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To decide whether a tumor is malignant or not, a sample must be taken by a surgeon or
an interventional radiologist and sent to the laboratory and examined under a microscope by a

pathologist - the sample is called a biopsy.
Introduction:

Many medical conditions, including all cases of cancer, must be diagnosed by removing a
sample of tissue from the patient and sending it to a pathologist for examination. This procedure
is called a biopsy, a Greek-derived word that may be loosely translated as “view of the living.”
Any organ in the body can be biopsied using a variety of techniques, some of which require
major surgery (e.g., staging splenectomy for Hodgkin’s disease), while others do not even
require local anesthesia (e.g., fine needle aspiration biopsy of thyroid, breast, lung, liver, etc.).
Afer the biopsy specimen is obtained by the doctor, it is sent for examination to another doctor,
the anatomical pathologist, who prepares a written report with information designed to help the

primary doctor manage the patient’s condition properly.
TYPES OF BIOPSIES

1. Excisional biopsy

A whole organ or a whole lump is removed (excised). These are less common now, since the
development of fine needle aspiration (see below). Some types of tumors (such as lymphoma, a
cancer of the lymphocyte blood cells) have to be examined whole to allow an accurate diagnosis,
so enlarged lymph nodes are good candidates for excisional biopsies. Some surgeons prefer
excisional biopsies of most breast lumps to ensure the greatest diagnostic accuracy. Some
organs, such as the spleen, are dangerous to cut into without removing the whole organ, so

excisional biopsies are preferred for these.

2. Incisional biopsy Only a portion of the lump is removed surgically. This type of biopsy is
most commonly used for tumors of the soft tissues (muscle, fat, connective tissue) to distinguish

benign conditions from malignant soft tissue tumors, called sarcomas.
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3. Endoscopic biopsy

This is probably the most commonly performed type of biopsy. It is done through a

fiberoptic endoscope the doctor inserts into the gastrointestinal tract (alimentary tract

endoscopy). urinary bladder (cystoscopy), abdominal cavity (laparoscopy), joint cavity

(arthroscopy). mid-portion of the chest (mediastinoscopy), or trachea and bronchial system

(laryngoscopy and bronchoscopy). either through a natural body ori

incision.

fice or a small surgical
The endoscopist can directly visualize an abnormal area on the lining of the organ in
question and pinch off tiny bits of tissue with forceps attached to a long cable that runs inside the
endoscope.

4 .Bone marrow biopsy

In cases of abnormal blood counts, such as unexplained anemia, high white cell ¢
and low underlying the “bikini dimples”

ount,
on the lower back/upper buttocks. Hematologists do

bone marrow biopsies all the time, but most internists and pathologists and many family

practitioners are also trained to perform this procedure.

SPECIMEN PROCESSING FOR BIOPSY

1. Histologic sections

This involves preparation of stained, thin (less than 5 micrometers, or 0.005 millimeters)
slices mounted on a glass slide, under a very thin pane of glass called a coverslip. There are two

major techniques for preparation of hi stologic sections:

a. Permanent sections This technique gives the best quality of specimen for examination, at the
expense of time. The fresh specimen is immersed in a fluid called a fixative for several hours
(the necessary time dependent on the size of the specimen). The fixative, typically formalin (a
10% solution of formaldehyde gas in buffered water), causes the proteins in the cells to denature
and become hard and “fixed.” Adequate fixation is probably the most important technical aspect
of biopsy processing. The fixed specimen is then placed in a machine that automatically goes
through an elaborate overnight cycle that removes all the water from the specimen and replaces it
with paraffin wax. The next morning, a technical professional, called a histologic technician, or

“histotech,” removes the parafﬁn-impregnated specimen and “embeds” it in a larger bloc of
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molten paraffin. This is allowed to solidify by chilling and is set in a cutting machine, called a
microtome. The histotech uses the microtome to cut thin sections of the paraffin block containing
the biopsy specimen. These delicate sections are floated out on a water bath and picked up on a

glass slide. The paraffin is dissolved from the tissue on the slide. With a series of solvents, water

i restored to the sections, and they are stained in a mixture of dyes. The most common dyes used

are hematoxylin a natural product of the heartwood of the logwood tree, Haematoxylon

campechianum, which is native to Central America, and eosin, an artifcial aniline dye. The stain
combination, casually referred to by pathologists as “H and E” yields pink, orange, and blue
sections that make it easier for us to distinguish different parts of cells. Typically, the nucleus of
cells stains dark blue, while the cytoplasm stains pink or orange.

b. Frozen sections This technique allows one to examine histologic sections within a few
minutes of removing the specimen from the patient, but the price paid is that the quality of the
sections is not nearly as good as those of the permanent section. Still, a skilled pathologist and a

knowledgeable surgeon can work together to use the frozen section’s rapid availability to the
patient’s great benefit.

2. Smears

The specimen is a liquid, or small solid chunks suspended in liquid. This material is smeared on
a microscope slide and is either allowed to dry in air or is “fixed” by spraying or immersion in a

liquid. The fixed smears are then stained, coverslipped, and examined under the microscope.
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Neoplasms may be benign, pre-malignant (carcinoma in situ) or malignant (cancer).

TYPES OF TUMORS

Benign Tumor

A benign tumor (benign neoplasm) cannot metastasize - it cannot spread. Most benign tumors

are not harmful to human health. Even though they are not cancerous, some may press against

nerves or blood vessels and cause pain or other negative effects. Benign tumors of endocrine

tissues may result in the excessive  production of

some  hormones.
Examples of benign tumors include:

Adenomas - tumors that arise from glandular epithelial tissue - epithelial tissue is the thin

membrane that covers glands, organs and other structures in the body. A polyp in the colon is
a type of adenoma.

Fibroids (Fibromas) - benign tumors that grow on fibrous or connective tissue of any organ
in the body. Uterine fibroids are common.

Hemangiomas - benign tumors which consists of a collection of too many blood cells. They

can sometimes be seen on the surface of the skin and are colloquially called strawberry

marks.

Lipomas - the most common form of soft-tissue tumor. Lipomas consist of adipose tissue
(fat cells). Most of the

m are very small, painless, soft to the touch, and generally movable.

Premalignant Tumor

A premalignant tumor is one that is not yet malignant, but is about to become  so.

Examples of premalignant growths include: Actinic keratosis (senile keratosis), Dysplasia of the

cervix, Metaplasia of the lung and Leukoplakia.

Malignant Tumor

Malignant tumors are Cancerous tumors: they tend to become progressively worse, and can

potentially result in death. Unlike benign tumors, malignant ones grow fast, they are ambitious,

they seek out new territory, and they spread (metastasize).
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Vietastasis - malignant tumors invade nearby cells, and then the cells near th

.arious parts of the body through the bloodstream or the lymphatic system MeT::t Si‘m’ad .
process by which cancer cells spread from their primary site to distant locat'ions in :::hl:n:he
body. For example, a patient may have started off with melanoma (skin cancer) wh:::

tastasized in thei '
me their brain. Lung cancer spreads to the liver, and invade other organs.

There are different types of tumors, which are made up of specific types of cancer cells:

o Carcinoma - these tumors are derived from the skin or tissues that line body organs

(epithelial cells).
e Sarcoma - these are tumors that start off in connective tissue, such as cartilage, bones, fat
and nerves.

. LymphomafLeukemia - cancer arises from the blood forming (hematopoietic) cells that

originate in the marrow and generally mature in the blood or lymph nodes.

e Germ cell tumor - these are tumors that arise from a germ cell, pluripotent cells (cells than

can turn into any kind of cell).
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Definition:

An autopsy (post-mortem examination, obduction, necropsy, or autopsia cadaverum) is a surgical

procedure that consists of a thorough examination of a corpse by dissection to determine the cause, mode
. ""‘-\____-_'_,..-

and manner of death or to evaluate any disease or injury that may be present for research or educational

purposes. (The term "necropsy" is generally reserved for non-human animals; see below). Autopsies are

usually performed by a specialized medical doctor called a pathologist. In most cases, a medical examiner

or coroner can determine cause of death and only a small portion of deaths require an autopsy..

Purposes

Autopsies are performed for either legal or medical purposes. Autopsies can be performed when any of

the following information is desired:

e Determine if death was natural or unnatural
e Injury source and extent on the corpse

e  Manner of death must be determined

e Time since death

e Establish identity of deceased

e Retain relevant organs

« If infant, determine live birth and viability

For example, a forensic autopsy is carried out when the cause of death may be a criminal matter,
while a clinical or academic autopsy is performed to find the medical cause of death and is used in cases
of unknown or uncertain death, or for research purposes. Autopsies can be further classified into cases
where external examination suffices, and those where the body is dissected and internal examination is
conducted. Permission from next of kin may be required for internal autopsy in some cases. Once an

internal autopsy is complete the body is reconstituted by sewing it back together.
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Types

Four main types of autopsies:

Medico-Legal Autopsy or Forensic or coroner's autopsies seek to find the cause and manner of death

and to identify the decedent. They are generally performed, as prescribed by applicable law, in cases

of violent, suspicious or sudden deaths, deaths without medical assistance or during surgical
procedures.

Clinical or Pathological autopsies are performed to diagnose a particular disease or for research

purposes. They aim to determine, clarify, or confirm medical diagnoses that remained unknown or
unclear prior to the patient's death.

Anatomical or academic autopsies are performed by students of anatomy for study purpose only.

Virtual or medical imaging autopsies are performed utilizing imaging technology only, primarily
magnetic resonance imaging (MRI) and computed tomography (CT).

Forensic autopsy

A forensic autopsy is used to determine the cause, mode and manner of death.

Forensic science involves the application of the sciences to answer questions of interest
to the legal system.

Medical examiners attempt to determine the time of death, the exact cause of
what, if anything, preceded the death, such as a struggle. A forensic autopsy may include
obtaining biological specimens from the deceased for toxicological testil?g, .
contents. Toxicology tests may reveal the presence of one or more chemical "pqlsons" (all
chemicals, in sufficient quantities, can be classified as a poison) and their quantity. Because post-

mortem deterioration of the body, together with the gravitational pooling of bodily fluids, will

necessarily alter the bodily environment, toxicology tests may overestimate, rather than

underestimate, the quantity of the suspected chemical.[12]

death, and

including stomach

Following an in-depth examination of all the evidence, a medical examiner or coroner
will assign a manner of death from the choices proscribed by the fact-finder's jurisdiction and
will detail the evidence on the mechanism of the death.
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Clinical autopsy

Pathologist performing a human dissection of the abdominal and thoracic organs in an

autopsy room. —

e performed to gain more insight
buted to a patient's death. Autopsies
Autopsies can yield insight into

Clinical autopsies serve two major purposes. They ar
into pathological processes and determine what factors contri
are also performed to ensure the standard of care at hospitals.
how patient deaths can be prevented in the future.

been able to determine the cause of death, but also

Over time, autopsies have not only
e, Legionnaire's disease, and

lead to discoveries of various diseases such as fetal alcohol syndrom

even viral hepatitis
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What Is a Bleeding Disorder?
A bleeding disorder is a condition that affects the way blood normally clots. The clotting process. also known as
coagulation. changes blood from a liquid to a solid. When injured. blood normally begins to clot to prevent a
massive loss of blood. Sometimes. certain conditions prevent blood from clotting properly. which can result in
heavy or prolonged bleeding.
Bleeding disorders can cause abnormal bleeding both outside and inside the body. Some disorders can drastically
increase the amount of blood leaving your body. Others cause bleeding to occur under the skin or in vital organs,
such as the brain.
What Causes a Bleeding Disorder?
Bleeding disorders often develop when the blood can’t clot properly. For blood to clot. body needs blood
proteins called clotting factors and blood cells called platelets. Normally, platelets clump together to form a plug
at the site of a damaged or injured blood vessel. The clotting factors then come together to form a fibrin clot.
This keeps the platelets in place and prevents blood from flowing out of the blood vessel.
In people with bleeding disorders. however. the clotting factors or platelets don’t work the way they should or
are in short supply. When the blood doesn’t clot. excessive or prolonged bleeding can occur. It can also lead to
spontaneous or sudden bleeding in your muscles, joints, or other parts of your body.
The majority of bleeding disorders are inherited. which means they're passed from a parent to their child.
However. some disorders may develop as a result of other medical conditions, such as liver disease.
Bleeding disorders may also be caused by:
* alow red blood cell count
e avitamin K deficiency
+ side effects from certain medications
Medications that can interfere with the clotting of the blood are called anticoagulants.
Symptoms
Symptoms of a bleeding disorder include:
¢ Bleeding into joints. muscles and soft tissues
e Excessive bruising
» Prolonged. heavy menstrual periods (menorrhagia)
¢ Unexplained nosebleeds
* Extended bleeding after minor cuts, blood draws or vaccinations. minor surgery or dental procedures
Types of bleeding disorders
1) Hemophilia is an inherited bleeding disorder in which a person lacks or has low levels of certain proteins
called “clotting factors™ and the blood doesn’t clot properly as a result. This leads to excessive bleeding.
There are 13 types of clotting factors, and these work with platelets to help the blood clot.
The three forms of hemophilia are hemophilia A, B, and C.
e Hemophilia A is the most common type of hemophilia. and it’s caused by a deficiency in factor VIII.
e Hemophilia B. which is also called Christmas disease, is caused by a deficiency of factor IX.
e [IHemophilia C is a mild form of the disease that’s caused by a deficiency of factor XI. People with this
rare type of hemophilia often don’t experience spontaneous bleeding.
Hemophilia is an inherited genetic condition. This condition isn’t curable, but it can be treated to minimize
symptoms and prevent future health complications.
In extremely rare cases, hemophilia can develop after birth. This is called “acquired hemophilia.” This is the case
in people whose immune system forms antibodies that attack factors VIII or IX.,
2) Von Willebrand disease is a bleeding disorder. It's caused by a deficiency of von Willebrand factor
(VWEF). This is a type of protein that helps your blood to clot.
Bleeding happens when one of blood vessels breaks. Platelets are a type of cell that circulates in vour blood and
clumps together to plug broken blood vessels and stop bleeding. VWF is a protein that helps blatclcts clump
together. or clot. If your levels of functional VWF are low, your platelets won’t be able to clot properly. This
leads to prolonged bleeding.
Treatment: no cure for bleeding disorders, these conditions can be successfully managed. A hematologist (a
physician with special training in blood disorders) handles a bleeding disorder patient’s care and identifies the
best treatment options.
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UNIT 2

Hyperemia
Hyperemia is an increased amount of blood in the vessels of an organ or tissue in the body.
It can affect many different organs, including the:

» liver

» heart

e skin

s eyes

e brain

Types of hyperemia
There are two types of hyperemia:

* Active hyperemia happens when there’s an increase in the blood supply to an organ.
This is usually in response to a greater demand for blood — for example, if you're
exercising.

» Passive hyperemia is when blood can’t properly exit an organ, so it builds up in the
blood vessels. This type of hyperemia is also known as congestion.

Causes of hyperemia

Each type of hyperemia has a different cause.

Active hyperemia is caused by an increased flow of blood into your organs. It usually happens
when organs need more blood than usual. Your blood vessels widen to increase the supply of
blood flowing in.

Causes of active hyperemia include:

» Exercise. Your heart and muscles need more oxygen when you’re active. Blood rushes to
these organs to supply extra oxygen. Your muscles need up to 20 times their normal
supply of blood during a workout.

Heat. When you’re running a high fever or it’s hot outside, extra blood flows to your skin
to help your body release heat.

Digestion. After you eat, your stomach and intestines need more blood to help them
break down foods and absorb nutrients.

Inflammation. During an injury or infection, blood flow to the site increases.
Menopause. Women who are in menopause often have hot flashes, which causes a rush
of blood to the skin — especially of the face, neck, and chest. Blushing is a similar
response.

* Release of a blockage. Hyperemia can happen following ischemia, which is poor blood
flow to an organ. Once ischemia is treated, blood rushes to the area.

Passive hyperemia happens when blood can’t properly drain from an organ and begins to build
up in the blood vessels.
Causes of passive hyperemia include:

e Heart failure or ventricular failure. The left and right ventricles are the two main
pumping chambers of the heart. The right ventricle pumps blood to the lungs, and the left
ventricle pumps oxygen-rich blood to the body. When the heart can’t beat well enough to
push blood through the body, blood begins to back up. This backup causes swelling, or
congestion, in organs like the liver, lungs, spleen, and kidneys.
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UNIT 111

MICROBIOLOGY
STRUCTURE OF BACTERIA

The cell is the basic structural and functional unit of all known living organisms. It is the
smallest unit of life. Cells are mainly of two types: Prokaryotic cell (e.g. bacteria, virus) and
eukaryotic cell (e.g. plant cell and animal cell).

All biological systems have the following characteristics:

(a) The ability to reproduce.

(b) The ability to ingest and metabolize them for energy and growth.

(¢) The ability to excrete waste products.

(d) The ability to react to change in their environment.

Cell Wali

S | \
Pl Cell Membrane

Morphological features and structural organization of bacteria
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Virus Structure

Viruses come in an amazing variety of shapes and sizes. They are very small and are
measured in nanometers, which is one-billionth of a meter. Viruses can range in the size
between 20 to 750nm, which is 45,000 times smaller than the width of a human hair.
The majority of viruses cannot be seen with a light microscope because the resolution

of a light microscope is limited to about 200nm, so a scanning electron microscope is
required to view most viruses.

The basic structure of a virus is made up of a genetic information molecule and a protein
layer that protects that information molecule. The arrangement of the protein layer and
the genetic information comes in a variety of presentations. The core of the virus is
made up of nucleic acids, which then make up the genetic information in the form of
RNA or DNA. The protein layer that surrounds and protects the nucleic acids is called
the capsid. When a single virus is in its complete form and has reached full infectivity
outside of the cell, it is known as a virion. A virus structure can be one of the following:
icosahedral, enveloped, complex or helical.

Icosahedral

These viruses appear spherical in shape, but a closer
look actually reveals they are icosahedral. The
icosahedron is made up of equilateral triangles fused
together in a spherical shape. This is the most optimal
way of forming a closed shell using identical protein
sub-units. The genetic material is fully enclosed inside
of the capsid. Viruses with icosahedral structures are
released into the environment when the cell dies,
breaks down and lyses, thus releasing the virions.
Examples of viruses with an icosahedral structure are
the poliovirus, rhinovirus, and adenovirus.

Icosahedral

Rhinovirus
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Envelope

This virus structure
is a conventional icosahedral  or
helical structure that is surrounded
by a lipid bilayer membrane,

Envelope meaning the virus is encased or enveloped.
The envelope of the virus is formed when the virus is exiting the cell
via budding, and the infectivity of theseviruses is

mostly dependent on the envelope. The most wellknown
examples of enveloped viruses are the R
Hepatitis C influenza virus, Hepatitis C
and HIV.

These virus structures have a combination of icosahedral and
helical shape and may have a complex outer wall or head-tail
morphology. The head-tail morphology structure is unique to
viruses that only infect bacteria and are known as
bacteriophages. The head of the virus has an icosahedral shape
with a helical shaped tail. The bacteriophage uses its tail to
attach to the bacterium, creates a hole in the cell wall, and
then inserts its DNA into the cell using the tail as a channel. The

=
=
:

poxvirus is one of the largest viruses in size and has a complex structure with a unique
outer wall and capsid. One of the most famous types of poxviruses is the variola virus

which causes smallpox.

Complex
Bacteriophage Helical

This virus structure has a capsid with a central cavity
or hollow tube that is made by proteins arranged in a circular
fashion, creating a disc like shape. The disc shapes are attached
helically (like a toy slinky) creating a tube with room for the
nucleic acid in the middle. All filamentous viruses are helical in
shape. They are usually 15-19nm wide and range in length from
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Innate (Natural) Immunity:

Itis the natural resistance components such as intact skin, salivary enzymes, and neutrophils,
natural killer cells, which provide an initial response against infection that is present in an
individual at birth prior to exposure to a pathogen or antigen

Adaptive (Acquired) Immune System:

It is that which develops antibodies after an attack of an infectious disease or by a pregnant
mother passing through the placenta to a fetus or by vaccination.

3. Active Immunity:

It refers to the method of exposing the body to an antigen for generating an adaptive immune
response. The response takes days/ weeks to develop but may be long- lasting. For example
recovery from Hepatitis-A virus gives a natural active immune response that usually leading
lifelong protection. In a similar manner, administration of two doses of Hepatitis-A vaccine
generates an acquired active immune response which leading to long lasting defense.

4. Passive Immunity:

It refers to the process of imparting IgG antibodies to keep safe against infection. It gives
immediate, but short- lived protection such as several weeks to 3 or 4 months at most. It is occurs
during pregnancy. The transfer of maternal tetanus antibody (mainly IgG) across the placenta
provides passive immune to newborn baby for several weeks/ months until such antibody is
degraded and lost

Naturally acquired active immunity occurs when a person is exposed to a live pathogen,
develops the disease, and then develops immunity.

Naturally acquired passive immunity occurs during pregnancy, when antibodies are passed from
the maternal blood into the fetal bloodstream.

O Immunity is transferred through the placenta in the form of antibodies, mainly IgG and IgA.

] Natural passive immunity can also be transferred through breast milk.

(] Natural passive immunity is short-lived after the birth of the child.

Artificial Immunity

Artificial immunity is a mean by which the body is given immunity to a disease by intentional
exposure to small quantities of it.

e The most common form of artificial immunity is classified as active and comes in the
form of vaccinations, typically given to children and young adults.

e The passive form of artificial immunity involves introducing an antibody into the system
once a person has already been infected with a disease, ultimately relieving the present
symptoms of the sickness and preventing re-occurrence.

e Once the body has successfully rid itself of a disease caused by a certain pathogen, a
second infection with the same pathogen would prove harmless.
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