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Biomedical sciences are a set of applied sciences that employed natural science 

knowledge and interventions in healthcare, public health and medicine.  

Such disciplines 

  Medical microbiology,  

 Clinical epidemiology, 

  Genetic   

 Immunology 

 Molecular Biology 

 Histopathology 

 Hematology 

 Clinical Chemistry  

Microbiology 

 Microbiology is the science that study microorganisms, those 

being unicellular (single cell), multicellular (cell colony), or a 

cellular (lacking cells).  Microbiology encompasses numerous sub-

disciplines including virology, bacteriology, Mycology and phycology. 

 Microbiology have many branches and disciplines such as: 

1. Medical Microbiology 

2. Food Microbiology 

3. Soil Microbiology 

4. Therapeutic Microbiology.  

Medical Microbiology  

 

https://en.wikipedia.org/wiki/Applied_science
https://en.wikipedia.org/wiki/Natural_science
https://en.wikipedia.org/wiki/Healthcare
https://en.wikipedia.org/wiki/Public_health
https://en.wikipedia.org/wiki/Medical_microbiology
https://en.wikipedia.org/wiki/Clinical_epidemiology
https://en.wikipedia.org/wiki/Genetic_epidemiology
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Medical microbiology is a branch of medical science concerned with the 

prevention, diagnosis and treatment of infectious diseases.  

In addition, this field of science studies various clinical applications of microbes 

for the improvement of health. There are four kinds of microorganisms that cause 

infectious disease: bacteria, fungi, parasites and viruses.  

A medical microbiologist studies the characteristics of pathogens, their modes of 

transmission, mechanisms of infection and growth. Using this information, a 

treatment can be devised. Medical microbiologists often serve as mentor 

for physicians, providing identification of pathogens and suggesting treatment 

options.  

 

Introduction to Microorganisms 

1. Protozoa: They are small single cell animal belong to the lowest division of 

the animal kingdom.  

2. Fungi: these are plants structure devoid from root, stem or leaf. They do not 

contain chlorophyll and therefore unable to manufacture their own food.  

3. Viruses: These are organisms which can only multiply within the living 

cells. They are invisible by optical microscope and not killed by antibiotics.  

4. Bacteria: are microscopic unicellular free living microorganisms without 

chlorophyll and having both  DNA & RNA and capable of performing all 

essential processes of life growth, metabolism and reproduction.  

 

 

https://en.wikipedia.org/wiki/Medicine
https://en.wikipedia.org/wiki/Infectious_disease
https://en.wikipedia.org/wiki/Microorganisms
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Fungi
https://en.wikipedia.org/wiki/Parasites
https://en.wikipedia.org/wiki/Viruses
https://en.wikipedia.org/wiki/Microbiologist
https://en.wikipedia.org/wiki/Pathogens
https://en.wikipedia.org/wiki/Physicians


Lec-1………………………………………………………………………………………………… تقنيات نظري 

3 
 

 

No character Prokaryotes Eukaryotes 

1 Cell type 

Usually unicellular (some 

cyanobacteria may be 

multicellular) 

Usually 

multicellular 

2 
Nucleus, Nucleolus, Nuclear 

membrane 
absent present 

3 DNA & RNA Present present 

4 Chromosome One more 

5 Genetic Recombination 
Partial, undirectional 

transfers DNA 

Meiosis and 

fusion of 

gametes 

6 

Mitochondria, Lysosomes, 

Golgi apparatus, 

Endoplasmic reticulum 

absent present 

7 Ribosome smaller Larger 

8 Cell size 1-10um 10-100um 
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ISOLATION & IDENTIFICATION OF BACTERIA 

IDENTIFICATION METHODS 

The most important task for bacteriologist is to identify the pathogens from 

the clinical sample so that appropriate treatment can be provided. 

There are several methods to identify different type of bacteria. 

1. Isolation in pure form 

2. Staining reaction 

3. Morphology of bacterial colony 

4. Metabolism 

5. Biochemical property 

1. Isolation in pure form  

Studies on the biochemical, antigenic and other characters  of bacteria can be 

done only if the organism available in the  pure form.  

Technique:  

a. Plating on solid culture media,  clinical sample is streaked  onto a solid 

medium (like: MacConkey agar, nutrient agar  or blood agar) in such a way 

so as to ensure isolated  discrete colonies. 

b. Use of selective growth condition,  most important  example of this is the 

growth of anaerobic bacteria which  will not take place in an environment 

having oxygen. 

2. Staining reaction 

a. The age of the culture is important. In older cultures, staining 

characteristics either vary or are not brought out well. Simple stains bring 

out the best morphology.  Differential and special stains are necessary to 

bring out  characteristics like: gram negative and gram positive  bacteria, 

Acid fast and non acid fast , spirochetes, capsule  and  Flagella, etc 
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a. Gram stain 

Gram stain divides the bacteria into Gram positive & Gram  negative.  

The basic procedure goes like this: 

i. Take a heat fixed bacterial smear. 

ii. Flood the smear with CRYSTAL VIOLETfor 1 minute, then wash  

with water. [PRIMARY STAIN] 

iii. Flood the smear with IODINE for 1 minute, then wash with  

Water. 

iv. Flood the smear with ETHANOL.ACETONE, quickly, then wash  

with water. [DECOLORI 

v. Flood the smear with SAFRANIN for 1 minute, then wash  with 

water. [COUNTERSTAIN] 

vi. Blot the smear, air dry and observe. 

..Examine under microscope 

i. Gram positive bacteria. violet  

ii. Gram negative bacteria. Pink 

Shape of Bacteria 

..Bacteria display three basic shapes: 

i. cocci 

ii. rod shaped –bacilli  

iii. spiral. 
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b. Ziehl -Neelsen Staining 

The Ziehl–Neelsen stain, also known as the acid-fast stain, It is a special 

bacteriological stain used to identify acid-fast organisms, 

mainly Mycobacteria. Mycobacterium tuberculosis is the most important of 

this group because it is responsible for tuberculosis (TB). 

c. India ink (capsule stain) 

The capsule stain employs an acidic stain and a basic  stain to detect capsule 

production. Capsules are formed by organisms such as Klebsiella 

pneumoniae. Most capsules are composed of  polysaccharides, but some are 

composed of  polypeptides 

3. Morphology of  the bacterial  colony: 

i. Shape: circular, irregular, radiate or rhizoid.  

 

ii. Size: diameter in mm 

iv. Elevation: flat, raised, low convex, dome shaped 

 

iv. Margin: Entire, wavy, lobate, filiform 

https://en.wikipedia.org/wiki/Acid-fast
https://en.wikipedia.org/wiki/Mycobacteria
https://en.wikipedia.org/wiki/Mycobacterium_tuberculosis
https://en.wikipedia.org/wiki/Tuberculosis
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v. Surface: smooth, wavy, rough, granular, papillate, glistening etc. 

 

IN A FLUID MEDIUM FOLLOWING CHARACTERS ARE OBSERVED 

i. Degree of growth‐Absence, scanty, moderate, abundant etc. 

ii. Present of turbidity and its nature. 

iii. Presence of deposit and its character. 

iv.   Nature of surface growth. 

iv. Ease and disintegration and odor. 

 

5. METABOLISM 

 

To classify the differentiate species following aspects are studied  

i. Requirement of oxygen  

ii.The need of co2  

iii.Capacity to form pigments  

iv.Power of  hemolysis 
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 5. Biochemical Tests:  

  - Case Study Tests  

  1. Methyl Red/Voges Proskauer 

  2. Citrate 

  3. H2S production in SIM 

  4. Motility 

  5. Lactose fermentation 

  6. Sucrose fermentation 

  7. Glucose fermentation & gas production 

  8. Triple Sugar Iron Agar (TSI) test 

           9. Indole 

   

  - Staphylococcus identification tests MSA 
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STAINING 

       Staining :- is a technique used to enhance contrast in samples, generally at the 

microscopic level and divided to types  

In vivo staining (also called  vital staining) is the process of dyeing living  tissues.   

In vitro staining involves coloring cells or structures that have been removed from 

their biological context. 

Stains (dyes):- 

Stains are generally salts in which one of the ions is colored. (A salt is a compound 

composed of a positively charged ion and a negatively charged ion.) For example, 

the dye  methylene blue is actually the salt methylene blue chloride which will 

dissociate in water into a positively charged methylene blue ion which is blue in 

color and a negatively charged chloride ion which is colorless. Commonly used 

microbiological stains generally fall into one of two categories  

- basic stains or acidic stains (although there are a few stains such as India Ink) 

which are neutral). 

A- basic dye is a stain that is cationic (positively charged) and will therefore react 

with material that is negatively charged. The cytoplasm of all bacterial cells have a 
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slight negative charge when growing in a medium of near neutral pH and will 

therefore attract and bind with basic dyes. Some examples of basic dyes are crystal 

violet, safranin, basic fuchsin and methylene blue. 

B- Acid dyes have negatively charged chromophores and are repelled by the 

bacterial surface forming a deposit around the organism. They stain the 

background and leave the microbe transparent. Nigrosine red are examples of acid 

dyes. 

    There are several staining methods that are used routinely with bacteria. 

1-Simple stain: - Simple staining techniques that enable microbiologists to observe 

the morphological characteristics of bacteria. Although simple stains are useful, 

they do not reveal details about the bacteria other than morphology and 

arrangement. 

2- DIFFERENTIAL STAINS 

Differential stains give varying results depending on the organism being treated. 

These results are often helpful in identifying the microbe 

A. Gram Stain B. Acid-fast Stain 

A- Gram stain :- The Gram stain is a differential stain commonly used in the 

microbiology laboratory that differentiates bacteria on the basis of their cell wall 

structure. Most bacteria can be divided into two groups based on the composition 

of their cell wall:- 

1) Gram-positive cell walls have a thick peptidoglycan layer beyond the plasma 

membrane.  

Characteristic polymers called teichoic and lipoteichoic acids stick out above the 

peptidoglycan and it is because of their negative charge that the cell wall is overall 

negative. These acids are also very important in the body’s ability to recognize 

foreign bacteria. Gram-positive cell walls stain blue/purple with the Gram stain. 
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2) Gram-negative cell walls are more complex. They have a thin peptidoglycan 

layer and an outer membrane outside the plasma membrane. The space between the 

plasma membrane and the outer membrane is called the periplasmic space. The 

outer leaflet of the outer membrane is composed largely of a molecule called 

lipopolysaccharide (LPS). LPS is an endotoxin that is important in triggering the 

body’s immune response and contributing to the overall negative charge of the cell. 

across the outer membrane are porin proteins that enable the passage of small 
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molecules. Lipoproteins join the outer membrane and the thin peptidoglycan layer. 

Gram-negative cells will stain pink with the Gram stain. 

  B. Acid-fast Stain (Ziehl Neelsen Acid-fast stain):- 

Mycobacterium and many Nocardia species are called acid-fast because during an 

acid-fast staining procedure they retain the primary dye carbol fuchsin despite 

decolorization   with the powerful solvent acid-alcohol (95% ethanol with 3% 

HCl). Nearly all other genera of bacteria are nonacid-fast. 

   The acid fast genera have the waxy hydroxy-lipid called mycolic acid in their 

cell walls. It is assumed that mycolic acid prevents acid-alcohol from decolorizing 

protoplasm. 
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Bacterial growth 
 

Bacterial growth is the asexual reproduction, or cell division, of a bacterium into two 

daughter cells, in a process called binary fission. Providing no mutational event occurs, 

the resulting daughter cells are genetically identical to the original cell.  

Phases 

1. During lag phase, bacteria adapt themselves to growth conditions. It is the period 

where the individual bacteria are maturing and not yet able to divide. During the 

lag phase of the bacterial growth cycle, synthesis of RNA, enzymes and other 

molecules occurs. During the lag phase cells change very little because the cells 

do not immediately reproduce in a new medium. This period of little to no cell 

division is called the lag phase and can last for 1 hour to several days. During this 

phase cells are not dormant. 

2. The log phase (sometimes called the logarithmic phase or the exponential phase) 

is a period characterized by cell doubling.
 
 The number of new bacteria appearing 

per unit time is proportional to the present population. If growth is not limited, 

doubling will continue at a constant rate so both the number of cells and the rate 

of population increase doubles with each consecutive time period. For this type of 

exponential growth, plotting the natural logarithm of cell number against time 

produces a straight line. The slope of this line is the specific growth rate of the 

organism, which is a measure of the number of divisions per cell per unit 

time. The actual rate of this growth (i.e. the slope of the line in the figure) 

depends upon the growth conditions, which affect the frequency of cell division 

events and the probability of both daughter cells surviving. Under controlled 

conditions, cyanobacteria can double their population four times a 

day. Exponential growth cannot continue indefinitely, however, because the 

medium is soon depleted of nutrients and enriched with wastes. 

3. The stationary phase is often due to a growth-limiting factor such as the 

depletion of an essential nutrient, and/or the formation of an inhibitory product 

such as an organic acid. Stationary phase results from a situation in which 

growth rate and death rate are equal. The number of new cells created is 

limited by the growth factor and as a result the rate of cell growth matches the rate 

of cell death. The result is a “smooth,” horizontal linear part of the curve during 

the stationary phase. Mutations can occur during stationary phase. Recent studies, 

presented evidence that DNA damage is responsible for many of the mutations 

arising in the genomes of stationary phase or starving bacteria.  

https://en.wikipedia.org/wiki/Asexual_reproduction
https://en.wikipedia.org/wiki/Cell_division
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Binary_fission
https://en.wikipedia.org/wiki/Bacterium
https://en.wikipedia.org/wiki/Bacterium
https://en.wikipedia.org/wiki/Cyanobacteria
https://en.wikipedia.org/wiki/Mutation
https://en.wikipedia.org/wiki/Stationary_phase_(biology)
https://en.wikipedia.org/wiki/DNA_damage_(naturally_occurring)
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4. At death phase (decline phase), bacteria die. This could be caused by lack of 

nutrients, environmental temperature above or below the tolerance band for the 

species, or other injurious conditions. 
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The Blood  

Blood is a bodily fluid in humans that delivers necessary substances such as 

nutrients and oxygen to the cells and transports metabolic waste products away 

from those same cells. Blood is a type of connective tissue that consists of blood 

cells suspended in liquid matrix (blood plasma), contains antibodies, nutrients, 

oxygen and much more to help the body work.  

Functions  

Blood performs many important functions within the body including:  

1. Supply of oxygen to tissues (bound to hemoglobin, which is carried in red cells).  

2. Supply of nutrients such as glucose, amino acids and fatty acids (dissolved in the 

blood or bound to plasma proteins).  

3. Removal of waste such as carbon dioxide, urea and lactic acid.  

4. Immunological functions, including circulation of white blood cells, and 

detection of foreign material by antibodies.  

5. Messenger functions, including the transport of hormones and the signaling.  

6. Regulation functions, including regulation of body pH, temperature and 

hydraulic.  

 

The Blood Plasma 

 

Plasma is a pale yellow fluid have total volume of (2.7–3.0) liters, It is mostly 

water (92% by volume) and contains proteins, glucose, ions, hormones and 

carbon dioxide. Plasma proteins include: 

• Albumin makes up 60% of the plasma proteins, and it functions to regulate the 

colloidal osmotic pressure of blood. 

• Globulins account for 36% of the plasma proteins, some of it are part of the 

immune system, whereas others function as transport molecules. 
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• Fibrinogen constitutes 4% of plasma proteins and responsible for the 

formation of blood clots. 

Plasma circulates dissolved nutrients, such as glucose, amino acids and fatty acids, 

and removes waste products, such as carbon dioxide, urea and lactic acid. 

The term serum refers to plasma from which the clotting proteins have been 

removed. Most of the proteins remaining are albumin and immunoglobulins. 

 

The Blood Cells  

The blood cells are mainly red blood cells (also called RBCs or erythrocytes), 

white blood cells (also called WBCs or leukocytes) and platelets (also 

thrombocytes). 

❖ Red Blood Cells 

The red blood cells are disk-shaped cells with edge thicker than center of the cell, 

contain hemoglobin that give it red color. The erythrocytes are (4.7-6.1 million) 

cell/mm3 in male, (4.2-5.4 million) cell/mm3 in female, constitute about 45% of 

whole blood. The primary functions of erythrocytes are to transport oxygen from 

the lungs to the various tissues of the body and to assist the transport of 

carbon dioxide from the tissues to the lungs. Mature red blood cells lack a 

nucleus and organelles, and unable to divide, live for about 120 days. 

 

❖ White Blood Cells 

White blood cells are spherical cells that are whitish in color. They are larger than 

erythrocytes; they have a nucleus, and can leave the blood and move by amoeboid 

Movement through the tissues . 

Leukocytes are (4,000–11,000) cell/ mm3, constitute about 0.7% of whole blood, 

consider a part of the body’s immune system; they destroy and remove old or 

abnormal cells and cellular waste, as well as attack infectious agents 
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(pathogens) and foreign substances. Leukocytes are named according to their 

appearance: 

1- Granulocytes: containing large cytoplasmic granules. There are three kinds: 

• Neutrophils are the most common type of leukocytes. They phagocytes foreign 

substances. 

• Basophils are release histamine and other chemicals that promote inflammation, 

and heparin that prevents the formation of clots. 

• Eosinophils release chemicals that reduce inflammation. 

2-Agranulocytes:  containing very small cytoplasmic granules. There are two 

kinds: 

• Lymphocytes play an important role in the body's immune response by 

production of antibodies and other chemicals. 

• Monocytes become macrophages after they leave the blood and enter tissues to 

ingest bacteria, dead cells and any other debris within the tissues. 

❖ Platelets 

Platelets are minute fragments of cells, consisting of a small amount of cytoplasm 

surrounded by a cell membrane. They are (200,000–500,000) thrombocytes, take 

part in blood clotting (coagulation) and preventing blood loss. 

Hemoglobin 

Hemoglobin is an iron-containing protein in the blood, responsible for oxygen 

transport and determinant of the blood color. Each molecule of hemoglobin 

consists of four protein chains bound to four heme groups. Each heme contains one 

iron atom, which is necessary for the normal function of hemoglobin, where is bind 

to oxygen molecule. 

Hemoglobin interaction with various molecules alters the exact color. Arterial and 

capillary bloods are bright red when its hemoglobin is oxygenated and dark red in 

veins when it is deoxygenated. 
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Production and degradation of blood cells 

The various cells of blood are made in the bone marrow in a process called 

hematopoiesis, which includes  

Erythropoiesis, the production of red blood cells;  

 myelopoiesis, the production of white blood cells and platelets. 

In the fetus, hematopoiesis occurs in several tissues such as the liver, thymus 

gland, spleen, lymph nodes and red bone marrow.  

 

Erythropoiesis is the process which produces red blood cells (erythrocytes). It is 

stimulated by decreased O2 in circulation. The proliferation and differentiation of 

red cell precursors stimulates by erythropoietin, which activates increased 

erythropoiesis in the hemopoietic tissues, ultimately producing red blood cells. 

 

The process of erythrocytes production requires vitamin B12, folic acid and iron. 

Thus lack of these can interfere with normal erythrocytes production. Healthy 

erythrocytes live for about 120 days before they are degraded by the spleen and 

liver. Hemoglobin is broken down, iron and amino acids are reused and heme 

becomes bilirubin that is secreted in bile. 
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Blood Clotting 

Blood clotting or coagulation is formation of a clot, which is a network of thread 

like protein fibers, called fibrin. The formation of a blood clot depends on a 

number of proteins found within plasma called clotting factors. There are three 

steps in the clotting process: 

1. Activation of clotting factors by exposure to connective tissues and chemicals, 

resulting in the formation of prothrombin activator (prothrombinase). 

2. Conversion of prothrombin to thrombin by prothrombinase. 

3. Conversion of fibrinogen to fibrin by thrombin. The fibrin fibers form a 

network, which traps blood cells and platelets to form the clot. 
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                                   Rupture or damage of the blood vessels 

 

                                      Activation of clotting factors 

 

                           Formation of prothrombin activator Prothrombin 

                                     Ca
++

 

 Thrombin 

 Fibrinogen Fibrin 

Ca
++

 

Blood cells & platelets Network of fibrin fibers 

 Blood clotting 

Most of the clotting factors are manufactured in the liver, and many of them 

require vitamin K for their synthesis. In addition, many of the chemical reactions 

of clotting require calcium ions and chemical release from platelets. Low levels of 

vitamin K, Low levels of calcium, low numbers of platelets, or liver dysfunction 

can seriously impair the blood clotting process. 

Blood Grouping 

In human, blood is categorized by the ABO blood group system. Blood groups are 

determined by antigens on the surface of erythrocytes. Type A blood has A 

antigens, type B blood has B antigens, type AB blood has A and B antigens, and 

type O blood does not have A or B antigens. 
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In addition, in the plasma there are proteins called antibodies. Type A blood has B 

antibodies, type B blood has A antibodies, type AB blood does not have A or B 

antibodies, and type O blood has A and B antibodies. 

When the antibodies bind to the antigens, they form molecular bridges that connect 

the erythrocytes together, and agglutination or clumping of cells occurs. This 

combination also can initiate reactions that cause hemolysis or rupture of the 

erythrocytes. It is known as transfusion reactions, are caused by interactions 

between antigens and antibodies. 

Usually a donor (person who gives blood) can give blood to a recipient (person 

who receives blood) if they both have the same blood type. Historically, people 

with type O blood have been called universal donors because they usually can 

give blood to the other ABO blood types without causing an ABO transfusion 

reaction. People with type AB blood were called universal recipients because 

they could receive type A, B, AB or O blood with little probability of a transfusion 

reaction. 

Rh Blood Groups 

Another important blood group is the Rh blood group, so named because it was 

first studied in the rhesus monkey. Rh-positive people have certain Rh antigens on 

the surface of erythrocytes, and they Rh-negative don't have these Rh antigens. 

About 85% of people are Rh-positive. 
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Bleeding time 
 

 Bleeding time is a medical test done on someone to assess their platelets function. 

It involves making a patient bleed then timing how long it takes for them to stop 

bleeding. 

 The bleeding time test is old method and indicated when other more reliable and 

less invasive tests for determining coagulation are not available. 

 Abnormal results could also indicate the following conditions: 

1. A blood vessel defect is any condition that affects how well your blood 

vessels transport blood through your body. 

2. A genetic platelet function defect is a condition present at birth that 

affects how well your platelets function. Hemophilia is one example of this 

type of defect. 

3. Primary thrombocythemia is a condition in which your bone marrow 

creates too many platelets. 

4. Thrombocytopenia is a condition that causes your body to produce too 

few platelets. 

5. Von Willebrand’s disease is a hereditary condition that affects how your 

blood coagulates, or clots. 

 

 Normal bleeding time is between 1 and 8 minutes. Results outside of that range 

could indicate a platelet defect and will require further testing.  

 

Clotting time 
 Clotting time is the time required for a sample of blood to coagulate in 

vitro under standard conditions. 

 There are various methods for determining the clotting time, the most common is 

the capillary tube method.  

 Normal value of clotting time is 8 to 15 minutes. 



Lec-8………………………………………………………………………………….تقنيات نظري 

2 
 

 Activated partial thromboplastin time (aPTT) is used for heparin studies and the 

normal range is 20–36 seconds, depending upon which type of activator is used in 

the study. 

 APTT is a basic coagulation screening test, it is useful tool for to intrinsic 

coagulation pathway 

 Prothrombin time (PT) is used for warfarin studies and the normal values differ 

for men and women. PT time for adult males' normal range is 9.6-11.8 seconds, 

while adult females' normal range is 9.5-11.3 seconds 

 PT is a basic coagulation screening test, it is useful tool for to extrinsic 

coagulation pathway 
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