Introduction and basics
Anatomical (anatomic) pathology, pathomorphology (from Ancient Greek: morphe – shape, nature, pathos – disease, suffering) is the branch of medical science that studies morphologic changes in the tissues and organs occurring during a disease process.
Histopathology, pathological histology is a subdiscipline of pathomorphology which investigates and determines the microscopic processes in the body cells and tissues developing during a variety of illnesses. A histopathological examination of tissue specimens plays a vital role in the diagnostics of neoplastic diseases and numerous inflammatory and degenerative diseases. The examination is also important in monitoring the treatment progress and in post-mortem and autopsy investigations to diagnose the cause of death and co-occurring lesions in the internal organs.
The sampling techniques for a pathomorphological investigation include:

· biopsy: an intravital collection of the tissues for histopathological studies,
· necropsy: a post-mortem sampling of the tissues during an autopsy of deceased animals.
The biopsy methods differ both in a sampling technique and the nature of the information they provide; they also differ in the side effects resulting from a traumatic tissue injury during sampling.

When choosing a biopsy type, the following should be considered: 

· the clinical condition of the patient
· the nature of data the biopsy will generate
· the anatomic location of the lesion and the organ or tissue in which it is located
The most common biopsy methods in veterinary diagnostics include:
· cytological diagnostics
· biopsy with needles or biopsy forceps
· surgical biopsy.
After sampling:

· the cells are investigated with a cytologic examination
· the tissues are analysed with a histopathologic examination.
Cytological diagnostics/Cytology
A method for diagnosing the lesions based on a microscopic investigation of the morphological characteristics of the sampled cells that are examined on cytological mounts.
Cell sources:

· tissue aspirates
· touch imprints or scrapings
· exudates
· body fluids or lavages
Depending on the sampling method, the following cytological diagnostics are discussed:
1. Exfoliative: based on examining the cells collected from a surface of the diseased tissue by swabbing, scraping or sampling the already exfoliated cells. This method is used for the inflammatory (allergic, autoimmune, bacterial, fungal etc.), dysplastic and neoplastic (mainly solid, cell-rich, e.g. mesenchymal) lesions, skin lesions, mucosal lesions, serous lesions and the pathologies in the body cavities.
When the lesions can be easily accessed (skin and accessible mucosal layers: the oral cavity, conjunctivas, anus, vestibule of vagina):
· A sample is collected with a cytobrush, by taking a swab or scraping gently from the surface of a lesion with a scalpel blade or the rim of a microscopic slide.

· A smear is then performed on a clean and degreased microscopic slide.
When the lesions are situated on the respiratory or gastrointestinal mucosa that is not directly accessible, the sample can be taken using an endoscope equipped with a specific tool and collecting the biological material for:
· a cytological examination 
· a histopathological investigation.
2. There is also a special type of the exfoliative cytology that involves collecting samples with the irrigation (washing out) technique of the intrinsically exfoliating cells from a surface of the nodules located in the closed and the sediments are then examined with cytology. This method is most often applied when the following lesions are suspected:
a. pulmonary neoplasms (bronchoalveolar lavage)
b. gastric neoplasms (gastric lavage)
c. urinary bladder and prostate gland neoplasms. 

The biological samples, if an inflammatory or neoplastic process is suspected, can be collected from: 

· the cerebrospinal fluid
· the abdominal cavity (abdominocentesis)
· the thoracic cavity (thoracocentesis)
· the pericardial sac (pericardiocentesis)
· the joint spaces (arthrocentesis)
· cysts
Liquid or semi-liquid biological samples for a cytological investigation should be centrifuged for 5 to 10 minutes at 1,500 rpm (rotation per minute), the liquid fraction is then removed and the sediment is used to prepare cytological smears.
3. Imprint cytological diagnostics: a morphological diagnosis is based on a morphological image of the cells collected from the surface of a removed nodule, the organs excised during autopsy or from the surface of ulcerative skin lesions. Following the surgical excision, the lesion is cut through, its surface is gently dried with blotting paper, and then it is put on a microscopic slide to make “an imprint” of the cells.
4. Aspiration cytological diagnostics: the best and most common method for sampling the biological material from proliferative lesions, neoplastic lesions and lymph nodes. The technique involves using thin needles and syringes.

· Soft-textured lesions: thinner needles and smaller volume syringes. 

· Harder lesions: needles with bigger diameter and appropriately larger syringes.

As this method is easy to use and carries a low risk for the patient, it is most often used by clinicians.

There are two subtypes:
1. Fine-Needle Aspiration Biopsy (FNAB)
2. Fine-Needle Biopsy (FNB)
Since the biological sample for a microscopic examination consists of the cells aspirated from the deep of a lesion with a fine needle (less than 1 mm in diameter), this method is called fine-needle aspiration biopsy (FNAB). 
It is particularly helpful to diagnose: 
· lymphomas (it is possible to perform immunohistochemical staining)
· neoplastic metastases to the lymph nodes 
· lesions in the internal organs or the tumours situated in the body cavities (ultrasonography-, laparoscopy- or endoscopy-guided puncture: targeted biopsy).
If the specimens are collected from the well-vascularised tissues, especially from the bone marrow, the needle and syringe tip should be immersed in 4% sterile sodium EDTA solution to reduce the risk of clot formation and to secure a high-quality cytological smear.
The tooling for FNAB includes:
· a needle, 0.6-0.9 mm in diameter
· a 5-20 mL syringe that may be fixed in a special handle
· a degreased microscopic slide
· fixative, i.e. a ready-to-use aerosol product, for example, Fixocyt, Merkofix, Cytofix or less commonly used (and less recommended) methanol 
The FNAB procedure includes the following steps:

1. preparation and disinfection on the puncture site

2. fixation and stabilization of the punctured lesions with the fingers of one hand
3. putting the needle connected with a syringe into the parenchyma of the selected lesion
4. pulling the syringe plunger back and creating a vacuum (which is not needed for the masses with soft texture)
5. releasing the plunger to balance the air pressure
6. while keeping the needle in the lesion, to move it towards a different part of the mass and to pull the plunger again, then release the syringe plunger (repeat the step 3 or 4 times)

7. removing the needle from the parenchyma of the mass

When the tissue is aspirated while the needle is being removed from the lesion parenchyma, the cells may “drop inside the syringe”. These cells can be washed out with a small volume of saline, not with water!
8. disconnecting the needle from the syringe and aspirating the air in it 
9. reconnecting the needle with the syringe and pushing the content onto the microscopic slide; next, the smears are prepared. When the sample is transferred into the slide, the needle must be held touching the slide as it will prevent the sample from “splashing” on the slide and will facilitate preparing a good smear.

A small amount of biological sample is needed for a cytological examination.

If some blood is aspirated after the first puncture, its site should be changed. 

For tumours with a pathologically changed surface (purulent inflammation, tissue necrosis), the puncture is made on both the lesion surface and at its base.

Fine-needle biopsy:
· it is used for collecting the samples from the soft-textured tissues, well-vascularized tissues (if the blood is sampled with FNAB) and from the fragile cell aggregates, such as lymphomas
· a few punctures are done (on an as-needed basis) with a fine needle and under different angles 
· before placing the collected sample on a microscopic slide, the needle must be connected with the syringe and the content is then gently placed on the slides
· preparation of smears.
At least two smears must be always made from one sample!
When the smears are ready, the slides should be labelled by writing over the frosted zone on the slide with a pencil or diamond blade (for the slides without the frosted box), thereby marking the side with the smear!
Fixation techniques for the cytological smears:

· with the “dry method”: the slides are left until completely dry (do not use hot air stream!!!)
· with the “wet method”: the slides are immersed in a fixative (96% alcohol, a mixture of 96% alcohol and ether at 1:1 ratio) or sprayed over with a ready-to-use product (e.g. Fixocyt, Merkofix, Cyrofix) and then dried.
The fixated and properly secured slide together with a lab sheet is then sent to a laboratory. In each case, the lab sheet should include:
· details about the animal
· details of its owner 
· details about the referring entity 
· a description of the sampled lesion: location, gross details, type of growth, disease duration, and other comments.
Advantages of using cytology:
· simple-to-collect samples
· the sampling procedure can be done without local or general anaesthesia

· minor tissue injury
· possible to get the sample from different sites of the mass

· short waiting time for the lab report

Disadvantages of using cytology:

· should not be used as a conclusive and final examination (non-representative sample, the arrangement of cells)

· necessary to verify with a histopathological examination after surgical excision of the mass

· a cytological diagnosis only determines the nature of the pathological process (inflammatory: cells, bacteria; malignant or benign neoplasm) without histopathological typing. 

A smear may not be diagnostic due to: 

· a small number of cells
· numerous artefacts
· a high number of red blood cells (blood)
· severe inflammatory infiltrates.
Staining methods for cytological smears:

· May-Grünwald Giemsa stain
· Papanicolaou stain
· Wright’s stain
· Hematoxylin and Eosin (HE) stain
· Quick cytological staining kits, such as Hemacolor (staining time: approx. 3 min.) or Diff Quick (DQ).
Core biopsy (CB – core biopsy; NCB – needle core biopsy; LNAB large needle aspiration biopsy)
The method involves placing a specific large biopsy needle in the tissue and collecting a cylindrical specimen (core biopsy sample), which is then processed with a standard histopathological procedure. Different types of sharp-ended biopsy needles are used (Tru-cut and Menghini: for histopathological aspiration biopsy), with a diameter over 1.2 mm. Most of them have a special arrowhead inside with a hollow (a Tru-cut type). It is necessary to use local anaesthesia or short-term general anaesthesia for a core biopsy procedure.
The biopsy site is shaved and disinfected according to the surgical preparation standards and next, a small skin incision (approx. 0.5 cm long) is made with a scalpel blade. If necessary, surgical sutures are placed.

This method allows diagnosing the nature of a lesion, its histological type and histological malignancy grade, yet it carries a bias due to potential sampling of a sub-optimally diagnostic and representative section of the tissue.
Punch biopsy with trephine/die is used to investigate the epidermal and dermal lesions. This type of biopsy involves using specific single-use needles 1-8 mm in diameter, and the resulting tissue blocks are fixated and processed according to a standard histopathological protocol.
How to perform a punch biopsy:

· local anaesthesia of the skin around the puncture site (e.g. with 2% lidocaine)

· pressing the trephine to the skin and turning it in one direction

· cutting out a loose section of the skin that is left out after using the trephine
· putting the excised section on white paper and marking the direction of hair growth, fixing it in 10% buffered formalin and sending to the laboratory

Complications following a punch biopsy are rare. Minor bleeding or tissue deformation may develop. The biopsy site heals by second intention.
Surgical biopsy
This involves cutting out the whole mass (total surgical biopsy) or a section (partial surgical biopsy) with a surgical procedure.

1. Total surgical biopsy involves removing the total mass with an adequate margin of the surrounding healthy tissue (excision biopsy) or in intraoperative removal of the whole lesion or diseased organ (open approach biopsy).
2. Partial surgical biopsy involves sampling a small section of the diseased tissue (sectional biopsy). The excision should encompass a section of the mass and part of the healthy tissue. There are several different types of the sectional biopsy, and some involve removing small skin sections while the other ones consist in using the endoscope (endoscopic biopsy; section are collected with different types of biopsy forceps) or a surgical procedure.
A surgical biopsy allows making a final diagnosis on the nature of a given lesion, malignancy grading and histopathological cell types; for the neoplastic lesions, the excision line is included.

A partial biopsy is commonly used when there is an opportunity to perform a so-called intraoperative investigation, which is related to the proximity of a histopathology lab room. In such a scenario, the slide is prepared using a frozen section procedure and stained, and a histopathological diagnosis is made in several minutes, which allows continuing the surgery.
Necropsy
Post-mortem sampling of tissue sections and other samples for the laboratory investigations, performed during a PM examination of the dead animal or a slaughter check. Since good histopathological slides are obtained only from fresh biological samples, the tissue sections must be collected as soon as possible after death and immersed in a fixative.
How to collect the samples for a histopathological investigation:
· from small animals (e.g. rats, mice) the whole organs are sampled, regardless of the lesion size

· from large animals, the samples of parenchymal organs (such as liver, kidneys, heart) are collected as 2 cm thick prisms. The specimens are sampled with a sharp knife, scalpel blade by making robust cuts, avoiding “sawing” movements, jerking or excessive pulling. Anatomical forceps can be used, and it is recommended to avoid surgical or other crunching tools. For tube-shaped organs (e.g. uterus, intestines, trachea, blood vessels), the specimens must include all layers of a given organ, i.e. the mucosa, submucosa, tunica muscularis and serosa. Sharp scissors can be used to obtain samples of tube-shaped organs and slightly larger specimens, which are then collected and should be flattened and immersed in a fixative.
A common mistake made in sapling the tissue specimens is to collect excessively large sections, which impedes and prolongs the fixation step and does not facilitate making the diagnosis! Due to a high concentration of tissue enzymes, some organs and tissues, such as the brain, pancreas, gall bladder mucosa and uterus affected by the pyometra and the placenta, undergo very quick autolysis, so the sections of such organs must be collected as soon as possible after death. The gall bladder should be cut in a way that the fixation solution directly affects the mucosa; the same applies to the uterus.
How to send the biological samples to the histopathology laboratory 

To do this, the following steps are necessary:

· get an appropriate container/jar for the investigated tissue and the fixative
· ensure that the container/jar is of the right size and has a wide neck, which favours putting in and taking out the sections after fixation since, during the fixation step, the volume of tissues increases

· first fill the jar with the fixative and then put in the specimens. When it is done in the opposite order, the tissue may rot and undergo autolytic changes despite the fixative. The tissues in the jar stick to its wall, which inhibits the fixative from penetrating the tissue
· adequately label the containers/jars, which is very important when many samples are sent. To this end, a stick-on ticket with the specific data may be placed on the jar or a piece of paper may be put inside the jar, yet the animal data must be written in pencil!
· include a laboratory datasheet for each sample package; the lab sheet should detail the type of samples, animal details, name and address of the animal owner, description of gross lesions, clinical diagnosis, results of the additions investigations (lab tests), administered treatment with its efficacy and the suggested scope of histopathological investigations.
· place the containers with samples and the lab datasheet in a cardboard box filled with paper snips or polystyrene foam flakes.
· send the parcel in person or by a delivery company to the histopathology laboratory.
If the lab is located far away and it is impossible to send the samples in the containers, plastic bags can be used instead. In that case, the specimens are fixated on-site in a jar filled with a fixative, and next, the tissue sections are wrapped in gauze or cellucotton soaked with 10% formalin solution and placed in a plastic bag or a rubber glove and sent to the laboratory, together with the lab datasheet.
Techniques used to prepare histopathological slides:

1. Paraffin-embedding.
2. Freezing technique.
Paraffin-embedding technique is time-consuming, and the slides are usually ready after 5 to 6 days from the sampling date! However, the advantage of this method is good quality slides.
Steps of paraffin-embedding technique:
1. Fixation of the slide
2. Washing
3. Dehydration
4. Clearing
5. Paraffin infiltration
6. Embedding tissues in paraffin blocks
7. Sectioning
8. Placing on the slides
9. Staining
10. Putting the cover slides and final processing of the mounts
The objectives of fixation include:
· rapid killing (stabilizing) of the cells and tissues in the very arrangement they were organized intravital or at the time of death
· denaturation of proteins, stabilization of intracellular components and rendering them insoluble
· inhibition of decay and autolysis caused by the effects of intracellular enzymes and bacteria and killing the pathogens 
· diversification of the refraction indices between the individual components of the cell
· impeding osmosis and other chemical processes that change the image of the tissues

Fixation rules:

· fixation must be rapid
· the volume of a fixative should be 10 to 20 times greater than the volume of the tissue being fixated
· the fixative must be poured into the containers before the tissue samples
· the slides are fixated in ambient temperature and the process then takes 1 to 5 days, depending on the specimen size; formalin is the most common fixator and it penetrates 6 to 9 mm of the tissue per day in ambient temperature
· low temperatures slow down the fixation process
· to accelerate the fixation process, it is required to warm the sample to 40-50ºC (e.g. in an incubator) and then the fixation takes 10 to 15 minutes
· if the fixation process is excessively long, some investigations cannot be done, such as immunohistochemical analyses. If the tissue is exposed to formalin for a prolonged time, then the aldehyde bounds (the so-called cross-bridges) that mask the antigen epitopes and the antigenicity of the tissue is reduced. These bridges may be broken, for example, by cooking the slides two times in a microwave (650W) in a citrate buffer (pH 6.0).
Fixatives:

1. Simple:

a. organic and mineral acids, e.g. osmic acid, chromic acid, nitric acid, acetic acid, picric acid.
b. organic compounds, e.g. acetate, alcohols, formalin.

c. solutions of heavy metal salts, e.g. silver nitrate, potassium bichromate, sublimate.
2. Compound:

a. Bouin’s solution is composed of an aqueous and saturated solution of picric acid, formaldehyde and glacial acetic acid.
b. Zenker’s fixative is composed of distilled water, mercury chloride, potassium bichromate, sodium sulphate and glacial acetic acid.
Formalin: an aqueous solution of formic aldehyde (other names: formaldehyde or methanal) is the most common fixative. It is usually used at 10% concentration, buffered, with pH at 7.0-7.2.

How to prepare a 10 % buffered formalin solution: 

100 mL formalin reagent + 900 mL water (preferably distilled) + 3.4 g NaH2PO4  + 6.5 g Na2HPO4
After fixation, the sections (2 mm thick, 0.5 cm/0.5 cm in size) are cut out of the specimen, preferably at the margin of diseased and healthy tissue and from the centre of a given lesion. Each section is placed in a special tray with numbers, for instance, written in pencil. From that point, each section of the tissue is associated with a specific number that is recorded in the HP record book, together with the other data about the slide.

Washing of the slides is performed to remove the residues of fixatives. If:
· formalin is used, the trays, after closing, are placed in a jar and washed under low running water for 30-60 minutes
· an alcohol solution of the fixative (picric acid) is used, the trays are washed in alcohol of higher potency than the one used for fixation.

Decalcification of the tissues: the sections with mineral salts (bones, calcifying tissues) must be decalcified, after the fixation and washing steps, with a chemical procedure (5-7% nitric acid) or by electrolysis.
Dehydration and clearing of the slides are done in special automated laboratory equipment called autotechnicon tissue processors.
· dehydration (removal of water): the objective is to harden the tissue and to facilitate paraffin infiltration. This is done in a so-called series of graded alcohols (with increasing potency), e.g. 50%, 80% and 96% absolute alcohol. The dehydration time depends on the thickness and size of the specimen and is approx. 12 hours, on average.

· clearing of the slides (removal of alcohols) is performed by placing the tissues in a mixture of absolute alcohol and xylene and twice in the containers with xylene, respectively. The objective of clearing is to prepare the mounts for the next step, i.e. paraffin infiltration. Xylene is a type of fluid that deeply penetrates the tissue and creates a path for paraffin that also dissolves in xylene. This stage lasts about 12 hours.

Paraffin infiltration of the sections takes place in the incubators at approx. 56°C. Each slide is taken out of the tray together with the assigned number and placed in porcelain crucibles, initially in a mixture of paraffin and xylene, and after 3-4 hours, they are transferred into the crucibles with only paraffin. After 24 hours in the incubator, the tissues are taken out in the crucible and the next step of the procedure follows.
Embedding in paraffin blocks is performed using copper cassettes into which melted paraffin is poured. A correctly positioned tissue section with its corresponding number is immersed in paraffin, yet this time the number is written on a paper strip. When paraffin hardens, the block with embedded sections is taken out of the cassettes and cut with a knife into cubes in a way that each cube contains one embedded tissue specimen together with the assigned number.
Sectioning of paraffin blocks is performed in special equipment called microtomes, and there are two types of these instruments:
· rotary microtome: the knife sits in the stationary clamps while the block is mounted on a moveable table, riding perpendicularly to the knife and it the sections from 3 to 25 microns thick
· sliding (or base-sledge) microtome: the paraffin block is attached on the stationary table while the microtome knife, positioned on the sledges (sliding base), moves over the block and cuts sections from 3 to 25 microns thick.

It is important to put the paraffin blocks beforehand in a fridge to cool down the paraffin as this facilitates the cutting process.

The thickness of microtome sections is controlled in both types of microtome with custom micrometric gauges. The paraffin sections are wrinkled and should be transferred with wooden or metal sticks into a vessel with warm water, placed on a heating plate. In warm water, the sections straighten. The already straightened sections are mounted on microscopic slides, each on the individual slide marked with the corresponding number. If the slide is to be immunohistochemically stained, then the slide should be covered with a special type of glue, e.g. silane, before the section is mounted. Glue enhances section fixation on the slide.
Before the next step of the paraffin processing procedure, the microscopic slides with sections are put in an incubator for about 30 minutes to remove paraffin residues.
Staining the histopathological slides:

The objective of staining consists in having a diversification of the individual cell and tissue components, for example, to distinguish between the nucleus and the cytoplasm or between the parenchymal cells and the stroma. 
Stains are either acidic, basic or neutral. The reaction of these compounds determines their affinity to the specific cellular organelle and there are, thus, nuclear stains, cytoplasmic stains, etc.
The nuclear stains (basic) include haematoxylin, methylene blue, safranine, basic fuchsine, malachite green and others.
The cytoplasmic stains (acidic) include eosin, Congo red, phloxine, acidic fuchsine, methyl orange and others.
Some stains dissolve only in the specific intracellular structures or tissues, e.g. in lipids. These types of stains include Sudan stains I, II, III, IV, R purple, oil red O and others.
The sections can be stained with:

· a progressive method: the stains are diluted, applied for a long time until the cellular structures become appropriately saturated with the stain
· a regressive method: intentional overstaining of the tissues with concentrated stains, with subsequent removal of the excess of a given stain from the cells and tissues with distaining solutions (for example HBFP staining technique).
The basic staining techniques used in the histopathology laboratory:

· routine HE staining with haematoxylin and eosin
· connective tissue differential staining: e.g. Van Gieson, Azan, Masson’s Tri staining
· detection of the reticular fibres: e.g. Gomori trichrome, Gordon-Sweet’s staining
· detection of the elastic fibres: e.g. Weigert’s elastic stain, orcein 

· detection of granules 

· detection of amyloid in the tissues, e.g. with Congo red stain

· detection of carbohydrates and glycosaminoglycans, e.g. with McManus’ PAS reaction
· lipid detection staining, e.g. with Sudan stains
· APUD cell staining, e.g. with Masson-Fontana staining protocol, Grimelius stain.
Immunohistochemical and immunocytochemical staining
These methods involve detecting the specific tissue or cellular antigens (nuclear, cytoplasmatic) with the specific antibodies (the so-called primary antibodies). There are polyclonal antibodies (against several epitopes of a given antigen) and monoclonal antibodies (more specific and more commonly used) targeted against one epitope of the given antigen. These antibodies are produced with different serological producers, such as mice, rats, rabbits and goats.
The procedure of immunohistochemical staining with the Streptavidin/Avidin-Biotin method: 

1. Incubation of the tissue sample with the primary antibody (e.g. mouse)

2. A biotinylated secondary antibody is added in the slide (e.g. anti-mouse)

3. Streptavidin/Avidin complex with a linked enzyme (usually peroxidase) is added
4. A substrate is added, e.g. DAB, which, together with the enzyme, produces a colour reaction.
Today, there are special kits on the market and they contain the secondary antibodies conjugated with micro-polymers of the very active enzymes, e.g. peroxidase (ImmPRESS Universal Antibody Kit). When such antibodies are used, the staining time is much shorter, and the reaction quality is improved.
How to prepare the slides from frozen tissue sections
The objective is to obtain sections from fresh tissue slides rapidly and without the tissue fixation step. The tissue blocks are frozen, most commonly with compressed CO2 and then cut with special sliding microtomes. The sections produced with the frozen method can be used to detect chemical compounds that are dissolved in alcohol and xylene during the paraffin embedding procedure.
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