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CHAPTER ONE 

1.1 Introduction to Microbiology 

Microbiology is the study of microorganisms. Microorganisms are organisms which are only 

few thousandth of millimeter in size, so they can only be seen with the microscope. It is 

concerned with their size, shapes, structures, physiology, reproduction, metabolism and 

classification. It also includes the study of their distribution in nature and their relationship to 

one another and to other organisms; their effects on human beings and other animals and 

plants; their ability to make physical and chemical changes, in their environment. 

Microorganisms can be pathogens, parasites, symbionts, commensals and saprophytes. So 

their ecological influences infiltrates into the trophic levels of life. The world of 

microorganisms is of central importance to the structure of the biosphere. 

Microorganisms include; bacteriafungi,, protozoa, algae, and viruses. Microorganisms have a 

complexity of structure and growth patterns and they have special conditions under which 

they thrive and multiply. They grow rapidly and reproduce at an unusually high rate and some 

species undergo up to 100 generations in 24 hours. These organisms have some characteristics 

which make them ideal specimens for the study of numerous fundamental life processes. 

This is possible because at the cellular level many life processes are performed in the same 

manner, whether they be microbes, animals or man. Example: the breakdown of glucose, fats 

and proteins can be the same in all the above. 

Micro-organisms (or microbes for short) play a very important role in our lives. Some 
microbes cause disease but the majority are completely harmless. In fact we couldn’t live 
without them, but they could live without us.  

These microscopic organisms play a key role in maintaining life on earth, fixing gases and 
breaking down dead plant and animal matter into simpler substances that are used at the 
beginning of the food chain. Biotechnologists can also exploit the activities of microbes to 
benefit humans, such as in the production of medicines, enzymes and food. They are also used 
to breakdown sewage and other toxic wastes into safe matter. This process is called 
bioremediation. 

Microbes are very small living organisms, so small that most of them are invisible. The 
majority can only be seen with a microscope, which magnifies their image so we can see 
them. In fact microbes are so tiny you would find over a million in a teaspoon of soil. They 
make up more than 60 % of the Earth’s living matter and scientists estimate that 2-3 billion 
species share the planet with us. 

Micro-organisms occur in an amazing variety of shapes and sizes and they are divided into 
one of 5 groups: Bacteria, viruses, fungi, Protozoa, algae. 

Microorganisms can be grown conveniently in test tubes or flasks thus requiring less space 

and maintenance than larger animals. 
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Microbes - bacteria, archaea, fungi, algae, protozoa and viruses - have been around for at least 
3,500 million years and were the only life forms on Earth for most of that time. As the Earth 
cooled, liquid water formed and the first microbial life appeared. The conditions on Earth in 
the beginning were very hostile so the first microbes probably resembled the archaea, as they 
were able to live in the extreme environments such as the high temperature found on the 
cooling planet. 

Around 2,800 million years ago, cyanobacteria, the largest and most diverse group of 
photosynthetic bacteria, probably appeared. This was an important development as these were 
the first organisms able to carry out aerobic photosynthesis. It is thought that cyanobacteria 
were responsible for raising the level of oxygen in the Earth’s atmosphere from less than 1 % 
to the 21 % of today. The presence of oxygen in the atmosphere allowed the evolution of new 
aerobic (oxygen using) species of microbes, which began to colonize every habitat on the 
planet. 

Different species of cyanobacteria formed complex microbial communities with other types of 
microbes as they evolved, and these communities have left an extensive fossil record. They 
are fossilized in structures called stromatolites, dome-shaped mounds formed by the merger of 
mineral sediments into microbial mats. Mammals and flowering plants are relative 
newcomers and only appeared around 100 million years ago. 

Microbes affect every aspect of life on earth. They have an amazing variety of shapes and 
sizes and can exist in a wide range of habitats from hot springs to the icy wastes of Antarctica 
and inside the bodies of animals and plants. Microorganisms are found in 3 of the 5 kingdoms 

i) Monera {bacteria, blue-green algae (cyanobacteria)} 

ii) Fungi {molds or moulds, yeasts} 

iii) Protista {micro algae, protozoa} 

Microbiology consists of sub-disciplines such as: 

1. Bacteriology – Study  of Bacteria 

2. Protozoology – Study of Protozoa 

3. Parasitology – Study of parasites 

4. Mycology – Study of fungi 

5. Phycology – Study of algae 

Microbes and diseases 

A few harmful microbes, for example less than 1 % of bacteria, can invade our body (the 
host) and make us ill. Microbes cause infectious diseases such as flu and measles. 

There is also strong evidence that microbes may contribute to many non–infectious chronic 
diseases such as some forms of cancer and coronary heart disease. Different diseases are 
caused by different types of micro-organisms. Microbes that cause disease are called 
pathogens. 
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Infectious disease 

Microbe that causes the disease Type of microbe 

Cold Rhinovirus Virus 

Chickenpox Varicella zoster Virus 

German measles Rubella Virus 

Whooping cough Bordatella pertussis Bacterium 

Bubonic plague Yersinia pestis Bacterium 

TB (Tuberculosis) Mycobacterium tuberculosis Bacterium 

Malaria Plasmodium falciparum Protozoan 

Ringworm Trichophyton rubrum Fungus 

Athletes’ foot Trichophyton mentagrophytes Fungus 

It is important to remember that: 

 A pathogen is a micro-organism that has the potential to cause disease. 
 An infectious disease result from the entry of an organism into the body and such 

organism is able to multiply inside or on the surface and cause damage to the host. 
 An infection is the invasion and multiplication of pathogenic microbes in an 

individual or population. 
 Disease is when the infection causes damage to the individual’s vital functions or 

systems. 
 All infection do not always result in disease! 
 Primary infections are invasion of living tissues by microorganism which may 

penetrate into healthy organs and destroy them. 
 Secondary infections are infections in which microorganism produce chemicals or 

toxins which destroy the surface layer of the organ and can grow on the destroyed 
portion. 

 Virulence is the ability of pathogens to cause a disease. 
 Invasiveness is the ability of an organism to penetrate and multiply in healthy tissues. 
 Opportunistic pathogens  are non-pathogenic microbes which can initiate infection if 

they leave their natural habitats and gain access to other parts of the body e.g. 
Coliform bacilli are mostly harmless in the gut but may cause infection in the urinary 
tract.  

 Opportunitic infections occur due to a compromise in the immune system. 
 Toxigenicity is the ability to produce chemical substances (toxins) capable of 

damaging or killing the tissues of the host directly or indirectly. 

To cause an infection, microbes must enter our bodies. The site at which they enter is known 
as the portal of entry. 

Microbes can enter the body through the following ways; 

 Respiratory tract : via inhalation e.g. Influenza virus which causes the flu 
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 Gastrointestinal tract (mouth oral cavity) by ingestion. e.g. Vibrio cholerae which 
causes cholera 

 Genital tract: by sexual intercourse e.g. Escherichia coli which causes cystitis 
 Skin: via abrasions e.g. Clostridium tetani which causes tetanus or via bite of an 

arthropod vector or other animals 
 Congenital: or vertically from mother to child. 
 Others: conjunctiva, blood transfusion, injections organ transplant. 

To make us ill microbes have to: 

 reach their target site in the body 
 attach to the target site they are trying to infect so that they are not dislodged 
 multiply rapidly microbes are ubiquitous  
 obtain their nutrients from the host 
 avoid and survive attack by the host’s immune system 

Routes of Transmission 

The spreading of microbes is called transmission. Transmission involves the following stages 

 Escape from the host or reservoir of infection (where the infectious agent normally 
lives and multiplies). 

 Transport to the new host. 
 Entry to the new host. 
 Escape from the new host. 

Different pathogens have different modes of transmission. For example respiratory pathogens 
are usually airborne and intestinal pathogens are usually spread by water or food. 

The main routes of transmission are listed below 

Person-to-person 

Touch 

A cold can be caught by shaking the hand of a person who has a cold and who has just used 
their hand to wipe their dripping nose. The mucus from the nose will be teeming with cold 
virus particles such as the rhinovirus, which causes one third of colds in adults. Once the cold 
virus particles are on the hands of the second person they are contaminated and the virus can 
be transferred into their nose by their fingers. 

Contaminated blood or other bodily fluids 

Hepatitis B and HIV can be spread through sexual intercourse or sharing used syringe needles 
contaminated with infected blood. 

Saliva 

A cold or the flu can be caught from the saliva of an infected person when you kiss them. 
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Air 

Measles, mumps and tuberculosis can be spread by coughing or sneezing. A cough or a 
sneeze can release millions of microbes into the air in droplets of mucus or saliva which can 
then infect somebody else if they breathe in the infected particles. 

Food 

Microbes need nutrients for growth and they like to consume the same foods as humans. They 
can get into our food at any point along the food chain from ‘plough to plate’. Therefore great 
care must be taken at every stage of food production to ensure that harmful microbes are not 
allowed to survive and multiply. If they do they can cause the unpleasant symptoms of food 
poisoning such as sickness and diarrhoea, when the contaminated food is eaten. 

Microbes can be spread from one food to another during the preparation process, for example 
by unclean hands, or dirty kitchen utensils, and cause illness when those foods are eaten. This 
is known as cross-contamination. 

Water 

Some diseases are caused by drinking water that is contaminated by human or animal faeces, 
which may contain disease-causing microbes. Clean water, hygiene and good sewerage 
systems prevent the spread of water-borne diseases such as typhoid and cholera. 

Insects 

Insects are responsible for spreading many diseases. Malaria is spread from person to person 
by certain species of female mosquito carrying the protozoan Plasmodium falciparum. The 
parasite enters the human host when an infected mosquito takes a blood meal. Bubonic plague 
(Black Death) is a bacterial disease of rodents caused by Yersinia pestis. It can be spread to 
humans and other animals by infected rat fleas. People usually get plague from being bitten 
by a rodent flea that is carrying the plague bacterium. 

Insects can also transmit pathogens to food; house flies are very good at spreading Salmonella 
and E.coli. They feed on faecal waste and transfer microbes from their feet and other body 
parts to food. The microbe does not invade or multiply inside the fly. 

Fomites 

This is a non-living object such as beddings, towels, toys and barbed wire that can carry 
disease-causing organisms. The fungus Trichophyton that causes athlete’s foot can be spread 
indirectly through towels and changing room floors. The fungus thrives in the damp warm 
environment found between the toes. The skin between the fourth and fifth toe is usually 
affected first. A flaky itchy red rash develops. The skin becomes cracked and sore and small 
blisters may appear. If the infection is left untreated it can spread to other parts of the body. 

Immune system 
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An infection can be seen as a battle between the invading pathogens and the host. Our bodies 
are equiped to fight off invading microbes that may cause disease. These are called our 
natural defenses. 

First Line of Defense 

The first line of defense is non–specific and aims to stop microbes from entering the body. 
The skin and mucus membranes act as a physical barrier preventing penetration by microbes. 

If the skin is cut then the blood produces a clot which seals the wound and prevents microbes 
from entering.  

The surfaces of the body – the skin, digestive system, and the lining of the nose – are covered 
by a community of microbes called the normal body flora. They help to protect a host from 
becoming infected with more harmful micro-organisms by acting as a physical barrier. The 
normal body flora colonies these linings which reduces the area available for pathogens to 
attach to and become established. It also means that the harmful microbes have to compete 
with the normal body flora for nutrients. The average human gut contains around 1 kg of these 
good bacteria which is equivalent to one bag of sugar. 

The respiratory system – the nose and passageways leading to the lungs – is lined with cells 
that produce sticky fluid called mucus that traps invading microbes and dust. Tiny hairs called 
cilia move in a wave-like motion and waft the microbes and dust particles up to the throat, 
where they are either coughed or sneezed out or swallowed and then passed out of the body in 
feces 

The body produces several antimicrobial substances that kill or stop microbes from growing. 
For example the enzymes in tears and saliva break down bacteria. 

The stomach produces acid which destroys many of the microbes that enter the body in food 
and drink. 

Urine as it flows through the urinary system flushes microbes out of the bladder and urethra. 

Second Line of Defense 

If microbes do manage to get inside the body then the second line of defense is activated. This 
is also non-specific as it stops any type of microbe. Phagocytes are a type of white blood cell 
that moves by amoeboid action. They send out pseudopodia which allow them to surround 
invading microbes and engulf them. Phagocytes release digestive enzymes which break down 
the trapped microbes before they can do any harm. This process is called phagocytosis.  

Third line of defense 

The third and final line of defense is the immune response. The invading microbe or pathogen 
is called an antigen. It is regarded as a threat by the immune system and is capable of 
stimulating an immune response. 
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Antigens are proteins that are found on the surface of the pathogen. Antigens are unique to 
that pathogen. The whooping cough bacterium, for example, will have different antigens on 
its surface from the TB bacterium.  

When an antigen enters the body, the immune system produces antibodies against it. 
Antibodies are always Y-shaped. It is like a battle with the army (antibody) fighting off the 
invader (antigen). A type of white blood cell called a lymphocyte recognizes the antigen as 
being foreign and produces antibodies that are specific to that antigen. Each antibody has a 
unique binding site shape which locks onto the specific shape of the antigen. The antibodies 
destroy the antigen (pathogen) which is then engulfed and digested by macrophages. 

White blood cells can also produce chemicals called antitoxins which destroy the toxins 
(poisons) some bacteria produce when they have invaded the body. Tetanus, diphtheria and 
scarlet fever are all diseases where the bacteria secrete toxins. 

Once the invading microbes have been destroyed the immune response winds down. 

Once a person has had a disease they don’t normally catch it again because the body produces 
memory cells that are specific to that antigen. The memory cells remember the microbe which 
caused the disease and rapidly make the correct antibody if the body is exposed to infection 
again. The pathogen is quickly destroyed preventing symptoms of the disease occurring. 

 

Vaccination 

A vaccine is a substance that is introduced into the body to stimulate the body’s immune 
response. It is given to prevent an infectious disease from developing and the person 
becoming ill. 

Vaccines are made from microbes that are dead or inactive so that they are unable to cause the 
disease. The antigen in the vaccine is the same as the antigen on the surface of the disease-
causing microbe. The vaccine stimulates the body to produce antibodies against the antigen in 
the vaccine. The antibodies created will be the same as those produced if the person was 
exposed to the pathogen. If the vaccinated person then comes into contact with the disease-
causing microbe, the immune system remembers the antibodies it made to the vaccine and can 
make them faster. The person is said to be immune to the pathogen. 

Vaccines are usually given by an injection. The measles vaccine is combined with the mumps 
and rubella (German measles) vaccines and is given as a single injection at 12 – 18 months 
and again at 4 years. It is called the MMR vaccine. When enough people are vaccinated 
against a disease it is possible for that disease to be eliminated from the world e.g. in 1980 
The World Health Organization announced that smallpox had been eradicated. 

Herd immunity 

Not only do vaccines protect individuals, they also provide ‘herd immunity’. Herd immunity 
is the resistance of a group of people to an infection. It arises due to the immunity of a high 
proportion of the population, for example because they have been vaccinated or been exposed 
to the pathogen before. If this proportion is high enough then the small number of people who 

Contact Camertutos 682734373 (Whatsapp) 

Camertutos.com

Camertutos.com   votre meilleur site éducatif

camertutos.com


Page 10 of 40 
 

have no immunity will be protected because there are not enough susceptible people to allow 
transmission of the pathogen. The herd immunity thresholds (the percentage of population 
that need to be immune) are quite high. For polio it is 80 – 86 % and for diphtheria 85 %. 
Herd immunity will only work for diseases that are transmitted between people and not for 
diseases that can be caught from animals or other reservoirs of infection.  

1.2 HISTORY OF MICROBIOLOGY 

The birth of microbiology occurred in 1632 to 1723 in Delft Holland. Anton Van 

Leeuwenhoek, a successful linen merchant was the first to observe the mysterious and 

exciting world of microorganisms. For 50 years until his death in 1723, he continued to watch 

microorganisms with the aid of a small simple (one lens) microscope.

 

With his crude lens system, Van leeuwenhoek was able to clearly see objects magnified about 

200 times. During the course of his work, he came across the tiny microbes that he alternately 

called “animalcules” or “wee beasties”. He found them first in rain water, then in pond water, 

later from material from his own teeth, stool, surfaces and eventually in most of the specimens 

that he examined.  

As he recorded in a letter to the royal society of London, he said “…I saw very little 

animalcules where some were roundish, while others a bit bigger consisted of ovals. On the 

last, I saw two little legs near the head and two little fins at the hindmost end of the body [….I 

judged that some of these little creatures were about a thousand times smaller than some of 

the smallest creatures I have ever seen. This later became the first known description of 

protozoa and algae.]” 

In another later he wrote “…… while I was talking to an old man my eyes fell upon his teeth 

which were coated over… so I took some spittle (saliva) out of his mouth and examined it. 

The biggest organisms bent their bodies into curves on going forward. This led to the 

discovery of bacteria in the human mouth. He was the first to actually describe the main kinds 

of unicellular microorganisms known today. We have algae, the thread-like fungi, yeast, and 

bacteria. He drew various bacteria shapes such as cocci, bacilli, and spirochaetes.  

In addition to diversity, and ubiquity, he also emphasized on the incredible abundance of 

microorganisms in nature. He also observed the microscopic structure of the seed and the 

embryo of plants and small invertebrate animals. He discovered the existence of the 
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spermatozoa, and the red blood cells. He is thus considered the father of Bacteriology, 

Hematology and protozoology. 

After Leeuwenhoek death, work on the microbial world was neglected, because he was 

suspicious and secretive, he had invited no one to work with him or had he shown anyone 

how he ground his lenses or constructed his microscope so the science of microbiology 

developed slowly. 

The science of microbiology developed slowly for two reasons; 

 They were no microscope and technology available, of magnifying lens system.  

 Most scientists considered microorganisms as idle curiosities and diseases where 

associated with magic and mysticisms and simply believed that it was not possible for 

these tiny creatures to be deadly. 

1.2.1 THE THEORY OF SPONTANEOUS GENERATION 

One of the questions that the discovery of these microbes prompted/posted concerned the 

origin of these microscopic forms. The theory of spontaneous generation states that the 

organisms invisible to the naked eye can arise spontaneously from decomposing organic 

matter. With this theory scientists began to wonder about the origin of microorganisms.  

The general approach to determine whether microbes could arise spontaneously consisted of 

boiling the organic material to kill all forms of life and then sealing the vessels from air. The 

appearance of a turbid solution signals the presence of microorganisms, and then supported 

the theory of spontaneous generation. The results from these types of experiment however 

varied with different investigators. The idea of spontaneous generation led to a debate that 

gave birth to the development of most Scientific methods.  

 

 Francesco Redi (1626 – 1697):  

He was an Italian biologist. He discredited the belief that maggots from rotten meat came 

from meat itself by demonstrating that maggots appear on decaying meat only when flies are 

able to lay eggs on the meat, that is, fly maggots do not arise from decaying meat (as others 

believed) if the meat is covered to prevent the entry of flies.  

In his experiment, he placed meat in 3 identical jars where one jar was covered and the other 

allowed for flies to come in contact with the meat. He covered the other jar with a cloth that 

allowed air to pass through. He proved that contact with the air allowed the meat to decay and 

no maggot was seen on it. However, only the jar with meat that came in contact with flies 

produced maggots.  
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His experiment was then regarded as one of the first steps in refuting "spontaneous 

generation" - a theory also known as 

wisdom was that maggots formed naturally from rotting meat.

.John Needham (1713-

The idea of spontaneous generation again gained favour when John Ne

that boiled broth when allowed in open air became cloudy or turbid due to the presence of 

microorganisms. He proposed that tiny organisms arose spontaneously in his 

(sheep meat sauce). He had covered the flask with corks as Redi h

heated some flasks. Still the microbes appeared after he had allowed the flask open for days. 

The believers of spontaneous generation were happy that this experiment had proved the 

theory of spontaneous generation. However, not all the

so further experiments had to be

His experiment was then regarded as one of the first steps in refuting "spontaneous 

a theory also known as Aristotelian abiogenesis. At the time, prevailing 

wisdom was that maggots formed naturally from rotting meat. 

-1781) (An English cleric):  

The idea of spontaneous generation again gained favour when John Ne

that boiled broth when allowed in open air became cloudy or turbid due to the presence of 

microorganisms. He proposed that tiny organisms arose spontaneously in his 

(sheep meat sauce). He had covered the flask with corks as Redi had done and had even 

heated some flasks. Still the microbes appeared after he had allowed the flask open for days. 

The believers of spontaneous generation were happy that this experiment had proved the 

theory of spontaneous generation. However, not all the scientific community was convinced, 

so further experiments had to be done. 
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The idea of spontaneous generation again gained favour when John Needham showed 

that boiled broth when allowed in open air became cloudy or turbid due to the presence of 

microorganisms. He proposed that tiny organisms arose spontaneously in his mutton gravy 

ad done and had even 

heated some flasks. Still the microbes appeared after he had allowed the flask open for days. 

The believers of spontaneous generation were happy that this experiment had proved the 

community was convinced, 
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 Lazzaro Spallanzani in (1729

He attempted to refute Needham’s work by boiling the flask for longer periods, and by 

sealing them shut by melting the glas

Spallanzani heated the broth, allowed to cool at room temperature and whether he 

sealed the container or not, growth did appear. He then brought the experiment one step 

further. He in this case again heated the broth to destroy the microor

immediately sealed the flask. No growth occurred but when the flask was opened up and 

allowed to seat at room temperature, microorganisms grew on it.

Question: What happens when you actually boil a container and seal it before you

contents to cool at room temperature? What you are creating is actually a vacuum seal inside 

that container. So, the believers in spontaneous generation did not want to let this go. They 

quickly said that there is some vital component that must 

microorganisms to spontaneously be derived from the broth, and the only thing that is absent 

in the vacuum container is air. So, the believers in the spontaneous generation concluded that 

air is a vital component and mu

experiment did not lead to anywhere, we had to wait for one more experiment.

The experiments of Needham and Spallanzani differed in two ways:

infusion for a longer time and sealed the flask by melting the neck of the flasks. He demonstrated for a 

100 experiments that the infusion will remain free from microorganisms indefinitely. However if the 

neck of the flask cracks then the broth rapidly becomes turbid. Spallanzani then

microbes might have entered the infusion through the unsterilized air. The controversy however was 

far from over. Spontaneous generation continued to be reported for following 100 years by 

investigators who either did not boil the infus

 Louis Pasteur (1822-1895):

in (1729- 1799), an Italian Cleric 

He attempted to refute Needham’s work by boiling the flask for longer periods, and by 

sealing them shut by melting the glass in the neck.   

Spallanzani heated the broth, allowed to cool at room temperature and whether he 

sealed the container or not, growth did appear. He then brought the experiment one step 

further. He in this case again heated the broth to destroy the microorganisms, but this time he 

immediately sealed the flask. No growth occurred but when the flask was opened up and 

allowed to seat at room temperature, microorganisms grew on it. 

What happens when you actually boil a container and seal it before you

contents to cool at room temperature? What you are creating is actually a vacuum seal inside 

that container. So, the believers in spontaneous generation did not want to let this go. They 

quickly said that there is some vital component that must be present in the flask to allow the 

microorganisms to spontaneously be derived from the broth, and the only thing that is absent 

in the vacuum container is air. So, the believers in the spontaneous generation concluded that 

air is a vital component and must be present for spontaneous generation to occur. So, this 

experiment did not lead to anywhere, we had to wait for one more experiment.

The experiments of Needham and Spallanzani differed in two ways:-Spallanzani boiled the 

d sealed the flask by melting the neck of the flasks. He demonstrated for a 

100 experiments that the infusion will remain free from microorganisms indefinitely. However if the 

neck of the flask cracks then the broth rapidly becomes turbid. Spallanzani then

microbes might have entered the infusion through the unsterilized air. The controversy however was 

far from over. Spontaneous generation continued to be reported for following 100 years by 

investigators who either did not boil the infusion long enough or sealed the flasks perfectly. 

1895): 
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He attempted to refute Needham’s work by boiling the flask for longer periods, and by 

Spallanzani heated the broth, allowed to cool at room temperature and whether he 

sealed the container or not, growth did appear. He then brought the experiment one step 

ganisms, but this time he 

immediately sealed the flask. No growth occurred but when the flask was opened up and 

What happens when you actually boil a container and seal it before you allow the 

contents to cool at room temperature? What you are creating is actually a vacuum seal inside 

that container. So, the believers in spontaneous generation did not want to let this go. They 

be present in the flask to allow the 

microorganisms to spontaneously be derived from the broth, and the only thing that is absent 

in the vacuum container is air. So, the believers in the spontaneous generation concluded that 

st be present for spontaneous generation to occur. So, this 

experiment did not lead to anywhere, we had to wait for one more experiment. 

 

Spallanzani boiled the 

d sealed the flask by melting the neck of the flasks. He demonstrated for a 

100 experiments that the infusion will remain free from microorganisms indefinitely. However if the 

neck of the flask cracks then the broth rapidly becomes turbid. Spallanzani then concluded that the 

microbes might have entered the infusion through the unsterilized air. The controversy however was 

far from over. Spontaneous generation continued to be reported for following 100 years by 

ion long enough or sealed the flasks perfectly.  
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Also known as the father of microbiology

neck flask experiment which allowed air to come in contact with the broth. Louis Pasteur beli

that microbes are present in the air. He also believed that microbes were the cause of making people 

sick, that is, air-borne microbes can cause disease and can be spread from one person to another. This 

is the basis of the Germ theory of disease

prove it.  The Germ Theory of disease states that: Some diseases are caused by microbes and such 

diseases are called infectious diseases. 

However, Pasteur disproved the theory of spontaneous generation u

experiment. 

Louis Pasteur worked in the middle and late 1800s. He performed numerous experiments to 

discover why wine and dairy products became sour, and he found that bacteria were to blame. Pasteur 

called attention to the importance of microorganisms in everyday life and stirred scientists to think that 

if bacteria could make the wine “sick,” then perhaps they could cause human illness. 

Pasteur had to disprove spontaneous generation to sustain his th

a series of swan‐necked flasks 

flasks had a curve in the neck so that microorganisms would fall into the neck, not the broth. The 
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The development of microbiology 

In the late 1800s and for the first decade of the 1900s, scientists seized the opportunity to 

further develop the germ theory of disease as enunciated by Pasteur and proved by Koch. There 

emerged a Golden Age of Microbiology during which many agents of different infectious diseases 

were identified. Many of the etiologic agents of microbial disease were discovered during that period, 

leading to the ability to halt epidemics by interrupting the spread of microorganisms.  

Despite the advances in microbiology, it was rarely possible to render life‐saving therapy to an 

infected patient. Then, after World War II, the antibiotics were introduced to medicine. The incidence 

of pneumonia, tuberculosis, meningitis, syphilis, and many other diseases declined with the use of 

antibiotics.  

Work with viruses could not be effectively performed until instruments were developed to 

help scientists see these disease agents. In the 1940s, the electron microscope was developed and 

perfected. In that decade, cultivation methods for viruses were also introduced, and the knowledge of 

viruses developed rapidly. With the development of vaccines in the 1950s and 1960s, such viral 

diseases as polio, measles, mumps, and rubella came under control.  

Modern microbiology. Modern microbiology reaches into many fields of human endeavour, 

including the development of pharmaceutical products, the use of quality‐control methods in food and 

dairy product production, the control of disease‐causing microorganisms in consumable waters, and 

the industrial applications of microorganisms. Microorganisms are used to produce vitamins, amino 

acids, enzymes, and growth supplements. They manufacture many foods, including fermented dairy 

products (sour cream, yogurt, and buttermilk), as well as other fermented foods such as pickles, 

sauerkraut, breads, and alcoholic beverages.  

One of the major areas of applied microbiology is biotechnology. In this discipline, 

microorganisms are used as living factories to produce pharmaceuticals that otherwise could not be 

manufactured. These substances include the human hormone insulin, the antiviral substance interferon, 

numerous blood‐clotting factors and clot dissolving enzymes, and a number of vaccines. Bacteria can 

be reengineered to increase plant resistance to insects and frost, and biotechnology will represent a 

major application of microorganisms in the next century.  

Germ Theory of disease 

Robert Koch (1843-1910) 

Previously, people thought that disease was punishment for an individual's crimes, due to 

poisonous vapours, and/or an imbalance of the "four humours" which are blood, mucus, black and 

yellow bile. It was only in 1876 that Robert Koch definitively proved that Bacillus anthracis caused 

the disease anthrax in cows and Mycobacterium tuberculosis caused the disease tuberculosis using 

Koch's postulates.He also isolated the bacteria that cause tuberculosis, Mycobacterium tuberculosis, 

cholera caused by Vibro cholera, tetanus caused by Clostridium tetani, Typhoid fever caused by 

Salmonella typhi, diphtheria caused by Corynebacterium  diphtheria and others.  Koch was 
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determined to learn more about anthrax and in 1876 he presented his Germ Theory of Diseases.  Koch 

established his germ theory of disease which came to be known as Koch Postulates.

He injected pure cultures of the bacilli into mice and showed that the bacilli invariably caused anthrax. 

The procedures used by Koch came to be known as 

principles whereby other microorganisms could be related to other 

most recent techniques used in microbiology.

The steps of Koch's postulates used to relate a specific microorganism to
Microorganisms are observed in a sick animal and (b) cultivated in the laboratory. (c) The 
organisms are injected into a healthy animal, and (d) the animal
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The steps of Koch's postulates used to relate a specific microorganism to a specific disease. (a) 
Microorganisms are observed in a sick animal and (b) cultivated in the laboratory. (c) The 
organisms are injected into a healthy animal, and (d) the animal 
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Koch’s postulates: proof of germ theory of disease 

The German scientist Robert Koch in 1876 formulated his famous Koch’s postulates to prove the 

causative agents of disease. Thus, before a microorganism could be said to be the cause of a specific disease, the 

agent must fulfil the following 4 postulates: 

1. The suspected microorganism must be found in abundance in all organisms suffering from the disease, 

but should not be found in healthy organisms. 

2. The microorganisms must be isolated from all diseased organisms and grown in pure culture.  

3. The cultured microorganism should cause disease when introduced into a healthy organism. 

4. The same organism must be re-isolated from the injected test animal and identified as being identical to 

that original specific causative agent. 

N/B: These postulates were proposed before the discovery of viruses and other strict parasites, which 

cannot grow on inanimate (dead or non-living) media, and subsequently Koch’s postulate cannot be fulfilled for 

every disease.  

Modern addition to Koch’s Postulates 

Nowadays, additional postulate is mentioned i.e. Specific antibody to the pathogen should be detectable 

in the serum during the course of the disease. 

It has not been possible to fulfil every one of Koch’s postulates, but by adhering to them as closely as 

possible, serious errors have been prevented. 

Exceptions to Koch’s postulates 

1.  Many healthy people carry pathogens but do not exhibit symptoms of the disease.  

2.  Some microbes are very difficult or impossible to grow in vitro (in the laboratory) in artificial media. Eg. 

Mycobacterium leprae and Treponema pallidum 

3. Many species are species specific. Eg. Brucella abortus cause abortion in animals but no report in humans.  

4. Certain diseases develop only when an opportunistic pathogen invades immunocompromised host. 

Important points to note from Louis Pasteur’s work 

 Microorganisms can be present in non-living matter such as solids, liquids and air 

 Microbial life can be destroyed by heat 

 Methods can be devised to block the access of airborne microorganisms to nutrient environments 

 These techniques are now standard practices in laboratories and during medical procedures as well as in 

the food industries to prevent the spoilage of food. 

Once it was realised that pathogens were the cause of specific diseases, early microbiologists set up to 

discover ways to prevent the spread of these diseases and to prevent them from happening at all. This led to the 

discovery of vaccination by the scientist called Edward Jenner (1749-1823).He discovered and developed the 
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first vaccine. He noticed that milk maids who had cow pox were not infected by small pox. So he injected cow 

pox into volunteers and these volunteers did not get small pox. 

Paul Ehrlich (1854-1915), a German bacteriologist, was working with some dyes and he hypothesised that these 

dyes could selectively target a disease causing organism, killing that organism while causing little or no harm to 

the host. This led to the beginning of the study of antimicrobials.  

b Elie Metchnikoff  

He was a Russian zoologist who discovered that certain cells in the blood could engulf foreign particles 

such as bacteria or cells and protect the body against infectious diseases. He called these cells; 

phagocytes and this discovery form the basic in the field of immunology. 

e)Tyndall’s Experiments 

Tyndall realized that different infusions required widely varied boiling times in other to be sterile. He 

noted that some bacteria existed in two forms; a heat labile form (vegetative cell) and a heat resistant 

form (the endospore). Tyndall developed a procedure for destroying even the most resistant forms. This 

consisted of boiling the infusion intermittently (at intervals). The spores germinate into vegetative forms 

at intervals between heating and were readily killed by the next round of heating. 

   Germination  
spores       Vegetative cell 
   sporulation  
 
This technique is known as Tyndallization. Today we live in the Golden age of virology were many viral 

diseases such as polio, measles, small pox, mumps etc are disappearing from the fabric of life, much as 

the bacterial diseases declined at the turn of the century. Thanks to all the researchers who contributed in 

one way or the other to make microbiology a reality. 

 

 

CHAPTER TWO 

2.0 CLASSIFICATION OF LIVINGORGANISMS  

2.1 CLASSIFICATION OF MICROORGANISMS 

Classification is the organisation of organisms into progressively more inclusive groups on the basis of 

either phenotypic similarity, genotypic similarity, or evolutionary (ancestry) relationship, called 

phylogenetic classification. It can equally be referred to as the arrangement of organisms into taxa. 

Before the discovery of microorganisms, all living things were thought to belong to either animal or 

plant kingdom. Increased knowledge coupled with the discovery of varieties of microorganisms 

(protozoa, fungi, bacteria, viruses, algae etc) brought some confusion as to where to place 
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microorganisms within the two kingdoms (Plant and Animal) of living things. In addition, these many 

varieties of microorganisms needed to be differentiated from each other. Taxonomy is the Science of 

biological classification. It is the process of dividing organisms into ordered groups based on biological 

relationship between them. In a broader sense, taxonomy consists of three separate but interrelated parts: 

classification, nomenclature, and identification. Nomenclature is a branch of taxonomy concerned 

with the assignment or giving names to taxonomic groups in agreement with published rules. That is, 

labelling of groups and of individual groups is known as nomenclature. Identification is the practical 

side of taxonomy, the process of determining if a particular organism/bacteria/isolate belongs to a 

recognised taxon. 

The whole process of classifying microorganisms is highly complicated and many workers have chosen 

to approach the topic from different perspectives. 

 Classification systems 

a. The Three-Kingdom Classification. 

In 1866 the German scientist Ernst H. Haeckel proposed a new system to separate microorganisms and 

distinguish them from the plant and animal kingdoms which were the only two divisions known at that 

time. Haeckel grouped all microorganisms including bacteria, protozoa, algae and fungi in a new third 

kingdom known as Protista. At that time there was a plethora (excess) of newly identified  

microorganisms  as a  result  of  both Pasteur and  Koch  work  and  the  new kingdom Protista  came  to  

include all the newly discovered microorganisms that share plant and animal characteristics but were not 

plants or animals.  

b. The Five-Kingdom Classification 

No classification system is completely accepted by all biologists. One of the most widely accepted is the 

five-kingdom classification. In the 20th century, advances in cell biology led scientists to question the 

two- or three- kingdom classification. In 1969 Robert H. Whittaker proposed a system that classified 

all living organisms into five kingdoms. It places all prokaryotes (microorganisms that lack a cell 

nucleus), in the kingdom monera (prokaryotae). 

 Kingdom Monera (bacteria).  

 Kingdom Protista (unicellular algae and protozoa).  

 Kingdom Fungi (mushrooms, mold and yeast).  

 Kingdom Plantae (multicellular plants).  

 Kingdom Animalia (multicellular animals).   

Consequently, microorganisms comprised three out of the five kingdoms of Whittaker classification 

(Monera, Protista and Fungi).  
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c. Two types of cellular organizations, Prokaryotes and Eukaryotes 

In the 1940’s and 1950’s the electron microscope was being developed and was able to magnify objects 

and cells thousands of times more than a typical light microscope. Following this development, all living 

things could be put into two basic categories namely, prokaryotes and eukaryotes. Based on the 

Whittaker five-kingdom classification only one kingdom (Monera) is prokaryotic while the four other 

kingdoms (Protista, Fungi, Plantae, and Animalia) are eukaryotic.  

d. The three-domain system classification  

In  the  1970’s  and  with  the  advent  of  new  techniques  in  molecular  biology and biochemistry Carl 

Woese proposed the three-domain system or super-kingdoms for classification of living organisms.   

 Domain Archaea (Archaebacteria) 

 Domain Eubacteria 

 Domain Eukarya (Eukaryotes) 

The  Archaea  included  a  group  of  bacteria  that  were  formally  known  as archaebacteria  

(archae=old)  and  were  known  for  their  ability  to  live  under  harsh environmental conditions that 

were dominant in early stages of life. The Eubacteria (true  bacteria)  included  all  other  types  of  

bacteria  (Similar  to  kingdom  Monera  but without the archaebacteria). The separation between these 

two types of bacteria as distinct domains was based on the differences in the composition of their cell 

walls, lipid  composition  of  their  membranes,  the  sequence  of  their  ribosomal  RNA  (the RNA  

component  of  the  ribosome),  and  their  sensitivity  to  different  antibiotics. These  differences  were  

only  discovered  after  the  advances  in  molecular  biology techniques at that time and were confirmed 

with more studies that were done in the 1990’s  when  it  became  feasible  to  know  the  complete  

sequence  of  DNA  of  many bacterial species.  The third  and  last  domain:  domain  Eukarya  

comprised  the  four remaining  kingdoms  of  Whittaker  (Protista,  Fungi,  Plantae  and  Animalia). 

Consequently, the first two domains (Archaea and Eubacteria) are Prokaryotes while the last domain 

(Eukarya) is Eukaryotic. 

 How species are grouped 

Scientists classify organisms using a series of hierarchical categories called taxa (taxon, singular). This 

hierarchical system moves upward from a base containing a large number of organisms with very 

specific characteristics. This base taxon is part of a larger taxon, which in turn becomes part of an even 

larger taxon. Each successive taxon is distinguished by a broader set of characteristics.  

The base level in the taxonomic hierarchy is the species. Broadly speaking, a species is a group of 

closely related organisms that are able to interbreed and produce fertile offspring (see Species and 

Speciation). On the next tier of the hierarchy, similar species are grouped into a broader taxon called a 
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genus (genera, plural). The remaining tiers within the hierarchy are formed by grouping genera into 

families, then families into orders, and orders into classes. In the classification of animals, bacteria, 

protists (unicellular organisms, such as amoebas, with characteristics of both plants and animals), and 

fungi, classes are grouped into phyla (see Phylum), while plant classes are grouped into divisions. Both 

phyla and divisions are grouped into kingdoms. Some scientists go on to group kingdoms into domains. 

Carl Linnaeus developed the system for naming organisms in 1735. This system is referred to as 

binominal nomenclature (Organisms except viruses are named using binomial nomenclature). 

Binomial nomenclature employs the names of the two level taxa, genus and species. Each organism is 

assigned two Latinized names because Latin or Greek was the traditional language used by scholars. 

The first name is called the genus. The second name is called specific epithet, which is the name of the 

species, and it is not capitalized. The genus and the epithet appear italicized. Genus comes before 

species (e.g., Escherichia coli). Genus name is always capitalized (e.g., Escherichia). Species name is 

never capitalized (e.g., coli). Both names are always either italicized or underlined separately (e.g 

Escherichia coli). The genus name may be used alone, but not the species name (i.e saying or writing 

“Escherichia “alone is legitimate while saying or writing “coli” is not). 

 
2.2BASIC CELL TYPES: 

 They are two distinct cell types 

i) The Prokaryotic cells 

ii) The Eukaryotic cells 

The prokaryotic and eukaryotic cells differ in several respects.The prokaryotes are simple organisms 

composed of single cells and have no membrane bound intra-cellular organelles. They lack a well 

defined nucleus and their ribosomes are free in the cytoplasm. Eukaryotes are organisms whose cells are 

more complex. They include certain microscopic forms as well as higher organisms. All eukaryotes 

possess a true nucleus with a well-defined nuclear membrane. 

2.2.1Some Major Differences between Prokaryotic and Eukaryotic Cells 

Prokaryotic cells Eukaryotic cells 

a. Have a few internal organelles Have many organelles 

b. Have no true nucleus or nuclear 

membrane 

Have a well define nucleus and nuclear 

membrane 

c. Chlorophyll is dissolved in the 

cytoplasm 

Chlorophyll is contained in the chloroplast 

d. Have a single chromosome Have multiple chromosomes 

e. No evidence of mitosis Mitosis 

f. Reproduction is by binary fusion Reproduction is by fusion of gametes 

g. The cell wall has unique chemical Cell if present varies between organisms 
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characteristics 

h. Mitochondrion is absent Mitochondrion absent 

i. Proteins are not bounded to DNA  Proteins are bounded to DNA 

j. Cytoplasmic streaming is 

absent(movement of fluid inside 

cytoplasm) 

Cytoplasmic streaming is present 

k. They are smaller in size They are larger in size 

l. DNA in the nucleus is not bounded 

by a membrane 

DNA in the nucleus is bounded by a 

membrane 

m. No tissue formation Tissue formation 

n. No steriols Presence of steriols 

 

 

2.3CHARACTERS INVOLVED IN THE CLASSIFICATION OF MICROORGANISMS 

2.3.1Morphorlogical characteristics 

 This is the science of the study of size, shape, structure and arrangement of cells 

2.3.2. Chemical Characteristics 

Biochemical characteristics are commonly used to identify microbes.  In the laboratory, microbes are 

inoculated into various types of media that contain different carbohydrates and other nutrients to 

determine if and how the organisms use them.  Each species has its own set of nutritional requirements.  

These can often be used to differentiate between them. 

This involves staining properties, Biotyping. Organisms can also be differentiated based on factors such 

as nutritional requirements, products of metabolism and ability to carry out fermentation of a particular 

food product with either the production of acids, alkaline and gases. 

2.3.3Cultural Characteristics (Growth requirements) 

This refers to the conditions under which the organism will grow best. It may be aerobic, anaerobic, 

facultative etc.as cultural, including colony shape, size, elevation and how colonies grow on different 

types of microbiological media, including agar plates, slants and broths. 

 

2.4.4Antigenic Characteristics 

 

Serology, the study of immunological reactions between immunoglobulins or antibodies, can help 

identify microbes.  Antibodies produced by a host as defense against infection are very specific for 

proteins or other structures found on the outer surface of microbes.  Simple agglutination tests, as well 

as more complex enzyme-linked antibody tests are often employed in the identification process. 

These are special chemical components of microorganisms which are distinctive in these 

microorganisms and are involved in the production of antibodies in the vertebrate host. The antibodies 

are specific to antigens. 
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All viruses are very specific for the type of host cell they infect.  This specificity can be used to identify 

bacteria, since those viruses that infect only bacteria (bacteriophages) will only attack individual species.  

By infecting unknown bacteria with different phage types, one can determine species. 

2.5.5Pathogenicity; It is the ability of an organism to cause a disease in various plants, animals or in 
other microorganisms. 

2.6.6Ecological characteristics; Habitat and distribution of organisms in nature and the interaction 
between and among species in a natural environment may be characteristic of organisms 

2.4FACTORS AFFECTING THE GROWTH OF MICROORGANISMS 

a) Temperature 

 As in every living organism temperatures affect the rate of all processes in microorganisms, 

There is a minimum temperature below which growth does not occur and a maximum temperature 

above which the organism dies and optimum temperature in which it grows most successfully. 

Base on temperature relationship microorganisms can be broadly divided into the following: 

i) Psychophiles: They grow actively at temp between 0 – 25oC, optimum growth occurs at 20oC. e.g 

Pseudomonas fluorescens, Clamydia mialis. 

ii) Mesophiles: They grow actively between 20 – 45oC and optimum growth occurs at 35oC and at 37oC. 

E.g E. coli, Neisseria gonorrhea 

iii)Thermophiles: They have a temperature tolerance of between  45 – 60oC but the optimum occurs at 

50 – 55oC. e.g Bacillus stearothermophiles. 

iii) Hyperthermophiles; thrive in extremely hot environments. Temperature range of 80-113oC eg 

hot springs, yellow stone, water associated with volcanic activities. 

 

b) Oxygen 

 On the bases of oxygen relationship microorganisms could be divided into 

i) Obligate Aerobes: They are those which grow in the presence of molecular oxygen. e.g 

Mycobacterium tuberculosis, M. leprae 

ii) Obligate Anaerobes: They are those that cannot survive in the presence of oxygen e.g 

Clostritium tetani, Clostritium Botulinum. 

iii) Facultative Anaerobes: They are those that grow in the presence or absence of oxygen but prefer 

the presence of oxygen. 

iv) Micro aerophiles: They require only traces of oxygen e.g Brucella abortus. 

 

c) pH 

A suitable environmental pH is essential for microbial metabolism and growth because it influences the 

absorption and solubility of ions and dissociation of molecules. It determines the availability to the 

microorganism and the ease of transportation across the cell membrane. With few exceptions, fungi are 

acid tolerant with optimum range of 5 – 6. Bacteria grow best at near neutral pH (6.5 – 7.5) some 
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bacteria such as lactobacillus survive in the presence of a considerable degree of acid and are termed 

acidophilic. Some are very sensitive to acid but tolerant to alkaline e.g Vibrio cholorae. Culture media 

for microbial growth are generally buffered with phosphate salt. 

d) Antibiotics 

Antibiotics are group of chemical substances produced by soil bacteria and fungi that kill or inhibit the 

growth of bacteria and are used to treat bacterial infections. This gives the microbe an advantage when 

competing for food and water and other limited resources in a particular habitat, as the antibiotic kills off 

their competition. Antibiotics are produced in nature by molds such as Penicillium and bacteria such as 

Streptomyces and Bacillus. They work by blocking metabolic path ways of microbes without adverse 

effect on the host tissues. They either prevent the bacterial cells from multiplying so that the bacterial 

population remains the same, allowing the host’s defense mechanism to fight the infection or kill the 

bacteria, for example stopping the mechanism responsible for building their cell walls. 

Penicillin prevents the manufacture of mucopetides in bacteria cell wall. Chloramphenicol and 

tetracycline bind to bacteria ribosomes there by preventing protein synthesis. Streptomycin destroys 

bacterial messenger RNA molecule resulting in alternation of the genetic codes for formation of 

abnormal proteins.  The antibiotic Ceftazidine kills Staphylococcus aureus bacteria by disintegrating the 

cell wall. An antibiotic can also be classified according to the range of pathogens against which it is 

effective. Penicillin G will destroy only a few species of bacteria and is known as a narrow spectrum 

antibiotic. Tetracycline is effective against a wide range of organisms and is known as a broad spectrum 

antibiotic. 

Antibiotic resistance 

Bacteria are termed drug-resistant when they are no longer inhibited by an antibiotic to which they were 

previously sensitive. The emergence and spread of antibacterial-resistant bacteria has continued to grow 

due to both the over-use and misuse of antibiotics. 

Treating a patient with antibiotics causes the microbes to adapt or die; this is known as ‘selective 

pressure’. If a strain of a bacterial species acquires resistance to an antibiotic, it will survive the 

treatment. As the bacterial cell with acquired resistance multiplies, this resistance is passed on to its 

offspring. In ideal conditions some bacterial cells can divide every 20 minutes; therefore after only 8 

hours in excess of 16 million bacterial cells carrying resistance to that antibiotic could exist. 

e) Nutritional Requirements 

This affects microbial growth in terms of the nature and concentration of food supply. Growth 

might be limited by one or more substances at any given time. 

f) Osmotic Pressure 

All microorganisms that require water for effective growth generally have a higher osmotic pressure 

than the surrounding aqueous environment. If the surrounding concentration is higher than that of the 

microorganism, they will lose water by osmosis or plasmolysis and die. Conversely, they may swell and 
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burst if place in an environment of lower osmotic conditions than themselves, if no osmoregulatory 

mechanism exist. 

g) Influence of moisture and Desiccation:  Moisture is absolutely necessary for growth to 

occur in most microorganisms, while dryness in air is injurious to most microbes. Most bacteria spores 

survive drying as well.  

h) Influence of light and other forms of radiation: Darkness provides a favourable condition 

for the growth viability. Ultra violet rays such as direct sunlight are rapidly lethal to microorganisms 

especially bacteria. Diffused day light shortens the survival of microorganisms. 

I) Influence of Temperature on viability: Heat is an important agent in artificial destruction of 

microorganisms. Under moist conditions, this causes coagulations or denaturation of cell proteins and 

under dry conditions heat causes oxidation and charring. Generally, bacteria are more susceptible to 

moist heat than dry heat.  

2.5 Microbial Nutrition 

Nutrients are substances (raw material) required by living organisms for energy, growth, function and 

construction of new cellular material . Some microorganisms require a large number of substances for 

growth, whereas others need only a few. The nutritional requirements of a microoraganism are 

determined in part by its genetic makeup and in part by factors in its environment. Nutrients can be 

divided into two classes; 

1. Necessary nutrients without which the cell cannot grow. 

2. Useful but dispensable nutrients, which are used if present but are essential. 

Some nutrients are the building blocks from which the cell makes macromolecules (e,g nucleic acids, 

proteins, polysaccharides, peptides, glycans, lipids, low molecular weight compounds) and other 

structures. While other nutrients serve only as energy sources without being incorporated directly into 

the cellular material. 

2.5.1. Common Nutrients Requirements 

 

Analysis of microbial cell compositions show that over 95% of cell dry weight is made up of a 

few major elements; carbon, oxygen, hydrogen, nitrogen, sulfur, phosphorus, potassium, 

calcium, magnesium, and iron. These are called macro elements or macro nutrients. The first six 

(C, O2, H, S, N and P) are components of carbohydrates, lipids, proteins and nucleic acids. The 

remaining four macro elements exist in the cell as cations and play a variety of roles; e.g 

potassium (K+) is required for activity by a number of enzymes, including some of those 

required for protein synthesis. Calcium (Ca2+), among others functions contributes to the heat 

resistance of bacterial endospores. Magnesium (Mg2+) serves as a cofactor for many enzyme 

complexes, ATP, and stabilizes ribosomes and cell membranes. Iron (Fe2+ and Fe3+) is a great 

part of the cytochromes and a cofactor for enzymes and electron carrying proteins. 

 

All Microorganisms require several trace elements (also called microelements or nutrients). The 

trace elements; manganese, zinc, cobalt, molybdenum, nickel, and copper are needed by most 
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cells. Trace elements are normally a part of enzymes and cofactors and they aid in the catalysis 

of reactions and the maintenance of proteins structure. E,g  zinc (Zn2+) is present at the site of 

some enzymes. Manganese (Mn2+) aids many enzymes catalyzing the transfer of phosphate 

groups. 

 

There are only two sources of energy available to organism; 1 light energy trapped during 

photosynthesis and 2 the energy derived from oxidizing organic or inorganic molecules. While 

phototrophs use light, as their energy source; chemotrophs obtain energy from the oxidation of 

chemical compounds (either organic or inorganic). Microorganisms also have two sources 

hydrogen atoms or electrons. Lithotrophs use reduced inorganic substances as their electron 

source, whereas organotrophs extract electrons or hydrogen from organic compounds.  

 

Biodegradation involves the complete breakdown of an organic compound into its inorganic 

components with the release of energy. The bread down may be aerobic or anaerobic with the 

aerobic processes yielding more energy for the cell than anaerobic. The reactions are catalyzed 

by enzymes arranged in a manner that allows the product of one reaction to serve as the 

substrate for the next which helps in regulating the metabolic process. E.g 

Entner-Doudoroff pathway, Embden- Meyerhof pathway, Tricarboxylic acid (TCA) cycle. 

Glycolysis, glyoxylate cycle, fatty acid B-oxidation.  

The bacteria have traditionally occupied the first place among microorganisms because more is probably 

known about them than any other group. Bacteria have been involved in great plaques of pass centuries 

and their effects have captured the imagination of writers and historians. Knowledge of the bacteria has 

been enhanced by facts that they are easily studied under the microscope and that their chemistry is a kin 

to that of higher forms. They can be controlled with modern drugs and medicines and they remain the 

principal concern of public health measures. 

 

 

Chapter 3 

3.0    VIRUSES 

In 1897 Beijerinck coined the Latin name ‘‘virus’’ as meaning poison for the substances infecting 

tobacco plants. They can infect all types of life forms including, humans, animals, pants and 

microorganisms.  Viruses are entities whose genome is an element of nucleic acid, either DNA or RNA 

which reproduces inside living cells and uses their synthetic machinery to direct the synthesis of 

specialized particles, the virions which contain the viral genome and transfer it to other cells. 

3.1.Nature of viruses 

Viruses are heterogeneous class of agents which vary in size, morphology, complexity, host range and 

how they affect respective hosts.  The shared characteristics are; 

 They are ultramicroscopic in size, ranging from 20nm to 450um.  

 Not cellular in nature; structure very compact and economical 
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 Do not independently fulfill the characteristics of life  

 Inactive outside the host cell and active only inside the host cell 

 They consist of a genome either DNA or RNA surrounded by a protein coat called a capsid. 

 Nucleic acid can be DNA or RNA but not both 

 They are intracellular wholly dependent on the host. 

 Nucleic acid can be double stranded DNA, single stranded DNA, single stranded RNA or double 

stranded RNA. 

 Molecules on virus surface impact high specificity for attachment to host cells 

 Multiply by taking control of host cell`s genetic material and regulating the synthesis and assembly 

of new viruses. 

 Only in living cells, obligate intracellular parasites 

 Lack enzymes for most metabolic processes. 

 Lack machinery for synthesizing proteins. 

 Some can cause diseases such as small pox, measles, influenza, ebola, AIDS yellow fever, etc. 

 Some can cause cancer such as leukemias 

 Highly host specific, (only infect certain cells)  

 

3.2.Origin of viruses 

 There are two hypotheses: 

a. Viruses are products of free living cells (i.e from a cellular ancestor) 

b.Viruses are derived from cellular genetic material that has developed the capacity to exist and 

function independently 

 Hypotheses (b) considered to be more plausible for all viruses except pox viruses which are very 

complex. 

3.3.Structure of viruses (sketch diagrams of RNA and DNA viruses) 

The small parvoviruses around 20nm (0.02um) in diameter, to pox viruses are about 450nm (0.4um) in 

length. 

1. Capsid 

 The viral coat structure surrounding the nucleic acid genome of a virus is called the capsid which 

may be made up of a single or several different proteins. 

 The viral capsid gives shape to the particle and provides a protective covering for the genome. In 

some viruses such as Bacteriophages, it may contain enzymes that facilitate the digestion of cell wall or 

the membrane during vial penetration. 

 Capsid is also the component to which the body actively responds with antibodies during immune 

process. 

2. Capsomere 
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 Are protein sub-units of the protein coat. Research indicates that the composition and structure of 

capsomeres is a characteristic for a particular type of viruse e.g 162capsomeres in herpes viruses, 

(chicken pox and herpes simplex) and the 252 capsomeres in the adenoviruses 9common colds). 

3. Genome (Nucleic acid) 

 A viral genome consist of  

i. Linear or circular double-stranded DNA  

ii. Single-stranded DNA e.g bacteriophages ɸ×174 

iii. Single-stranded  linear RNA e.g bacteriophages QB 

iv. Double-stranded linear RNA e.g bacteriophages ɸb 

- Bacteriophage T4 has a linear double stranded DNA 

- Genetic maps of several bacteria show that genes are clustered according to their functions. 

- Some viruses maximized the amount of information that is stored within the genome by using 

overlapping genes and transcription on both strands of the DNA in opposite directions to code 

for different protein products.  This is important for small viral genomes to encode all essential 

proteins for replication of the virus 

- The genes for a virus may be contained within a single nucleic acid molecule (one segment) or the 

virus may have a segmented genome (i.e viral genome, made up of several nucleic acid 

molecules – multiple segments). E.g Retrovirus is double-stranded RNA virus with segmented 

genome of 10 segments. Influenzavirus is a single-stranded segmented RNA genomes. 

- Measles and rabies viruses have single stranded RNA genomes with only one segment. 

 

4. Envelope 

- Many viruses are surrounded by a flexible membrane known as envelope. This membrane is 

composed of proteins, lipids, phospholipids, glycoproteins and is essentially similar to host 

cellular membrane, except that it contains viral-specified components. The envelope is acquired 

from the host cell during viral replication and is unique to each type of virus. Proteins of envelop 

are specified by viral genome. Carbohydrate portions and lipid components of envelope are 

obtained from the host cell (i.e virus on living cells pick up portions of nuclear or cytoplasmic 

membrane). 

Role of envelope 

- Envelope of virus can alter recognition by host defense mechanisms designed to recognize and 

destroy foreign substances 

- Envelop may have an important role in the initial attachment of a viral particle to the host cell in 

which it replicates. 

- Composed of phospholipids and proteins some of the proteins being glycosylated such as 

glycoproteins often occur as spikes (protrude) on the surface of virus. 

- Glycoproteins are involved in binding virus to the host cell; others cause lysis. 

- Other proteins of the envelop form a matrix layer that attaches the envelope to the capsid.  
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5 Nucleocapsid 

 Often apply to the genome plus the capsid. 

5 Virion 

 The term virion is applied to the enveloped nucleocapsid that is the complete infective viral 

particle. In cases where no envelope exists, the naked nucleocapsid is considered the virion. 

2.3 Classification of Viruses 

 The taxonomy of viruses has been subject to change over the years as more is learned about 

properties of different viruses. For this reason only the principles of viral taxonomy are considered. 

The most widely employed taxonomy criteria for viruses depend upon the structure and composition of 

virus particles. Five major criteria are used: 

1.The nature of the nucleic acid - DNA or RNA, single stranded or double stranded. 

2.Virus particle structure – helical, icosahedral, or complex. 

3.Presence or absence of viral envelope. 

4.Dimension of viral particles. 

5.Host range, mode of transmission and specific surface structures. 

 

3.3.1 Classification of Medically Important Viruses   

 

DNA Viruses 

 

Family Viruses Diseases 
1. Pox viruses Variola virus and  

The molluscum 
Small pox, Painless white modules 
Molluscum contagiosium 

2. Herpes viruses Herpes simplex 
Viricella zoster 
Cytomegalo 
Virus 

Herpes 
Chicken pox 
Shingles 

3.Adenoviruses adenovirus Sore throat 
Conjunctivitis 

4.Papova viruses Papilloma virus 
Polyoma virus 

Warts 
Progressively multifocal leuco 
encephalopathy 

5.Parvo viruses Parvo virus Haemolytic crisis 
 

 

RNA Viruses 

 

family viruses diseases 
1.Orthomyxo 
viruses 

Influenza virus influenza 

2.Paramyxo Para influenza virus Respiratory 
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viruses Measles and mumps virus disease 
Measles and 
mumps 

3.Rhabdo viruse Rabies virus rabies 
4.Picorna viruses  Entero virus  

Rhino virus 
Meningitis 
Poliomyelitis 
Colds 

5.Toga viruses Alpha virus 
Flavi-virus 

Encephalitis 
Yellow fever 

6.Rioviruses Rota virus Infantile diarrhea 
7.Arenaviruses Lymphocytic choriomeningitis virus 

Lassa virus 
Meningitis 
Lassa fever 

Retroviruses HTLV (Human T Cell Lymphotropic 
Virus) I, II,and III 

T cell leukaemia 
Lymphoma and 
AIDS 

 

3.4.Viral Replication 

 For a specific virus to replicate within the host cell, 

i. The host cell must be permissive and the virus must be compatible with the host cell.   

ii. The host cell must not degrade the virus. 

iii. The viral genome must possess the information for modifying the normal metabolism of the 

host cell. 

iv. The virus must be able to use the metabolic capacities of the host cell to produce new virus 

particles containing replicated copies of the viral genome 

Permissive or compatible host cells are susceptible to viral infection whereas non permissive cells are 

those in which the virus cannot replicate in them. Some viruses have broad host ranges and can replicate 

within several types of cells of various plants, animals or bacteria species. Other viruses have a narrow 

host range and may be able to replicate only within a single cell type of a single species. 

Bacteriophages (phages) replicate only within bacterial cells. Phage are further restricted to replication 

only within certain bacteria species. 

- Animal viruses 

- Other viruses replicate within fungal, algal and protozoan cell. 

Within the host cell, viral genome achieves control of the cell’s metabolic activities. In most cases, the 

viral genome actually codes for the shutdown of metabolic activities normally involved in host cell 

reproduction. It uses the metabolic capacity of the host cell for the production of new viruses 

Viral infections of host cell can have various outcomes: 

1. Productive infection: Occurs in permissive cells resulting in viral replication with production of 

viruses that can infect other capable host cells (complete infective viruses produced are called 

virions) 
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2. Abortive infection: The host cell is non permissive, so viral replication does not occur or viral 

progeny are incapable of infecting other host cells. 

3. Restrictive Infection: The host cell is transiently permissive so that infective viral progeny are 

sometimes produced and at other times the virus persists in the infected cell without the 

production of infective viral progeny. In some cases, a viral genome will persist within an 

infected cell without destroying the host cell. 

3.5.Stages in Viral Replication  

- The specific details of viral replication vary from one cell to another. 

- The general strategy for replication is the same for most viruses. 

 

1.Attachment to host cell 

 This process is known as adsorption and involves the binding of specific sites on virus to the host cell 

virus receptor (typically glycoproteins). The ability of a virus to attach to a host cell only at a particular 

receptor explains in part the high degree of specificity between virus and host cell. 

2.Penetration of virus:  

After adsorption, an enzyme of the virus known as the phage lysozyme located at the tail of the phage 

weakens the cell wall of the host cell. An opening is then created through which the viral DNA enters 

the host cell into the cytoplasmic membrane. 

The head proteins protect the DNA or RNA while it is outside the host cell and the tail proteins serves to 

attach and penetrate the bacteria cell wall allowing viral nucleic acid to enter the host cell. 

3.Uncoating 

The protein surrounding the nucleic acid of the virus serves to protect it from attack by nucleases but it 

also effectively prevents the interaction of the nucleic acid with the metabolic machinery of the host cell. 

Before this interaction can begin, the protein has to be removed. 

The process of uncoating has been most carefully studied vaccinia virus (virus use for small pox 

vaccination) this organism seems to be uncoated in two ways: 

The first stage is effected by the host cell enzymes which exposes the DNA, sufficiently for some 

transcription to occur. Then a messenger RNA is produce which interacts with the ribosomes of the host 

cell to produce a second virus coded enzyme which completes the un-coating process. 

4.Replication (Viral Nucleic Acid Replication) 

Following the injection of the viral DNA or RNA there is an eclipse or a latent period during 

which no infective viruses can be observed. 

Because of its own total lack of metabolic machinery, a virus must make use of the machinery of the 

host cell to effect its replication. 

Once infection begins, the cellular synthesis of the host own nucleic acid and proteins ceases. Certain 

components of the host cell such as ribosomes and enzymes still function but they are utilized for the 

replication of viral components 
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During replication, the viral genome produces the viral messenger RNA. This is achieved either by the 

host cell or virus specific enzymes. The mRNA generally contains the leading sequence with protein 

synthesis. 

Generally early mRNA forms code for early enzymes required for nucleic acid replication mechanisms 

for the replication of new copies. Synthesis of viral components involves virus proteins synthesis and 

viral nucleic acid synthesis for the synthesis of viral genomes. Templates are either the parent genome or 

the newly formed complementary genomes. 

5.Maturation 

After the replication stage, the new synthesized viral nucleic acid and viral proteins are combined to 

form mature infective progeny virions this takes place in the nucleus or cytoplasm of infected cells 

(depending on the type virus). Generally DNA viruses are assembled in the nucleus except the pox 

viruses and RNA viruses which take place in the cytoplasm along with the pox virus. 

6 Release of viral particles 

The mechanism varies with the type of virus. In the bacteriophage, it basically includes the following 

sequence of events. As the maturation period of the virus particle comes to an end, another viral protein 

product appears and steadily increases in concentration. This substance known as bacteriophage 

lysozyme, disrupts the chemical bonds holding together the component of the cell wall’s rigid layer. The 

cell wall becomes progressively thinner and eventually ruptures from an osmotic pressure imbalance 

that causes water to flow from the surroundings (plasmoptysis). The virus particles and the remaining 

content of the cell are thus release into the immediate environment. The cycle is complete and infective 

viruses are once more available to begin the cycle. 

3.6.The Bacteriophage ( phage)/ Viral Genetic 

These are bacterial viruses which may contain either DNA or RNA and have been used to study viral 

genetic. In most DNA phages the nucleic acid is double stranded. In RNA bacteriophages the nucleic 

acid is either single stranded or double stranded. 

Nucleic acid of most bacterial viruses is a polyhedral capsid frequently referred to as the “head”. In 

many cases this capsid is attached to a helical protein structure called the “tail”. 

Bacteriophages are thought to show greater variation in form than any other viral group. They vary in 

size, shape and nature of tail if any e.g T2, T4, T6 (collectively Type-even, T-even) P2, T7, PM2 and 

phage Lambda λ of E coli.(sse diagram of bacteriophages) 

3.6.1The Basic Structure of a Bacteriophage  (sketch) 

When a bacteriophage invades a bacterium three major type of relationship or outcomes are recognized, 

lysis, lysogeny and a state where viruses are released without cell lysis. 

a.The lytic relationship  
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When the phage invades the bacterial cell and ultimately causes the destruction of the bacterial cell. 

Here the virus is referred to as virulent bacteriophage because the infection results in lysis and death of 

the infected cell. 

b. Lysogenic state or Lysogeny 

Some phages have their DNA integrated with the host cell DNA. This are known as temperate phages. 

The phage DNA when integrated within the host cell DNA is called a prophage and the bacterial cell 

carrying a prophage is a lysogenic cell. The cell once infected may harbor the virus in a non infectious 

state (as a prophage). During the prophage phase the host cell may undergo significant changes in 

colonial morphology, antigenicity and toxin production. 

Occasionally, a prophage can be activated to undergo a lytic cycle; exposure of a lysogenic culture to 

ultra violet light increases the rate of such phage activation significantly. 

c. Virus Release without Cell Lysis. 

A group of bacteria viruses are known which are released without harming host cell. Once inside the cell 

the viral DNA replicates and viral proteins are synthesized. In this case the virus does not completely 

take over the host metabolism. Since the infected bacteria continues to multiply, neither an intracellular 

pool of viruses nor even the phage coat once synthesized is stored inside the membrane of the host cell, 

the virus is assembled and is extruded from the cell. Viruses are continually extruded and not released in 

a burst as it is in cell lysis. The interrelation of lytic and temperate viral cycles are shown on the 

diagram. Bacteria harboring a virus as a prophage (lysogenic bacteria) are immune to infection by other 

phages of the same or similar type. 

3.7.Cultivation of Viruses 

Viruses can reproduce only within living cells where they gain access to the energy producing systems 

and protein synthesizing machinery which they lack. 

Before a study can be made of interaction of virus and cell, we must be able to grow and maintain the 

appropriate cells in culture in the laboratory.  

The study of the growth of viruses requires not only suitable cell cultures but also adequate systems for 

growth and detection of the viruses themselves. 

 3.7.1. Cultivation of Bacteria Viruses 

Bacterial viruses may be grown and detected in the laboratory by the formation of areas of bacterial 

disintegration called plaques or holes. In the procedure, bacteria cultured (inoculated) to plates of 

suitable medium. Bacteria viruses are then sprayed randomly unto the bacterial plate and the plate is 

then inoculated. If the viruses are specific for that bacterium they will replicate in the cells. As the 

viruses replicate in the bacteria they destroy the cell and leave a clear area containing no bacteria, these 

areas are the plaques or holes. Each plaque contains millions of viruses and these may be collected from 

the plaque if desired. 

 3.7.2. Cultivation of animal viruses 
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Growth and identification of viruses from clinical specimens and material for research purpose can be 

accomplished by a number of different methods but no single technique is satisfactory for all viruses or 

every kind of specimen. 

a.Proper collection and care of specimens 

Susceptible tissue cultures, embryonated egg or other appropriate media are inoculated since virus 

isolation requires the use of living cells. The care of the specimen collected includes the making of the 

specimen bacteria free by filtration, differential, centrifugation or treatment with antibiotics. 

There are three main systems of viral cultivation and isolation. 

i. Laboratory animals 

ii. Chick embryo 

iii. Tissue culture 

b. Laboratory Animals 

Some viruses can only be isolated by inoculation of laboratory animals, usually mice, guinea pigs, 

rabbits and primates. After inoculation the animals are observed for signs of diseases or death. 

Apart from ethical consideration, use of animal in virology is restricted nowadays because animals are 

expensive to buy and maintain and may be difficult to handle. 

c. Chick Embryo Technique 

Most economical and convenient for the cultivation of a wide variety of animal viruses, it was first used 

in 1931 and it employs the use of fertile chicken eggs inoculated with viruses aseptically through the 

shell and incubated for 5 to 12 days. The opening may be filled with paraffin wax and the egg incubated 

at 36oC for the time required for the growth of the virus. Chick embryo contains several different type of 

cells in which various viruses will replicate. This technique has been used in the production of vaccines 

against yellow fever, influenza, small pox and other diseases. 

 Viral growth in this technique is recognized by the appearance of: 

- Pocks (lesions) on the chorioallantoic membrane. 

- Haemogglutin in the amniotic cavity. 

- The viruses may kill the chick embryo. 

Fertile eggs are much easier to handle than animals; they are cheap and readily available and suitable 

cells for the virus growth are present in the embryo and its membranes. 

Despite its many advantages, this method of cultivation does not permit a controlled study of the virus-

cell interaction and they are many viruses that fail to multiply on primary inoculation into eggs. 

d. Tissue Culture Technique 

Tissues of animals such as mouse, chickens, monkey or human beings are processed and cultured in the 

laboratory. The handling of cultured cells has been facilitated by a growing knowledge of their 
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nutritional requirements and incorporation of antibiotics in culture media to control bacterial 

contamination. 

Primary cell cultures are then prepared from the tissues by disaggregation with a proteolytic enzyme 

such as trypsin. This treatment produces a suspension of detached cells which may be counted and sown 

in growth medium in a culture vessel where the cells settle and adhere to the glass. If the culture 

conditions are suitable, the cells begin to divide and spread over the surface of the glass until a single 

layer of cells or monolayer is produced. 

Viruses are then inoculated into the monolayer of cell cultures, and the virus in some instance causes 

degeneration of the cell sheet. The progress of the infection can be followed by examination of the 

inoculated cultures with a low power objective of light microscope. By this means, the cell degeneration 

or cytopathic effect may be studied. The appearance of the cytopathic effect varies with different viruses 

e.g cells may become rounded, shriveled or ballooned or may be fused together to form multinucleated 

syncytial masses. They may be appearance within the cell of viral inclusion bodies. 

Not all viruses produce a cytopathic effect, although they may be present and replicate in infected cells. 

The presence of virus in cells may be inferred by several ways: 

Some viruses can adhere to the surface of certain species of red blood cells and hence cause the red cells 

to clump or agglutinate. This is known as haemagglutination. 

This is the method of choice for cultivation of viruses for it is convenient and relatively cheap to 

maintain and cytophatic effect is observable. 

3.8.Plant Diseases Caused by Viruses 

For infection of plants by a virus to take place, the virus must move from one cell to another and must 

multiply in most if not all cells into which it moves. 

In their movement from cell to cell, viruses are thought to follow the pathway through the 

plasmodesmata connecting adjacent cells and through which the endoplasmic reticulum connect one cell 

to another. 

Viruses however do not seem to move through parenchyma cells unless they infect the cell and multiply 

in them thus resulting in continuous and direct cell to cell division. 

The rate of cell to cell spread of viruses seems to vary with the kind and age of plant cell infected and is 

greater between elongated young cells than between round older cells. Viruses also seem to move faster 

at higher than they do at lower temperatures because of increase protoplasmic streaming and general 

acceleration of all cell activities during higher temperatures. 

There is also evidence that viruses move through stems and roots in direction opposite to that of food 

transport.  

- Alpha dwarf virus 

- Phony peach virus 

- Southern bean mosaic virus 
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- Tobacco mosaic virus  

Symptoms Caused by Plant Viruses 

Plants infected with viruses may develop various type of symptoms on all or some of their parts. The 

symptoms may be either general or non-specific for the virus or they may be quiet characteristic of the 

particular virus or virus group that causes them. 

The most common kind of symptom produce is reduced growth rate of the plant, resulting in various 

degree of dwarfing or stunting of the entire plant. 

The most obvious symptom of virus infected plants are usually those appearing on the foliage, but some 

viruses may cause striking symptoms on the stem fruit and roots with or without symptom development 

on the leaves. 

In almost all virus diseases of plants occurring in the field, the virus is present throughout the plant 

systemic infection and the symptoms produced are called systemic symptoms. 

Many viruses may infect certain hosts without ever causing development of visible symptoms on them. 

Such viruses are usually called latent viruses and the hosts are called symptomless carriers. 

In other cases however, plants that usually develop symptoms upon infection with a certain virus may 

remain temporarily symptomless under certain environmental conditions (e.g higher or low temperature) 

and such symptoms are called masked. 

Plants may show acute or severe symptoms soon after inoculation that may lead to death of the host; if 

the host survives the initial shock phase, the symptoms turn to become milder (chronic symptoms) in the 

subsequent developing parts of the plant, leading to partial or total recovery. 

On the other hand, symptoms may progressively increase in severity and may result in gradual (slow) or 

quick decline of the plant. 

The most common types of plants symptoms produce by systemic virus infection are mosaic, yellows 

and ringspots. 

Mosaic: characterized by light-green, yellow or white areas intermingled with the normal green of the 

leaves or fruit, or whitish areas intermingled with areas of the normal color of flowers or fruit. 

Yellows: characterized by uniform discoloration (chlorosis, yellowing, bronzing or reddening) of the 

foliage without any spotting patterns, although some veinclearing may be present. 

Ringspots: characterized chlorotic or necrotic leaves on the leaves and sometimes also on the fruit and 

stem. 

Large numbers of other less common virus symptoms have been described and include stunt (e.g corn 

stunt), dwarf (e.g peach rosette), witches’ broom (e.g lilac witches’ broom), phloem necrosis (eig elm 

phloem necrosis), tumors (e.g wound tumor / rubbery wood (e,g apple robbery wood)) pitting of stem 

(e.g apple stem pitting) pitting of fruit (e.g pear stony pit) and flattening and distortion of stem (e.g apple 

flat limb). 
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Several histological and pathological and cytological abnormalities appear in virus-infected plants. In 

some certain tissues or cell appear to enlarge while others remain smaller than normal and may become 

discolored, distorted, or necrotic. Chloroplast may be smaller and fewer in many mosaic or yellows 

affected tissues. 

Intracellular inclusions of various shapes may be found in cells of virus-infected plants. 

Transmission  

Plant viruses do not contain enzymes, toxins or other substances involved in the pathogenicity of other 

pathogens and yet cause variety of deleterious effects on the host. 

Transmitted from plant to plant by:  

- Vegetative propagation 

- Mechanically through sap 

- By infected seeds 

- Pollen, insects, mites, nematodes, fungi and dodder (parasitic plant living on other plants) 

- Contaminated soil 

- Man 

Control 

- Controlling the insect vector  

- Removing weeds, which serve as host 

- Use of virus free seeds, tubers, bud wood 

- Eradicating of disease plant to eliminate inoculums from field in some cases, help to control 

diseases. 

- Use of virus free seeds, tubers, bud wood is the single and most important measures for avoiding 

virus diseases of many crops, especially those lacking insect vectors. 

- Breading plants for hereditary resistance to virus is of importance and many plant varieties 

resistant to certain virus diseases have already been produced. 

- Once inside the plant, some viruses can be inactivated by heat. Dormant propagative organs are 

usually dipped in hot water (35 – 45oC) for a few minutes or hours. While actively growing plant 

are usually kept in greenhouses or growth chambers at (35-40oC) for several days, weeks or 

months and after which the virus in them is inactivated and the plants are completely healthy. 

- Plants free viruses may also be produced from virus-infected one By culture of short tips of apical 

and root meristems. 

- Viricides: several substances, Cytovirin, zinc sulphate and malachite green, quihydrone used in as 

foliar sprays as solution for watering or immersion of plants have been reported to suppress 

symptoms and diminish the virus condition, but treated plants revert to original condition after 

the treatment has ceased. 

Certain folia applications of certain growth regulating substances such as gibberillic acid, has been 

effective in stimulating growth of the virus, suppressed axillary buds in yellows-type diseases, as in sour 

cherry yellows, resulting in increase fruit production.  
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Similarly, sprays with gibberillic acid can overcome the stunting induced by certain viruses e.g. corn 

stunt and tobacco. 

Recent findings indicate that certain yellow-type diseases (aster yellow and mulberry dwarf) can be 

control by immersing the roots of infected plants in and or spraying plants with the antibiotics 

aureomycin, achromycin of the tetracycline group. 

3.9.Pathogenesis of viruses 

Viruses gain access to the host through the respiratory tract alimentary tract, through the conjunctiva and 

skin by bite of an insect vector or by injecting the skin with syringes contaminated with virus or any 

other contaminated instrument, sexual intercourse, and from mother to child. 

Once in the host they interact with susceptible cells. Most cells may or may not be adversely affected by 

the infection. However, virulent viruses generally produce damage to cells in specific organs whose 

systems are capable of resisting available host defenses.  

These viruses may affect the animal cell in different ways. They may cause cell death, they also cause 

transformation in which the cell changes from normal cell to one with properties of malignant or 

cancerous cells. 

Cancer implies a radiating spread of cells transformed so they reproduced at an uncontrolled rate. When 

the cells are restricted to one place, the growth is called a tumor or neoplasm meaning new growth. 

Should the cell break away and spread to other part of the body, the tumor is said to have metastasized 

and the condition is now called cancer. 

In most cases the transformed cells grow so rapidly that they interfere with the normal functions of the 

organs. Some suggest that the spreading cancer cells rob the normal cells of the nutrients normally 

available and that death is by malnutrition. Others point to the clogging effect as cancer cells grow in 

arteries and veins and inhibit blood supply to vital organs. It has also been postulated that a malfunction 

of the immune system allow this cells to grow and multiply at uncontrolled rates. One point appears to 

be certain; the cancer cells are experiencing a growth rate consistent to that of their youth, a time at 

which the tissues were first developing. Apparently, the feedback mechanism which is supposed to 

restrict their growth has failed. 

The study of cancer is called oncology. Several types of tumors have been identified. A fibroma for 

example is a tumor of the muscle tissue such as the uterus, whereas a papilloma is a tumor of the skin 

tissue often called wart. Tumors of the lymph nodes and connective tissues are sarcomas and an 

uncontrolled production of white blood cells is called leukemia. 

Viruses also produce latent infections. Viral diseases are produced by wide spread of viruses to tissues 

and organs and not toxin production as in bacteria. 

3.9.1. Coronavirus Disease 2019 (COVID-19) 

Coronavirus disease 2019 is a respiratory illness that can be spread from person to person. The virus that 

causes COVID-19 is a novel coronavirus that was first identified during an investigation into outbreak in 

Wuhan, China. It is spread from person to person in most parts of the world. Risk of infection are 
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closecontact to someone known to have COVID-19.  EG health care workers, house hold members, 

those in endemic areas or and those who have recently been in an area with ongoing spread of the virus. 

The virus probably emerged from an animal source but is now spreading from person to person. The 

virus is thought to spread mainly between people who are in close contact with one another though 

respiratory droplets produced when an infected person coughs or sneezes.it may also be possible that a 

person can get COVID-19 by touching a surface or object that has the virus on it and then touching his 

own mouth, nose or eyes. 

Symptoms of COVID-19 

Mild to severe respiratory illness with symptoms of, fever, cough, shortness of breath. In severe 

complications from the virus some patients have pneumonia in both lungs, multi organ failure and in 

some cases death.  

Protection from COVID-19 

Avoid close contact with people at risk 

Avoid touching your nose, eyes, and mouth with unwashed hands. 

Wash your hands often with soap and water for at least 20 seconds 

Use an alcohol based hand sanitizer that contains at least 60% alcohol if soap if soap and water are not 
available. 

Stay home  

Cover your cough or sneeze with tissue then throw the tissue in the trash 

Clean and disinfect frequently touched objects and surfaces. 

If you have recently travelled from an affected area, there may be restrictions in your movements for up 
to 2 weeks. If you develop symptoms during that period (fever, cough, and troublebreathing), seek 
medical advice. Call the office of your health care provider before you go, and tell them about your 
travel and symptoms. They will give you instructions on how to get care without exposing other people 
to you illness. While sick, avoid contact with people. 

There is no current vaccine to protect against COVID-19. The best way to prevent infection is to take 

everyday preventive actions, like avoiding close contact with people who are sick and washing your 

hands often. 

There is no specific antiviral treatment for COVID 19. People with the virus can seek medical care to 

help relieve symptoms. 

Comparism of Viruses and Cells 

 Viruses Cells 
Nucleic acid 
composition 

Either DNA or RNA no 
ribosomes or other organelles 

DNA and RNA ribosomes and 
other organelles present 
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Reproduction takes 
place 

Only in living cells, obligate 
intracellular parasites 

Cell divide to give two daughter 
cell usually free living 

Replication Nucleic acid and capsid separate 
and are replicated separately 

Cellular integrity is maintained 
and entire cell replicate as a 
single unit 

Enzyme content Very few if any, most concerned 
with penetration and exit from 
host 

Many, including those concerned 
with energy metabolism and 
biosynthesis. 
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