Inflammation, part 2
Interstitial inflammation: the inflammatory process affects the stromal connective tissue and presents with infiltrates of the inflammatory cell (lymphocytes, neutrophils, basophils, eosinophils and plasma cells).
Interstitial eosinophilic hepatitis (hepatitis interstitialis eosinophilica)

It is most often caused by a parasitic infestation with coccidia, hepatic flukes, echinococcus, roundworm larvae and others, which is accompanied by infiltration with multiple eosinophils. The cells abundantly accumulate in the portal and interlobular connective tissue. The nature of this pathology is chronic and stimulating the proliferation of connective tissue – chronic proliferative interstitial hepatitis (hepatitis interstitialis chronica productive), which often results in cirrhosis.
Interstitial non-purulent nephritis (nephritis interstitialis nonpurulenta)

Causes:

· Infectious agents (bacteria and their toxins, mycotoxins)

· Nephrotoxic chemical compounds: antibiotics, NSAIDs

The pathology starts with damage to the blood vessels and, initially, it is exudative, which presents as oedemas and cellular infiltration – acute inflammation, and subsequently, the process becomes proliferative, with stromal proliferation: chronic inflammation.
In the acute stage, the kidneys are oedematous and have multiple small and lardaceous foci, nodules, streaky and grey-white spots situated mainly in the cortical zone.
In the chronic stage, the kidneys are pale, hard, with a fine-grained and streaky scarred surface – renal cirrhosis (cirrhosis renis). The cortex is very narrowed and overgrown with the connective tissue of dense texture. Cysts are sometimes found, mainly in the renal medulla.
Acute inflammation: the cellular infiltrates are composed of multiple histiocytes and lymphocytes, with less common plasma cells and neutrophils. The infiltrate surrounds the blood vessels, glomeruli and tubules or even penetrates inside them, becoming a component of the renal casts. Due to compression, the renal tubules and, subsequently, the glomeruli become atrophic.

Chronic inflammation: a proliferation of the fibrinous connective tissue, sometimes with fresh inflammatory infiltrates – exacerbating inflammation (inflammatio exacerbans). The Bowman’s capsules of the renal glomeruli, the tubular basal membranes and arterial walls undergo hyalinization and calcification. Later, the whole glomeruli are affected with hyalinization and round, homogenous and glassy structures are formed; this process results in a cirrhotic kidney (cirrhosis renis).
Glomerulonephritis (glomerulonephritis)
Causes:

· Immune factors: the antibodies against the glomerular basement membrane; the antibodies against the endothelial cells; and deposition of circulating immune complexes (mainly in the renal mesangium)
· Non-immune factors: diabetes, hypertension, verotoxin (E. coli), medications, amyloidosis

· Genetic diseases: collagenopathies, abnormal thickness of the glomerular capillary basement membranes (thin basement membrane disease), systemic diseases
Course:
· Acute: sudden onset (a few days), high blood pressure, oliguria/anuria

· Subacute: rapid decrease in the renal function, arterial hypertension

· Chronic: hypertension, oedemas, progressive impairment of the renal function (over a few years)

The lesions can be:
· Focal: single glomeruli are affected

· Diffuse: all or over 80% of the glomeruli are affected

· Segmental: only some loops in the glomerulus are affected
· Extensive: all vascular loops in the glomerulus are affected

Acute glomerulonephritis (glomerulonephritis acuta)

Hyperaemia of the glomerular capillary vessels, oedema of the mesangial cells and endothelium – oedema of the glomeruli. Common causes include previous streptococcal infections of the upper respiratory tract or skin (approx. 2 weeks after infection). Grossly, the kidneys are slightly enlarged, smooth, brown-red, with petechiae on the surface.

Acute serous glomerulonephritis (glomerulonephritis serosa acuta)
Serous exudate accumulates in the lumen of the Bowman’s capsule (glomeruli). Previous streptococcal infections, e.g. in the upper respiratory tract, are a common cause.

Submicroscopic glomerulonephritis (glomerulonephrirtis minimalis s. glomerulonephritis submicroscopica)

Using light microscopy, no major lesions are found, weak proliferation of the mesangial cells. 

With electron microscopy, a fusion of the pedicels in the podocytes, i.e. the cells whose processes adhere to the endothelial basement membrane of the glomerular blood vessels.  
Causes:
· respiratory tract infections 

· immune prophylaxis 
· corticosteroids

· immunosuppressive medications.

Membranous glomerulonephritis (glomerulonephritis membranosa)

Thickening of the basement membrane in the glomerular vascular loops.

Grossly, the kidneys are enlarged, oedematous and pale. 

Causes:

· genetic diseases
· immune complexes

Mesangial proliferative glomerulonephritis (glomerulonephritis proliferativa mesangialis)

The proliferation of the mesangium and an increase in the mesangial matrix.
Membranous and proliferative glomerulonephritis (glomerulonephritis membranosa et proliferativa)

The glomeruli are enlarged; a noticeable increase in cellularity in the glomeruli; thickening of the basement membranes in the glomerular vascular loops. The renal cortex is pale and the kidneys have a regular texture or are slightly harder.

Causes:

· immune complexes
Endocapillary proliferative glomerulonephritis (glomerulonephritis proliferativa endocapillaris)
The proliferation of the endothelium and mesangium; accretions between the Bowman’s capsule and glomerular vessel loops; segmental diffuse hyalinisation of the glomerulus (hyaline balls); thickening and hyalinisation of the arterial walls. Progressive atrophy of the renal tubules and presence of cellular infiltrates; a proliferation of the stromal connective tissue.
Proliferative extra-capillary glomerulonephritis (glomerulonephritis proliferativa extracapillaris)

The proliferation of the epithelial cells in the parietal layer of the Bowman’s capsule, with the formation of the so-called cellular glomerular crescents, which results from damage to the intraglomerular vessel loops and penetration of fibrin to the urinary space. It is sometimes accompanied by IgG deposits and necrosis of the vessel loops. The pathology results in renal failure. It may develop after streptococcal infections, may accompany some systemic diseases (systemic lupus, Henoch-Schoenlein purpura) or be idiopathic.
Chronic glomerulonephritis (glomerulonephritis chronica)
The process results in the end-stage kidney failure, with a reduction and progressive atrophy of the organ. The kidneys are pale, hard, with the uneven, nodular surface with multiple white foci (nodules).
Microscopically:
· fibrosis of the glomerular capsule
· progressive atrophy of the glomeruli; hyalinisation and calcification

· the proliferation of the fibrinous convective tissue around the glomeruli and renal tubules

· necrosis or atrophy of the tubular epithelial cells

Liver cirrhosis (cirrhosis hepatis)

Hepatic cirrhosis is classified as chronic proliferative inflammation. It develops when three pathological processes co-exist: 

· damage to the hepatocytes (alteratio): mainly necrosis
· the proliferation of the connective tissue (mainly intralobular); proliferation of the bile ducts, blood vessels, and cellular infiltrates (mainly with lymphocytic cells – inflammation)

· renewal of the hepatic cells (regeneratio)
The outcome of these processes involves a change in the architecture of the organ, namely, the stroma and vascular bed of the liver are altered (with the formation of vascular anastomoses: portal-venous, types: venovenous or arteriovenous). 
The intralobular connective tissue undergoing proliferation results in fragmentation of the lobules, with the formation of the pseudolobules (pseudolobuli). They may not have the central veins and the axis of the portal-bile ducts (extra-axial nodules) or have the central veins (sometimes located eccentrically) and sometimes few portal-bile ducts (axial nodules).
Nodules also develop in the hepatic parenchyma due to proliferation/regeneration of the hepatocytes; they may substantially vary in size:

· <3 mm in diameter (micronodules)

· >3 mm in diameter (macro-nodules)

Classification of cirrhosis:
1. By aetiology
· venostatic (venostatica)
· postnecrotic (postnecrotica)
· postdystrophic (postdystrophica) – due to intoxications and infectious diseases
· post-inflammatory (postinflammatoria)
· parasitic (parasitaria)
2. By clinical status
· active (cirrhosis activa)
· inactive (cirrhosis inactiva)
3. By morphology
· hyperplasia of the connective tissue
· cirrhosis atrophicans
· cirrhosis hypertrophicans
· location of the lesions in the connective tissue
· macronodular liver with the foci of collapsed connective tissue (cirrhosis macronodularis)
· hyperplasia of the connective tissue bands: from the portal zone to the central (cirrhosis micronodularis s. cirrhosis portalis)
· early-stage – with fatty degeneration of the hepatocytes
· late-stage – without fatty degeneration of the hepatocytes
Acute non-purulent lymphocytic disseminated encephalomyelitis (encephalomyelitis lymphocytaria nonpurulenta disseminata acuta)
The pathology is most often caused by neurotropic and pantropic (tropism to multiple organs) viruses, such as:
· rhabdovirus (rabies)
· herpesvirus (Aujeszky’s disease)
· paramyxovirus (distemper)
· Borna disease virus - BDV (Borna disease)
· picornaviruses (picornaviral encephalomyelitis of pigs)

The gross presentation may remain intact or the following lesions are found:

· oedema of the brain
· hyperaemia of the brain and meninges 

· subdural petechiae

· an increased volume of the cerebrospinal fluid
Microscopic presentation:
· intra- and perivascular cellular infiltrates, mainly composed of the lymphocytes; later, during the inflammation, histiocytes and plasma cells are also found. The cellular infiltrates coat the vessel with several cell layers, migrate from the vascular bed or multiply in situ from the mesenchymal tissue (neuropil). The inflammatory cells are located only in the white matter or the grey matter or affect both structures.
· hyperaemia of the blood vessels; proliferation and desquamation of the endothelial cells 

· focal or diffuse proliferation of the glial cells, predominantly in the microglial. They are accumulated near damaged ganglion cells (pseudo-neuronophagy), and they then phagocytize them (neuronophagy). At the site of a cleared nerve cell, the glial cells accumulate and form the so-called glial rosettes.

· regressive lesions in the neurons: 
· shrinkage of the cells or oede4ma and liquefaction

· vacuoles are found in the cytoplasm (foamy presentation of the cell)

· the Nissl substance undergoes lysis (tigrolysis) or transforms into granules
· the nucleus enlarges or shrinks (karyopycnosis), undergoes lysis (karyolysis) or disintegrates (karyorrhexis). As a result, the neurocyte dies.
· the nerve fibres disintegrate, and acellular debris is formed from the myelin sheaths and lipids.

· the so-called inclusion bodies are found in the nucleus or cytoplasm; these are round or oval, acidophilic or basophilic structures, being either the complex of viral material or the complex of a virus and a damaged cellular structure. 

Rabies (rabies)

Acute infectious and contagious disease of people and animals. It is caused by a neurotropic virus from the Rhabdoviridae family. It develops as non-purulent lymphocytic disseminated encephalomyelitis. The distinctive feature of the disease is the Negri bodies (inclusion bodies) in the cytoplasm of the nerve cells, most abundantly in the hippocampus (the Ammon’s horns), and in ruminants, in the Purkinje cells in the cerebellum and the ganglia cells of the adrenal medulla, tongue, and salivary glands in the oral mucosa.
The cytoplasmatic Negri bodies:
· are oval, rosette, pear-like, conical, and mulberry-like in shape
· single (large) or multiple (small)

· intensively stained with eosin
· their absence does not rule out rabies!

Rubarth’s disease; infectious canine hepatitis (hepatitis contagiosa canis)

A viral disease caused by canine adenovirus type 1 (CAV1), found in carnivorous animals 

· dogs (3-6 months old)
· foxes
· common racoons
· rarely in cats
The primary lesions are in the liver (the virus replicates in the reticuloendothelial cells and hepatocytes)

· serous inflammation hepatitis serosa – accumulation of the serous exudate

· regressive lesions in the hepatocytes: degeneration and coagulative necrosis

· sparse infiltration of the mononuclear inflammatory cells
· haemorrhages in the liver 

· the inclusion bodies in the hepatocyte and Kupffer cell nuclei (best seen in the cells near the necrotic foci)

· basophilic and oval
· type A by Cowdry
· often fill a major part of the nucleus

· the nuclei with the inclusion bodies are enlarged, and their chromatin is pushed to the periphery (marginalization of chromatin)
Listeriosis (listeriosis)

An infectious disease caused by the bacterium Listeria monocytogenes; affects different animal species (mainly sheep) and humans (zoonosis)

The nervous form is described by the lesions that are often located unilaterally in the nervous tissue of:
· the brain stem

· the medulla oblongata
· the cerebellum.

The microscopic presentation is described as focal purulent-necrotic encephalitis with:

· foci of malacia
· cellular infiltrates with neutrophilic granulocytes, lymphocytes, and histiocytes.
Bovine spongiform encephalopathy (bovine encephalopathia spongiformis; BSE)
The disease is caused by an infectious particle resistant to high temperatures called PrPSC prion: this is a glycoprotein linked to sialic acid 

· cattle: BSE (BoPrPSC)
· sheep: scrapie OVPrPSC (goats, mice)
· transmissible mink encephalopathy in minks and cats

· chronic wasting disease in deer
· exotic ungulate encephalopathy 
· humans: e.g. Kuru, Creutzfeldt-Jakob disease, variant Creutzfeldt-Jakob disease.
The incubation period varies, from 1 year in small animals to 30 years in humans. For BSE, the incubation period is usually 2-8 years, while the clinical disease lasts from 2 weeks to 6 months.
The risk sources for BSE
· in animals: usage of the animal by-products in feeds; administration of vaccines and medications from insecure or unsafe sources

· in humans: ingestion of contaminated beef, food products with gelatine; neurosurgical procedures with contaminated surgical instruments; contact with the brain of an infected person.

Pathogenesis
Prions penetrate via the intestinal wall to the Peyer’s patches where they are phagocytized by the leukocytes and transferred to the lymph nodes. They replicate in the lymphocytes and macrophages. The protein travels along the axons and enters the brain via the white cells. Prions accumulate in the neurons and trigger a conversion of the normal prion PrPC protein into the pathological PrPSC protein. There may be also a spontaneous transformation of PrPC to PrPSC (mainly in humans).
· The immune system does not recognize PrPSC as a foreign body, which explains the lack of immune response in the body

· Accumulation and replication of PrPSC in the nerve cells make them degenerate and die. The mechanism of neuronal damage is not fully elucidated, but it is believed that the astrocytes, microglial cells, and apoptosis phenomenon are involved

· vacuolization of the cytoplasm (degeneration and necrosis) of the nerve cells in the grey matter of the brain is found (multiple small vacuoles or one large vacuole), with consecutive neuronophagy of such cells and development of the empty spaces in the neuropil – this is called a spongiform status (status spongiosus) 
· oedema of the nerve fibres

· in the cerebellum, hypertrophy, and proliferation of the astrocytes (astrocytosis) and their fibres (astrogliosis) are reported. It has not been explained whether this reaction is a primary or secondary response to the infection (the astrocytes can be the primary site for prion replication). The astrocytes replace the damaged neurons.
· In the neuropil, amyloid plates are found; they probably represent an extracellular deposition of the prion protein.
Lymphoplasmacytic stomatitis
· Is often diagnosed in older cats and dogs together with periodontitis 
· Is chronic and often ulcerative

· Affects the pharyngeal mucosa, mucosa of the maxillary arches, and less often the mucosa of the hard palate, gingiva, and tongue 
· Aetiology is unknown

· It is suggested that the pathology is multifactorial: disturbances in the bacterial microbiome of the oral cavity, with a shift towards the G-negative anaerobic bacteria; in cats, infection with calicivirus, herpesvirus, FIV, and FeLV

· Microscopically, multifocal to coalescent infiltrations with lymphocytes and plasma cells in the oral mucosa

· A secondary infiltrate with the neutrophils and macrophages at the ulcerated sites in the epithelium.

Chronic gingivostomatitis
· The inflammation affects the oral cavity (mainly the mucosa of the palatopharyngeal arches, the palatolaryngeal arches, and the gingiva), but it may include the Eustachian tube and the conjunctiva 
· The aetiology is unknown
· An elevated level of the gamma globulins in reported in cats

· The microscopic presentation involves hyperplasia and ulceration of the oral mucosal epithelium, with diffuse to coalescing infiltration of the plasma cells (binuclear cells and the Mott cells are found), neutrophils, lymphocytes, and histiocytes

· If oral erosions are present, renal failure and developing uraemia should be considered in the diagnostic process.

Eosinophilic granuloma complex
· The disease is reported in cats of any age (rarely in dogs)

· The aetiology is unknown (the immune background/hypersensitivity response is suggested)
· The inflammation is chronic and superficial 
· Eosinophilia is reported in the blood cell count
· The presentations may include:
· eosinophilic ulcer: the lesions are in the oral mucosa (gingiva, palate, tongue, and pharynx) or near the mucocutaneous junctions of the lips 

· linear collagenolytic granuloma: the lesions are in the skin (of the head, nose bridge, earlobes, foot paws, and hind limbs)
· eosinophilic plaque: the lesions are in the skin (of the head, abdomens, hind limbs)
· In dogs, the lesions are usually situated on the lateral or ventral surface of the tongue as single or multiple ulcerated plaques, covered with a yellowish deposit

· The predisposed breeds include Siberian Husky and Cavalier King Charles Spaniel

· The gross presentation includes well-demarcated, red-brown lesions that often have the margins elevated over the lesion surface

· Frequent recurrences of the lesions are reported 

· Treatment:
· Corticosteroids 

· Oral progestogens 

· Cryosurgical procedures 

· Radiotherapy

· Microscopically:
· surface ulceration of the lesion 

· subepithelial necrosis of the connective tissue with an inflammatory infiltrate 
· lysis of collagen

· a mixed population of the inflammatory cells (mast cells, lymphocytes, plasma cells, giant cells, histiocytes, and neutrophils), with the predominance of eosinophils!
Inflammatory bowel disease (IBD)
· chronic inflammation of the stomach, small intestines, and colon (in extreme cases, the process may affect all sections of the gastrointestinal tract)
· middle-aged animals are mostly affected 

· the disease is reported in dogs and cats

· the breed predilection: Basenji, Soft Coated Wheaten Terrier, Boxer, French Bulldog, Doberman Pinscher, Mastiff, Alaskan Malamute, and German shepherd
· the disease complex includes:

· lymphoplasmacytic inflammation

· eosinophilic inflammation
· ulcerative histiocytic inflammation (with PAS-positive macrophages)

· focal granulomatous inflammation (with PAS-negative macrophages)

· the aetiology is still not fully elucidated; the immune background is suggested

· in the disease process, the immune system of the GI mucosa is deregulated, which reduces the tolerance to antigens entering the GI tract (e.g. food, bacteria)

· in the affected animals, an elevation of the serum IgE is reported in comparison with the healthy individuals, which implies a hypersensitivity reaction

· the pathology can also be idiopathic 

· chronic IBD may result in intestinal lymphoma in cats

· in cases with chronic inflammation, fibrosis of the mucosa and varied stages of lesion severity are discussed

· erosions and ulcerations of the mucosa may develop 

· the complications include:
· malabsorption syndromes 

· protein-losing enteropathy 

· intestinal lymphoma. 
The microscopic presentation of IBD includes:

· changes in the structure of the GI mucosa 

· the intestinal villi may become club-like in shape, may coalescence or demonstrate signs of atrophy
· shallowed intestinal crypts in the large intestines

· shallowed gastric pits in the gastric mucosa

· the intestinal crypts may be lined with multiple layers of the cubic cells, become hypertrophic or cystic dilatation with mucous content

· the basal membrane of the mucosa may be oedematous, with dilatation of the lymphatic vessels (lymphangiectasia)
· a varying degree of the inflammatory infiltrates in the lamina propria of the mucosa, composed of the lymphocytes and plasma cells, with single eosinophils

· a varying degree of proliferation of the connective tissue (fibrosis) in the lamina propria 
· atrophy and focal proliferation of the mucosal glands.
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