with infected
macrophages are evident. These also seem to be the main trigger of
the skin changes. The exact pathomechanism is not fully understood.

A major visceral form of leishmaniasis is glomerulonephritis. This
occurs in different histological variations, such as the



membranoproliferative or mesangioproliferative form (Plevraki et al.
2000).

Glomerular deposits of immune complexes (Ig-G, Ig-M, C3), as well
as lymphatic infiltrates (CD4+) are seen as the cause for the
development of glomerulonephritis. This is followed by
proteinuria. This can contribute to a marked loss of protein and
cause hypoalbuminaemia, as well as cachexia. The latter
symptom, however, is furthermore related to other energy-
demanding processes in leishmaniasis, such as the activity of the
immune system.

Hypergamma- Azotaemia
globulinaemia Proteinuria

Immune-mediated Dermatitis Conjunctivitis Lymphadenopathy
haemolytic anaemia or Skin ulceration Uveitis Splenomegaly

Non-regenerative anaemia

1

Leishmaniasis

Glomerulonephritis

Figure 48.4.3.2 Pathophysiology of leishmaniasis.

Another consequence of proteinuria can be a nephrotic syndrome or
azotaemia, which develops into uraemia. However, this is only
immanent in advanced courses of the disease.

Leishmaniasis-associated anaemia can have different causes and is
accordingly possible as a regenerative or non-regenerative form. The
synthesis of erythrocytic autoantibodies causes immune-mediated
haemolytic anaemia. Another cause of anaemia associated with
leishmaniasis is found in dysplasia of the erythrocytic stem cell
lineage. This in turn could be due to destruction of the bone marrow
beginning with infiltration by macrophages and synthesis of
proinflammatory cytokines. Finally, the morphological changes in



the kidney also lead to a reduced synthesis of erythropoietin and thus
cause a non-regenerative anaemia.

Finally, animals with leishmaniasis show an increased bleeding
tendency due to vascular erosions and coagulation disorders. This
results from thrombocytopenia, platelet dysfunction, and reduced
plasmatic coagulation function (Ciaramella et al. 2005). Blood loss
also contributes to the development of anaemia (Figure 48.4.3.2).

Therapy

Symptom Therapy

Therapy against Meglumine antimoniate, Miltefosine,
pathogen Allopurinol

Prevention Vector reduction
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49.1
Autoimmunity

Definition

Autoimmunity is the reduction of an organism's self-tolerance. The
consequence is an immunological reaction against the body's own
structures.

Aetiology and Pathogenesis

The immune system is able to distinguish between the body's own
antigen and foreign antigens. There is tolerance to the body's own
antigen. This is maintained by eliminating autoaggressive
lymphocytes. This happens through different mechanisms. In clonal
deletion, autoaggressive T lymphocytes undergo apoptosis and are
thus eliminated. The mechanism is controlled by the expression of
apoptosis-promoting receptors (Fas receptor) or pro-apoptotic
proteins in the lymphocytes. Another mechanism of maintaining
self-tolerance is provided by the so-called ‘co-stimulation’, in which
the activity of the lymphocytes depends on two signals. If the co-
signal is missing, the lymphocytes are not activated.

A loss of self-tolerance promotes the autoimmune reaction. The
development of an autoimmune reaction is based on different
assumptions. On the one hand, the mechanisms of apoptosis
described above may fail in autoaggressive lymphocytes. A cross-
reaction between antigen peptides and physiological peptides is
called the ‘mimicry hypothesis’ and can also lead to an autoimmune
reaction. Finally, structural changes to the MHC proteins lead to an
autoimmune response.

The Major Histocompatibility Complex (MHC) consists of
transmembrane protein complexes that have a function in antigen
presentation. MHC I and II complexes can be subdivided.

The MHC I proteins are expressed on almost all cell surfaces of the
organism. They are activated by intracellular triggers, such as viruses



or neoplastic molecules, and interact with cytotoxic T lymphocytes
(CD 8+). The consequence of this interaction is the activation of the
cytotoxic activity of the lymphocytes. Their cytotoxicity can cause cell
lysis, in which the lymphocytes release perforin, which destroys the
cell membrane. A second mechanism, mediated by granzymes,
induces apoptosis in the target cell. A structural alteration of the
MHC I complex can lead to a misdirected reaction of the
lymphocytes.

The proteins of the MHC II are predominantly expressed by cells of
the non-specific defence, such as macrophages or dendritic cells.
They present extracellular antigens, which are broken down after
phagocytosis, to the cells of the specific defence, mostly T helper cells
(CD g+).

The mode of antigen presentation is via proteolysis of the antigen by
ubiquitin. The peptide fragments are first fixed into the wall
structure of the endoplasmic reticulum. Then, triggered by transport
proteins, such as tapasin, the transfer to MHC takes place. The
complex of MHC and peptide reaches the cell membrane via the
Golgi apparatus and finally via exocytosis, where it can present the
antigen fragments to the lymphocytes. Here, too, structural
alterations of the MCH II complex can lead to a malfunction (Figure

49.1.1).



Figure 49.1.1 The antigen presentation pathway.
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Figure 49.1.2 Induction of autoimmunity.

The consequence of the autoaggression that arises due to different
mechanisms is the formation of autoreactive T lymphocytes and B
lymphocytes, as well as the synthesis of antibodies against body cells.

Autoimmune diseases are divided into systemic and organ-specific
diseases.

In the case of antibody formation, these can be directed against
different cellular structures. These include components of the cell
nucleus, such as histones, but also mitochondrial structures and
components of the cell membrane. The respective disease
mechanisms result from the immunological reaction (Figure 49.1.2).
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49.2
Lupus Erythematosus

Definition

Systemic lupus erythematosus is an autoimmune disease in which
organ structures of the organism are destroyed by autoantibodies.

Aetiology

The exact causes of lupus erythematosus (LE) are not known. A
mixture of a genetic predisposition with different triggers is
assumed. The genetic predisposition results from mutations in the
range of genes encoding complement factors, proteins of the MHC or
proteins of signal transduction (STAT) (Selvaraja et al. 2022).

Hormones, environmental factors, stress and infections are
described as triggers. The disease occurs more frequently in dogs
than in cats. Male dogs are overrepresented (Table 49.2.1).

Pathogenesis

The pathogenesis of LE begins with the formation of autoreactive B
cells, which secrete anti-DNA and other autoantibodies and thus
form pathogenetically relevant immune complexes. These can
activate cells of the immune system via nucleic acid-specific toll-like
receptors (TLR).

In the process, transcription factors (NF-kB) are produced that
induce the expression of proinflammatory mediators, such as
interferons. The activation of proinflammatory mediators leads to a
release of granulocytic nuclear material, which triggers a
lymphocytic reaction as a self-antigen or mediates thrombosis or
endothelial damage.

In the further course of the disease, a proliferation of T lymphocytes
and a formation of antibodies by B lymphocytes develops, which are



directed against structures of different body tissues (Tayem et al.
2022; Scheen et al. 2022).

The respective organ damage is based on the formation of
autoantibody immune complexes and immune-mediated tissue

damage. The skin, kidneys, joints, lymph nodes and erythrocytes are
predominantly affected.

Morphological changes in the kidneys result from the deposition of
immune complexes in the glomeruli and tubules, as well as
interstitially (Figure 49.2.1).
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Table 49.2.1 Triggers of systemic lupus erythematosus.

Trigger Mechanism
Oestrogen Stimulation of lymphocytes,
macrophages

Drugs (e.g. Hydralazine) Demethylation of DNA

Environment (ultraviolet Cell apobtosis
light) pop

Infection Molecular mimicry
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Figure 49.2.1 Pathogenesis of systemic LE.

Pathophysiologic Consequences

The pathophysiologic consequences are based on the symptoms
resulting from the respective organ damage.

Influenced organ Clinical Clinical pathological
systems symptoms alterations

Urinary tract

Haematological Lethargy

system Skin lesions

Bones, joints Lameness Anaemia

Muscles Lymphadenopath Proteinuria

Systemic y

Ophthalmic system  Fever

Skin

Lethargy may be a symptom of the intense immune response and a
consequence of a cytokine-mediated central nervous response. Skin



lesions develop as a result of inflammation and necrosis in the skin
and mucocutaneous areas. In the skin in LE, deposits of immune
complexes, perivascular infiltrates with mononuclear cells and tissue
necrosis are found particularly at the epidermis—dermis junction.

The lameness is mostly a non-erosive arthritis in different joints.
Distal joints seem to be affected more often. One of the key
mechanisms involved in the development of lameness in LE is
inflammation. Autoantibodies can form immune complexes with
self-antigens in the joints, triggering an inflammatory response. This
can lead to the activation of various immune cells, including
neutrophils, macrophages and T-cells, which can produce
proinflammatory cytokines, chemokines and reactive oxygen species
that further exacerbate the inflammation. This chronic inflammation
can damage the joint tissue and lead to pain and lameness. Another
mechanism that can contribute to lameness in LE is antibody-
mediated cytotoxicity. Autoantibodies can activate complement
proteins, which can lead to the destruction of joint tissue. This can
further exacerbate the inflammation and contribute to the
development of joint pain and lameness. Furthermore, LE can also
affect the structure and function of blood vessels in the joints,
leading to vascular damage and ischaemia. This can further
contribute to joint damage and pain.

Lymph nodes in LE are characterised by follicular hyperplasia,
which is seen as a reactive change.

Fever is caused by an effect of cytokines on the temperature
regulation centre. One of the key mechanisms involved in the
development of fever in LE is the activation of the immune system.
Autoantibodies produced by the immune system can target self-
antigens, leading to the production of inflammatory cytokines, such
as IL-1, IL-6 and TNF-a. These cytokines can act on the
hypothalamus, a region in the brain that regulates body temperature,
and trigger a fever response. Fever in LE may also be caused by the
presence of immune complexes in the blood. These immune
complexes can activate complement proteins, leading to the
production of anaphylatoxins, such as C3a and Csa. These
anaphylatoxins can also act on the hypothalamus and trigger a fever
response (Timlin et al. 2018).



Patients with LE show haemolytic anaemia due to destruction of
red cells by antiphospholipid antibodies. The mechanism involved in
the development of haemolytic anaemia in LE is the production of
autoantibodies that target red blood cells. These autoantibodies can
form immune complexes with red blood cells, leading to their
destruction by the complement system. Another mechanism that can
contribute to haemolytic anaemia in LE is the production of
cytokines, such as IL-1 and TNF-a, by immune cells. These cytokines
can activate macrophages, which can engulf and destroy red blood
cells. Finally, LE can also affect the structure and function of blood
vessels, leading to vascular damage and ischaemia. This can further
contribute to the destruction of red blood cells and the development
of haemolytic anaemia.

Finally, proteinuria occurs as a result of glomerulonephritis in LE.
One of the key mechanisms involved in the development of
proteinuria in LE is the deposition of immune complexes in the
kidneys. Autoantibodies produced by the immune system can target
self-antigens, leading to the formation of immune complexes that
can deposit in the kidneys and activate complement proteins. The
activation of the complement system can lead to inflammation and
damage to the glomeruli. This damage can cause the glomeruli to
become leaky, allowing proteins to pass into the urine. LE can also
cause inflammation, scarring and fibrosis, leading to damage to the
glomeruli and proteinuria.

Therapy

Symptom Therapy

Immunosuppressio Corticoids, Azathioprine, Chlorambucil,
n Cyclosporine
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49.3
Myasthenia Gravis

Definition

Myasthenia gravis (MG) is a disorder of neuromuscular transmission.

Aetiology

Myasthenia gravis can occur as a congenital form with a reduced receptor
density or as an autoimmune disease. Only the autoimmune disease will be
discussed here. The aetiology corresponds to that of other autoimmune
diseases. A genetic predisposition triggered by other factors is to be seen as
causality. A connection with changes in the thymus is particularly striking.
Thymomas, or lymphofollicular hyperplasia of the thymus, occur. The
disease occurs almost exclusively in dogs. Cockers, terriers and retrievers
seem to be overrepresented.

Pathogenesis

Myasthenia gravis is caused by autoantibodies that occupy nicotinic
acetylcholine receptors (nAChRn) at the neuromuscular endplate of striated
muscle, leading to a transmission disorder at the neuromuscular endplate.

Physiological transmission at the neuromuscular endplate begins at the
presynaptic nerve terminal. This is a piston-shaped thickening at the end of
the axon. Numerous vesicles are localised in the nerve terminal, each of
which contains approximately 10 000 (£2000) acetylcholine molecules,
which are synthesised from acetyl-CoA and choline by the enzymatic activity
of choline transferase.

When an action potential reaches the motor end plate, there is a presynaptic
influx of Ca2* through the voltage-dependent Ca2* channels. This influx of

Ca2™ enables fusion of the vesicles with the presynaptic membrane. This
process releases ACh into the synaptic cleft.

The synaptic cleft is about 70 nm wide and separates the presynaptic from
the postsynaptic membrane of the muscle. The ACh in the synaptic cleft
diffuses to an ACh receptor in the postsynaptic membrane. Reaction with the
receptor opens a centrally located sodium channel and sodium can flow with
the concentration gradient into the postsynaptic cell and trigger an action
potential.



Acetylcholine is hydrolysed and inactivated by the activity of an
acetylcholinesterase (AChE).

In MG, antibodies bind to the acetylcholine receptor. This leads to a
structural change at the postsynaptic membrane, as well as a reduction of the
acetyl receptors.

If the number of functional acetylcholine receptors falls below a critical level,
the sodium influx at the postsynaptic membrane is not sufficient to generate
an action potential. The result is clinically relevant muscle weakness (Figure

49.3.1).
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Figure 49.3.1 Pathomechanism of MG at the motor end plate.
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Pathophysiologic Consequences

The clinical changes of MG primarily refer to muscle weakness and thus
affect the musculoskeletal system. In addition, muscle weakness of the
striated oesophageal muscles is a common symptom.

Influenced organ Clinical
system symptoms
Respiratory system Paresis
Gastrointestinal system Regurgitation
Neuromuscular system Dyspnoea

The clinical symptoms of paresis are not evenly distributed in MG, but
occur more frequently in the hind limb.

Dyspnoea and regurgitation are associated with the development of
megaoesophagus in MG. In dogs and cats, parts of the oesophageal wall are
striated muscles and therefore sensitive to MG antibodies. In the case of
megaoesophagus, regurgitation may occur. This can trigger aspiration
pneumonia, causing dyspnoea and fever.

Therapy

Symptom Therapy
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50.1
Alanine Aminotransferase (ALT)

Physiology

Alanine aminotransferase (ALT) catalyses the transamination of
alanine and is thus involved in the urea cycle and the
gluconeogenesis. ALT is more or less liver specific; other organs in
which ALT is detectable in low activity are heart, muscle and kidney
tissue. Within the cell, ALT is present in the cytoplasm.

Liver cell damage and enzyme induction are considered to be the
causes of increased serum activity of ALT. Increased enzyme
induction as a trigger for increased serum activity is seen in
connection with the administration of phenobarbital for the therapy
of epilepsy.

Liver cell damage increases ALT serum activity mainly by bleb
formation.

Blebs are membrane protrusions that can detach from the cell
surface, leading to the release of intracellular contents into the
bloodstream, including liver enzymes, such as ALT and aspartate
aminotransferase (AST).

Bleb formation in hepatocytes can be a result of cytoskeletal
disruption. Hepatotoxins can disrupt the cytoskeleton and
destabilise the cell membrane, leading to the formation of blebs.
Oxidative stress can also induce bleb formation in hepatocytes.
Reactive oxygen species (ROS) can damage cellular components,
including the cell membrane, leading to the formation of blebs.

Due to its localization in the cytoplasm, even slight increases in the
permeability of the hepatocyte membrane lead to increased ALT
activity in the serum. The serum half-life in dogs is a few days (3—4
days). Up to a threefold increase in serum activity is considered low
grade and usually occurs with mild, chronic or secondary liver cell
damage. Long-lasting high-serum activities, on the other hand, are
observed in severe hepatocellular necrosis. No statement can be



made about the genesis of the liver disease on the basis of increased
ALT serum activity.

Variations

Increased Serum Activity

Portosystemic shunt (mild increase)

Metabolic disease: lipidosis, diabetes mellitus, feline
hyperthyroidism, amyloidosis

Neoplasia: lymphoma, metastasis of a neoplasia, hepatocellular
carcinoma

Nutritional: copper intoxication, haemochromatosis
Inflammation:

— Infectious: leptospirosis, feline infectious peritonitis (FIP),
bacterial cholangiohepatitis

— Non-infectious: chronic hepatitis, cirrhosis

Toxic: steroid hepatopathy, anaesthetic drugs, tetracyclines,
carprofen, phenobarbital

Fever: mild elevation
Trauma: car accident

Genetic: copper storage disease, lysosomal storage disease



50.2
Albumin

Physiology

Albumin is a highly conserved protein found in the blood of dogs and
cats and is composed of a single polypeptide chain. Albumin has a
molecular weight of approximately 66 kDa and is the most abundant
protein in blood plasma, accounting for 35—50% of total plasma
proteins in dogs and cats. Albumin is synthesised in the liver and is
released into the bloodstream, where it performs various functions.

Albumin is, in parts, responsible for colloid osmotic pressure in the
blood plasma. Further, albumin has a high binding affinity for a
variety of substances, including fatty acids, bilirubin and certain
drugs, which can affect their distribution and metabolism in the
body. The binding of albumin to substances, such as calcium,
magnesium and copper can also affect their transport and
availability in the body.

Variations

The concentration of albumin in the blood can be affected by a
variety of factors. They can be differentiated into decreased synthesis
and increased loss.

Decreased Synthesis

The steps of albumin synthesis in hepatocytes are:

1. Transcription: The gene that encodes albumin is transcribed into
mRNA in the nucleus of the hepatocyte.

2. Translation: The mRNA is transported out of the nucleus and
into the cytoplasm, where it serves as a template for the synthesis
of albumin protein by ribosomes.

3. Post-translational modification: Once the albumin protein is
synthesised, it undergoes several post-translational



modifications, including glycosylation and disulphide bond
formation, to ensure proper folding and stability.

4. Intracellular trafficking: The synthesised and modified albumin
protein is then transported to the endoplasmic reticulum (ER) for
further processing.

5. Folding and assembly: Within the ER, the albumin protein
undergoes additional folding and assembly to form a stable
structure.

6. Secretion: Once the albumin protein is properly folded and
assembled, it is transported to the Golgi apparatus, where it is
packaged into vesicles for secretion into the bloodstream.

Albumin synthesis in hepatocytes is regulated by hormones,
cytokines and nutrient availability. Liver cell injury can inhibit the
synthesis of albumin directly.

Hormones, such as growth hormone or insulin-like growth factor-1
(IGF-1), are important regulators of albumin synthesis in
hepatocytes. An imbalance in these hormones can result in reduced
albumin production. Inflammatory cytokines, such as interleukin-6
(IL-6), can inhibit albumin synthesis by hepatocytes. Finally, a lack
of essential nutrients, such as amino acids, that are required for the
synthesis of albumin can lead to a reduction in albumin production.

Increased Loss

Increased loss is mainly caused by renal and intestinal loss. The loss
of albumin via kidneys is caused by glomerular alterations.

The following alteration of the glomeruli are associated with albumin
loss.

1. Basement membrane damage: The glomerular basement
membrane (GBM) is a thin, dense layer of extracellular matrix
that acts as a barrier to prevent the passage of large molecules,
such as albumin. Damage to the GBM can occur due to various
reasons, including inflammation, immune-mediated disorders or
genetic mutations, leading to increased permeability to albumin.



2. Podocyte dysfunction: Podocytes are specialised cells that wrap
around the capillaries in the glomerulus and contribute to the
formation of the filtration barrier. Podocyte damage or
dysfunction can occur due to various causes, including
autoimmune diseases, viral infections or medication toxicity.
This dysfunction can result in increased permeability of the
filtration barrier and leakage of albumin into the urine.

3. Endothelial cell dysfunction: Endothelial cells line the inner
surface of the glomerular capillaries and play a critical role in
maintaining the filtration barrier. Damage or dysfunction of
endothelial cells can occur due to various reasons, such as
infections, toxins or ischaemia, leading to increased permeability
and leakage of albumin.

4. Increased hydrostatic pressure: Increased hydrostatic pressure
within the glomerular capillaries can lead to stretching and
damage to the filtration barrier, resulting in increased
permeability to albumin.

5. Inflammatory cytokines: Inflammatory cytokines, such as TNF-a
and IL-6, can trigger disruption of the glomerular filtration
barrier and increase the permeability to albumin.

6. Oxidative stress: Increased levels of oxidative stress can cause
damage to the glomerular filtration barrier, leading to increased
permeability to albumin.

The intestinal loss of albumin can occur due to protein-losing
enteropathy and malabsorption syndromes. The exact biochemistry
of intestinal loss of albumin is thought to involve increased
permeability of the intestinal barrier.

1. Increased intestinal permeability: The intestinal barrier is
composed of a single layer of epithelial cells that prevent the
passage of large molecules, such as albumin, from the gut lumen
into the bloodstream. Increased intestinal permeability can occur
due to various factors, including inflammation, bacterial
overgrowth and medications, leading to the leakage of albumin
into the gut lumen.



2. Inflammatory cytokines: Inflammatory cytokines, such as IL-1
and TNF-q, can trigger the disruption of the intestinal-barrier
and cause intestinal loss of albumin.

Low albumin levels in dogs and cats can result in oedema, ascites
and impaired wound healing, among other clinical signs.

High albumin levels as hyperalbuminaemia are caused by
haemodilution, iatrogenic or in consequence of a shift of plasma in
cases of oedema.

Hypoalbuminaemia Hyperalbuminaemi

Maldigestion
Malabsorption
Synthesis Hepatic insufficiency (e.g.
liver cirrhosis,
portosystemic shunt)

Nephropathy (glomerular
loss, nephrotic syndrome)

Loss Protein-losing enteropathy
burns/exudative skin
diseases

Inflammatio

n Negative acute phase

Dilution Hyperhydration Dehydration



50.3
Alkaline Phosphatase (ALP)

Physiology

Alkaline phosphatase (ALP) is a membrane-bound enzyme that
hydrolyses phosphoric esters to form organic phosphate. It is
detectable in numerous tissues of the body. ALP is found in the form
of various isoenzymes, some of which have short serum half-lives
lasting only a few minutes (e.g. the intestinal wall isoenzyme). Due to
their longer half-life, the liver isoenzyme (L-ALP), the bone
isoenzyme (B-ALP) and the steroid-induced form of ALP (C-ALP)
have clinical relevance. Due to its localization in the epithelia of the
bile ducts, L-ALP is considered a so-called ‘cholestasis marker’.
Increased enzyme induction under the influence of cholestatic toxins
is assumed to be the cause of the increase in L-ALP activity in the
blood as a result of cholestasis. The steroid-induced form of ALP is
formed under the influence of endogenous and exogenous corticoids.
The steroid-induced form differs from the liver-specific isoenzyme
primarily by its temperature stability at 65°C.

Variations

Only increased serum activity of ALP is of diagnostic relevance. It
can be physiological in growing animals or based on cholestasis,
bone lesions and cortisol induced in dogs.

Physiological:

Growth (in young animals, physiological values up to six times the
reference ranges applicable in adult animals are measured because of
the high osteoblast activity).

Cholestasis:

In cholestasis, hepatocytes can become directly damaged due to the
accumulation of toxic bile acids and other substances. This damage
can cause the release of ALP into the bloodstream. The cholestasis



can also damage cholangiocytes, leading to the release of ALP into
the bile ducts and subsequently into the bloodstream.

Bile acids can influence the production and activation of ALP in
hepatocytes and cholangiocytes. Bile acids can bind to specific
receptors, such as the farnesoid X receptor (FXR), and activate the
transcription of ALP genes, leading to increased production and
release of ALP into the bloodstream. Bile acids can also inhibit the
uptake of ALP into hepatocytes, leading to the accumulation of ALP
in the bloodstream.

Cortisol-induced ALP elevation:

The cortisol-induced elevation of ALP is only relevant in dogs.
Mechanisms involved in the cortisol-induced elevation of ALP are:

Cortisol can stimulate bone resorption and reduce bone formation,
leading to increased bone turnover. ALP is an enzyme that is
produced by osteoblasts during bone formation, and its levels can be
elevated in response to increased bone turnover.

Cortisol can directly stimulate the synthesis and secretion of ALP in
hepatocytes. Cortisol can bind to glucocorticoid receptors in
hepatocytes, leading to the transcription of ALP genes and the
subsequent synthesis and secretion of ALP into the bloodstream.

Further cortisol can inhibit the uptake of ALP into hepatocytes,
leading to the accumulation of ALP in the bloodstream. Finally
prolonged elevation of cortisol levels can cause cholestasis.

Bone-induced ALP elevation:

The bone-induced ALP elevation is associated with osteoblast
differentiation. During bone formation, osteoblasts differentiate and
secrete ALP into the extracellular matrix.

ALP plays a critical role in bone mineralisation by hydrolysing
inorganic pyrophosphate, a potent inhibitor of mineralisation. By
breaking down pyrophosphate, ALP creates an environment
favourable for mineralisation and the deposition of calcium and
phosphate ions in the bone matrix. During bone turnover,
osteoblasts resorb old bone tissue and replace it with new bone



tissue. ALP is produced by osteoblasts during bone formation, and
its levels can be elevated in response to increased bone turnover.

Various bone disorders, such as neoplasia can cause an increase in
bone turnover and subsequently an elevation in ALP levels. In these
conditions, the increased osteoblast activity results in the production
and secretion of higher levels of ALP into the bloodstream.

Elevated serum activities are differentiated depending on the
severity of elevation.

Moderate elevation Severe elevation
Hepatopathies with
Hepatocyte Hepatopathies with mild moderate to severe
S cholestasis cholestasis
lipidosis (cats)
{)nductlon Hyperthyroidism, diabetes Hyperadrenocorticis
hy mellitus, hypercortisolism, m
ormones
Induction Anticonvulsants, barbiturates, Glucocorticoids
by drugs antibiotics (dogs)
Rickets, osteodystrophy,
Bone osteomalacia,
diseases hyperparathyroidism, bone

tumours



50.4
Ammonia

Physiology

Ammonia is a toxic product of amino acid breakdown. Non-toxic
urea is synthesised from ammonia in the liver for detoxification.
Liver diseases associated with loss of functional parenchyma, such as
liver cirrhosis, can lead to elevations in blood ammonia. More
commonly in dogs, vascular liver disease in the sense of
portosystemic shunts is the cause of elevated blood ammonia
concentrations. Ammonia is thought to play a major role in the
development of hepato-encephalopathy. However, other possible
triggers, such as y-aminobutyric acid (GABA), short-chain fatty acids
(e.g. octanoic acid), phenols and mercaptans are also discussed.

The detection of ammonium ions in the blood has acquired its
special significance in the diagnosis of the portosystemic shunt. The
sensitivity of ammonia measurement in serum can be improved by
the so-called ‘ammonium tolerance test’. In this test, not only the
ammonia concentration is measured, but the ability of the liver to
eliminate externally supplied ammonia from the portal venous blood
is checked.

Variations

Increased Ammonia Serum Concentrations

e Portosystemic liver shunts

e Liver cirrhosis



50.5
Aspartate Aminotransferase (AST)

Physiology

The biochemical function of aspartate aminotransferase (AST), like
that of ALT, is in the transamination. Under the catalysis of the AST,
aspartate, an amino group donor for the urea cycle, is formed from
glutamate. In contrast to ALT, AST is found in the cytoplasm and
mitochondria of hepatocytes, although AST activity is also found in
cells of the heart and skeletal muscles, as well as the kidneys and
brain. AST is not liver-specific in dogs, it is useful for detecting liver
disease when muscle disease has been ruled out. AST activity rises
earlier after a liver insult than ALT, but falls off more quickly because
of its half-life in serum of about five hours. Increased AST activity in
serum occurs in various hepatopathies, such as degeneration,
inflammation and neoplasia.

Variations

Increased Serum Activity

Hepatocellular damage, muscle damage, cardiac muscle damage
Hepatocellular damage

» Degenerative: hypoxia caused by anaemia or congestion;

e Portosystemic shunt (mild increase)

e Metabolic disease: lipidosis, diabetes mellitus, feline
hyperthyroidism, amyloidosis

» Neoplasia: lymphoma, metastasis of a neoplasia, hepatocellular
carcinoma

» Nutritional: copper intoxication, haemochromatosis

e Inflammation:



— Infectious: leptospirosis, feline infectious peritonitis (FIP),
bacterial, cholangiohepatitis

— Non-infectious: chronic hepatitis, cirrhosis

Toxic: steroid hepatopathy, anaesthetic drugs, tetracyclines,
carprofen, phenobarbital

Fever: mild elevation

Traumatic: car accident

Genetic: copper storage disease, lysosomal storage disease
Muscle damage (mostly skeletal muscles, occasionally
cardiac muscles, rarely smooth muscles)

e Degenerative: hypoxia due to exertion or seizures, exertional
rhabdomyolysis

e Neoplastic: metastatic neoplasia
e Nutritional: Vitamin E/selenium deficiency

e Genetic: muscular dystrophy, myopathy due to hyper-,
hypokalaemia

« Inflammatory: myositis caused by toxoplasma, neospora,
bacteria

¢ Toxic: monensin

e Traumatic: intramuscular injections, car accident



50.6
Bile Acids

Physiology

Bile acids are steroids and are synthesised from cholesterol. In the
hepatocytes, the so-called ‘primary bile acids’, cholic acid and
chenodeoxycholic acid, are formed first. These are excreted into the
intestine via the bile. There, under the influence of bacterial

enzymes, hydroxyl groups are split off, which lead to the formation of
the so-called ‘secondary bile acids’, deoxycholic acid and lithocholic
acid.

In the intestine, bile acids perform an important function in the
digestion of lipids and fat-soluble vitamins. The bile acids are
involved in the formation of micelles, through which the absorption
of lipids is made possible. The bile acid pool is constantly
replenished by new synthesis of bile acids. Nevertheless, the
organism behaves conservatively with regard to bile acids and tries
to minimise enteral loss. This is done by returning 90—95% of the
bile acids to the liver via the enterohepatic circulation. The bile acids
contained in the portal blood are taken up in the liver predominantly
by the hepatocytes on the sinusoidal membrane and secreted into the
bile ducts at the basement membrane.

Processes in the liver that lead to vascular separation of the organ,
such as portosystemic shunts, disrupt the bile acid circulation and
lead to their increased serum concentration. The determination of
bile acids has established itself as a parameter for the investigation of
liver function and vascularisation. However, especially with regard to
portosystemic shunts, the measurement of ammonia shows a higher
sensitivity and specificity. In order to increase the significance of bile
acids in relation to liver diseases, they can be measured in the fasting
state and two hours postprandial, or after stimulation with
ceruletide. However, a clear differentiation between different liver
diseases is not possible on the basis of the bile acid concentration
alone.



Variations

Increased Serum Concentration are of Medical
Relevance
Decreased bile acid clearance from the portal blood
e Decreased functional liver tissue: diffuse hepatocellular disease
e Decreased portal blood flow to the liver: congenital or acquired
portosystemic shunts
Decreased excretion of bile acids into the bile fluid

» Hepatic cholestasis: lipidosis, diabetes mellitus, steroid
hepatopathy, lymphoma, cirrhosis, cholangiohepatitis

» Posthepatic cholestasis: cholangitis, bile duct carcinoma,
pancreatitis, pancreatic carcinoma



50.7
Bilirubin

Physiology

Bilirubin is a breakdown product of haemoglobin metabolism. Its
synthesis is a step in the breakdown of the porphyrin ring (haem)
from haemoglobin. Initially, biliverdin is formed during this
degradation, which occurs physiologically as part of cell moulting in
the mononuclear phagocyte system (MPS). Under the catalysis of
biliverdin reductase, biliverdin is reduced to bilirubin. Since it is
hydrophobic, it is bound to albumin and transported from the site of
its formation to the liver. There, the conjugation of water-insoluble
to water-soluble bilirubin takes place within the framework of
glucuronidation. The latter reaches the intestine via the bile duct
system, where it is further reduced to stercobilin and excreted. A
small amount returns to the liver via the enterohepatic circulation.
Most of the bilirubin formed in the liver comes from haemoglobin
breakdown; other sources include cytochromes.

An increase in the bilirubin concentration in the blood serum can be
caused by hepatopathies or haemolyses. In principle, in the case of a
haemolysis-related increase in bilirubin serum concentration
(hyperbilirubinaemia), primarily hydrophobic bilirubin should be
detected in the blood, and in the case of liver-related
hyperbilirubinaemia, rather hydrophilic bilirubin. In practice,
however, it has been shown that both are possible and can therefore
be of little diagnostic use. Due to its colour, bilirubin produces the
so-called ‘icterus’ at an increased blood concentration. From a serum
concentration of about 2 mg/dl, this is clinically recognisable by the
yellowing of the sclerae. Depending on the localisation of its
development, prehepatic haemolytic jaundice is distinguished from
intrahepatic jaundice, which is distinguished from posthepatic
cholestatic jaundice.

Variations



Only increased serum concentrations of bilirubin are of medical
importance. The reasons for this are the increased destruction of
erythrocytes and cholestasis. The distinction between unconjugated
and conjugated bilirubin based on the location of the lesion is not
completely fixed, but only a bias.

Unconjugate Conjugate
d bilirubin  d bilirubin
Haemolysis X —
Decreased uptake of hepatocytes X —
Intrahepatic cholestasis
 Lipidosis, steroid hepatopathy, _ <

lymphoma, cirrhosis,
cholangiohepatitis

Posthepatic cholestasis

» Cholangitis, bile duct carcinoma, %
cholelithiasis, pancreatitis,
pancreatic carcinoma



5.8
Calcium

Physiology

Calcium is an essential mineral in dogs and cats. Calcium is required
for the proper functioning of muscles, nerves and bones, as well as
for blood clotting and enzyme activation.

The majority of calcium in dogs and cats is found in bone tissue, with
a smaller proportion found in the bloodstream.

Calcium homeostasis in dogs and cats is tightly regulated by a
complex system involving hormones, such as parathyroid hormone
(PTH), calcitriol and calcitonin.

Parathyroid hormone is released by the parathyroid glands in
response to low blood calcium levels and acts to increase calcium
levels by promoting bone resorption and renal reabsorption of
calcium. Calcitriol, the active form of vitamin D, is produced by the
kidneys and acts to increase calcium absorption in the gut and
promote bone mineralisation.

Calcitonin, which is produced by the thyroid gland, acts to lower
blood calcium levels by inhibiting bone resorption and increasing
urinary excretion of calcium.

Disorders of calcium homeostasis in dogs and cats can result in a
range of clinical signs, including muscle weakness, seizures and bone
fractures.

Variations

Hypercalcaemia Hypocalcaemia
Increased Ca-mobilisation Hypoalbuminaemia
(bone and intestinal (Hypoproteinaemia)
absorption)

» Caused by increased parathyroid
hormone (PTH) or parathyroid



Hypercalcaemia Hypocalcaemia
hormone-like hormone (PTHrP) Decreased PTH-activity

— Primary hyperparathyroidism « Primary

— Neoplasia (lymphoma, Hypoparathyroidism
carcinoma, anal sac e Pseudohypoparathyroidis
carcinoma) (dog) m (reduced responsiveness

o Increased Vitamin D of PTH receptors)

activityExogenous Vitamin D

intake Insufficient Ca-

— Rodenticides (cholecalciferol) mobilisation from bone or
absorption from the

— Dietary oversupply intestine

— Endogenous Vitamin D

: » Hypovitaminosis
formation

— Granulomatous inflammation ) )
e Exocrine pancreatic

— Pulmonary angiostrongylosis insufficiency
e Bone neoplasia » Pregnancy, lactation
Myeloma, lymphoma,  Eclampsia

metastatic neoplasia

Decreased renal excretion Excessive excretion of Ca

_ via the urine
» Renal failure
. » Ethylene glycol
¢ Hypoadrenocorticism (dog, cat) intoxication

o Thiazides o Furosemide therapy

Other causes

e Excessive intravenous Ca- Other causes

infusion  Acute pancreatitis (dog

e Haemoconcentration and cat)

» Hypothyroidism



50.9
Cholesterol

Physiology

Cholesterol is a lipid molecule that plays a critical role in various
physiological processes in dogs and cats. Cholesterol is required for
the proper functioning of cell membranes, as well as for the synthesis
of hormones, bile acids and vitamin D.

The majority of cholesterol in dogs and cats is synthesised in the
liver, with a smaller proportion obtained from the diet. Cholesterol
homeostasis in dogs and cats is tightly regulated by a complex
system involving hormones, such as insulin and leptin, as well as
enzymes, such as HMG-CoA reductase.

Variations

Hypercholesterolaemia Hypocholesterolaemia

Decreased cholesterol
production

e Decreased number of functional
hepatocytes: portosystemic shunt
(dog and cat)

Increased cholesterol
production
* By hepatocytes e Liver cirrhosis

By enterocytes o Protein-losing enteropathy

(Iymphangiectasia)

» Hypoadrenocorticism



Hypercholesterolaemia
Decreased lipolysis or
impaired lipoprotein
metabolism

Hypothyroidism
Nephrotic syndrome

Protein-losing
nephropathy

Other causes

Acute pancreatitis
Cholestasis (obstructive)
Diabetes mellitus

Hyperadrenocorticism
(excess glucocorticoids)

Hypercholesterolaemia
(Briard, Doberman
pinscher, Rottweiler)

Hyperlipaemia syndrome
(Miniature Schnauzers,
Beagles)

Hypocholesterolaemia



50.10
Creatinine

Physiology

Creatine is a molecule that plays a role in cellular energy metabolism
in dogs and cats.

Creatine is synthesised in the liver and kidneys from amino acids,
primarily arginine and glycine. Creatine is then transported to
muscles, where it is stored as creatine phosphate. Creatine
phosphate can be rapidly converted to ATP, providing energy for
muscle contraction during exercise and other activities.

Creatine is metabolised to creatinine in dogs and cats as a natural
process in muscle metabolism. Creatinine is a waste product of
muscle metabolism that is produced in dogs and cats. Creatinine is
produced in proportion to muscle mass and is primarily filtered from
the blood by the kidneys and excreted in urine.

Variations

Increase

e Pre-renal
— Dehydration, electrolyte imbalance
— Circulatory insufficiency due to shock
— Heart failure
— M. Addison
— Hypoalbuminaemia
e Renal
— Acute renal failure
— Chronic kidney disease

— Glomerulonephritis



e Post-renal

— Obstruction or rupture of the urinary tract (renal pelvis to
urethra)



50.11
Creatine Kinase

Physiology

Creatine kinase (CK) is an enzyme that plays a critical role in various
physiological processes in dogs and cats. CK is found mainly in
muscle tissues and brain tissue.

CK catalyses the transfer of a phosphate group from creatine
phosphate to ADP, forming ATP, which provides energy for cellular
processes. CK is released into the bloodstream following muscle
damage or injury of the central nervous system.

Variations

Increase

Muscle damage (mostly skeletal muscle, occasionally cardiac muscle,
rarely smooth muscle)

e Degenerative: hypoxia due to exertion or seizures,
rhabdomyolysis after exertion

» Neoplastic: metastatic neoplasia
e Nutritional: Vitamin E/selenium deficiency

e Genetic: muscular dystrophy, myopathy due to hyper- and
hypokalaemia

e Inflammatory: myositis caused by toxoplasma, neospora,
bacteria

e Traumatic: intramuscular injections, car accident, seizures

e Urinary bladder obstruction (Cat).



50.12
Glucose

Physiology

Glucose is a major source of energy.

Glucose is primarily obtained from the diet, and excess glucose is
stored in the liver and muscle tissues as glycogen. Glucose can also
be produced by the liver through the process of gluconeogenesis.
Insulin is a hormone that plays a key role in glucose metabolism by
regulating the uptake and utilisation of glucose by cells in the body.

Glucagon is another hormone that plays a role in glucose metabolism
by stimulating the breakdown of glycogen in the liver, releasing
glucose into the blood.

Hyperglycaemia can lead to a range of complications, including
neuropathy, nephropathy and retinopathy. Hypoglycaemia (low
blood glucose levels) can also occur in dogs and cats, particularly if
they have an insulin overdose or if they have not eaten for an
extended period.

Variations

Increase

Physiological elevation: postprandial (up to 150 mg/dl), excitement,
fear (up to 300 mg/dl), steroid-associated.

o Pathological hyperglycaemia
— Type 1 diabetes mellitus (DM)
— Type 2 DM

— Drug-induced DM: glucocorticoids, thyroid hormones

Decrease

e Increased insulin secretion



— Insulinoma (pancreatic neoplasia of the -cells)
e Decreased insulin antagonists
— Hypoadrenocorticism (decreased cortisol)

e Exercise-induced hypoglycaemia (hunting dogs)



50.13
Glutamate Dehydrogenase (GLDH)

Physiology

Glutamate dehydrogenase (GLDH) catalyses the deamination of
glutamate, thereby providing ammonia for the urea cycle. GLDH is
considered liver-specific and shows highest activity in the area of
centrilobular hepatocytes. Since the partial oxygen pressure is low in
this area, hypoxia has a particularly negative effect on these
hepatocytes, resulting in an increase in GLDH activity in the serum.
The half-life of GLDH in humans is given as 18 hours. The
mitochondrial localization of GLDH causes this enzyme to show a
marked (over three times the upper reference range) increase in
serum activity in severe liver cell damage.

Variations

Increase
» Hepatocyte damage



50.14
Lipase

Physiology

Pancreatic lipase assists in the hydrolysis of triglycerides in the small
intestine. The half time in dogs is about two hours. Lipase has
diagnostic significance for pancreatic diseases.

Variations

Increase

Canine acute pancreatitis (values in the normal range or up to
>10-fold increase of the reference value)

Feline acute pancreatitis (values in the reference range or
moderate increase < fivefold increase)

Chronic pancreatitis (mild elevation)

Neoplasia of the pancreas

Decreased renal excretion or inactivation

— Decrease in glomerular filtration rate (shock, dehydration)

— Loss of functional renal parenchyma (acute or chronic renal
failure) with elevation of lipase 2.5—4 times the reference value
without damage to pancreatic acinar cells

— Elevated lipase levels associated with renal disease may result
from reduced inactivation of lipase



50.15
Phosphorus

Physiology

Phosphorus is an essential mineral. Phosphorus plays a critical role
in bone metabolism, as well as cell signalling, energy metabolism and

acid-base balance.

Phosphorus is obtained from the diet and is absorbed in the small

intestine.

The kidneys play a key role in phosphorus metabolism by regulating
the excretion of phosphorus from the body. In healthy dogs and cats,
phosphorus homeostasis is maintained through a balance of dietary

intake, absorption and renal excretion.

Variations

Increase

Juvenile age (<1 year)
Acute renal failure
Chronic kidney disease
Hypoparathyroidism
Osteolytic bone tumour
Hyperthyroidism

Acromegaly

Decrease

Hypovitaminosis D
Hyperparathyroidism (primary, pseudo)

Fanconi syndrome



e Glucocorticoid therapy
e M. Cushing

e Severe liver disease



50.16
Potassium

Physiology

The concentration of potassium in the extracellular fluid closely
mirrors that in the serum. This balance depends on the total
potassium content of the body and the continuous movement of
potassium into and out of cells, particularly those rich in potassium.
This dynamic interplay responds to fluctuations in the body's acid-
base balance. To understand potassium concentration, its
relationship to acid-base balance must be considered.

Several factors influence the interplay between potassium levels and
acid-base balance. In cases of acidosis, caused by conditions, such as
kidney dysfunction or diarrhoea, hyperkalaemia, an excess of
potassium, can occur. This happens because potassium leaves the
cells in response to the body's attempt to relieve acidosis by
introducing hydrogen ions into the cells (inorganic or mineral
acidosis).

However, acidosis caused by factors, such as L-lactate or ketoacidosis
does not usually lead to hyperkalaemia. This different outcome
results from the equilibrium between negative charges (from L-
lactate or ketoacidosis) and positive charges (hydrogen ions) as they
enter the cells, which prevents a significant increase in extracellular
potassium levels. Understanding these nuanced interactions between
types of acidosis and potassium movement highlights the complexity
of maintaining potassium balance in relation to the acid-base status
of the body.

Metabolic alkalosis causes mild hypokalaemia.

Respiratory acidosis or alkalosis is not associated with an increased
serum potassium concentration.

The regulation of serum potassium concentration involves complex
processes controlled by many factors:



Cellular distribution: Serum potassium concentration is influenced
by its movement between intracellular and extracellular fluids. The
actions of adrenaline (epinephrine) and insulin primarily drive the
uptake of potassium into cells. In hyperkalaemia, where there is too
much potassium in the blood, a regulatory mechanism initiates
further uptake of potassium into cells. Conversely, hypokalaemia,
characterised by low levels of potassium in the blood, causes
potassium to leave the cells. Kidney function plays a crucial role in
this by facilitating the reabsorption or excretion of potassium in the
tubular apparatus of the kidney, thereby contributing significantly to
potassium homeostasis.

The role of aldosterone in potassium excretion: Aldosterone, a
hormone produced by the adrenal glands, plays a key role in
regulating potassium levels. In particular, it promotes the excretion
of potassium in the kidneys. When aldosterone levels rise, typically
in response to factors, such as low blood pressure or high potassium
levels, it increases the reabsorption of sodium and simultaneously
increases the excretion of potassium. This mechanism helps to fine-
tune serum potassium concentrations.

Variations

Increase
« Shift of potassium from intracellular to extracellular space

— Metabolic acidosis, H* are transported into the intracellular

space and in return a K* is transported to the extracellular
space.

— Rhabdomyolysis/muscle damage
— Massive intravascular haemolysis
— Massive tissue necrosis
e Increased total potassium
— Decreased renal excretion of potassium

— Renal insufficiency or failure



— Urinary tract obstruction or lesion with drainage into the
abdominal cavity

— Hypoaldosteronism
— Hypoadrenocorticism
— Increased uptake

— Administration of potassium-rich fluids

Decrease

« Shift of potassium from extracellular to intracellular space
— Metabolic alkalosis
— Increased activity of insulin

e Reduced concentration of total potassium in the organism
— Reduced oral uptake
— Increased renal excretion
— Hyperaldosteronism

— Increased alimentary loss (vomiting, diarrhoea, excessive
salivation)

» Hypokalaemia in renal failure in cats

e Myopathy with hypokalaemia e.g. in the Burmese cat



50.17
Sodium

Physiology

Sodium is found in both the intracellular and extracellular space. The
concentration should always be assessed in the context of the
hydration status.

Serum sodium concentration is regulated by two main mechanisms:
Blood volume

|Blood volume (measured in the juxtaglomerular apparatus of the
kidney).

Activation of the renin-angiotensin-aldosterone system (RAAS).
Reabsorption of Na*, Cl_ and water in the proximal tubule
system.

Aldosterone stimulates active reabsorption of sodium in the
collecting tubules.

1Blood volume (measured at atrial baroreceptors)
Reduction of Na reabsorption via atrial natriuretic peptide.
Plasma osmolality
Hyperosmolality

Stimulation of thirst and release of antidiuretic hormone
(ADH) to increase renal water reabsorption

Hypoosmolality

Reduction of water reabsorption and increased water
excretion

Variations

Increase



» Water deficiency
— Insufficient water intake
— Disturbed thirst sensation
o Water loss without sufficient replenishment of losses
— Through panting, hyperventilation or fever
— Central or nephrogenic diabetes insipidus

o Water loss > Na loss (renal: osmotic diuresis; alimentary:
osmotic diarrhoea)

e Increased sodium intake

— Salt intoxication, administration of hypertonic saline solutions
e Decreased renal excretion of sodium

— Hyperaldosteronism

— Hyperadrenocorticism

Decrease
» Loss via the gastrointestinal tract
— Vomiting, diarrhoea, excessive salivation

Renal loss

— Hypoadrenocorticism
— Marked diuresis

— Nephropathies

Hypoaldosteronism

Congestive heart failure (oedema)

Liver cirrhosis

Loop diuretics, aldosterone antagonists (e.g. Spironolactone)



50.18
Total Protein

Physiology

Total protein is a measurement of the concentration of all proteins in
the blood, including albumin and globulins, and is an important
diagnostic parameter in dogs and cats. Total protein levels are
influenced by a variety of factors, including hydration status, liver
function and immune status.

Albumin is the most abundant protein in the blood and plays an
important role in maintaining oncotic pressure and transporting
substances in the blood.

Globulins include a variety of proteins, such as immunoglobulins and
transport proteins, and play an important role in immune function
and protein transport.

Hydration status can have a significant effect on total protein levels,
and interpretation of total protein levels should take into account the
animal's hydration status.

Hypoalbuminaemia (low albumin levels) can occur in dogs and cats
with certain medical conditions, such as liver disease, protein-losing
enteropathy and chronic kidney disease.

Hypoalbuminaemia can lead to a range of clinical signs, including
oedema, ascites and poor wound healing. For more details, see
Chapter 50.2.

Hyperglobulinaemia (high globulin levels) can occur in dogs and cats
with certain medical conditions, such as chronic inflammation,
infection or immune-mediated disease.

Hyperglobulinaemia can help support a diagnosis of certain medical
conditions but is not specific to any one disease process.

Variations



Increase

e Haemoconcentration, loss of water
» Increased protein synthesis
— Inflammatory diseases
— Infectious: bacterial, viral, fungal, protozoan

— Non-infectious: necrosis, neoplasia, immune-mediated
diseases

— Neoplasia of B lymphocytes
— Plasma cells: multiple myeloma, plasmacytoma

— Lymphocytes: lymphoma, lymphocytic leukaemia

Decrease

 Increased protein loss via the vascular system
— Blood loss
— Protein-losing nephropathy

— Renal glomerular damage (e.g. Amyloid or immune
complexes)

— Protein-losing enteropathy
— Protein-losing dermatopathy
— Protein loss due to peritonitis pleuritis
e Decreased protein synthesis or increased protein catabolism

— Hepatopathy (reduction of functional liver cells <20%) e.g.:
cirrhosis, hepatic necrosis or inflammation, hepatic atrophy in
cases of portosystemic shunt, neoplasia

— Malabsorption or maldigestion
— Cachexia

— Relative blood thinning due to hyperhydration



50.19
Urea

Physiology

Urea is a nitrogenous waste product that is produced in the liver.
Urea is formed in the liver through a process called the ‘urea cycle’,
which involves a series of enzyme-catalysed reactions. The cycle
converts ammonia, a toxic byproduct of protein metabolism, into
urea, which is much less toxic and can be safely excreted by the body.

After synthesis, urea is transported primarily unbound in the blood
to the kidneys. In the kidneys, urea is freely filtered by the
glomerulus, but some is reabsorbed in the proximal tubule. The
amount of urea produced and excreted can be influenced by a
number of factors, including diet, exercise and different diseases.

Urea levels are measured in the blood and are often used as a
diagnostic tool to assess kidney function. High levels of urea in the
blood can indicate kidney dysfunction, while low levels may be seen
in cases of liver disease or malnutrition.

Variations

Increase
e Pre-renal

— Dehydration, electrolyte imbalance
— Circulatory insufficiency due to shock
— Heart failure
— M. Addison
— Hyperthyroidism
— Gastrointestinal bleeding

e Renal



— Acute renal failure
— Chronic kidney disease
— Glomerulonephritis

e Post-renal

— Obstruction or rupture of the urinary tract (renal pelvis to
urethra)

Decrease

e Liver failure



IndeXx

a

Abdominal enlargement 67, 398

ACE inhibitor 170, 179, 193, 302, 309, 325
Acetylcholine 44, 127, 157, 351, 514
Acetylsalicyl acid 174, 309, 448, 456, 486

Acidosis

493

respiratory 26, 68, 95, 199, 205, 211, 215, 337
Acromegaly 68, 119, 140, 172, 352
ACTH stimulation test 398, 403
Acute renal failure 17, 101, 191, 316, 320, 497

Acute respiratory distress syndrome (ARDS) 16, 18, 94, 203—206,
288

Addison’s disease 71, 227, 402, 404, 541
Adenylate cyclase 50, 61, 176, 379
Adiponectin 29, 30, 368

Adrenalin (Epinephrin) 64, 127, 182, 191, 255, 349, 350, 395, 399,
409, 535

Adrenocorticotropic hormone (ACTH) 16, 60, 63, 147, 349, 393,
403

Aelurostrongylus 79, 211, 213

Aerobic glycolysis 24, 93, 135, 169, 205
Alanine aminotransferase 517
Alkaline phosphatase 278, 279, 520



Alkalosis

metabolic 75, 132, 136, 145, 230, 231, 235, 336, 338—339, 348,
535—536

respiratory 84, 535

Alopecia 370, 398, 399
Alveolar cells 168, 203, 204, 217, 471

Aminoglycosides 72, 313, 429
Amlodipine 325, 407
Amylin 120

Anaerobic glycolysis 24, 33—34, 68, 101, 106, 158, 164, 199, 205,
215, 235, 261, 333, 338, 437

Anaplasmosis, 431, 433, 446, 480-483, 488, 490

ANA-titre 342, 510

Angiostrongylus 79, 211, 213

Angiotensin 30, 127, 134, 159, 176, 191, 204, 303, 314, 333, 344
Anticonvulsants 473, 521

Antithrombin 132, 246, 255, 257, 275, 307—308, 454—455
Anuria 84, 138-139, 316317

Aortic stenosis 161—-164, 172

Apoptosis  34-39, 54, 73, 139, 181, 192, 230, 260, 304, 314315,
3&, 399, 402—-403, 43&) 474—475, 500—501, 511

apTT 234-235, 447-448, 452—453

360, 366, 376—377, 398, 415, 492—493
Arachidonic acid 10, 44, 107, 132, 230, 394, 428

Aromatic amino acids 273

Arrhythmia 84, 92, 95, 130, 136-137, 145, 157, 160, 164, 173—176,
179, 181-183, 225, 234, 236, 251, 324, 333, 338, 347



Ascites 98, 159, 164-165, 169—170, 174—179, 206, 211, 245, 247,
25§_259’ &a 3Q9: 5197 53@) 539

Aspartate aminotransferase 517, 523
Aspiration pneumonia 91-92, 125, 203, 213, 227—228, 515
Asthma 79, 94, 207-212, 441

Ataxia 70-73, 274, 391, 459, 472—473, 489
Atenolol 174, 179, 412

Atropine 183

Auerbach’s plexus 81

Autoimmunity 52, 280, 487, 507-512
Autophagy 34-35, 39, 53, 149

AV-block 182

Axonopathy 429

Azathioprine 261, 433, 448, 512

b

Babesia 468, 495498
Bacteroides 224, 280, 208
Basophilic granulocyte 8, 306
Bayliss effect 133

Benzodiazepines 273
Bile QZ) 103, 113—115, 221—223, 244, 253—259, &4) ﬁ) 273274,
27§_2837 ﬁg’ 323, 3@4? 38_07 393—394, .433’ 493, 520, 524—525

Bile acids 27-28, 103, 114, 122-123, 255-158, 268, 273274, 279,
371, 520, 524, 528

Bilirubin 113-115, 246, 255—-256, 262—264, 268-269, 278, 289,
438, 493, 518, 525

Biliverdin 113, 255-256, 438, 525



Bisphenol A 55-56
Blebs 264, 282, 517

Blood pressure 30-31, 60—64, 131134, 138-139, 157159, 169,
@_195a &> &-5) &4@; 25la 3%‘303, 32_314’ 319, 32_4, 33§> 34Q>
344, 349, 359—366, 384, 398—-407, 411, 443, 477, 535

Borrelia 484—487

Bowman’s capsule 300-301, 322, 333
Brachiocephalic 200-202

Bradycardia 111, 181-183, 316-319, 346, 370-371, 378
Brain oedema 117, 264

Brain tumours 420—421

Brown adipose tissue 61, 63—64, 106, 371, 373

Burmese cat 536

C

CaCheXia 44—45, 99, 147—-150, &9._17()) 225,227, 309, 322—323,
464, 504

Cadherin 117, 206—209, 492

Calcitonin 374, 526

Calcitriol 301-302, 324—-325, 349, 353, 374—375, 378, 526
Calici virus 47

Campylobacter 83, 237, 280

Capsid  46-47, 49, 457458, 461, 466, 472, 475

Capsule 50-51, 70, 117, 349, 374, 431, 463
Carbimazole 368

Cardiac neoplasm 185



Cardiomyopathy

dilated 157, 176177, 179-180, 405
hypertrophic 157, 172—-175
Carnitine deficiency 176

Caspases 36—37, 230, 499

Casts 316, 318

Catalase 367

Cataract 384—385

344—345, 363—366, 379, 399, 393, 395, 399, 409—412
Cathepsin 6, 21, 23, 45, 210, 499

Caveoli 51

Cerebellar ataxia 71, 73
Cerebellum 70-71, 472
Ceruloplasmin 10-11, 246
Chaperones 53, 108
Chlorambucil 310, 312, 443, 512

Cholestasis 17-18, 114-115, 257—258, 264, 269, 278279, 282—
283, 294, 493, 520—521, 524—525, 528

Cholesterol 27-28, 140, 203, 222, 244, 253, 255—256, 264, 260,
275, 308, 365, 371372, 384, 387, 393—395, 399, 499, 524, 528

Chondroitin 21, 426
Chromaffin cells 143-144, 231, 398, 409

Chronic renal failure 55, 139, 147, 191, 321-326, 341, 360, 376, 405,
430, 445, 533

Clopidogrel 174, 247, 309, 448, 456
Clostridia 237, 280

COLA amino acids 311



Cold receptors 61

Coma 43, 145, 252, 262, 264, 274, 341—342, 391, 497
COMT 409

Congenital cardiac diseases 161—166

Constipation 11-112, 74-77, 87-89, 92, 373, 377, 418
Copper 257-262, 266, 271, 517118, 523

Coprophagia 297-298

Corneocyte 3

Corticotropin releasing hormone (CRH) 63—64, 394, 482

Cough 78-80, 125, 165, 168, 174, 177, 188, 195, 201, 204—208, 211—
218, 472

C-reactive protein (CRP) 10-11, 17, 289, 414—415, 433

Creatinine 55, 101, 132, 177, 198, 301-302, 307, 313, 316—318, 322,
326, 332, 367, 403, 406, 492, 497, 529,

Crystallisation hypothesis 330
Cubilin 310, 312

Cushing’s disease 43, 67, 69, 191-193, 397—402, 420, 455—456,
534

cyclic AMP (cAMP) 10, 18, 50, 61-61, 83—-85, 157, 176, 181, 238—
140, 271, 279, 282, 284, 314, 350—351, 360—-362, 374, 379—380, 399

Cyclooxigenase 463

Cyclosporine 433, 448, 512
Cytochrome C 36, 113
Cytoskeleton 3, 36—38, 50-56, 75, 85, 117, 204, 207, 230, 239, 264,

d
Danger-associated molecular patterns (DAMPs) 9, 38—39, 266



Delmadinone _4&

Dendritic cell 5,9, 11, 13, 51, 104, 203—204, 207, 223—224, 281,
318, 370, 471, 484, 507-508

Deoxycortone pivalate 404

Dermacentor 495—496

Detoxification 26, 253—254, 262—264, 522
Detrusor 138-141, 410

Dexamethasone suppression test 398
DGGR-lipase 287—-290, 293

Diabetes

insipidus 139, 340-342, 359—361, 493—494, 537
ketoaCidOSiS M: 1_43’ 33@? 333, 3&2_389a 535

mellitus 29-30, 119, 140, 190-193, 277, 293—294, 325, 327, 336,
341, 354, 382—387, 517, 521, 523—524, 528, 531

Diarrhoea 82, 86, 477
Diazepam 425

Diazoxid 391
Diencephalon 61, 349
Diltiazem 174, 179, 183
Disc herniation 426, 428

Disseminated intravascular coagulation (DIC) 15, 18, 131, 234—235,
450—452

Distemper 72, 107, 213, 471-474

Dopamin 105, 127, 231, 318, 350, 366, 393, 409, 482
Doxycycline 460, 482, 486, 490, 493, 498

Ductus arteriosus 162—-166

Dwarfism 356—358



Dyschezia 87—-88

Dysphagia 90-92, 125

Dyspnea 96

Dystroglycan 172-173

Dystrophin 172-175

Dysuria 138, 274275, 328—329, 332333, 418

@
E.coli 83,213,280, 413-414

342, 462—-463, 536
Ehrlichia 488-490

Eicosanoids 10, 227, 428, 477

Endocardiosis 167

Endolymph 70

Endothelin 21-22, 176179, 191-192, 315, 317, 322, 454
Endotoxins 16, 50, 238, 254, 261—262
Enterobacter 280

Enteroglucagon 379

Eosinophilic granulocyte 7-8, 10—11, 15, 51—52
Epilepsy 129, 423—425, 517

Erythrocytosis = 165, 441-434

Erythropoetin 100

Ethylene glycol intoxication 526

Exotoxins 50



207, 292, 314, 321-322, 462, 521

f

Factor II 225

Factor IX 225,246, 257, 308, 451

Factor VII 225, 257, 275, 451

Factor X 225, 454

FAD 32

False neurotransmitter 258, 263, 275, 282
Fanconi syndrome 130-140, 310, 312, 534
Fas ligands 38

Fatigue 17, 6_0, 93, 95_96, 104—-105, 145, &43 m9, 205, 214—-215,
259, 349, 372, 377, 497

Fatty Acid-Binding Protein 278

Fatty degeneration 25, 262

Feline immunodeficiency virus 466, 469—470

Feline infectious peritonitis 72, 99, 461—465, 517, 523
Feline leukemia virus 450

Ferroportin 439, 459

Fibroblast growth factor (FGF) 20, 357, 376, 426, 428

Fibrotic remodelling 12, 19, 22, 26, 139, 170, 173, 217, 281, 293—
204, 296, 306, 436

Flowing liver 253
Fludrocortisone 404

Folic acid 224, 254—255, 297—298
Formatio reticularis 93, 139

Fructosamine 383—385



Functio laesa 12
Furosemide 170, 174, 179, 247, 348, 526

g

Gastric dilatation volvulus 233-236

Gastrin 74, 220-221, 233, 256, 258—259, 263, 317, 323, 326, 379~
380

Gastritis 143, 229-232, 317, 325, 492
Ghrelin 62, 120, 258, 366, 368, 398, 400—401, 482

y-hydroxybutyric acid (GABA) 58, 127, 258, 263, 282, 342, 423,
429, 497, 522
Giardiasis 499-502

Glucagon 60, 62, 119, 134, 148, 243, 255, 277, 349, 379—381, 386,
388, 390, 394, 531

Glucosaminoglycan 21, 102, 330, 371
Glucosuria 139, 311, 3&, 3&7 3&, 3&4_3857 3&

Glutamate 72-73, 127, 135, 137, 255, 298, 301, 304, 342, 346, 399,
423—424, 482, 497, 523, 532

Glutamate dehydrogenase 532

Glutathione 33, 75, 215, 262

Glycine 58, 102, 127, 399, 529

Goblet cell 4, 78-79, 210, 225, 229

Gonadotropin releasing hormone (GnRH) 350, 395

G-protein 21, 61, 72, 157, 176, 190—191, 350, 360, 364, 374, 379—
380

Grand male 128, 423

h
Haematochezia 76, 88, 418, 453



Haematuria 328-329, 332—-333, 417—418, 453
Haemophilia 451

Hansen type I and IT 426—427

Haptoglobin 11, 246

HbA1ic 383—385

Head tilt 71, 73, 421

Helicobacter 45, 229—232

Hepatic failure 260-265

Hepatic lipidosis 67, 113, 150, 277—279
Hepatitis, chronic 257-262, 266—272, 281, 517, 523
Hepatoencephalic syndrome 26, 268, 273—274
Hepatoses 262

Hepcidin 17, 439, 445, 449, 459—460
Hering-Breuer reflex 93

Herniation 188, 249, 426, 428

Herpes virus 71, 213, 261

High-density lipoprotein (HDL) 28

Histamine 5, 8, 58-59, 77, 79, 95, 114, 123, 127, 144, 207—208, 220,
256—-260, 263, 332, 428, 403

Hydralazine 511

Hydropic swelling 25, 77
Hydroxyurea 165, 443
Hyperactivity 72, 134, 366—367

Hyperadrenocorticism 119, 122, 140, 190191, 327, 347, 359, 397~
401, 441, 521, 528, 537

Hyperaldosteronism 190, 192, 246, 257-258, 263, 338, 341, 405-
408, 536-537

Hypercoagulability 247, 308, 454—456



Hyperpigmentation 357, 398
Hypersensitivity reaction 207, 459,

Hyperthyroidism 55, 82, 94, 119-122, 139-143, 173, 175, 182-183,
190-191, 229, 327, 364—371, 405, 441, 517, 521, 523, 534, 541

Hypoadrenocorticism 82, 86, 110, 124-125, 138, 143, 182, 226—

229, 342, 345, 402—404, 526, 528, 531, 536, 538

Hypocalcaemia 71-72, 98, 127, 133, 158, 182, 325, 375, 377—378,
3&7 5&_527

Hypoglycaemia 71-72, 127, 133-135, 263—264, 274, 358, 364, 379,
390—392, 403, 425, 531

Hypomotility 125, 226
Hypothalamic-pituitary axis 357

Hypothalamus 18, 49, 61-64, 93, 105110, 119, 139, 308, 314, 349—
351> 35.9._36O> 36_4_3657 3@9._372? 38_0, 39_4_395, 39§) .42— .4@3?
467, 477, 512

Hypothyroidism 72, 74-75, 117, 122, 124-125, 181-182, 226-227,

Hypoxia-induced factor (HIF) 34, 206, 303, 437

i

Icterus 114-115, 268-269, 278, 281282, 447-448, 463, 497, 525
Imidocarb 498

323, 325, 376, 467, 481, 497

Incontinence 138-141, 361
Infertility 370, 459
Inflammatory bowel disease 82, 86, 105, 147, 237—242, 280, 283

Insulin-like growth factor (IGF) 29, 31, 41, 172, 268, 324, 352—358,
390, 434, 438, 518

Insulinoma 71, 119, 390-392, 531



Interferon 14, 17-18, 48, 223, 450, 462-466, 469, 472, 474, 510
Intussusception 43, 249—250

399, 423
Ito cells 19, 253—254, 267

Ixodes ricinus 480, 484, 486

J

k

Keratinocyte 3—4, 16

Klebsiella 213, 280, 327, 414

Kupffer cells 254-255, 258, 266—269, 411
Kussmaul breathing 389,

/

Lactate 24, 34, 101, 158, 235, 262, 304, 333, 336, 338, 387, 399,
535

Lactoferrin 196
Laminin 21, 37, 172-173, 267
Leishmaniasis 433, 503—506

Leptin 29-31, 62—-63, 112, 120, 258, 313, 366, 368, 467, 477, 482,
528

Leptospira  491-494
Leucotriene 6
Levothyroxine 372
Lieberkiihn’s crypt 223



Lipase 27, 34, 61, 215, 221, 244, 277, 285—290, 293—294, 371, 3709,
399, 488—489, 533

Lipoprotein 25-28, 81, 84, 255, 262, 308-309, 371, 484, 528
LPS 16, 50-51, 84, 107, 132, 167, 203, 323, 535

Lunge atelectasis 43, 197, 199

Lung emphysema 197

Lung fibrosis 217—-218, 441

Lung oedema 79

Lymphangiectasia 243-248, 528

Lymphopenia 245-246, 411, 463464, 468, 472—473, 476—478
Lymphotactin 14

Lysosomes 24, 39, 51, 53, 253, 362, 380, 488-489, 503

m

Major histocompatibility complex (MHC) 7-10, 13, 15, 223, 507—
510

Malabsorption 82, 116, 119, 147-150, 159, 179, 239, 297, 501, 519,
540

Maldigestion 82, 120, 294, 297-298, 519, 540
Manganese 273

Marfan's syndrome 167

Maropitant 232, 265, 270, 279, 289, 325, 478, 493
Mast cell tumour 40, 122—-123, 305

Matrix metalloproteinases 11, 19, 42, 434, 436
MDR 264, 278

Megalin 310, 312

Megaoesophagus 90-91, 124, 226—228, 371, 515

Meissner’s plexus 81



Melanin concentrating hormone (MCH) 12
Melastatin 61

Melena 76, 231, 453

O

Mercaptan 273, 522

Mesangium cell 306

Mestinon 515-516

Metamizole 241

Metoclopramide 232, 279, 289, 325
Micturition 138-141, 329, 332

Midgut 480-481, 484-485, 495-496, 503
Mirtazepine 325

Mitotane 400

Mitral valve dysplasia 161—-163

Modified transudate 67, 97—99, 170, 463
Molecular mimicry 382, 511
Monoaminooxidase (MAO) 409
Mucopolysaccharides 117

Multi-organ failure 77, 131, 288—-289
Muscle atrophy 70-71, 93

Muscle spindle 70-71, 93

Mycoplasma 79, 211, 213, 459, 468
Myofibrils 61, 155

Myosin binding protein C 175

Myositis 91, 169, 226, 431, 493, 523, 530

n



NADH 32,387

Natriuretic peptide 106, 173, 176—177, 190, 317, 393, 537

Nausea 17,70, 95, 143—146, 230, 231-232, 252, 278, 325, 388, 412,
497

Necroptosis 38-39
Nectin 471, 473

Nephron 2_6a 30, 139, 191, 300—-301, 307, 314, 312_318, 322—325,
331, 359—360, 393, 397

NETosis 6

Neuropathy 111, 370371, 384, 429-431

NF-kB 150

Nociceptor 12, 58-62, 68, 231, 251, 282, 289, 294, 329,

Noradrenaline (Norepinephrine) 64, 409

o

Obesity 27-31, 120121, 192, 325, 370372, 383-385, 400, 434,
531

Occludin 3—4, 223

Octopamine 258, 263, 282

Oedema

brain 117, 264

inflammatory 116-117, 280

myx 117

oncotic 116

Oestrogen 351, 357, 393, 399, 413, 417, 444, 511

Ohgurla 15, &4’ 132, 1-337 3&‘317, 332, 341, 493
Omeprazole 265, 325, 493

Ondansetron 232, 265, 279, 289, 325, 478, 493



Opioid receptors 123, 257
Opsonising 50

Orexigenic neurons 111, 289
Organophosphates 429,
Osmoreceptor 62, 314, 359
Osmoregulation 62, 64, 276
Osmotic pressure 97, 116—-117, 185, 246, 255, 300, 384, 499, 518
Osteoarthritis 434—436
Osteodystrophy 376, 521
Osteomalacia 308, 521
Osteonectin 21

Oxidative phosphorylation 24, 34, 53, 148, 261
Oxytocin  349-350

p

Pancreatic enzymes
amylase 285-286, 290
carboxypeptidase A& B 285
chymotrypsin 16, 285—286
DNAsen 285
lipase (see Lipase)
phospholipase 10, 38, 285, 287, 289, 428, 492
RNAsen 285
trypsin 222, 285—289



Pancreatitis
acute 287-294, 378, 527-528, 533
chronic 283, 290-297
Pancytopenia 444, 458—459, 489,
Paneth cell 5, 223-224

Pannexin 79

Paralysis 145, 174—-175, 251, 289, 318, 327, 346—348, 407, 418,
427—-430, 455

Paraneoplastic syndrome 43-44, 397

Parathyroid hormone 302, 324, 374, 376, 526
Paresis 174-175, 427—428, 456, 459, 489, 515
Parvovirus 47, 83, 86, 107, 176, 237, 242, 475—479
Perforin 8-9, 507

Pericardium 153, 169, 184—188

Peroxisome 253,278

Petit male 128, 423

Phenobarbital 261, 266, 422, 425, 473, 517, 523
Phenol 55-56, 102, 224, 273, 317, 522
Phenylethylamine 258, 263, 282
Pheochromocytoma 190, 192, 409—412
Phlebotomes 503

Phlebotomy 165, 443

Phosphates binders 325

Phosphorus 32, 177, 316, 318, 322, 326, 357, 375—376, 534
Pigmenturia 497

Pit cells, 253—254. 259

Plasmin 21, 23,132, 491



Platelet-derived growth factor (PDGF) 20-21, 34, 267, 292, 306
PLI 293

Pneumonia 91-94, 109, 125, 203—204, 213—216, 219, 227—228,

Pollakisuria 138, 328—-333

Polyarthritis 107, 431, 433, 486

Polycythaemia 95, 127, 132, 164-165, 211212, 218, 441-443
Polyphagia 119-120, 297, 366, 384-385, 398, 400

Polyradiculoneuritis 429

POlyuria 1-3&_1423 257, 2_63a 274—-275, 311, 323—324, 36_0_361, 3@?
377, 388, 401, 411, 415, 443

POMC 111, 394

Portosystemic shunt 257, 259-260, 264, 269, 272—276, 517, 519,
522—524, 528, 540

Potassium-bromide 473
Progesterone 350, 352, 383—384, 394, 413, 415—416
Prolactin 63, 349-350

Prolactin releasing peptide (PRP) 350
Prostacyclin 10, 454

Prostate 74, 87—88, 417—419
Proteasome 270

Proteoglycan 21-22, 51, 267, 357, 426
Prothrombin 10, 255, 331, 451, 463
Pseudohypoparathyroidism 526
PTHrP 44,526

Ptyalism 92, 125

Purkinje fibre 71, 153, 155

Pyometra 139-140, 142, 413-416, 446



Pyridostigmine 228
Pyroptosis 39

r

Ranitidine 325

RANTES 14

Regurgitation 80, 125, 161, 165, 168-170, 213, 227-228, 515
Rheumatoid factors 432—433

Rhipicephalus sanguineus 480, 488, 496

Rickets 521

Rubber jaw 376-377

S

S-adenosylmethionine 283
Saliva 221, 457, 466

Samoyed 531

Sandfly 503

Sarcoglycan 172-173

Secretin 74, 221—222, 284, 380
Semaphorin 244

SepSiS 14-15, 12_18> 77, 107, 109, 19§> 203, 204, 235, &) 313,
320, 412, 452, 454, 456

Septal defect 162-163, 441

Serotonin 58, 105, 120, 127, 143—144, 174, 231, 238, 243, 250, 282,
2809, 366, 393, 477, 482

Serum amyloid A (SAA) 10-11, 414—415
Shivering 62-63



Shock

anaphylactic 130

cardiogenic 130-132

hypovolaemic 84, 100101, 131, 234—235, 251
neurogenic 130

septic 18, 50, 77, 131132, 235, 251

Sick sinus syndrome 182

Silimarien 270

SMAD-MAPK pathway 21

Smooth muscle actin 19, 267

Snoring 200—-201

Somatostatin  147-148, 350, 379—381, 390
Somatotropin 349—-350

Sotalol 174, 183

Spironolactone 170, 174, 407, 538

Status epilepticus 423

Stranguria 138

Stratum corneum 3—4

Substance P 58, 127, 143—-146, 231
Surfactant 32, 196, 203-204, 214, 289

Sweating 62

SynCOpe 133—137, &4._1657 177, 179, 18_2) ﬁZ_ISS) 201—-202, 34@)
348, 377, 390

Systemic inflammatory response syndrome (SIRS) 131, 288—2809,
294, 414

t



Tapasin 507

Taurine deficiency 176

Telomeres 53-54, 57

Tenesmus 87

Testosteron 52, 350, 357, 393—396, 417
Tetherin protein 466

Tetralogy of Fallot 161, 163
Theophylline 212

Thermoregulation 61-62, 107, 201—202

Thiamine deficiency 72
Thiazides 526

Thrombocytopenia 18, 234, 257, 263, 275-276, 447-451, 458—459,
472, 489-490, 492, 497, 504505, 580-485

Thrombospondin 21
Thromboxane 10, 287, 333

Thyroid-stimulating hormone (TSH) 308, 349—350, 356, 362, 364,
367-371
Thyrotropin-releasing hormone (TRH) 364

Torasemide 174
Toxoplasma 52, 72, 107, 280, 468, 472, 523, 530
Transcortin 393—394

Transferrin 254, 275, 282, 308, 439, 475, 478

Transforming growth factor (TGF) 7-8,15-16,19—23, 41, 171, 204,
&6’ &Z_218) &'Z, 2_81a 202, 30_6, 321, 38_4’ 3&, 394, 434—435



Transudate 67, 97-100, 170, 185, 246, 463
Tricuspidal valve dysplasia 161-163, 165
Trigger-like 51

Trilostane 400

Trophozoite 499-501

Tubulointerstitial fibrosis 55

Tumor suppressor gene 36, 40—41

Turbid swelling 24

Turgour 84

Tyrosine kinase 16, 21, 29, 304, 350, 379, 426, 437

u

Ubiquitin 45, 147—-148, 206, 268, 353—354, 368, 507
Ulcer 230—232, 466
Uraemia 26, 89, 102, 198, 231, 313, 332—333, 429, 445, 505
Uraemic toxins 313, 317, 324, 332, 429
Uria
an- 84,138-139, 316—317
olig- 15,132, 316-317, 332, 341

pOIY' 13§_142’ 257, 2_63> 274-275, 311, 323—324, 36_0_361’ 3@
37é_377a 3&: 401, 411, 415, 443

Urine cortisol creatinine ratio 398
Urokinase 456
Urolithiasis 138, 327, 330, 334, 376

Uveitis  467—469, 489-492, 504—505

v



Vacuolar degeneration 24, 262

435, 445, 1084
Vasopressin (ADH) 361

Ventilation 93, 195, 197, 235, 317, 336—337, 339
Verapamil 183

Very-low-density lipoprotein (VLDL) 28, 277278, 308
Vestibular ataxia 71

Viraemia 47, 457, 467, 471, 475

Virus replication 47, 461, 475—476

Virus spread 46

Vitamin B12 221, 223, 225, 254, 208

Vitamin K 188, 224-225, 255, 450—453

Von Willebrand factor 174, 451

w

Weight loss 60, 91-92, 111, 125, 147-150, 177, 227—231, 240—241,
268, 297-298, 307—308, 311-312, 354, 366—367, 384, 410—411, 463,
4@2) .4&9._490> 5%: 5&4

Z

Zipper-like 51

Zona

fasciculata 393-394, 402

glomerulosa 314, 344, 393—-394, 402
reticularis 393-395
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