M   I    C    R    O    B    I    O    L    O    G    Y

Definition
Micros ---    This means ‘very small’

Bios-------    This means’ life’

Therefore, Microbiology is the study of small living organisms (things) that cannot be seen with our naked eyes but with a help of a microscope.

SUB-GROUPS OF MICROBIOLOGY

a) Medical microbiology

This is microbiology that deals with human beings (man)

b) Industrial microbiology
This is microbiology that deals with chemicals.

c) Food microbiology
This is microbiology that deals with food stuffs.

d) Agricultural and Soil microbiology

This is microbiology that deals with Agriculture.

e) Veterinary microbiology
This is microbiology that deals with Animals.

M  E  D  I  C  A  L          M   I  C  R   O  B  I  O  L  O  G  Y

This type of medical microbiology deals with:

a) Human pathogens that affects human beings (man).

b) Commensal organisms which on occasions particularly when outside can cause serious illness in human beings.

c) Animal pathogens that affects human beings.

Medical microbiology is also concerned with the following:

i. Etiology-----Causes of infections

ii. Pathogenesis----mode of infections

iii. Laboratory diagnosis

iv. Treatment

v. Epidemiology----Science of diseases that affects a community, study of the spread, distribution, prevalence and control of diseases in a community.
BRANCHES OF MEDICAL MICROBIOLOGY

a) PARASITOLOGY

This is the study of parasites causing diseases in human beings.

b) MYCOLOGY

      This is the study of Fungi causing diseases in human beings.

c) IMMUNOLOGY     

      This is the study of the mechanism involved in the development of body resistance to Infections.

d) BACTERIOLOGY     

      This is the study of Bacteria causing diseases in human beings.

e) GENETICS

This is the study of heredity and variation of genes.

f) VIROLOGY

This is the study of viruses causing infections in human beings.

SCOPE FOR MICROBIOLOGY

i. DIAGNOSTIC

This means isolation and identification of organisms causing infections

ii. PROGNOSIS OF DISEASES

This is monitoring and evaluation of the progress, effectiveness and in-effectiveness of disease treatment.eg. Widal test whereby rising titres in Widal test signifies active disease (in-effectiveness in treatment) and falling titres shows effective treatment.

iii. GUIDENCE IN TREATMENT

This means setting of drug susceptibility test after culturing of organisms in a culture media into pure form. 
The pattern of drug sensitivity guides the clinician in treatment of the patient.

iv. SOURCES OF INFECTION

This is determining the sources of sudden disease outbreaks. 

SOME MILESTONES OF ACHIEVEMENTS IN MICROBIOLOGY
· Before the beginning of humanity, parasites have lived in or on other living organisms for shelter, protection and nourishment. This is evidenced by the damage caused by them on bones of mammies and early humans. This indicates that diseases such as Osteomylitis and Syphilis were present by that time.

· In the early days in Egypt and China, people kept themselves clean by washing with water to prevent disease easily transmittable from one person to another. They had learnt to isolate sick people to prevent spread of the disease.

· In the book of Leviticus chapter 13, there is the first recording of rules concerning public health whereby Hebrews were told to practice personal hygiene by washing and keeping themselves clean. They were told to bury their waste materials outside their camp sites. They were required to isolate those who were sick e.g. People with Leprosy etc. They were prohibited from eating animals died of natural cause.

IN THE EARLY DAYS (REINASSANCE PERIOD)

During the early days, there were wide spread of epidemics e.g. syphilis, worm infestations and rabies. Due to these epidemics, physicians of the time were alerted to look for the reasons for the contraction and spread of the disease. 

Most people thought that diseases occurred due to curses of gods and as a result of that bizarre treatment were used to drive out the diseases.

1. In (15OO) Mr.Girolamo Fransastorius who was a physician observed that ‘agents of communicable diseases were living germs that could be transmitted from one person to another either directly or indirectly when he was doing an observation on syphilis epidemics.

2. In (1632-1732), Antony Von Leeuwenhoek who was draper living in Delft, Holland described ‘Little Animals’ which he found in stagnant  rain water as he was examining under his home-made microscope.

The little animals (small living things) which he described referred them as ‘ANIMACULES’. He also demonstrated protozoa and spermatozoa. After his death, very little progress was made in determining the relationship between bacteria and disease until the end of the eighteenth century.

He is described as the father of Microbiology.

3. In (1650-1850), Louis Pasteur who was a French chemist and other scientists resulted in several major advances in the field of Microbiology. They came out with a theory of ABIOGENESIS or SPONTANOUS theory which generally brought a lot of debate from the other scientists.

a) ABIOGENESIS or SPONTANOUS THEORY

This theory has a concept that ‘Life must arise from a pre-existing life’

This theory describes the spontaneous appearance of living creatures in decayed meat, stagnant water (ponds), fermenting grains and infected wounds. This theory was debated, tested, dis-approved and then approved that ‘life must arise from a pre-existing life’. This is referred to as ABIOGENESIS.

b) PASTUERIZATION AND STERILIZATION TECHNIQUES.

In 1822-1895 Louis Pasteur worked on sterilization of liquids whereby today we have sterilization methods using Autoclaves. He aimed at eliminating contaminants by heating the concerned materials for up to (50-60)0c.

This process is referred to as pasteurization which is being used today to destroy milk pathogens. He also developed Hot air oven and Autoclaves.

c)  GERM THEORY OF FERMENTATION
Louis Pasteur described Germ theory of fermentation which states that; specific micro-organisms causes specific changes in the substance in which it belongs.e.g. Yeast in grape juice is able to ferment sugars and convert it into Ethyl-Alcohol (wine). 

This Ethyl-Alcohol if not sterilized properly can be contaminated by bacteria called Acetobacter and forms Acetic Acid (Vinegar) and spoil the taste of the wine.
d)  GERM THEORY OF DISEASE
In 1878, Louis Pasteur described Germ theory of diseases which states that: Specific diseases were caused by a specific micro-organism.’ This theory was proved by isolating organisms like chicken cholera, Anthrax and rabies.

NB 
Louis Pasteur made a great impact in medicine by developing vaccines for hydrophobia. In 1888, he established Pasteur school for mass Anti-rabies vaccination. He also developed vaccines from killed bacteria especially for Anthrax and attenuated or weakened viruses for rabies.

4. In 1843-1910, Robert Koch.

 In1876 he introduced fixing and staining of bacteria using Aniline dyes (stains). He also used the methods of obtaining bacteria in pure culture using culture media.

a) In 1881, he discovered Vibrio cholera organisms

b) In 1882, he discovered Tubercle bacilli

c) In 1890, he came up with Tuberclin test

d) He also isolated Bacillus anthraxis

e) In the same year, he came up with an experimental procedure to prove ‘Germ theory of diseases and he referred it as ‘Koch’s postulates theory’.

KOCH’S POSTULATES GERM THEORY
It states that’ The causative agent of a disease must be present in every case of a disease and not present in health animals.’ The pathogens must be isolated from the infected host animal and grown in pure culture. The same infection must be produced when microbes from pure culture are inoculated into a health susceptible animal. These pathogens must be recovered once again into pure culture from this artificially infected host animal.

5. In 1868, Mr. Hansen described an organism known as Mycobacterium leprae.

6. In 1879, Mr. Neissers observed organisms in the pus cells of a patient suffering from Gonorrhea and described it as Neisseria gonorrhea.

7. In 1881, Mr.Ogston described Streptococcus organisms.

8. In 1886, Mr.Fraenkol discovered Pneumococcus organisms.

9. In 1884, Mr. Leoffler described Diphtheria organisms. 

10. In 1902, Mr.Walter Reed described viruses for Yellow fever.

11. In 1925, Mr. Flemings described fungi called Penicillium tertium which can be used in production of drugs such as Penicillin that destroys Streptococcus organisms.

12. In 1940, Tissue culture systems were introduced for the diagnosis of viruses.

13. In 1862, Mr. Joseph Lister introduced Antiseptics and Aseptic techniques.

14. In 1902, Mr. Ronal Ross described transmission and life cycle of malaria in man and in the year, he was given the Nobel Prize for his work.

15. In 1962, Mr.J.D.Watson and F.H.Crick were declared the Nobel Prize winners for their work on Molecular structure of DNA.

16. In 1972, G.M.Edelman and R.Porter were declared the Nobel Prize winners when they put up forward a structure of an immuno-globulin.

17. In 1977, Mr.Yallow was declared the Nobel Prize winner for his work on Radio- Immuno- assays.

18. In 1966, MR.F.P. Rouis was declared the Nobel Prize winner for his work on viral etiology (cause) of Cancer.

19. In 1697 FRANCISCO RED

He is referred to as the father of parasitology. He proved the law of Spontaneous generation was wrong. The stated that living things could arise from inanimate thing i.e. Mice from mouldy and maggot from meat etc. He showed that purifying meat did not produce maggot if flies were kept away from it. He described the cycle of insects and also showed that Ascaris developed from ova.

20. GORDON ABERDEN

In 1795, He showed that puerperal sepsis developed in women who were visited or delivered by nurses and doctors. Who had previously attended either patients suffering from the same disease. He recommended that every medical personnel attending patients should wash hands and change clothes to prevent infections.

21. EDWARD JENNER

He had believed that those who worked with animals never developed small pox. He kept records accurate until when he decided to do an experiment to find out why.

In 1796, he made a cut on a small boy’s arm who was looking after cows. He then rubbed pus from a woman who had small pox. The boy developed cowpox.

He waited for months and then made cuts on the same boy and rubbed pus cells from the woman suffering from severe small pox. The boy did not develop small pox.

He proved his theory right but was ridiculed widely, however, later on, he came up with the idea of vaccination and immunization.

He discovered that protection against small pox could be achieved by inoculation with material from cow pox lesions. This was known as vaccination.

COMMON TERMINOLOGIES IN MICROBIOLOGY

1. BACTERIA

They are small (minute) simple celled organisms that can be examined with a help of a microscope. Bacteria belong to a Prokaryotic group of organisms or plant kingdom. They can be either commensols, sympionts, opportunistic, saprophytes or pathogenic organisms. Saprophytic group of bacteria are less of medical importance while parasitic group have a lot of medical importance because it causes diseases in human beings and domestic animals.

a) They vary in sizes from (0.1-10) micrometers long.

b) They have a simple cell structure containing both DNA and RNA nucleic acid materials.

c) They multiply by means of Binary fission.

2. SAPROPHATES
      These are organisms living on dead or decaying organic matters.

3. PARASITES

These are organisms’ plants or animals living on or in another organism for its         nourishment, shelter, transport and reproduction purposes. They can be harmful or not.

4. COMMENSALS

These are organisms living on another living organism and do not cause a disease at a particular site but should it change that site, it may be harmful and cause a disease.

5. NORMAL FLORA

These are organisms that make home in some parts of the body and they rarely cause diseases e.g. commensals, opportunistic, symbionts etc.

6. PATHOGENS

       These are organisms capable of causing diseases.

7. PATHOGENISES.

This is the mode of infection by a pathogen e.g.

-Through inhalation e.g. Tuberculosis

-Through ingestion of organisms e.g. Amoebiasis

-Through body conducts e.g. Gonorrhea

-Through skin penetration e.g. Hookworms

-Through vector bite e.g. Malaria that is transmitted by mosquitoes.

8. AETIOLOGY

This is the study of disease cause

9. EPIDERMIOLOGY

This is the study of the spread, distribution, prevalence and control of a disease in the community.
10. ENDERMIC

This is a constant presence of a disease or agent of a disease in a community or in a region.

 11.SPORADIC DISEASE

These are diseases that break out only occasionally.

12. EPIDERMIC

This is the acute outbreak of a disease in a community or region. Many endemic diseases can rapidly become epidemic if environmental or host influences change in a way which favors transmission.
8. PANDEMIC

This is a disease that spreads to several countries and affects a large number of people e.g. HIV, cholera, influenza etc

9. INFECTION

This is an invasion of pathogenic organisms into the body.

10. VIRULENCE

This is a terminology used to describe the degree of pathogen city of an organism in the body.

CLASSIFICATION OF MICRO-ORGANISMS

All micro-organisms are classified into two groups

a) Eukaryotic cell groups

b) Prokaryotic cell groups

For convenient purposes, micro-organisms are classified into the following groups

· Bacteria                                        

· Virus

· Fungi

· Protozoa

· Algae

· Rickettsiae or Bedsoniae

· Mycoplasma

· Chlamydia

                                         DIFFERENCES BETWEEN

	PROKARYOTIC CELL GROUPS
	
	EUKARYOTIC CELL GROUPS

	1  
	Nucleus has closed circular chromosome
	1
	Nucleus has multiple linear chromosome

	2
	Nucleus membrane is absent
	2
	Nucleus membrane is present

	3
	No nuclear materials
	3
	Nuclear materials are present

	4
	Cytoplasm streaming is absent
	4
	Cytoplasm streaming is present

	5
	Mitochondria is absent
	5
	Mitochondria is present

	6
	Lysosomes are absent
	6
	Lysosomes are present

	7  
	Golgi apparatus are absent
	7
	Golgi apparatus are present

	8
	Endoplasmic reticulum is absent
	8
	Endoplasmic reticulum is present

	9
	Chemical Sterol is absent
	9
	Chemical Sterol is present

	10
	Chemical Muramic Acid is present
	10
	Chemical Muramic Acid is absent

	11
	Mitotic division is absent
	11
	Mitotic division is present

	12
	Examples: Bacteria, Viruses, Chlamydia, Rickettsia and Mycoplasma etc
	12
	Examples: Fungi, Protozoaa, Animals, plants etc
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Figure 1.6 Schematic representation of the rod-shaped cell of E. coli

(1) Like plant cells, it has a cell wall outside the plasma membrane; however,
its major component is not cellulose but peptidoglycan, a complex macromole-
cule formed by linking together sugar and polypeptide molecules. This layer is
sandwiched between the plasma membrane and an outer membrane.

(2) No other permanent membranes are present, so there are no organe
such as mitochondria, chloroplasts and endoplasmic reticulum.

(3) The single chromosome is tightly folded into a rather diffuse region called
the nucleoid.

(4) The chromosome has very little associated protein.
(5) It reproduces by binary fission. Mitosis does not occur and, after the DNA

has replicated, one copy of the chromosome passes into each daughter cell.
(6) The ribosomes (which are smaller than in eucaryotes) exist freely in the

cytoplasm.

lles

Much of our knowledge of molecular genetics has been obtained from studies
using viruses, particularly the viruses that infect bacteria, known as bacterio-
phages or phages. Viruses consist of small pieces of genetic material (this is the
viral chromosome and may be either DNA or RNA) packed into a protective
protein coat, the capsid, and they are obligate parasites of animals, plants and
bacteria. Since they lack the organelles required for protein synthesis, they are
totally unable to reproduce or metabolise outside the host cell and they cannot
be considered true living organisms.

When a typical phage infects a bacterial host cell, its chromosome replicates
many times; these free chromosomes are then used to direct the synthesis of
phage proteins using the synthetic machinery of the host cell. These proteins are

9





1. CELL WALL

This is the outer layer of the bacterial cell and it is composed of Mucopeptide polymer called Peptidoglycan which helps in strengthening the cell wall.

FUNCTIONS

a) Provides the bacterial cell with rigidity.

b) Protects the bacterial cell against osmotic damage (internal osmotic pressure of the bacterial cell wall).

c) Maintains the characteristic shape of the bacteria.

d) Plays an important role in the cell division.

e) Offers resistance to harmful effects of the environment.

f) It is made up of Amino acids and polypeptides 

g) Posses’ bacterial antigen that is important in virulence and immunity.

h) Helps in classification of bacteria into Gram positive organisms Gram negative organisms.

                               DIFFERENCES BETWEEN

	GRAM POSITIVE ORGANISMS
	GRAM NEGATIVE ORGANISMS

	1
	Have (50-90)% peptidoglcan in their cell wall
	1
	Have (5-10) % peptidoglycan

	2
	Have Techoic Acid in their cell wall
	2
	Do not have Techoic Acid on their cell wall

	3
	Have less or no fatty substances on their cell wall (No lipid-A)
	3
	Have a lot of fatty substances on their cell wall ( lipid-A)

	4
	Have high affinity for the basic stains e.g. Crystal violet, Gentian violet hence staining Blue in color.
	4
	Have high affinity for the Acidic stains e.g. Neutral red hence staining Red in color.

	5
	They produce Exotoxins.
	5
	They produce Endotoxins

	6
	Do not have Lipo-polysaccharides
	6
	They have Lipo-polysaccharides


2. CYTOPLASM

This contains the bacterial chromosomes (genome), DNA, Lysosomes, Ribosome’s, Plasmids, Amino acids, Lipids (granules containing lipids), and Water etc. It contains both DNA and RNA. DNA determines hereditable characteristics of bacteria.

FUNCTIONS

1. Gives the bacteria shape.

2. Acts as a suspending medium for bacterial materials.

3. Provides little mechanical strength to the bacterial cell.

3. NUCLEUS

It is present in all the cells which do not show the outer nuclear membranes.

It is concerned with the genetic information of the bacterial cell.

4. CAPSULE

This consists of excreted slim usually of poly-saccharides with mucoid substances surrounding it. Presence of capsule indicates Virulence of the organism (ability to cause infection). Production of the capsule is enhanced by high concentration of sugars and presence of serum in the medium.

FUNCTIONS

i. Protects the cell from phagocytosis.

ii. Protects the cell from viruses which might attach themselves to the cell wall of the bacteria.

5.       GENOME

Bacteria have their genetic material which is not organized into chromosomes inside a nuclear membrane but consists of single usually circular chromosomes of double –stranded DNA which lies coiled in the cytoplasm attached to the sepal’s mesosomes.

6.       PLASMIDS

These are small self replicating double-stranded circular DNA molecules which enables genetic materials to be exchanged within and between bacterial species through the specialized sex pili.

7. RIBOSOMES

These are sites of protein production distributed in the cytoplasm. They are composed of RNA and proteins.

11. INCLUSION GRANULES
These are composed of Volutin granules, lipids and poly-saccharides.

They are sources of stored energy.

12. CYTOPLASMIC MEMBRANE 

It is a thin and semi-permeable membrane and mainly lipo-proteins in nature.

It surrounds the cytoplasm and functions in the following 

· Contains enzymes which manufactures the bacteria’s nutrients

· Permits diffusion of water inward or outwards

13. MESOSOMES

It is a convoluted multilaminated structure produced by invaginations of the plasma membrane present in the cytoplasm. It is concerned with the respiration, cell division, sporulation etc.

14. PILLI (FIMBRIAE)

They are born around the bacterial cell. They are numerous and short thread-like projections which are smaller than Flagellum. Their functions is not fully understood but believed to be an organ of adhesion.

FUNCTIONS

i. They are organs for adhesion.

ii. They cause haem-agglutinating action.

iii. They attach the conjugating cells to each other and also play a role in the transfer of DNA.

iv. They act as receptor sites of bacteriophages (viruses that infects bacteria and cause diseases in the same bacteria).

15. FLAGELLA
Definition

These are thread-like appendages that develop from the cell membrane of the bacterial cell. They consist of deity proteins.
Function

They are usually used for locomotion or movement of bacteria

Flagella are usually arranged into FIVE types depending on the type of flagella the bacteria possess. These are:

BACTERIAL GROWTH  REQUIREMENTS

Bacterial growth requirements are divided into two.
a. Physical requirements

b. Nutritional requirements 

A. PHYSICAL GROWTH REQUIRMENTS

These are factors which are artificially provided and must not be necessary be in co-operated in the media .These are: 

1. OXYGEN 

Oxygen being a physical requirement for growth of micro-organisms has variable utilization depending on different micro-organisms e.g.
a. Strict or obligate aerobes

These are microorganisms that strictly require oxygen for their growth e.g. Pseudomonas aeroginosa
b. Strict or obligate anaerobes

These are microorganisms that grow in complete absence of oxygen. (Grow in presence of carbon dioxide) e.g. Clostridium botulinum, Clostridium tetani .
c. Falcutative anaerobes 

The microorganisms can grow in presence or absence of oxygen or in presence or absence of carbon dioxide e.g. Clostridium perfregines, Streptococcus faecalis.

d. Micro-aerophillic organisms

The microorganisms will grow in presence of traces of free oxygen e.g. Campylobacter jejuni

e. Carboxyphilic organism

The organisms grow best in atmosphere containing traces or small amount of carbon dioxide e.g. Neisseria gonorrheae.

2. TEMPERATURE

This is also a physical growth requirement for bacteria. Different micro-organisms growth in different temperature ranges giving rise to 3 different groups
a. Thermophiles

These organisms that grow in temperatures ranging from (45-75)0c 
b. Mesophiles

There are organisms that grow in optimum temperature of 20-450c
c. Psychrophiles

These are organisms that grow in optimum temperature of 0-200c 

NB: Most pathogenic microorganisms are found in the group of mesophiles

3. LIGHT

Light is a physical requirement for the bacterial growth. Most microorganisms grow better in darkness accepts few that requires light. Most micro-organisms are photo chromes (sensitive to light) hence forming pigments on exposure to light.

4. PH

Some organisms grow best in alkaline media while others grow best in acid media. E.g. pathogenic micro-organism will grow best in PH 7.2-7.6  
B. NUTRITIONAL GROWTH REQUIREMENTS

It is divided into the following groups

a. Energy source

· Bacterial can obtain energy from sunlight hence known as prototroph’s

· Bacteria can obtain energy through oxidation of in-organic compound hence known as chemo-lithotrophs.

· Bacteria can obtain energy through oxidation or fermentation of organic compound hence known as chemo-ganotrophs
NB: 

Bacteria of medical importance derive energy through oxidation or fermentation of organic compound. Bacteria can obtain energy during their metabolism in the host cell. These organisms are known as para-trophs e.g. Viruses.

b. Carbon sources

Carbon from carbon dioxide: Some bacteria of the group phototrophs and chemolithotrophs are able to grow in presence of carbon dioxide hence known as autotrophs.
Carbon from organic carbon molecules e.g. sugars e.g. glucose 

A bacterium that uses carbon from organic carbon molecules e.g. glucose are called heterotrophs
c. Nitrogen sources

i. Nitrogen obtained from peptones – bacteria break down peptones into amino acids and use them for their growth.

ii. Nitrogen obtained from in-organic salts e.g. phosphates 

Bacteria act on phosphate to release Sulphur and nitrogen, which are required by the bacteria to grow. Nitrates are also broken down by bacteria to release nitrogen for bacterial growth. 

d.  Water 

In absence to water, bacteria will not grow.

Other requirements are:

Trace elements, vitamins and vitamin like substances called essentials metabolites.

Enzymatic activities of the host cell during replication in cases of viruses. These group of organism that use enzymatic activities of the host cell are called para-trophs
BACTERIAL GROWTH CURVE

Bacteria multiply by means of binary fission. The rate of multiplication is rapid and it can take as short as 20minutes. This period between the time one bacteria gives rise to two bacteria is called generation time. When bacteria is cultured in a fluid medium (enrichment medium) there is increase in size followed by increase in number, then to an extend that the medium becomes turbid to naked eyes.

After sometime, growth rate become stagnant and later in it declines. Counting of bacteria at different periods after inoculation and the sub-sequence events are presented in a graph called bacterial growth curves.

There are two types of bacterial growth curves

a. Total curve

This curve presents the number (total) of dead and life bacteria

b. Viable curve

This curve presents the number of total life bacteria and is described in 4 (four) stages or phase. 

Generally, there are four (4) –phases

1. Lag phase

During this phase, the following occurs

i. Increase in size of the cell

ii. Increase in metabolic rate

iii. Adaptation to the new environment or fresh media.

2. Logarithmic phase (exponential phase) or log phase

The following occurs

i. Multiplication of bacteria is rapid

ii. There is maximum utilization of nutrients

iii. The number of living bacteria is greater than the number of dying bacteria

iv. Toxic products of bacterial metabolism are released

v. Bacteria are more sensitive to antibiotics 

3. Stationary phase

The following occurs

i. The rate of multiplication and the rate of dead bacteria are almost equal

ii. Nutrients are mostly exhausted

iii. There is accumulation of toxic products

iv. Sporulation may occur

4. Decline phase (death phase)

The following occurs

i. There is no bacterial multiplication

ii. Food and nutrients are exhausted

iii. There is accumulation of toxin

iv. Presence of autolytic enzymes (more dead bacteria than living bacteria)

(Drawing) 

  STAININGS 
Definition
Staining is defined as treating an object with a dye with the aim of that object attaining the color of the dye.

INTRODUCTION
Shape and motility of bacteria can be studied by microscopic examination of unstained preparations suspended in a fluid but to render the structures of the cells visible, staining techniques must be used. These will only differentiate relatively gross individual structures and to reveal those not shown by staining, more complex techniques such as Electron microscopy are performed. Apart from differentiating and rendering visible the constituents of a cell, staining will help to identify organisms and place them in their own particular group by their individual reactions to certain stains. An example is the Gram-positive or Gram-negative reactions in Gram’s stain. These microbiological techniques can often provide a rapid presumptive diagnosis of infection and each one is designed to meet its own specific objectives. Different staining dyes are used ranging from simple dyes to compound dyes. e.g. 

· Examination of pathogens in wet preparations.

· Ziehl-Neelsen staining technique for demonstration of pulmonary tuberculosis (AFB).

· Gram’s staining technique.

· Auramine-phenol technique to detect AFB.

· Methylene blue staining technique.

· Albert staining technique of  volutin granules.

· Wayson’s bipolar staining technique.

· Giemsa staining technique.

· Polychrome Loeffler methylene blue staining technique for anthrax bacilli.

· Fites faraco staining techniques for M. Leprae 

These simple staining techniques uses aqueous dyes and these dyes are mono- dye (single ingredients dye) e.g. methylene blue, crystal violet, gentian violet etc.

Water is used as a solvent e.g. Gram’s staining technique.

Compound staining techniques uses compound dyes. Examples

· Ziehl -neelson staining techniques

· Albert staining technique

· Fites faraco staining techniques for M. Leprae 

· Silver impregnation staining technique

Unlike simple staining techniques, dyes in the compound staining technique, are dissolved in specific solvents or water. In most cases, they involve more than one dye.

· MAKING OF WIRE-LOOP
Wire loops or straight wires are necessary for making smears. They may be made of Platinum or Nicrome wire. Platinum by itself is too soft for making loops and platinum wire is generally a mixture of (90%) Platinum and (10) % iridium.  Nicrome is cheaper, more elastic and cools faster than platinum. It has to be renewed more frequently.

Loops are usually circles of approximately1.5mm and 3.0mm in diameter. The thickness of the wire is S.W.G.(standard wire gauze) 26 or 27

Procedure 
1. Wind the wire once round a metal rod of appropriate diameter.

2. With a pair of scissors, cut one arm of the wire at junction.

3. Bend back the loop to centre it.

4. Insert into a metal wire-holder.

· MAKING OF SMEARS
Procedure 
1. Use clean slides free from grease

2. Mark the slide with a writing diamond –grease pencil.

3. From liquid cultures make fairly heavy smears.

4. From cultures on solid media make thin smears.

5. Do not use water taken from rubber tubing attached to taps for making smears as organisms may be transferred from the rubber

6. When making films for demonstration of Acid fast bacilli, use only one smear per slide and keep the slides apart when staining on a staining rack. This prevents any possibility of transferring the organisms.

7. When blotting slides, use a fresh portion of paper for each slide, to prevent transference of materials.

From liquid media
1. Sterilize the wire-loop in a bunsen flame.

2. Using aseptic precautions, withdraw 1-loopful of culture

3. Transfer this to a clean slide and spread it with the loop to form a thick film of liquid. Sterilize the wire-loop.

4. Allow the film to air-dry without heating and then rapidly pass the slide 3-times through the Bunsen flame. This kills the bacteria and fixes them to the slide.

5. Allow the slide to cool and then stain the film by the requisite method.

From solid media
1. Sterilize the wire-loop in a bunsen flame.

2. Place a drop of distilled water onto a clean slide and resterilize the wire-loop

3. Place a small portion of the growth to be examined and emulsify it in the drop of water until a thin homogeneous film is produced. Sterilize the loop.

4. Allow the smear to air-dry, fix and stain.
PRECAUTION WHEN STAINING SMEARS

· Use a staining rack but not immersing slides into the stain, this can lead to contamination of the stain and transfer of organisms from one smear to another

· Label clearly all the stains and reagents with their names,  date of preparation, whether toxic, flammable or corrosive.

· Follow the staining technique properly (all the steps)

· Air-dry the smears after staining in a draining rack at an angle.

Always do quality control of new batch of stains using known positive and negative smears

EXAMINING  PATHOGENS IN WET PREPARATION

Examination of wet preparation is mainly used:

· To examine specimens and cultures for motile bacteria.

· To examine c.s.f .for capsulated yeast cell.

· To examine specimens for fungi.

Procedure
1. Onto a microscopic glass slide, emulsify the specimen (such as faeces) in a small drop of saline or iodine or the required stain.

2. Carefully place a cover slip onto the suspension taking care that no fluid extrudes beyond the edges of the cover slip.

3. Examine the preparation under  x10 and x40 objectives of a microscope for the presence or absence of motile bacteria, capsulated yeast cells, fungi and parasites

MAKING OF HANGING DROP PREPARATION 

This is a method of demonstrating motility of bacteria. This motility must not be confused with Brownian movement (vibration caused by molecular bombardment) or convection currents

Procedure
1. Clean a slide and a 22mm. square cover slip

2. Onto the slide make a ring of plasticine or Vaseline ¾ in. in diameter or by use of a ‘well slide’ with a depression in the centre.

3. Transfer a loopful of culture to the centre of the cover slip.

4. Gently press the ring of Vaseline or plasticine onto the cover slip, ensuring that the drop of culture is in the centre of the circle and does not come into contact with the slide. Seal the cover slip completely with Vaseline or nail varnish.

5. With a quick movement, invert the slide, so that the cover slip is uppermost.

6. Examine under x10 and x40 objectives of a microscope.

7. Discard the whole hanging drop preparation into a jar containing a disinfectant, taking care that the disinfectants penetrates into the ‘ring’ and kill the culture.

1. GRAM’S STAINING TECHNIQUE
Introduction

This is a staining method which was described by Gram in 1884 and it is the most important staining technique in routine bacteriology. It divides bacteria into two categories depending on whether they can be decolorized with Acetone, Alcohol after staining with dyes such as Crystal 

violet, Methyl- violet or Gentian violet. Those which resist decolorization remain blue or violet or purple in color and are designated as Gram –positive. Those decolorized and take –up the red color of the counter stain such as Neutral red, Safranin or Dilute carbol-fuschin are designated as Gram –negative.
                    Aim of the technique 

This is a simple staining technique, which is used to:

i. Classify bacteria into Gram +ve bacteria and Gram negative bacteria.

ii. Helps in identification of bacteria causing a certain infection in order to help in proper treatment of a patient. 

Reagents 

1. Basic dyes (bluish or purple in color) e.g. Gentian violet, Methyl- violet , Crystal violet etc 

-Methyl- violet solution----- Methyl- violet powder-----------------------0.5g

                                              Distilled water---------------------------------100mls

2.  Mordant- acts as a bridge between the basic stain and the counter stain. It makes the basic stain to get firm onto the organisms e.g. Gram iodine or Lugol’s iodine 

                                            Iodine------------------------------------------10g

                                            Potassium iodide-----------------------------20g  

                                            Distilled water---------------------------------1000mls 

3. Decolorizer – used to remove the excess basic stain from the organism e.g. Absolute ethyl alcohol or acetone

4. Counter stain – Acidic stain that stains gram –ve organism e.g. 

    -0.1% neutral red solution------- neutral red powder--------------1g

                                                        1% acetic acid--------------------2mls

                                                        Distilled water---------------------------------1000mls

         -0.5 safranine solution----------- safranin powder----------------5g

                                                               Distilled water---------------------------------1000mls

         -Dilute carbol fulchsin------------Ziehl-Neelsen carbol- fulchsin solution-----50-100mls 

                                                             Distilled water---------------------------------1000mls

PRINCIPLE      
There is no accepted principle but there are two hypothesis based on

a. Cell wall of the bacteria

b. Cytoplasm of the bacteria

a. CELL WALL HYPOTHESIS

Gram –ve organisms are said to have their cell wall covered with much fat substances, which dissolve in an organic solvent (basic stain e.g. gentian violet). After decolourization with e.g. acetone, the basic stain is lost together with the fat substances. Then, the unstained cell will take the color of the counter stain e.g. 0.1% neutral red hence appearing red or pinkish in color.

Gram +ve organisms has less or no fat substance hence after staining with the basic stain, they take the color of the basic stain. They resist decolourization with acetone. After counter staining, the counter stain (neutral red) is washed off. The cell remains blue or purplish in color hence gram +ve organism.

CYTOPLASM  HYPOTHESIS
The cytoplasm of gram +ve organism has a higher affinity for the basic dyes e.g. crystal violet, this is because of its high acidic contents. Therefore, after staining the gram +ve organisms, they will resist decolourization with alcohol or acetone whereas the gram –ve organism have high affinity for the acidic stain. Therefore, after decolourization the basic stains will be washed out allowing the acidic stain (counter stain) into the cell hence the organism attaining a red or pinkish color.

PROCEDURE

1. Place the smear onto a staining rack

2. Flood the smear with a basic stain e.g. gentian violet etc depending on the lab for 1 min and wash with running tap water.

3. Apply gram iodine or Lugol’s iodine and leave for 1min and wash in running tap water

4. Decolorize the smear with acetone or absolute ethyl alcohol for 1min and wash with running tap water end point is determined when no blue color is seen

5. Counter stain with neutral red (0.5%) or 0.5% safranin or dilute carbol -fuschin (1:20) for 1min, wash in running tap water.

6. Let it (smear) air dry and examine under x100 objective of a microscope (oil immersion objective)

EXPECTED RESULTS

1. Blue or purple colored organism – gram +ve organisms e.g. Streptococcaceae, Bacillaceae, 

2. Red or pink colored organism – gram –ve organisms e.g Enterobacteriacea, Neisseriaceae    

2. ZIEHL NEELSON STAINING TECHNIQUE
This is a compound staining technique for acid alcohol fast bacilli (AAFB). It is used for demonstration of mycobacterium tuberculosis bacilli.

Reagents

1. Basic carbol- fuschin
 – Basic fuschin powder--------------10g


 -Phenol crystals ----------------------45gms 

 -Ethyl alcohol -------------------------100mls 

 -Distilled water ------------------------900mls

2.  Decolorizer-------------------3% acid alcohol 


-Hydrochloric acid--------------- 30mls and

     - Absolute Ethyl alcohol ---------970mls

OR

                       ---------------20% Sulphuric acid AFB  

      - Sulphuric acid ----------------- 200mls -250mls 

      -Distilled water (acid to water)-----------750-800mls

3. Counter stain ---------------0.5% Malachite green or 0.5% Methylene blue 

      -Methylene blue or Malachite green powder -------- 0.5gms                                 -Distilled water --------------------------------------------100mls 

4. Distilled water or tap water

PRINCIPLE

The mycolic acid (fatty substances) covering mycobacterium tuberculosis bacilli cell wall prevents penetration of the ordinary stains into the cell strong stain e.g. basic carbol- fuchsin penetrates the cell after moderate heating. After penetration, the stain becomes so strong (firm) that it resist decoloration with strong decolorizer e.g. acids fast alcohol or acid alcohol and therefore, the organism known as AAFB or AFB 

PROCEDURE

· Prepare a specimen smear onto a grease free microscopic glass slide.

· Let it air-dry and fix flame for several times.

· Place the slide over a staining rack and flood it with basic Carbol fuchsin.

· Gently heat the slide at the bottom to steam the stain but not boiling. Leave it for 5-10 minutes. Wash with distilled water or tap water.

· Decolourize the smear with 3% Acid Alcohol or 20% Sulphuric acid for 30seconds. Wash with tap water or distilled water.

· Counters stain with 0.5% Malachite green or Methylene blue for 1 minute. Wash with distilled water or tap water.

· Let it air –dry or heat it over a flame until it dries

· Examine it under x100 objective of a microscope

RESULTS

AFB or AAFB organism – stains bright red rods e.g. Mycobacterium tuberculosis bacilli.

Other organisms – takes color of the counter stain (blue or green) color

REPORTING (QUANTITATIVE REPORTING)

1. (10-100) bacilli in 1 field - +++

2. (1-10) bacilli in 1 field - ++

3. (10-100) bacilli in 100 field-  +

4. (1-10) bacilli in 100field – report the exact number of Bacilli Seen.

3. ALBERT’S STAINING TECHNIQUE

This staining technique for demonstration of volutin granules or metachromatic granules of Corynebacterium diphtheria organisms or strains. The other alternative staining technique is Neissers staining.

                       REAGENTS

Solution A

Toluidine blue malachite stain – 1.5gms toluidine blue powder

   - 2gms malachite green powder

  - 10mls glacial acetic acid

  - 20mls 95% ethyl alcohol

  - 1000mls distilled water   

Solution B.

Albert’s iodine 
 - 6 gms iodine powder

  


- 9 gms Potassium iodine

- 900mls distilled water 

PROCEDURE 

· Prepare a smear from an 18-24 hr Loeffler serum culture and let it air-dry or fix by passing over the flame.

· Stain the smear with solution A (Toluidine -malachites blue solution) for 3-5minutes. Wash it with tap water or distilled water.

· Cover the smear with solution B (Albert’s iodine) solution for 1 minute. Wash with tap water or distilled water.

· Let it air-dry and examine under x100 objective of a microscope.

RESULTS   

1. Metachromatic granules – stain Bluish- black in color

2. Protoplasm of the cell – stain green

3. Bacteria - stain pale green.

4. POLYCHROME METHYLENE BLUE STAINING TECHNIQUE
AIM 

This is a staining technique for demonstration of bacillus anthracis in blood tissues e.g. blood. The reaction is usually referred to as Mcfadyeans reaction. It is suitable for staining capsules of bacillus anthracis.

REAGENTS 

1. Methylene blue powder saturated in alcohol ratio (1.5gm:300mls)

2. Potassium hydroxides (1% aqueous solution)

3. Distilled water

Finally, after preparation, leave the stain for 12 months to ripen or fasten the ripening by adding 1% potassium carbonate solution to the stain. 

PROCEDURE

· Make a smear and let it air-dry.

· Fix the smear with 4% potassium permanganate or mercuric chloride for 5minutes

· Stain with polychrome methylene blue for 30 seconds wash with tap water or distilled water.

· Let it air dry and examine under x100 objective of a microscope.

RESAULTS

1. Bacillus anthracis disintegrated capsule material----------- stain purple in color (mauve purple)

2. bacillus anthracis organism ------------------------------------stain blue

3. WBCs ------------------------------------------------------------ stain blue

OTHERS

Loefflers alkaline methylene blue stain

4. WAYSONS BI-POLAR  STAINING TECHNIQUE
Aim 

This is a test for demonstration of bi-polar stains of Yersinia pestis. It is a compound stain.

REAGEN T
Solution A. 

Methylene blue – 0.75gms

Basic Carbol fuchsin 0.2gms

95% Ethanol (Ethyl alcohol) 20mls

Solution B

Phenol crystal 5gms in 200mls or 10gms in 200mls

Mix the two solutions A and B to form Way son’s stain and store in dark place at room temperature.

PROCEDURE

· Make a smear and let it air-dry.

· Fix the smear with methanol for 3-4 minutes

· Air-dry the smear and stain it with Way sons stain for 20-30 seconds. Wash with tap water or distilled water.

· Examine under x100 objective of a microscope

EXPECTED RESULTS

Way sons stain positive results

The bi –polar ends takes pink color while the central polar regions remains unstained giving a pin shape.

(drawing)

NEGATIVE STAINING

These stains can be either simple or compound stains

They are stains for demonstration of bacteria capsule and spore. Examples are

i. India ink preparation for capsule demonstration

ii. Nigrosin methylene blue stain for capsule demonstration

iii. Mollers staining technique for spore demonstration

iv. Hiss’s method for capsule demonstration

v. Quelling reaction for capsule demonstration

vi. Crystal violet capsule stain 

vii. Fuschin-Nigrosin spore stain (Fleming stain)

1. INDIA INK PREPARATION TECHNIQUE

Aim 

This is a test which is done to demonstrate bacterial or fungal capsule in wet preparation e.g. demonstration of capsule of Cryptococcus neoformans 

REAGENT

India ink solution

PROCEDURE

· Place a loopful of India ink preparation on a grease free microscope glass slides

· Emulsify a portion of the specimen into the drop using a sterile wire-loop

· Cover the mixture with a cover slip and examine under x10 and x40 objectives of a microscope.

RESULTS 

1. Bacterial capsule appears highly refractile surrounded by a clear zone against a dark-grey background of ink particles (capsules)

2. Non- capsulated bacteria will not show this  clear zone

Organisms – Cryptococcus neorfomamns,  Streptococcus pneumoniae,  Bacillus anthracis etc

2. MOLLERS METHOD (STAINING METHOD)

This is a staining method for demonstration of spore

REAGENTS

Malachite green, distilled water, 5% Carbol –fuchsin

PROCEDURE

· Make a smear and fix by passing the smear over a flame

· Place it over a boiling water in the beaker until the steam condenses under the surface of the slide

· Flood the smear with malachite green solution for 1-2 minutes

· Wash the smear with clean tap water

· Counter stain with dilute 5% Carbol -fuchsn for 1minute 

· Wash with distilled or tap water and let it air dry

· Examine under x100 objective of a microscope

RESULTS

· Spore stains greenish in color

· Bacteria stains reddish in color

NB: -Fuchsin –Nigrosin spore stain (Fleming)

       -Fuchsin methylen blue spore stain

3. HISS’S  STAINING TECHNIQUE

This is staining technique for demonstration of bacterial capsule

REAGENTS

· Crystal violet

· 20% Copper Sulphate solution

PROCEDURE

· Make a thin smear and let it air –dry

· Flood the smear with crystal violet solution for 1 minute.

· wash in 20% Copper Sulphate solution  

· let it air –dry and examine under x100 objective of a microscope 

RESULTS

· capsule stain blue

· bacteria stains deep purple

GIEMSA STAINING TECHNIQUE   

In microbiology, giemsa-staining technique is used in demonstration of microorganism such as Chlamydia trachomatis, Borrelia Spps, Yersenia pestis, Histoplasma SPPS etc.

REAGENTS

1. Giemsa stain
- 3.8gms of Giemsa powder




- 250mls of Glycerol (Glycerine)




250mls of methanol (Methyly alcohol)

2. Buffer solution PH 7.0 -7.2

3. Methyl alcoholic (Methanol)
PROCEDURE

1. Make a smear and fix with methanol (methyl alcohol) for 2-3 minutes. Allow the smear air dry

2. Flood the smear with diluted Giemsa stain for (25-30)min

3. Wash with buttered water ph. 7.0-7.2

4. Let it air dry and examine under x4 for cell distribution

RESULTS

1. C. trachomatis – stain dark purple

2. Borrelia spirochetes – stain mauve blue (pale blue)

3. Yersinia pestis – blue with dark bi-polar ends

INFECTIONS
Definition

Infection is the lodgment and multiplication of organisms in the body tissue of a host causing a disease which produces clinical signs and symptoms.
Causes of infection
a) Primary infection.

This is the initial infection of the host tissue with the micro-organism.

b) Secondary infection.

This is an infection that comes as a result of hosts lowered body resistance by free-existence of disease or infection. Then a new organism may set up an infection e.g. An organism ‘A’ attacks the body ‘D’ is lowered and therefore it is attacked by the organism ’B’ resulting to secondary infection.

c) Re-infection.

This is the subsequent infection by certain disease. (Infection after the first infection with the same organism).

d) Focal infections.

This is the localized infection in a particular place.

e) Cross infection.

When a patient is suffering from a disease, then a new disease  (infection) is set up on top of the first infection from another organism or host.

f) Noso-comial infection.

This is a cross infection occurring in hospitals e.g. when one goes to hospital with a certain infection he/she develops another infection from the one he/she had suffered from.

g) Sub-clinical infections.

This is the type of infection where clinical effects are not apparent.
Sources  of infection
1) Man:-=Man can be a patent or a carrier of the infection.
2) Animal:- e.g. Plague can be transmitted by rats,
3) Insects: - e.g. Mosquitoes are biological vectors which transmit malaria while House flies are mechanical transmitters of cholera.
4) Soil: - Soil is a source of infections with Hookworms, Round worms and also spores of tetanus.
5) Water:-Contaminated water can cause Cholera, schistosomiasis in stagnant water.

6) Foods:-Contaminated foods e.g. food poisoning organisms e.g. Salmonella may cause infections.
Characteristics of pathogens
1) Bacteria should be able to enter into the body.
2) Bacteria should be able to multiply in the body tissues.

3) Bacteria should be able to damage the body tissues.

4) Bacteria must be capable of resisting the host defenses.
Factors that contribute to the spread of communicable diseases.
Most microbial diseases are transmitted by:

i. Ingesting pathogens in contaminated foods or water. e.g. cholera, typhoid and paratyphoid fever, bacillary dysentery, hepatitis A, or ingesting pathogens in unpasteurized milk and dairy products as in cases of brucellosis, campylobacter infections.

ii. Inhaling pathogens in air-borne droplets (aerosols) as in Tuberculosis, whooping cough, measles, influenza, pneumonia, meningitis.

iii. Direct contact from one person to another as in cases of Syphilis, gonorrhea, HIV infection, ringworm infection.

iv. Through bite by an arthropod vector as in cases of bubonic plague, dengue, rift valley fever.

v. Through broken wounds, cuts, burns, contaminated hands or unsterile instruments as in cases of injections of the skin e.g. boils and abscesses and tetanus (via contaminated soil or dust).

vi. Through blood transfusions or blood products as in cases of HIV infection, viral hepatitis (HBV, HCV).

vii. Congenital transmission from mother to the child during pregnancy or childbirth as in cases of  HIV infection, congenital syphilis, Chlamydia infection, herpes infection, congenital rubella, gonococcal conjunctivitis, cytomegalovirus neonatal infections.
 Factors that influence the transmission and spread of communicable diseases.
i. Inadequate surveillance, prevention and control measures, and lack of health care facilities in rural areas to detect and treat patients with communicable diseases.

ii. Socio-economic factors e.g. increasing urbanization, poverty, unemployment, poorly constructed houses, overcrowding, and malnutrition, starvation brought about by drought, crop failure, flooding, war and mass migration.

iii. Inadequate and contaminated water supplies, inadequate sewage disposal and unhygienic practices.

iv. Climate factors e.g. extreme rainfall, flooding leading to pollution of water supplies and great number of insect vectors. During dry seasons, there is an increase in dust-borne particles leading to increased transmission, e.g. Meningococci.

v. In-effective control of mosquitoes and other insect vectors.

vi. Geographical factors e.g. the difficulties of vaccination teams and health workers in reaching remote villages.

vii. Unavailability of drugs and non-compliance by patients.

viii. In-effective health education or lack of access to health education.

ix. Disruption to vaccine programs, malnutrition, and co-existing infections e.g. malaria especially in children.

  How microorganisms overcome the body’s defences and cause disease
The following are some of the ways in which pathogens overcome the body’s defense and become established in the tissues, multiply and cause diseases.

· Adherence fimbriae (pili) or Baterial appendages.
· Invasiveness (Production of enzymes that facilitate the spread of the pathogen).

· Mechanisms that interfere with phagocytosis.

· Production of Beta-lactamases.

· Mechanisms that destroys or neutralizes antibodies.

· Toxigenicity (Production of toxins).

· Release of endotoxins.

       a). Adherence fimbriae (pili) or Bacterial appendages.

-These are small hairs that enable some pathogens to attach and adhere easily to the cell surfaces, particularly mucous membranes. Bacteria possessing pili include Neisseria gonorrhea and some strains of Escherichia coli, Salmonella and Shigella species.
-Capsule:-Capsulated bacteria e.g. Streptococcus pneumoniae are able to withstand phagocytosis’

-Vi-Antigen helps bacteria e.g. Salmonella to withstand phagocytosis.

-K-Antigen helps bacteria e.g. Escherichia coli to withstand phagocytosis.

       b). Invasiveness (Production of enzymes that facilitate the spread of the pathogen).
Invasiveness is the ability of an organism to spread in the host tissue after establishing infection. They produce enzymes e.g. Hyaluronidase enzyme produced by Clostridium perfringens and some Streptococci and Staphylococci, helps organisms to spread through the body by breaking down the hyaluronic acid of the connective tissue.

c) Mechanisms that interfere with phagocytosis.

Bacteria such as Streptococcus pneumoniae, Klebsiela pneumoniae, Haemophillus influenzae and Neisseria meningitides secretes capsule around their cell wall which helps to prevent opsonization and phagocytosis. The M-protein in the cell wall of Streptococcus pyogenes is anti-phagocytic and the haemolysins and leucocidins of Streptococci and Staphylococci interfere with the functioning of phagocytes and destroy poly-morphs and macrophages.

d) Production of Beta-lactamases.

These penicillin destroying enzymes are produced by many bacteria including some strains of Staphylococcus aureus and Neisseria gonorrhoea.
e) Mechanisms that destroys or neutralizes antibodies.

For example, the destructive IgA protease of Pseudomonas aeroginosa. Other pathogens produce soluble antigens which neutralizes antibody before it is able to bind to the surface of bacteria.
f) Toxigenicity (Production of toxins).
Toxigenicity is the ability of an organism to produce toxins.
Several Grams positive and a few Gram negative bacteria secrete powerful poisons called exotoxins that are capable of destroying or injuring host cells. They tend to be specific in their action e.g. the exotoxins of Clostridium tetani is a neurotoxin. Other important exotoxins-producing pathogens include Clostridium perfringens, Clostridium botulinum, and Corynebacterium diphtheria, Enterotoxigenic Escherichia coli (ETEC), Shigella dysenteriae and Vibrio cholera. Toxins produced by enteric pathogens are known as Enterotoxins.

Exotoxins are highly antigenic. They can be converted into non-toxic toxoids which can be used to minimize and protect individuals against specific diseases.
g) Release of endotoxins.

The cell wall o Gram negative organisms contain endotoxins (0-antigens). Unlike exotoxins, endotoxins is not usually secreted by an organism but is released only when the organism is destroyed. When endotoxins are released into the blood circulation, the resulting toxemia may cause rigors, chills, and shock. Endotoxins from some pathogens may also have clotting properties and lead to disseminated intravascular coagulation (DIC). Endotoxins released may also lead to a marked leucocytosis. In contrast to exotoxins, endotoxins is weakly antigenic. It is more heat stable than exotoxins.
h) Other factors.

· Transmission route:-e.g. Vibrio cholera infection is obtained orally or through contaminated foods or drinks.
· Infection dose (Number of bacteria that invade):-This depends on the minimum infective dose (M.I.D). This means that the minimum number of organisms capable to produce clinical evidence of infection or death of susceptible animals

· State of health of the person infected.
STERILIZATION
Definition

Sterilization is defined as a complete removal or destruction of microorganism from an object or environment.

Sterilization- Is defined as a complete removal or destruction of all microorganisms both in their vegetative and non-vegetative forms including their spores from an object or environment. These micro-organisms includes bacteria, fungi, viruses, parasites etc
Importance
1. It prevents the spread of infections

2. sterilization is useful when sterilizing media and glassware which are used for obtaining bacteria in pure culture,

Types of sterilization (methods)
There are three (3) types of sterilization

a. physical sterilization

b. mechanical sterilization

c. chemical sterilization

-Each of the above methods is used for different agents.

-Each of the above methods has their own advantages and disadvantages 

NB 

Physical sterilization is the best method of sterilization out of the three.

A. PHYSICAL STERILIZATION

The main agents are;

i. Radiation

ii. Heat

i. RADIATION 

In radiation, there are three types of rays. These are;

a) Gamma rays

b) Infra red rays

c) U/V rays (ultra-violet rays)

a. U/V rays (ultra-violet rays) 

The main source of ultra violet rays is sun and hood lamp. Ultra violet rays destroy microorganisms by interfering with hydrogen bonds that binds double helix DNA in the bacterial cell.

Disadvantages

· They poorly penetrate bacterial cell

· They can be absorbed by glass or drops of water
b. Gamma rays

Gamma rays destroys micro organism by interfering with the bacterial intra-cellular or extra cellular structural formula thus causing death of the bacterial cell.

Advantages

a. They are very penetrative to the bacterial cell

b. They are mostly used in sterilization of disposable materials e.g. syringes, Needles.

Disadvantages
 a. They are usually useless.

 b. They cause chemical alteration in pharmaceutical products hence they cannot be used. 

 c. Infra- red rays

They are used in sterilization of metal instruments and cylinders (metal cylinders and glass cylinders

i. HEAT 

FACTORS INFLUENCING STERILIZATION BY HEAT

a. Temperature and time 

The higher the temperatures less the time taken and the lower the temperatures the more time taken in sterilization.

b. Number of organisms

The greater the number of organisms the more time taken for sterilization and the fewer the organisms the less time taken for sterilization.

c. Nature of material to be sterilized

These are the materials in which the organism or spores forms are enclosed

d. Nature of organisms 

Different species of organisms will resist temperatures in different degrees e.g. thermopiles withstand high temperatures e.g. Bacillus stearo-thermophilus withstand temperature of up to 1210c.

e. Nature of the heat

Heat can be used in two forms. These are;

a. Dry heat

b. Moist heat

a. DRY HEAT 

            Death of micro-organism is by oxidation. This is caused by protein denaturation. 
There are three type of dry heat. These are;

a. Hot air oven

b. Flames

c. Incineration

HOT AIR OVEN
This is carried out in two ways
i. At 1800c for 30minutes 

ii. At 160oc  for 60minutes

Material sterilized 

· Material includes glassware and metal containers e.g. scissors 

· In this method, all vegetative micro-organisms and some spore formers will be killed.

b) FLAMES

This is direct exposure of materials to be sterilized to the naked flame. This exposure leads to the killing of micro-organisms around that area.

Material sterilized 

Wire-loops, forceps etc

NB. The method will kill all the vegetative organisms and spores 

c) INCINERATION

This is a direct exposure of materials to be sterilized to hot flames. It is an excellent and rapid method of sterilization.

Material sterilized

Pathological materials, soiled dressing, cotton wool etc
i. MOIST HEAT

This is done in four (4) ways

i. Boiling water at 1000c

ii. Steam at 1000c

iii. Steam below 1000c

iv. Steam under pressure

i. BOILING WATER AT 1000C

· Vegetative micro-organisms will be killed within 10min in boiling water at 1000c

· Spore will be killed within 30min

· Sometimes you can have bactericidal effects e.g. when 2% NaCo3 sodium carbonate is added to the boiling water at 1000c. This increases the killing power.

Material sterilized 

Slides, syringes, needles etc surgical instruments e.g. scissors, forceps, rubber stoppers and corks.

ii. STEAM AT 1000C                                                                                                                          This method is employed in sterilization of media whose ingredients can be destroyed in temperatures above 1000c. It is done in two (2) ways;
a. Temp. of 1000c for 90 minutes (single exposure)                                                        This is known as a single exposure. In this single exposure, spores of some thermophillic and some mesophilic bacteria can survive this type of temperatures. 
b. Temp. of 100oc for 30 minutes                                                                                        This is done for 3 (three) consecutive times (days). It is referred to as tyndalization or intermittent or fractional sterilization. 
PR INCIPLE OF TYNDALLIZATION                                                                                                       This method is used when dealing with media containing sugar and gelatin. 
· Single exposure kills vegetative organism then in between the heating, the spores being in favorable medium becomes vegetative form, which are killed in the subsequent heating. 

PROCEDURE

1. First day (day 1) sterilize at 1000 c for 30 minutes and incubate overnight at room temperature.

2. Second day (day 2) re-sterilize at 1000c for 30 minutes and incubate at room temperature 

3. Third day (day 3) re-sterilizes at 1000c for 30 minutes, at the end, vegetative organism will be killed and most of the spores will be killed.
a. First exposure kills vegetative form
b. 2nd exposure kills spore formers
c. 3rd exposure kills spores that could not have been killed in the 2nd exposure.

DISADVANTAGES                                                                                                                  Fails to kill thermophillic anaerobic bacteria whose spores will not germinate in a particular medium and under the same condition of storage in between the heating.
iii. STEAM BELOW 1000C                                                                                                                     This is used for sterilization of fluids whose protein value can be destroyed by steam at 1000c e.g. milk                                                                                                                    There are three methods under this steam below 1000c 
a. Pasteurization 

b. Inspization 

c. Vaccine bath       

a. PASTEURIZATION                                                                                                                          There are two methods under pasteurization. These are;
i. Holder method at 63oc for 30 minutes

b. Flush method at 720c for 15 minutes                                                                                                                      In this method, all vegetative bacteria are killed except spores 0f the spore formers organisms

c. INSPIZATION                                                                                                                                                                           This is employed in sterilization of media e.g. Lowenstein Jensen medium (LJ) for micro-bacterium Tubercle bacilli. It is done at (75-85)0c for unspecified period depending on what to be sterilized. (Medium containing eggs or serum)    
d. VACCINE BATH                                                                                                                                This is used for sterilization of vaccine at 600c for 1 hour in water bath
iv.   STEAM UNDER PRESSURE                                                                                                               This employs use of high temperatures under pressure.                                                                                     It is the most effective type of sterilization e.g. auto-claving by use of auto-clave.                          The method kills bacteria in the following ways
a. Coagulation of bacterial cell protein
b.  Denaturization of the bacterial cell wall
c. Disrupting the bacterial enzxymes
d. Oxidation

The method employs use of high temperatures of 120oc for 15-20minutes and pressure of 20lbs                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              It is used to sterilize materials like media such as p3 broth,  urea broth, Petri-dishes(glass type) swabs  and apparatus used in incineration (incinerators)

CONTROLS USED IN STERILIZATION                                                                               The efficiency of an auto-clave should be tested to be sure of complete sterilization. The apparatus and devices used for this purpose are called sterilization control.
1. Temperature recorder (thermometer) to make sure that the required pressure is attained.
2. Pressure recorder (barometer) to make sure that the required pressure is attained.
3. Browne’s tubes. These are tube impregnated with chemicals that change from red to green.
a. Red to green means that there is complete sterilization 

2. Red to brown means that there is incomplete sterilization                                                                                   These are done under the following

a. At 1150c for 25minutes

b. At 1450c for 15 minutes

c. At 1600c for 1 minutes

3. Bowio-dick tapes (autoclave types)

· This consists of invisible lines at room temperatures.

· At certain temperatures, they will turn reddish black and this will mean complete sterilization of the material

4. Spore indicator (biological control)

· They are biological controls (indicators)

· T.D.P- Thermal death point – this means the lowest temperatures at which a given organism will die at a given time.

· S pores used are of high resistance bacilli called Bacillus stearo-thermophillus

· The thermal death point of these spores is 1210c for 12-15 minutes.
· After sterilization at 1210c for 12-15minutes and the spores grow, this shows incomplete sterilization. This is as a result of subjecting the spore to favorable media (condition).
B. MECHANICAL TYPE OF STERILIZATION                                                
This is a sub – class of physical sterilization and the microorganisms are removed without destroying them. This can be fastened by applying negative pressure. They are semi permeable agents e.g. filter –like e.g. Diatomaceous earth, Porcelain, Asbestos, Sintered glass and Membranes. 
1. Diamatoceous earth filter                                                                                                           These are filter candles which are made up of Diamatoceous earth including :
· German ‘Berkefeld filters’

· American ‘Mandler filters’ 

German Berkefeld filters consists of Asbestos and organic matter. They are made up of three grades: V-viel (coarse), N-normal, W-wenig (fine). These grades are assessed by the rate of passage of water through the filter at a standard pressure. V-grade filters are used mainly for clarifying liquids but they are not fine enough to sterilize liquids by holding back bacteria.

2.   Porcelain: They are in chamber land models


3. Sintered glass filters: These filters are of five (5) grades, (grade 1-5) filters.

4. Asbestos – examples of asbestos filters are Seitz filters.

5. Membrane filter e.g. filter paper 

Membrane filters are commonly used filtering of fluids such as media broth, urea broth, plasma for coagulase test e.t.c

Advantages of membrane filters                                                                                             1.Maintains both nutrients value and the structural formula
Disadvantages.                                                                                                                                       1. The filters may contain bacterial toxins
2. Viruses might pass through these filters

3. Mycoplasma can also pass through the filters

NB.

1. Bacterial – free filtrate may obtained by the use of filters with maximum pore sizes not exceeding 1 nanometer e.g. organism of Serratia marcescens.

2. The biological indicators to control this type of sterilization (mechanical sterilization) is Serratia marscescens which has a very small diameter of 0.75um

3. The purpose of biological control is to tell whether the filter paper in use is effective or not.

C. CHEMICAL TYPE OF STERILIZATION                                                                                   This method is used to free object from all living organism excluding spores. This involves use of liquids or gaseous chemicals. They can be in form of disinfectants or antiseptics. Some disinfectant can be converted into antiseptics by dilution.
OTHER TERMINOLOGIES

1. Germicides                                                                                                                                                  These are chemicals that kill germs
2. Bacteriocides                                                                                                                         These are chemical kill bacteria
3. Bacteriostatics                                                                                                                               These are chemicals that inhibit growth and multiplication of bacteria
4. Antiseptics                                                                                                                            These are chemicals which prevent infection by inhibiting growth of bacteria. E.g.70% alcohol or 70% methylated spirit, 0.5% Lysol. 0.5% phenol, % and 5% iodine etc.  
5. Disinfectants                                                                                                                      Disinfectant prevents infection by destroying pathogenic organisms. Disinfectants are injurious materials. Both antiseptic and disinfectants can kill micro organism by either one of the following ways
a. Oxidation

b. Interference with the bacterial enzymes activities 

c. Disrupting the bacterial cell wall membranes 

d. Denaturalization of the bacterial cell protein synthesis.

e. Interference with the bacterial nucleic acid synthesis.

APPLICATION IN USE                                                                                                                           These chemical agents can be used for heat sensitive items such us skin, solid materials e.g. Benches.
Examples of chemical agents  
1. 70% alcohol or 70% methylated spirit.                                                                                             This is an example of antiseptic, which is applied on skin when preparing the patient for injections, vaccination and pricking.
2. Lysol                                                                                                                                 This is a disinfectant applied on non- living materials like benches.                                                        3-5% Lysol is an antiseptic after dilution
3. 1-2% phenol is disinfectant                                                                                                      0.5% phenol is an antiseptic
4. 1% hycolin is an antiseptic 
5. Iodine this is antiseptic at 2% and 5% e.g.                                                                                  2% Iodine in 70% alcohol used in surgical operation.                                                                             5% iodine in 50% alcohol used in laboratory when dealing with organisms as tincture of iodine.  0.25% chloroform.   –Peroxides.  –Formaldehyde.  - Ethylene oxide
6. 50% glycerol as a disinfectant 
7. 0.25% chloroform as a disinfectant
8. ethylene oxide in form of gas- sterilizer heat labile (sensitive materials) it is lethol (killing effect) to all kind of micro-organism and spores
9. Formaldehyde- this is a form of water soluble gas that is lethal to all kinds of micro organisms and spores e.g. woods furniture clothing etc.
UNIT: 2: BACTERIOLOGY-1
THE COCCI
BACTERIAL CLASSIFICATION 
General characteristics of bacteria

1. They have a simple cell structure hence posses a cell wall

2. They multiply by means of binary fission

3. They contain both RNA (ribonucleic acid )and DNA (deoxyribonucleic acid) 

4. They have ribosome used for protein synthesis

5. They are sensitive to antibiotics

6. They have variety of active metabolic enzymes

7. They belong to prokaryotic organisms.
Classification of bacteria

Bacterial classification is based on the following;

a. Cell morphology (according to shape of the bacteria).

b. Staining reactions (according to staining characteristics of bacteria).

c. Cultural characteristics(Oxygen requirements e.g. Aerobes, Anaerobes and Faculcatative anaerobes

d. Biochemical reactions

e. Antigenic structures

f. Genetic composition using specialized molecular biology techniques

g. Host resistance or pathogen city (Pathogens, Non-pathogens and commensals)

BACTERIAL CELL MORPHOLOGY

Basing on cell morphology of bacteria, all organisms are classified into the following:
Grams positive bacteria

1. Cocci 

· Aerobes or falcultative
- Staphylococci




            - Streptococci

- Enterococci


· Strict anaerobes                      - Pepto-streptococci 


2. rods (bacilli)




· aerobes or facultative
  - Corynebacterium 




                          - Listeria






  - Lactobacillus






  - Norcardia






  - Mycobabacterium


-Strict anaerobes
              - Bacillus



                          - Actinomyces

  - Clostridium 

GRAM NEGATIVE BACTERIA

1. Cocci 


                  Neisseria 

2. Rods (bacilli)                               Strict aerobes                   - Pseudomonas

     Aerobes or facultative       - Proteus

             

                       - Salmonella






- Shigella






- Klebscella






- Yersinia

 




- Bordetella






- Haemophillus






- Brucella






- Pasteurella






- Vibrio

Strict anaerobes

- Bacteriodes





- Fusobacterium

- Micro aerophillie 
         - Campylobacter

 

a. Spirochaetes
  -Aerobes


- Leptospira
                                                            -Anaerobes 
                         - Borrelia

                                                  - Treponema
MORPHOLOGICAL CLASSIFICATION

They are true bacteria, which are unicellular, do not form mycelia and are grouped on the bases of their shape as follows;

a. Cocci

singular (coccus)

b. Bacilli (rods)
singular (bacillus)

c. Vibrios
            singular (vibrio)

d. Spirilla

singular (spirillum)

e. Spirochaetes
singular (spirochete)

Organisms, which show variation in shapes, appearance forms, are described as pleomorphic  
1.  COCCI

These are round or oval organisms measuring about (0.5- 1.0) um in diameter. During multiplication period cocci may form pairs, chain or irregular groups.
Group 1

They are those cells, which after binary fission the daughter cells will remain attached to the mother cells. They form a characteristic kidney shape. This type of cocci is referred to as diplococi e.g. Neisseria gonococci, Meningococci etc
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   They are gram –ve diplococi kidney shaped diplococi
     Group 2

They are those cells whereby the daughter cells will have a tendency of moving away from   the mother cells after binary fission. They will look like a pair of connected spears. This type of appearance is referred to as lancet formation. They are normally referred to as lancet shaped diplococci. These cells occur always in one plane and give a classification called streptococcus pneumoniae or diplococcus pneumoniae
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They are gram +ve lancet shape diplococi

Group 3 

If after binary fission, the organism occur in chains of two (2) three (3) or even more than three (chains) but in the same chain are referred to as streptococci because they are in chains. E.g. Streptococcus pyogenes, Streptococcus faecalis, Streptococcus viridans etc. They are gram +ve cocci 
[image: image12]
Group 4 

If after binary fission, some cells occur in cluster on many different planes assuming the shape of grapes (cluster) like bunches of grapes. These organisms are called staphylococci e.g. staphylococcus aureus, staphylococcus albus etc, They are gram +ve cocci 
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Group 5

Some cells (cocci) occur in four (4) giving different planes. They are referred to as tetracocci.  E.g. Gaffikya tetragena. They are gram +ve cocci
Group 6

Other cocci occur in 8 (eight) but occurs in different planes. They are called Sarcina e.g  Sarcina lutea. They are gram +ve organism.

Group 7

Other cocci, which are smaller than Staphylococci but occur in many planes. With gram stain, they are gram –ve organisms. They are called Veillonella e.g. Veillonella parvula.
I). STREPTOCOCCI SPECIES

General characteristics of Streptococci
· They are gram positive cocci occurring in singles, pairs and in chains of varying lengths.

· They are non-motile.
· Some strains are capsulated e.g. Streptococcus pneumoniae.

· They are non-sporing.

· They are catalase test positive.

· They are coagulase test negative.

· They are aerobes and facultative anaerobes.
1. Streptococcus pyogene: 
It is Lancefield Group A-Beta hemolytic Streptococci.
Pathogenesis

It causes about 90% of the streptococcal infections. This is divided into two categories:

a. Supparative infections
These are infections that produce pus cells. They are primary infections which include:

· Respiratory infections e.g. sore throat, tonsillitis and pharyngitis.

· Skin infections e.g.  Wounds, cellulitis, impetigo, erysipelas.
· Genital tract infections e.g.  Urinary infections called puerperal sepsis. 

· Others includes: Abscesses in the lungs.

Impetigo.
This is a superficial skin infection which is commonly encountered in children of (2-6) years of age. It is caused by Streptococcus pyogenes and Staphylococcus aureus. The disease is characterized by Horney scabs forms from dried serum on the skin especially the face, legs etc.

It is spread through direct conduct with the lesions or with nasal discharge. It has an incubation period of (1-3) days. It can be prevented by practicing good personal hygiene.
Treatment is by use of medicated ointments or antibiotics.

       Erysipelas disease
It is causes more acute damage of the epidermis of the skin resulting in the inflammatory infections. It is common in infants, elderly and immune-compromised patients, diabetic and alcoholic patients. It is characterized by chills, fatigue, headache, vomiting within 48hrs.

b. Non-Supparative infections
These are infections that do not produce pus cells. They involve complications following primary streptococcal infections and include:

· Scarlet fever which comes as a result of Erythromatic fever.

· Rheumatic fever which is characterized by heart muscles and valves damage leading to the inflammation of the organ.

· Glomerulo-nephritis which is a post-Streptococcal infection that comes as a result of skin infections or throat infections.

· Erythema nodosum which is a skin disease appearing as small Red nodules on the surface of the skin, otitis media.
Laboratory diagnosis
Specimens: Includes a throat swab (avoiding saliva contamination) or swabs of pus and serous fluid depending on the site of infection, and blood for culture. Culture media should be inoculated as soon as possible. Testing for ASOT antibody in serum is helpful in diagnosing rheumatic fever. 

Treatment
They are sensitive to Penicillin, Erythromycin, and Tetracycline.
2. Streptococcus agalactiae:
Pathogenesis

It is Lancefield Group B-Alpha hemolytic Streptococci which causes septic abortion and puerperal or gynecological sepsis, and occasionally urinary tract infection. Occasionally it causes neonatal septicemia and meningitis, otitis media.
The mode of transmission is through exposure to the neonate by genital flora of the mother through ruptured membrane or through contaminated birth canal.

Laboratory diagnosis
Specimens: Includes cerebrospinal fluid (c.s.f), ear swabs, High vaginal swabs (HVS) is required from women with suspected sepsis and blood for culture. 

Treatment
They are sensitive to Penicillin, Erythromycin.
3. Streptococcus pneumoniae:
It is a non-antigen grouped Streptococci which is Lancet shaped diplococi.
Pathogenesis

It causes labor pneumonia (that affects the lower parts of the labor vertebra) in adults and broncho-pneumonia (that affects the trachea) in children. These occur after infection with virus e.g. HIV, Influenza virus, Common cold virus, dust and some stones that damage the mucosal membrane.  The organism may disseminate to the blood stream and lymph nodes causing septicemia. It also causes meningitis, bacteriemia, otitis media, sinusitis and conjunctivitis. Severe infection can occur in the elderly and those already immune-suppressed or in poor health. It is also a common cause of childhood pneumonia and serious infections in patients with sickle cell disease.

Mechanism of infection 
Streptococcus pneumoniae infects the respiratory tree of the lungs where they are trapped and proliferate in the broncheos and eventually infect the Alveoli. Inflammatory response of the host leads to the accumulation of Alveolar exudates consisting of leucocytes and RBCs. In this stage, the patient sputum appears bloody. When recovery does not take place immediately, the Alveolar exudates becomes fibrous and in-elastic because of the deposition of fibrin oblasts and this makes the breathing become difficulty in the patient. The complication of pneumococcal infection includes bronchitis, otitis media and meningitis.
Laboratory diagnosis
Specimens: Depending on the site of infection, specimen includes cerebrospinal fluid (c.s.f), ear swabs, sputum exudate and blood for culture. 
Treatment
They are sensitive to Penicillin, Erythromycin, co-trimoxazole, Augmentin, Chloramphenicol, tetracycline etc.
4. Viridan group ofStreptococi:
It is a non-antigen grouped Streptococci that causes dental cavity (caries) infections, endocarditis, bacteriemia.

Treatment
They are sensitive to Penicillin and metronidazole. 

2). STAPHYLOCOCCI SPECIES
General characteristics of Staphylococci
· They are gram positive cocci occurring in singles, pairs and in clusters.

· They are non-motile.

· Some strains are non-capsulated.

· They are non-sporing.

· They are catalase test positive.

· They are coagulase test positive.

· They are aerobes and facultative anaerobes.
1. Staphylococcus aureus:
Pathogenesis

Its pathogenesis covers three areas:
a. Skin infections
The common skin infections include:

· Boils, folliculitis, Impetigo candiosa which is characterized with inflammatory vascular diseases presenting with vascular follicles or watery blisters on the face affecting mostly neonates, Carbuncles.

· Scalded skin syndromes which are the infection on the skin caused by production of toxins called Exfoliatin which mostly affects children.

b. Deep infections
These infections come as a result of primary infection especially in infants. They can develop vital pneumonia and septicemia, Osteomylitis, Whit-low (inflammation of fingers), Cellulitis and Staphylococcal enteritis due to chemotherapeutic activities or effects.
c. Food poisoning
Certain strains of Staphylococcus aureus excrete heat stable toxins exotoxins called Enterotoxins into foods. When these enterotoxins are ingested by a person, the person will end up vomiting, diarrhoearing within an incubation period of 6hrs. The organisms are obtained from food handlers and food preparers who might be having Staphylococcal lesions on the skin. It is also found in the Naso-pharynix.
Laboratory diagnosis
Specimens: Includes cerebrospinal fluid (c.s.f), pus and swabs from infected sites, sputum and blood for culture. 

Treatment
They are sensitive to Penicillin, Vancomycin, Cephalosporins, Erythromycin.

2. Other Staphylococcus species
a. Staphylococcus saprophyticus

It causes Urinary tract infections in sexually active women.

b. Staphylococcus epidermidis

It causes endocarditis and bacteriemia following infection of indwelling catheters and other appliances positioned in the body.
It is resistant to many antibiotics.

3). NEISSERIA SPECIES
General characteristics of Neisseria species

· They are gram negative kidney shaped or bean shaped or coffee berry shaped diplococci which are typically seen in pus cells (intra-cellular) and extra-cellular.

· They are non-motile.

· Some strains are non-capsulated EXCEPT Neisseria meningitides.

· They are non-sporing.

· They are facultative anaerobes which grow in presence of (5-10) % carbon dioxide.

· They all produce enzyme cytochrome oxidase.
1. Neisseria gonorrheae
Pathogenesis

Its pathogenesis covers the following areas:

a. Gonorrhea

Gonorrhea of the uro-genital tract and less commonly, rectal and pharyngeal are sexually transmitted diseases. They include:
i. Gonorrhea of genitor-urinary tract of males.

This has an incubation period of (2-9) days after sexual conduct. In male, it starts with acute urethritis and dysuria with a purulent discharge. In about 95% of the patients, gonococci can be found in urethral discharge or urine sediment. The organism may spread from the anterior urethra to the posterior urethra, prostates, bladder and epididymis causing inflammation and swelling within (10-14) days. Epididymis may lead to sterility. In small number of infections, it may invade the blood streams causing disseminated gonococcal infection (D.G.I).
ii. Gonorrhea of genitor-urinary tract of females.
The primary genital infection occurs in the Endo-cervix and patients will present with vaginal discharge, low abdominal pains and or abdominal bleeding. These symptoms may be minimal and often go un-noticed. Infection of the urethra and urethral glands or bartholin ducts may also occur. If not treated, bartholinitis and salvingitis will occur. The organism may invade the blood stream and cause disseminated gonococcal infection (D.G.I) as like in the cases of males.

-Salvingitis is the inflammation of the fallopian tubes.

-Bartholinitis is the inflammation of the bartholin ducts.

iii. Extra- Genital infections
This can cause local infections in various parts of the body e.g. 

i. Ophthalmia neonatorium (O.N) which is an ocular infection in neonates who acquire it during passage in the birth canal.
ii. Conjunctivitis of the eyes (inflammation of the eyes) in adults exposed to infected genital secretions or Laboratory acquiring and also careless handling of laboratory cultures. Due to changes in human behavior. Over the past several years, gonococcal infections have not been restricted to the urethral tract and the organisms have been isolated from rectal sites and homo-sexual and hetero-sexual population.
Laboratory diagnosis
Specimens: Includes cerebrospinal fluid (c.s.f), pus and swabs from infected sites, sputum and blood for culture. 

Treatment
They are sensitive to Penicillin, Vancomycin, Cephalosporins, Erythromycin.

b. Neisseria meningitidis
Pathogenesis

Meningococcal infection is classified into 3- groups. These are:

· Naso-pharyngitis
· Septic meningitis (Septicemia).

· Meningocaemia

i. Naso-pharyngitis
This is the infection of the pharynix and it is short lived. It is asymptomatic and the infection can spread to other parts of the body through the blood streams and also to the central nervous systems. It occurs following bacteriemia. It is characterized with intense headache, vomiting and stiff neck. The carrier rate is (5-30) %.
ii. Septic meningitis
The carrier rate is (50-90) %.
It is characterized by high fever, rapid circulatory collapse and hemorrhagic rash.

iii. Meningocaemia
This is an infection which is characterized by high fever, arthritis, blockage of blood vessels, rash which starts as a pin dot, hemorrhage of the skin and mucus membrane. In severe infections, it becomes more extensive and takes a form of irregular shaped dusky red blotches causing a condition called purpura which is vital and also oesteomyilitis.
Other symptoms include Frontal headache, fever, nausea, joint pains, shock, stiff neck, pericarditis and pneumonia.

Laboratory diagnosis
Specimens: Includes cerebrospinal fluid (c.s.f), pus and swabs from infected sites, sputum and blood for culture, synovial fluids, pleural fluids etc. 

Treatment
They are sensitive to Penicillin, Vancomycin, Cephalosporins, Erythromycin, chloromphenical.
 4). MORAXELLA SPECIES

Species: Moraxella catarrhalis (Brahamella catarrhalis).
It is gram-ve cocci which is a normal flora cocco-bacilli of the upper respiratory tract.
It causes septicaemia, meningitis, Endocarditis, pneumonia in elderly people.

It also causes opportunistic and noso-comial infections, wound infections in man.

UNIT: 3: BACTERIOLOGY-1
THE BACILLI

They are stick like bacteria or rod- like bacteria with rounded, tapered (fusiform), square or swollen ends.
They are either gram +ve organisms or gram –ve organism measuring (1-10) um in width.

The rods with rounded ends are often called cocco-bacilli 

Some are spore formers while others are non-spore formers

Some are acid fast while others are not

They can occur in singles, pairs or in chains. Those which occur in chain are called strepto-bacilli 

During binary fission, the rods do not usually remain attached to one another, but separate
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Examples 1

1. clostridia spps

            - they are gram +ve bacilli

2. Bacillus spps


- they are spore formers

Example 2

1. Listeria bacilli

2. Erysipelothrix bacilli

- they are gram –ve bacilli

3. Lacto bacillus


- they are non-spore formers 

4. Corynebacteria SPPS

Example 3

Corynebacterium spps
When stained with gram stain technique, they shows hang ears or Chinese lettering 

When staining with Neisser’s or Albert’s staining technique it will show granules called volutin granules or metachromatic granules or babies Ernest granules
Example of gram –ve bacilli
· Escherichia coli

· Klebsiella spps

 in the family Enterobacteriaceae

· Proteus spps

· Salmonella spps

· Shingella spp
Example of cocco-bacilli

· Haemophillus spps

· Brucella spps





· Bordetella spps
     they are gram –ve coco-bacilli

· Yersinia spps
1. GENUS: BACILLUS
General characteristics of Bacillus species

· They are gram positive bacilli.

· They are motile.

· They are capsulated when smears are made from the specimen and non-capsulated when from the culture media.
· They form non-bulging spores which are either centrally placed or sub-terminally placed.

· They are aerobes and facultative anaerobes.
Bacillus anthracis
Pathogenesis

It is the causative agent of anthrax which is mainly a disease of sheep, cattle, goats and other herbivores with humans becoming infected only after coming into contact with infected animals or their skin. It is a zoo noses disease and man is secondary or accidental victim. Spores of the bacilli are found in soil, vegetation, hair of animals and human beings, and hides. The disease is associated with people such as farm workers, veterinary officers, slaughter workers and employees of factories handling contaminated animal hides, wool and hairs.
Anthrax is manifested in human in three forms:

· Pulmonary anthrax (Wool sorters disease).

· Cutaneous anthrax (Hide sorters disease).

· Enteric anthrax

· Meningo-encephalitis.

Pulmonary anthrax (Wool sorters disease).

This is a severe form of anthrax and it is 100% fatal. The disease is acquired through inhalation of large number of B. anthracis spores during shaving, sorting hides and handling of infected animal hairs. The spores settle (lodge) themselves in the alveoli of the lungs (respiratory tract) whereby they germinate to form or produce vegetative cells (forms) causing pneumonia, meningitis and septicemia if not treated. The vegetative cells produce exotoxins which are responsible for producing local hemorrhage and edema of the lungs. The same toxins can combine with capsule to inhibit or protect itself from phagocytosis.
Cutaneous anthrax (Hide sorters disease).
It is the commonest form of anthrax in human in human being and it is 95% fatal. 

The bacilli enters the body through damaged skin and localizes at the infected area forming or producing a blister (“malignant pustules”) or “Escher’s” which usually ulcerates and eventually forms a dry black scab ( rings) surrounded by edema if not treated.
In severe cases, individuals can develop enlargement of regional lymph nodes, toxemia, Meningo-encephalitis and can lead to septicemia. Incubation period is (1-5) days.
Nb.
A pustule is a slow healing painless ulcer covered with a black Escher surrounded by edema.

Enteric anthrax

This is a severe form of Gastro-enteritis with fever, abdominal pains and bloody diarrhea and septicemia due to ingesting infected meat. It is associated with un-developed countries where contaminated meat is sold. In the intestines, the organism produces exotoxins leading to formation of necrotic lesions in the ileum and caecum. This leads to complications or even death.
Meningo-encephalitis.

This is usually a complication of septicemia and occasionally a primary anthrax Meningo-encephalitis.
Laboratory diagnosis
Specimens: Includes 
· Cerebrospinal fluid (c. s. f) for Meningo-encephalitis.

· Fluid aspirates (exudates) from cutaneous lesions for Cutaneous anthrax.

· Sputum for Pulmonary anthrax.

· Blood for culture in cases of septicemia.
 Treatment

They are sensitive to Penicillin, Tetracycline, Chloramphenicol, Streptomycin and Co-trimoxazole. 
Prevention and control
· Carcasses should be burned or buried deep underground.

· Treatment of the infected people.

· Immunization of people.

· Use of protective clothes when handling suspected animals.

· Immunization of animals.

· Fumigation of hides and wool (by use of gaseous fumes to destroy the spores).

· Public health education on the mode of transmission and prevention of the disease.

· Use of mouth masks.

Bacillus cereus

Pathogenesis

It causes food poisoning which is a toxin mediated disease rather than an infection. The toxin is produced when the bacilli sporulate in rice and other cereals that have been cooked and stored in warm temperatures. Occasionally, it causes opportunistic infections in immune-compromised persons e.g. persons with pneumonia, bacteriemia and wound infections. It has also been isolated from large variety of foods including rice, vegetables, meat, pasteurized milk and powdered milk.
Two types of toxins are responsible for the clinical illness. These are:

· Emetic toxin that is responsible for vomiting.

It is characterized by nausea and vomiting that resembles Staphylococcal food poisoning which occur 1-6 hrs after consumption of foods containing the toxins such as boiled eggs or fried eggs. These toxins are produced outside the body.

· Enterotoxin that is responsible for diarrhea.
It is characterized by abdominal pains and watery diarrhea that resembles Clostridium perfrigenes food poisoning which occur 10-12 hrs after consumption of foods containing the bacilli such as mashed potatoes, chicken, meat, eggs and various soups.. These toxins are produced inside the body.
2. GENUS: CLOSTRIA

General characteristics of Clostridia species

· They are gram positive bacilli.

· They are motile.

· They form oval bulging spores which are either centrally placed or sub-terminally placed.

· They are strict or obligate anaerobes.

Clostridium perfringens
Pathogenesis

Human disease is caused by type A1, A2, C and occasionally type F. 
Clostridium perfringens type A1
It causes gas gangrene (myonecrosis or destruction of the soft tissues), food poisoning, puerperal sepsis or infection and septicemia.

Gas gangrene
Gas gangrene occurs due to the production of Alpha toxins resulting in rapid destruction of tissue carbohydrates with production of gas in decaying tissues, particularly muscles. The affected tissue is foul-smelling and there is septicemia leading to intra-vascular haemolysis.

  Nb.
Other strains of Clostridium that causes gas gangrene includes: Clos. novyi and Clos. Septicum.
Clostridium perfringens type A2

It causes food poisoning usually within 8-12 hrs of ingesting contaminated meat. Multiplication is rapid and takes place in the gut producing enterotoxins similar to that produced by Vibrio cholera. It is characterized by symptoms such as abdominal pains, diarrhea with foamy stool, little vomiting etc. The illness is mild and self limiting and do not usually require laboratory diagnosis. Patients usually recover in 2-3 days from the onset of the disease.
Clostridium perfringens type C
This causes a severe form of jejunitis (necrotizing enterocolitis) known as Pigbel disease in China, Highlands of Papua New Guinea, Bangladesh and parts of East Africa.   (This is a severe form of intestinal damage with abdominal pains, dysentery and vomiting) mainly in children. Transmission is through ingestion of poorly cooked pig meat, sweet potatoes, peanuts and other foods containing protease inhibitors (prevent toxin from being destroyed).
Laboratory diagnosis
Specimens: Includes 

· Exudates from deep wounds.

· Pus swabs from gas gangrene.

· Stool and food remains from food stuff.

· Blood for culture.
 Treatment

They are sensitive to Penicillin, Tetracycline, Metro-nidazole, and Erythromycin. 
Prevention and control
· Proper cooking of foods.

· Early diagnosis and treatment of the infected people.

· Proper disposal of feces.

· Public health education on the mode of transmission and prevention of the disease.

· Use of mouth masks.

· Proper disinfection of the skin prior to surgical operations.

Clostridium tetani
Pathogenesis

Clostridium tetani causes tetanus in man and animals which is a serious fatal disease caused by the neurotoxins (tetanospasmin) produced by the bacilli. The spores are widely distributed in the soil and the environment.
Mode of infection
Infection occurs when the spores of the bacilli contaminates punctured wounds, ulcerations, bullet wounds, burns and crush injuries. Once the spores are in the wounds, there is mixed infection of aerobes (e.g. Pseudomonas) and anaerobes (e.g. Clostridium spps) resulting into low oxygen tensions. This gives chances for the spores to germinate, multiply and give rise to vegetative cells (active organism) which produces toxins such as tetanospasmins leading to toxemia (presence of toxins in blood stream).
The bacilli remains localized at the site of the wound while the toxins are absorbed into blood stream producing major systemic effects. These effects include:

· Muscular rigidity and spasms which are characterized by:

i. Spactic contraction of voluntary muscles usually of the jaws and hyper lexis causing “Lock jaw” or “Trismus” which is a characteristic smile called “Risus sardonicus” (Lock jaw is difficulty in opening the jaw).
ii. Painful contraction of the muscles of the neck and back muscles.

Tetanospasmin toxin attacks the peripheral nerve ending and moves to the central nervous system where it binds the gangliosides in the central nervous systems and blocks inhibitory impulses to the major muscles.
Incubation period is 3-5days up to 3weeks.

Other types of tetanus
· Neonatal tetanus
This occur when the umbilical stump (cord) becomes infected due to the cord being cut with contaminated blades or when animal dung (containing large number of  the bacilli)  is applied to the cord stump. It is the major cause of death in newborn infants in parts of Africa and South east Asia.

· Post-abortal and puerperal tetanus
It occurs as a result of infection of the genital tract with the bacilli through unsterile instruments.
· Cephalic tetanus
This occurs from the wound of the head.

Laboratory diagnosis
Diagnosis is based largely on clinical findings.
Specimens: Includes 

· Exudates from deep wounds.

· Blood for culture.
 Treatment

They are sensitive to Penicillin, Tetanus toxoid given in children in combination with Diphtheria and Pertussis as (DPT) vaccines, and also T.T (tetanus toxoid) can also be given in cases of injuries.
Prevention and control
· Proper care of wounds.

· Early diagnosis and treatment of the infected people.

· Proper disposal of feces.

· Public health education on the mode of transmission and prevention of the disease.

· Active immunization.

· Avoid contact with donkey or horse dungs.
Clostridium botulinum
Pathogenesis

Clostridium botulinum causes food poisoning which is a toxin mediated disease rather than an infection. It has 6 serotypes designated as A-E. Serotypes A, B and E causes food poisoning while serotypes C, D, and F causes other diseases in man.

3. GENUS: CORYNEBACTERIUM

General characteristics of Corynebacterium diphtheriae 

· They are gram positive bacilli which appear in form of abtuse angle (angle greater than 900.

· They are non-motile.

· They form appearance characteristic called “Chinese lettering” or “Hang ears” appearance due to incomplete separation of the daughter cells from the mother cell during binary fission
· They appear in parallel rolls called Palisade cord formation (parallel cords).

· When stained with Neissers stain or Alberts stain, the bacilli appear beaded or granular in form of beads at the end of the bacilli. These beads or granules are called Metachromatic granules or Volutin granules or Babies Ernest granules.
· They are non-spore formers.

· They are capsulated.
Pathogenesis

Coryn. diphtheria causes two types of infections:
· Respiratory diphtheria
This is an acute and contagious type of the disease mainly in children. Incubation period is 2-6 days. The disease is transmitted through contact, inhalation of respiratory droplets or vomiters containing the bacilli. Pathogenicity is associated with toxins produced that cause necrosis of the mucosal cells. As a result of this, the inflammatory response of the infected tissues causes the accumulation of grayish-yellowish exudates that clots and attaches itself into various passage ways forming a pseudo-membrane consisting of bacilli, leucocytes and epithelial cells. If the inflammatory response involves nose-pharyngeal and the trachea, Respiratory obstruction may occur and if not treated by either doing tracheotomy or in-tabulation, the patient may suffocate. Death is in most cases as a result of heart failure due to the effects of the toxins or from Asphyxiation (lack of oxygen)
Cutaneous diphtheria
It usually develops when the bacilli infects open wounds leading to serious complications associated with diphtheria of the throat. It is characterized with Impetigo-like lesions on the face, legs (spots in these areas). Infection may be due to insect bite, skin traumas and poor personal hygiene. It is common in tropical countries.

Laboratory diagnosis
Specimens: Includes 

· Throat swabs.

· Nose-pharyngeal swabs.

· Exudates from the lesions.

 Treatment

They are sensitive to Penicillin, Tetracycline, Clindamycin, Vancomycin and Erythromycin. 

Use of diphtheria antitoxin.
4. GENUS: MYCOBACTERIUM

General characteristics of Mycobacterium species 

· They are gram positive cocco-bacilli which are long and slightly curved.
· They are non-motile.

· They are non-spore formers.

· They are capsulated.

· They measure (0.5-10) um in length.
· They are aerobes. 

· They are resistant to Acid and Alkaline due to the presence of the mycolic acid (fatty substance) covering the cell wall.

· They can be demonstrated by use of Ziehl Nelson staining technique and the organism appears as long, slender, slightly curved red rods.

 Mode of transmission
· Inhalation of the bacilli in respiratory droplets or dust particles with Myco. Tuberculosis.

· Ingestion of unpasteurized milk or beef with Myco. bovis. 
Pathogenesis

Tuberculosis is a disease caused by M. tuberculosis. This disease causes more deaths than any other infectious disease. Factors that contribute to the increase of Tuberculosis infection in developing countries include:

· Co-infection with HIV

· Emergence of multi-drug resistant Tuberculosis.

· Inadequate treatment.

· Continuing poverty.

· Malnutrition

· Overcrowding.

· Increasing number of displaced persons.

Infection mechanism
Tuberculosis commonly attacks the lungs and other parts of the body. It spreads through air droplets when the patient coughs, sneezes or spits. Most infections in humans result in an asymptomatic latent infection and about one in ten latent infections eventually progress to the active disease which , if not treated kills more than 50% of the infected people. 

Classical symptoms are:
· Chronic cough with blood tinged sputum.

· Fever

· Night sweats

· Weight loss.

Types of tuberculosis
Following the infection through inhalation of cough droplets 0r dust particles containing the bacilli are lodged in the lungs and nearby lymph nodes. In the lungs, the bacilli forms small inflammatory lesion and this is the primary infection called primary tuberculosis. In most people, the lesions are self- healing although some bacilli remain dormant in the lymph nodes and may re-activate causing a post primary disease.
There are 5- types of tuberculosis:

a). Pulmonary tuberculosis.

b). Miliary tuberculosis

c). Tuberculosis meningitis

d). Renal and Uro-genital tuberculosis

e). Bone and joint tuberculosis.

a). Pulmonary tuberculosis.

This occurs when the primary tuberculosis does not heal completely with continuous multiplication of the bacilli in the lungs leading to pulmonary tuberculosis. The bacilli cause an inflammatory reaction that leads to a liquefied destruction of lung tissues with “caseation” (breakdown of diseased lung tissues into a cheese-like mass). Erosion through the wall of a bronchus leads to the discharge of the liquefied tissues (yellow pieces of caseous materials) that contains the tubercle bacilli which are often coughed out in sputum. These bacilli can also be found in tonsils and intestinal tract whereby they are self-healing. If not treated or does not heal, the bacilli will lead to pulmonary tuberculosis. Patients with advanced pulmonary tuberculosis will have:

· Difficulty in breathing.
· Chronic cough with production of muco-purulent sputum which may contain blood (haemoptysis). Of 3days or more.

· Loss of weight, fever, night sweats, fatigue, chest pains and anemia in early stages.

· Complications include:

i. Lung collapse.

ii. Tuberculosis meningitis.

iii. Renal and urino-genital tuberculosis.

iv. Miliary tuberculosis.

b). Miliary tuberculosis
This occurs if the site of primary infection raptures through a blood vessel and the bacilli spread throughout the body. It is characterized by formation of many small granulomata (nodules) which can only be diagnosed through chest x-rays. These nodules look like “millet seeds” hence the name Miliary tuberculosis. Patients are often acutely ill with fever, enlargement of the liver, spleen and lymph glands and also infection of meninges.

c). Tuberculosis meningitis
The bacilli through the blood stream reach the meninges and it occurs frequently in immune-compromised infants and young children as a complication of primary tuberculosis although it can occur at in any age. This type of tuberculosis is fatal if not treated at an early stage.
d). Renal and Uro-genital tuberculosis
This occurs some years following pulmonary tuberculosis. The bacilli reach the kidney and genital tract through the blood inoculation. Renal infection is often suspected when repeated urine specimens are found to contain pus cells but no organisms are isolated by routine cultures. There may be frequency in passing urine, haematuria and usually recurring fever.
Tuberculosis of the genital tract (epididymitis in males and endometrial in females) can cause infertility and pelvic inflammatory disease (P.I.D).
e). Bone and joint tuberculosis.
This is a common infection of the spine which may lead to the collapse of the vertebrae and formation of a cold abscess in the groins. It is a rare form of tuberculosis.
 Other species of Mycobacterium
· Mycobacterium bovis that causes tuberculosis in warm-blooded animals e.g. cattle.
· Mycobacterium mycroti and Mycobacterium genavense are associated with HIV positive patients.

· Mycobacterium bovis, Mycobacterium mycroti, Mycobacterium tuberculosis and Mycobacterium africanum are associated with human tuberculosis.

· Mycobacterium leprae causes leprosy (a chronic infectious disease that affects the skin, peripheral nerves mucosa of the upper respiratory tract and the eyes. Human being acquires the disease through respiratory tract or skin contact with the bacilli. Incubation period is 2-5days.
DIAGNOSIS.

Specimens: Includes 

· Sputum or pus.

· Urine

· Bone marrow

· Cerebral spinal fluid.

I. .Staining Techniques.
II. Ziel-Neelsen or Auramine rhodamine fluorescent technique. 
III. Tuberculin Skin test or Mantoux test.
IV. Culture in Lowenstein-Joensen (LJ) about 2weeks to 8weeks at 35ºC to 37ºC under aerobic conditions.
PREVENTION AND CONTROL

· Search and contact-tracing for new cases.

· Reducing overcrowding in homes and workplaces.

· Improvement of social and living conditions

· Use of BCG vaccines. This induces cell-mediated immunity to the mycobacterium and does not generate humoral immunity as other vaccines, therefore alerts the body’s defence rather than inducing antibodies.

TREATMENT AND PROPHYLAXIS

Treatment is difficult and requires long courses of multiple antibiotics. Antibiotic resistance is also a growing problem in the multi-drug resistant Tuberculosis. Prevention lies in screening programmes and vaccinations usually with Bacillus Calmette-Gurein (BCG) vaccine. Contacts should be given BCG. Chemoprophylaxis is given to children under 6years and to contacts positive with HIV. BCG is derived from a typical Mycobacterium but offers some protection from active Tuberculosis especially in infants and children.

All treatments should be ‘directly observed therapy’ (DOT) to ensure compliance. Newly diagnosed patients should be treated with four-drug regimen for 12 months consisting of:

· Isoniazid.

· Rifampicin.

· Pyrazinamide.

· Ethambutanol.

5. GENUS: ESCHERICHIA

General characteristics of Escherichia coli 

· They are gram negative bacilli.

· They are usually motile (80%) but non-motile strains are referred to as Alkascens-Dispar.
· They are non-spore formers.

· Majority of the strains are capsulated while minorities are non-capsulated.

· Most strains have fimbriae (adhesive Pilli to the epithelial cells in the intestines).

· When grown in media containing sugars at (150C -200C), many strains will form abundantly loose slime.
Pathogenesis

Escherichia coli cause four types of infections:

a. Urinary tract infections which are commonly isolated from patients with cystitis especially in women.
b. Infections of the wounds, peritonitis, sepsis and endotoxins induced shock.

c. Meningitis and bacteriemia in neonates.

d. Diarrheal disease e.g. infantile gastro-enteritis, traveler’s diarrhea, dysentery and hemorrhagic diarrhea which may progress to Hemolytic Uremic Syndrome.

E.coli strains associated with Diarrheal disease
· ETEC (Enterotoxigenic E.coli)
This causes watery (secretory) diarrhea due to the production of plasmid mediated toxins in infants and adults, particularly in developed counties. It is also referred to as Traveler’s diarrhea.

· EPEC (Enterotpathogenic E.coli)

This causes vomiting, fever and prolonged diarrhea mainly in infants of less than 2 years. Due to bacteria adhering to epithelial cells, multiplying and causing lesions. It is a molar problem in developed counties.
· EIEC (Enteroinvasive E.coli)
This causes dysentery, fever and colitis with blood, mucus and many pus cells in fecal specimen.  This is due to bacteria invading and multiplying in epithelial cells. 

· EHEC (Enterohaemorrhagic E.coli)
This causes life-threatening hemorrhagic diarrhea (colitis) in all ages without pus cells and often without fever. 

· EaggEC (Enteroaggregative E.coli)
This causes chronic watery diarrhea and vomiting mainly in children due to bacteria adhering to tissue cells often in stacks (aggregates).
Laboratory diagnosis
Specimens:  Depends on the site of infection and they include:
· Urine

· Pus.

· Feaces

· C.S.F (in infants)
· Blood for culture.
 Treatment

They are sensitive to Gram negative organism drugs such as: Sulphanomides, Tetracycline, Cotrimoxazole, Nitrofurantoin, Amphicillin and Amoxycillin. 

6. GENUS: KLEBSIELLA

General characteristics of Klebsiella pneumoniae 

· They are gram negative bacilli.

· They are non-motile.
· They are non-spore formers.

· Klebsiella pneumoniae is capsulated.

Pathogenesis

· Klebsiella pneumoniae causes chest infections and occasionally severe broncho-pneumonia with lung abscesses. The infection is usually an opportunistic infection occurring in those with existing chest diseases or diabetes mellitus or in malnourished persons. 
· Klebsiella aerogenes is associated with Hospital acquired infections of the wounds and of the respiratory tract and also in immune-compromised patients.
· Klebsiella rhinoscleromatis causes rhinoscleroma (granulomatous disease) of the nose and pharynix. Chronic inflammatory growths that can lead to deformity of the nose or disortation of the respiratory tract (passages).

· Klebsiella ozaenae is a rare respiratory pathogen that causes chronic destruction of mucous membrane.
Laboratory diagnosis
Specimens:  Depends on the site of infection and they include:

· Urine

· Pus.

· Feaces

· C.S.F (in infants)

· Blood for culture.

· Sputum

· Nasol-swabs
 Treatment

They are sensitive to Gram negative organism drugs such as: Cephalosporins, Sulphanomides, Tetracycline, Cotrimoxazole, Erythromycin, Gentamycin Augmentin and Amoxycillin. 

7. GENUS: SHIGELLA

General characteristics of Shigella spps 

· They are gram negative bacilli.

· They are non-motile.
· They are non-spore formers.

· They are non-capsulated.

Pathogenesis

· Shigella dysenteriae type-1 (Shiga bacillus) causes 61% of bacillary dysentery or Shigellosis. 

· Shigella flexneri causes 61% of bacillary dysentery or Shigellosis.
· Shigella sonnei causes 15% of bacillary dysentery or Shigellosis.
· Shigella boydii causes 6% of bacillary dysentery or Shigellosis.
Mechanism of transmission

Transmission of Shigella infection is mainly by or4al-feacol route with poor sanitation, unhygienic conditions and overcrowding that facilitates the rapid spread of the infection. Houseflies help to transfer shigellae from faces to food. The organism is rapidly killed by drying.
Shigella dysenteriae causes inflammation and ulceration of the intestinal tract with severe dysentery, marked dehydration and protein loss, abdominal cramps, rectal pain, toxemia and high fever. Death can occur from circulatory collapse or kidney failure.
Clinical findings
The incubation period is between 1-4 days.

Once the organism is ingested, it reaches the intestines thus replicating within the intestinal mucosa. Then it spreads to the adjacent tissues and causing inflammatory response in the epithelial cells of the colon resulting into mucosal ulceration and formation of small abscesses. During this period, dysentery appears bloody and mucoid with high concentration of pus cells.
Spontaneous recovery generally occurs in few days but in young children may result to dehydration and acidosis. Some patients become chronic carriers and may have recurrent sort of the disease.
Laboratory diagnosis
Specimens:  Depends on the site of infection and they include:

· Rectal swabs
· Fresh feacal specimen
· Blood for culture.

 Treatment

They are sensitive to Gram negative organism drugs such as: Chloromphinical, Sulphanomides, Tetracycline, Streptomycin, Neomycin and other antibiotics.
8. GENUS: SALMONELLA

General characteristics of Salmonella spps 

· They are gram negative bacilli.

· They are actively motile except Salm.pullorum-gallinarum.
· They are non-spore forming except Salm.typhi.

· They are non-capsulated.

Pathogenesis

In relation to human diseases, Salmonella infection can be divided into 3-groups:
1) Primary human pathogens caused by Salmonella typhi and Salmonella paratyphi.

2) Primary pathogens of animals caused by Salmonella typhimurium, Salmonella enterocolitis and Salmonella cholera suis.

3) Pathogens of animals and birds e.g. Salmonella pullorum-gallinarum.

Diseases caused by Salmonella spps.
The following diseases are caused by Salmonella:

a. Enteric fever.

b. Food poisoning (Gastroenteritis)

c. Septicemia and Bacteriamia.

a. Enteric fever
This is also referred to as typhoid and paratyphoid fever which is caused by:

· Salmonella typhi which is mainly a water-borne organism that causes typhoid fever.
· Salmonella paratyphi which is mainly a food-borne organism that causes paratyphoid fever.
Mechanism of transmission

Transmission of Salmonella infection is mainly through ingestion of organisms in contaminated food, water and milk products. The organism reaches small intestines where it passes through the intestinal lymphatic to the mesenteric glands where it multiplies. Then after multiplication it passes through the blood streams through the thoracic ducts. During this bacteriaemic phase, many tissues are invaded by the organism e.g. liver, gall bladder, appendix and kidney. There is also secondary inversion of the small intestines and large numbers of the bacilli are excreted in feces and urine.
Symptoms of typhoid fever.
· Continuous fever, intense headache, ‘Rose spot’ on the skin in the 2nd. and 3rd weeks of infection, low pulse rate, enlargement of the spleen and the liver, toxemia, nausea and mental confusion.

Nb. 
· Salmonella typhi is found in blood in the first two weeks after infection and in faeces, urine during the 2nd. week after infection.

· Widal test becomes positive during the 2nd. Week.

Death in typhoid fever is brought about by the complications of intestinal haemorrhage.

Incubation period is 10-14 days.

b. Food poisoning (Gastroenteritis/enterocolitis)

This is caused by Salmonella typhimurium, Salmonella enterocolitis and Salmonella newcastles.
The incubation period after ingestion of the bacilli in contaminated foods and water is between 1-2 days. These foods include contaminated poultry, meat and meat products, eggs and egg products. It is characterized by diarrhea, vomiting, fever, abdominal pains within 12-36hrs after eating the foods. Blood and mucus stool, bacteriemia and inflammation of the gall bladder.
c. Septicemia and Bacteriamia.
This is caused by Salmonella typhimurium and Salmonella enterocolitis especially in young children. It is common in patients with HIV in Africa, those already in poor healt5h, those with malignancy, sickle cell diseases and chronic schistosomiasis.
Salmonella typhimurium is said to cause neonatal meningitis, chills and pneumonia.

Laboratory diagnosis
Specimens:  Depends on the site of infection and they include:

· Faeces
· Food remains

· Blood for culture.

 Treatment

They are sensitive to Gram negative organism drugs such as: Chloromphinical, Sulphanomides, Tetracycline, Streptomycin, Neomycin and other antibiotics.

Prevention and control
· Hygienic handling of foods.

· Safe drinking water.

· Proper disposal of feces.

· Public health education on the mode of transmission and prevention of the disease.

· Vaccination.

9. GENUS: PROTEUS

General characteristics of Proteus spps 

· They are gram negative bacilli.

· They are motile with peritricous flagella.
· They are non-spore formers.

· They are non- capsulated.

Pathogenesis
1. Proteus mirabilis is the main species of medical importance that causes:
· Urinary tract infection in elderly and young males who are more often following catheterization.

· Abdominal and wound infections as a secondary invader of ulcers, burns and damaged tissues.

· Septicemia and occasionally meningitis and chest infections

2. Proteus vulgaris is associated with immune-compromised patients.

Laboratory diagnosis
Specimens:  Depends on the site of infection and they include:

· Urine

· Pus.

· Feces
· C.S.F (in infants)

· Blood for culture.

Treatment

They are sensitive to Gram negative organism drugs such as: Cephalosporins, Sulphanomides, Tetracycline, Cotrimoxazole, Erythromycin, Gentamycin Augmentin and Amoxycillin. 

10. GENUS: HAEMOPHILLUS

General characteristics of Haemophillus spps 

· They are Gram negative cocco-bacilli.

· They are non-motile.

· They are non-spore formers.

· They are capsulated.

Pathogenesis
1. Haemophillus influenzae is responsible for the following:
· Acute primary infection in children (pyogenic or purulent meningitis in young children below 5yrs).

· Secondary bronchial disorders in adults (pneumonia in adults).

· Acute epiglottis’s (acute inflammatory swelling of the epiglottis and neighboring structures which may cause fatal airway obstructions).
· Cellulitis and septic arthritis. Otitis media.

Haemophillus infections in adults occur in those who are already comprised with respiratory problems, diabetes and alcoholism due to immunity.
2. Haemophillus aegypticus (known as Koch week bacillus) causes acute and highly infectious conjunctivitis often referred to as Pink eye disease or Red eye disease).
3. Haemophillus ducreyi (known as bacillus of ducreyi) causes a disease called Chancroid or Soft chancre which is usually confused with syphilis.
Laboratory diagnosis
Specimens:  Depends on the site of infection and they include:

· Sputum
· C.S.F 

· Blood for culture.

· Nasal swabs.

· Pus swabs.

Treatment

They are sensitive to Gram negative organism drugs such as: Cephalosporins, Sulphanomides, Tetracycline, Cotrimoxazole, Erythromycin, Gentamycin Augmentin and Amoxycillin. 

11. GENUS: BORDETTELA
General characteristics of Boedettela spps 

· They are Gram negative cocco-bacilli.

· They are non-motile.

· They are non-spore formers.

· They are capsulated.

· They occur in singles or in pairs or in chains and sometimes they may show bi-polar stains.

· They appear in form of clumps giving a characteristic “Thumb print appearance”.

Pathogenesis
1. Bordettela pertussis causes “whooping cough”
This is a coarse cough of a partial closed epiglottis. The organism produces a toxin that irritates the mucosa of the upper respiratory tract. This leads to secretion of mucus which leads to Whooping cough.
Incubation period is 6-10 days and there is fever resulting into a stage known as catarrhal stage or stage of mucus production.
From this stage, the disease progresses to whooping cough stage and it is associated with vomiting. After several weeks, vomiting and coughing decreases in frequency. The disease can also occur in any stage e.g. young infants, children may have shocking effects.

Complication of Bordettela infection
· Sub-conjunctival hemorrhage.

· Broncho-pneumonia.

· Convulsion.

· Coma.
Laboratory diagnosis
Specimens:  Depends on the site of infection and they include:

· Sputum

· C.S.F 

· Blood for culture.

· Nasal swabs.

Treatment

They are sensitive to Gram negative organism drugs such as: Tetracycline, Cotrimoxazole, Erythromycin, Chlorompenical and Vaccination with DPT.
12. GENUS: BRUCELLA

General characteristics of Brucella spps 

· They are Gram negative cocco-bacilli.

· They are non-motile.

· They are non-spore formers.

· They are capsulated.

· They occur in singles or in pairs or in chains and sometimes they may show bi-polar stains.

· Spps include: B.arbortus, B. melitensis, B.canis, B.ovis, B.suis.
Pathogenesis
Brucella spps causes “Brucellosis” which is an infection of domestic animals (it is a zoonotic disease). Human infection occurs through:
· Drinking of unpasteurized milk from an infected animal.
· Ingestion of meat from an infected animal.

· Inhalation of contaminated manure.

· Direct contact with an infected animal, infected animal products e.g. placenta, milk etc.
In cattle, Brucella arbortus causes abortions while in human being, infection with Brucella melitensis causes “Undulant fever” or “Malta fever” or Mediterranean fever”
This undulant fever is characterized by very high fever, night sweats, and acute septicemia followed by a chronic stage which may extend for many years involving other tissues. The bacilli gets phagocytised by the macrophages in the circulatory systems and settles in the regional lymph nodes, liver, reticulo-endotherial systems, eyes, skin, lung and the heart resulting to endocarditis. 
Incubation period is 5-14 days after exposure and it takes up to 45 days before the onset of the symptoms. In chronic stages, there is hypersensitivity characterized by swelling of the joints and low-grade fever.
Laboratory diagnosis
Specimens:  Depends on the site of infection and they include:

· Biopsy from the liver, spleen, lymph nodes, lung, heart etc.
· C.S.F 

· Blood for culture.

· Bone-marrow
· Urine

Treatment

They are sensitive to Gram negative organism drugs such as:
· Combination of Tetracycline with Streptomycin or Gentamycin.

· Combination of Doxycycline with Rifabin.

Prevention and control
· Hygienic handling of foods.

· Use of protective masks.

· Use of protective clothing when handling the infected animals.

· Proper disposal of aborted fetus and placenta from infected animals.

· Proper cooking of meat.

· Public health education on the mode of transmission, prevention and control of the disease.

· Animal vaccination.

· Pasteurization of milk.

· Animal quarantine.

· Treatment of the sick people.

· Treatment of the infected animals.

13. GENUS: COMPYLOBACTER

General characteristics of Compylobacter spps 

· They are Gram negative cocco-bacilli that are coma-shaped or spiral shaped organisms.

· They are motile with a tuft of flagella.

· They are non-spore formers.

· They are non-capsulated.

Pathogenesis
1. Compylobacter jejuni is responsible for the following:
· Abdominal pains, fever and sometimes vomiting.
· Blood stained diarrhea that lasts for 2-5 days
· Infections in the small intestines and the colon.
· Bacteriemia and septicemia.

Laboratory diagnosis
Specimens:  Depends on the site of infection and they include:

· Stool
· Blood for culture.

Treatment

They are sensitive to Gram negative organism drugs such as: Cephalosporins, Sulphanomides, Tetracycline, Cotrimoxazole, Erythromycin, Gentamycin, Augmentin and Amoxycillin. 

14. GENUS: YERSINIA

General characteristics of Yersinia species

· They are Gram negative cocco-bacilli when stained with methylene blue.

· They are non-spore formers.

· They are capsulated and show bi-polar staining (pin dot appearance) when stained with Wayson’s stain or methylene blue.

Pathogenesis of Yersinia pestis.
It is the causative agent of “plaque” which is zoonotic disease transmitted from rats and other rodents to human being by infected fleas. Human beings acquire the infection through:

· Inhalation of the bacilli in airborne droplets.

· Handling of infected rodents or domestic animals e.g. cats, dog etc. that harbors infected fleas.

Plaque is manifested in human in three forms:

· Bubonic plaque
· Pneumonic plaque
· Septic plaque.
a. Bubonic plaque.
This is the commonest form of plaque which is characterized by high fever and painful hemorrhagic swelling of the lymph nodes, neck, arm-pits and the groins depending on the site of the flea bite called buboes usually in, headache, shivering etc. 
There is an increased white blood cell count especially the Neutrophil.

Incubation period is 2-6 days.

Specimen: Blood and Aspirates.

b. Pneumonic plaque.
The disease is acquired through inhalation of the bacilli and spreads to the lungs via the blood streams. It causes severe bronco-pneumonia with hemorrhage. It is fatal unless treated in the early stages. It is highly infectious and can spread quickly in conditions of poverty and over-crowding environment. Incubation period is 3-4 days. Specimen: Blood and Sputum.

c. Septic plaque.

This is a serious hemorrhagic condition in which a large number of the bacilli are present in blood. The bacilli can often be seen in peripheral blood smears and  the buboes are usually present. There is hemorrhagic rash.
Incubation period is 2-4 days. 

Specimen: Blood 

Laboratory diagnosis
Specimens: Includes 

· Bubo aspirates in case of bubonic plaque.

· Fluid aspirates (exudates) from the buboes.

· Sputum for pneumonic plaque.

· Blood for culture in cases of septicemic plaque.
 Treatment

They are sensitive to Penicillin, Tetracycline, Chloramphenicol, Streptomycin and Co-trimoxazole. 

15. GENUS: PSEUDOMONAS

General characteristics of Pseudomonas aeroginosa and related spps 

· They are gram negative bacilli (rods).

· They are motile with amphitrichous flagella EXCEPT Pseudomonas mallei.
· They are non-spore formers.

· They are non- capsulated.

· They are Oxidase test and Catalase test positive.

· They utilize carbohydrates oxidatively.
· They are characterized by production of either Blue-Green pigments (pyocyanin pigment) or Yellow-Green pigment (Fluorescein pigment) in Nutrient agar medium.

· They are strict or obligate aerobes.

Pathogenesis
1. Pseudomonas aeroginosa can be found in the intestinal tract, water, soil and sewage and ois frequently found in moist environments in hospitals, (sinks, cleaning buckets, drains, humidifiers etc).
Infections with Pseudomonas aeroginosa are opportunistic hospital-acquired, affecting those already in poor health and immunosuppressed.

Infections with Pseudomonas aeroginosa are often difficult to eradicate due to the bacilli being resistant to many antimicrobials. It causes the following diseases:
· Urinary tract infections usually following catheterization or associated with chronic urinary diseases.

· Skin infections, especially burns sites, wounds, pressure sores and ulcers (often as secondary invaders) and septicemia may also develop.
Respiratory tract infections especially in patients with cystic fibrosis or conditions   ttthat cause   immunosuppression.
· External ear infections (otitis media) and eye infections often secondary infection to trauma or surgery.

Laboratory diagnosis
Specimens:  Depends on the site of infection and they include:

· Urine

· Pus.

· Sputum
· Effusions
· Blood for culture.

Treatment

They are sensitive to Gram negative organism drugs such as: Cephalosporin’s, Aminoglycosides, polymyxin, Gentamycin and some penicillin’s. 

16. GENUS: LACTOBACILLUS
Pathogenesis Lactobacillus spps (Gordenerella vaginalis)

1. It is causes vaginitis.
Laboratory diagnosis
Specimens:  Depends on the site of infection and they include:

· High vaginal swab.

Treatment

They are sensitive to Metronidazole drug.

17. GENUS: VIBRIO
General characteristics of Vibrio spps 

· These are small slightly curved rods measuring (3-4) um in length by 0.5um in width.
· Most of Vibrios are motile with single flagellum (monotrichous) at one end with a darting motility. 

· They are gram –ve coma shaped organisms e.g. Vibrio cholera.
· They are non-spore formers.

· They are non-capsulated
Pathogenesis
1. Vibrio cholera causes cholera which is an acute disease of man. It also causes acute gastro-enteritis. 
It can be transmitted from feces to food or water by flies and this mode of transmission is through:

· Ingestion of contaminated foods, vegetables and fruits.

· Drinking of contaminated water, milk etc.

Immunity after infection is short lived.

Incubation period is 12-18 hrs.

Mechanism of transmission.
After the bacillus establishes itself in the intestines and the stomach, it causes stomach crump, abdominal pains, diarrhea and vomiting. In the intestines, the bacilli multiply freely producing enterotoxins which causes out-pouring of the fluids into the lumen and accumulation of the fluids in the guts due to irritating nature.
The stool passed out is ‘Rice water’ stool containing mucus, epithelial cells and the bacilli. The sodium pump is blocken down and therefore there is inhibition of sodium ions transport resulting to dehydration, body weakness, fluid loss and death may occur.
Laboratory diagnosis
Specimens:  Depends on the site of infection and they include:

· Rice water’ Stool

· Rectal swabs
· Vomitters

· Food remains

· Water.
· Blood for culture.
Treatment

· They are sensitive to Gram negative organism drugs such as: Chloromphenical, Tetracycline, Doxycycline and Amphicillin.
· Fluid and electrolytes replacement.

Prevention and control
· Personal hygienic should be observed.

· Prevention of foods from Musca domestica.

· Improvement of sanitation.

· Proper disposal of feces.

· Proper boiling of drinking water.

· Public health education on the mode of transmission, prevention and control of the disease.

· Proper cooking of foods, vegetables etc.

· Pasteurization of milk.

· Treatment of the sick people.

SPIRILLA

They are small, regular coiled, rigid organisms measuring 3-4um in length each coil measure 1um. They are motile with a group of flagella (tuft) at both ends. They are non-flexible.

They are gram –ve organism

They are pathogens to animals but can cause diseases in human being when acting as opportunistic e.g. Spirillum minus 
GENUS: SPIRILLUM
General characteristics of Spirillum spps 
· They are motile with a bi-polar tuft of flagella (lophotrichous flagella) and posse 2-6 spirals. 
· They are gram –ve bacilli which are spiral in form, appearing thick walled organisms.
· They are non-spore formers.

· They are non-capsulated

· They measure 0.5um in diameter x1.5-5.0um in length.

· They are hard to be grown in ordinary laboratory culture medium.
Pathogenesis
It causes a disease called “Rat bite fever” or “Soduku fever”.
The disease can be transmitted from Rats to mice or Rats to Rats or to Guinea pigs and monkeys.
Man acquires the infection through bite by infected rats, mice, cats and other rodents or ingesting meat of infected guinea pigs.

Incubation period is about 2-weeks and the major clinical features that differentiate soduku fever from the normal fever caused by Streptococcus moniliformis are:

· Recurrence of the initial wounds with inflammation and occasionally chancre-like ulceration.

· Soduku is associated with lymphagitis and regional lymphadermitis.
· Appearance of macro-papular rash erythermatus or dark purple eruption spreading from the initial ratio.

· Occasionally enlarged liver.

Laboratory diagnosis
Specimens:  Depends on the site of infection and they include:

· Exudates from the initial lesions in human being.
· Pus from the bubos

· Blood for culture.

Treatment

· They are sensitive to Gram negative organism drugs such as: Streptomycin, Penicillin etc
SPIROCHAETES
General characteristics of Spirochaetes
· They are Gram -negative organisms that stains poorly with Gram staining reagents.
· They resemble Spirilla in shape but they have 6-14 flexuous spirals which are regular and tight with pointed ends. 
· They have helical coils around the cytoplasmic membrane and runs along the whole length of the cell.
· The Spirochetes are actively motile with a crawling movement rotating about the axis but do not posses flagella
· Examples include

; Treponema spps, Borrelia spps, and Leptospira spps 
· They are not easily stained with gram staining technique 
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18. GENUS: TREPONEMA
General characteristics of Treponema species

· They are Gram -negative organisms that stains poorly with Gram staining reagents

· They can be stained with Giemsa stain, Leishman stain or Silver impregnation technique and the organism appears as Rosy-red organisms. .

· They are non-spore formers.
· The Spirochetes are thin, delicate and tight measuring 6-15 um long with 8-14 even coils.
· The Spirochetes are best seen in wet preparations under Dark field illuminated or Phase contrast microscopy.

· They are micro-aerophilic organisms (require traces of oxygen).
· Examples include

; Treponema pallidum pallidum (referred to as Treponema pallidum), Treponema pallidum pertenue (referred to as Treponema pertenue), Treponema pallidum endemicum (referred to as Treponema endemicum) and Treponema pallidum carateum (referred to as Treponema carateum).
Nb
· Treponema pallidum pallidum (referred to as Treponema pallidum) causes syphilis.
· Treponema pallidum pertenue (referred to as Treponema pertenue) causes yaws.
· Treponema pallidum endemicum (referred to as Treponema endemicum) causes endemic syphilis.

· Treponema pallidum carateum (referred to as Treponema carateum) causes pinta disease.
Pathogenesis of Treponema pallidum
Treponema pallidum causes a disease called Syphilis which was named after a scientist called Syphilus. This disease is transmitted through:
· Sexual contact.

· Rarely through body contact.

· Rarely through kissing with ulcerate lips.
· Rarely through blood transfusions because the spirochetes cannot survive in cold temperatures of (0-6)oC.

· Transfer of the spirochetes from mother to child through the placenta especially in primary and secondary stages. This is referred to as congenital syphilis.

There are two forms of syphilis:
· Sexually acquired syphilis and congenitally acquired syphilis.
· Endemic syphilis or non-venereal syphilis.

1. Sexually acquired syphilis.

Sexually acquired syphilis has an early infectious stage occurring within the first 2 years of infection and a late non-infectious stage.

a. Early infectious stage.

This includes:

· Primary syphilis.
· Secondary syphilis.

· Early latent syphilis.

b. Late non-infectious stage.
This includes:

· Late latent syphilis.

· Tertiary stage.

· Benign late syphilis.
· Cardiovascular syphilis.
· Neuro-syphilis.

1. PRIMARY SYPHILIS.

This occurs within 3-weeks of infection with a characteristic “ulcers” known as “Chancre forms” at the site of infection usually in the genital areas, tongue, anus and fingers. These ulcers are shallow, well defined with undulated edges and a smooth red surface that exudes serum. They are usually painless and there is enlargement of the lymph nodes. The centre of the sore breaks down to form superficial ulcers of 1-2 cm in diameter. The base of the ulcer is hard hence referred to as “hard chancre”. The chancre heals after 3-6 weeks. Healing may be delayed in those co-infected HIV. The spirochetes can be transmitted in this stage.
2. SECONDARY SYPHILIS.

This occurs within 4-8-weeks after primary infection. It is characterized with:

· A wide spread of a non-itching maculopapular rash on the lips, body trunk and face corresponding to the spread of the organism in the body.

· Formation of muscular skin lesions where the Treponemes can be found and are highly infectious. They can also be found in the blood streams.

· Mouth ulcers and mucous membrane infections are numerous.

· There is generalized enlargement of the lymph nodes, headache, joint pains, fever, body malaise and other symptoms. In those co-infected with HIV, the rash and the ulcers may be severe. In most patients, the secondary lesions heal although relapse can re-occur
3. LATENT SYPHILIS.
· Early latent syphilis.

This occurs under 2-years after primary infection.

The organisms are in the blood streams and there are no clinical manifestations of syphilis but there is serological evidence of infection. In this stage the patient can suffer a relapse (back to secondary syphilis).

· Late latent syphilis.
This occurs in 2 or more years after primary infection.

It is a non-infectious stage and the infection can last in one’s life-time or continue until manifestation of Tertiary stage.

4. TERTIARY STAGE.

About 30% of patients with untreated latent syphilis progresses to Tertiary stage (a slowly progressive inflammatory stage) characterized with:

· granulomatous lesions (gummas) in the skin, bones, liver, stomach and other organs.
· Complications include:

· Degenerative changes in the central nervous systems causing menigovascular syphilis, cardiovascular syphilis and neuro-syphilis.

The three types of infections bring about General Paralysis Insane (G.P.I) which is a continuous damage of the brain cells especially the cortical neurons. This is characterized by:
· Dementia (loss of memory).

· Psychosis.

· Cerebral atrophy (death of the brain cells).

· Intesmal (Trimmers of the head and lips.

· Less common is “Epileptic fits).

· Tabes dorsalis (chronic degeneration of the nerve fibers of the spinal cord).

2. CONGENITALLY ACQUIRED SYPHILIS
This is a form of acquired syphilis in which a mother with infectious syphilis infects her unborn infant. Treponemes in the blood pass through the placenta. Syphilis in pregnancy can lead to abortion, premature delivery, stillbirth, perinatal death and birth of infants with congenital syphilis.

Congenital syphilis
Infants with congenital syphilis, depending on the severity of the infection, have a rash, skin and mucous membrane lesions and often fail to gain weight and become marasmic. There is usually a high mortality rate, defective bones, joint swellings and hepatosplenomegally. Difficulties in hearing and sight problems may develop at a later stage. Other organs may be affected.
3. ENDEMIC SYPHILIS OR NON-VENEREAL SYPHILIS.

This is a non-venereal syphilis which is common in hot dry countries e.g. Countries of South Sahara Africa, West Asia, Australia etc. It is characterized with formation of ulcers on the skin and mucous membrane. The disease is spread through body contacts and differs from venereal type in that it does not affect the nervous systems and cardio-vascular systems. These are:
· Treponema pallidum pertenue (referred to as Treponema pertenue) causes yaws or pian or framboesia or buba. It is found in hot dry countries of sub-Sahara Africa particularly West and Central Africa, parts of South America, Caribbean and Indonesia.
· Treponema pallidum endemicum (referred to as Treponema endemicum) causes endemic syphilis also known as non-venereal syphilis or bejel or njovera or firzol or siti or dichuchwa. It is found in hot dry countries of south borders of sub-Sahara desert and Central Asia.

· Treponema pallidum carateum (referred to as Treponema carateum) causes pinta disease. It is found in remote rural communitiesin parts of Mexico and northSouth America. 
Laboratory diagnosis
Specimens: Includes 

· Serous fluid from the chancre.

· Blood for serological work.
19. GENUS: LEPTOSPIRA

General characteristics of Leptospira species

· They are Gram -negative organisms that stains poorly with Gram staining reagents

· They can be stained with Giemsa stain, Leishman stain or Silver impregnation technique and the organism appears as Rosy-red organisms. .

· They are actively motile with rotary movement.

· The Spirochetes are thin and tight measuring 6-20 um longx0.1um with numerous even coils with hooks.

· The Spirochetes are best seen in wet preparations under Dark field illuminated or Phase contrast microscopy.

· They are aerobic organisms.
· Examples include:
; Leptospira interrogans, Leptospira canicola, Leptospira ictero-haemorrhagica.
Pathogenesis of Leptospira interrogans
It causes a disease called Leptosporosis which is a zoonotic disease with humans becoming infected following direct or indirect contact with urine from infected animals and contaminated water. Most infections are associated with rats and other rodents, cattle, pigs or dogs. Once the organism enters into the blood streams, they multiply and spread to other organs such as the liver, kidney, lungs and meninges. 
Incubation period is 8-12 days and the infected person presents with fever, chills, headache and muscular pains.

The serious form of Leptospirosis is called Infectious jaundice or weil’s disease or haemorrhagic jaundice disease which is characterized with jaundice and haemorrhage of the skin and sub-cutenous tissues. Human urine may contain the organism in the 2nd. and 3rd. weeks of infection.
Laboratory diagnosis
Specimens: Includes 

· Urine.

· CSF

· Blood for serological work.
20. GENUS: BORRELIA

General characteristics of Borrelia species

· They are Gram -negative organisms that stains poorly with Gram staining reagents

· They can be stained with Giemsa stain, Leishman stain or Silver impregnation technique and the organism appears as Rosy-red organisms. .

· They are actively motile with lashing and twisting movement.

· The Spirochetes are large measuring 10-20 um long x 0.5um with uneven size coils (irregular coils). 

· The Spirochetes are best seen in wet preparations under Dark field illuminated or Phase contrast microscopy.

· They are micro-aerophilic organisms.

· Examples include:

; Borrelia recurrentis, Borrelia duttoni, Borrelia vincenti. Borrelia burgdorferi
Pathogenesis of Borrelia recurrentis
It causes a disease called Human Relapsing fever which is transmitted from one person to another by body lice. After 3-4days of infection, the person develops syndromes such as fever and chills (due to excessive number of spirochetes in the blood stream), headache and muscular pains.

After some time, the fever subsides and disappears. 4-14 days later, the fever re-appears. This disappearance and re-appearance of fever gives it the name ‘Relapsing fever’.
The disappearance and re-appearance of fever is due to the changes of the antigenic surfaces of the isolated spirochetes resulting into serologically different spirochete from the original spirochete isolated from the patient.

· Borrelia vincenti causes a disease called Vincent’s angina disease (acute ulcerative gingivitis) and Tropical ulcers (commonly found in the ankles and lower parts of the legs in malnourished persons).
· Borrelia burgdorferi causes a disease called lyme disease which is transmitted by hard ticks of the genus Ixodes.  Reservior hosts are mice, sheep. Horses and other mammals. Human becomes infected by the bite of an infected hard tick. The disease is characterized by rash which spreads from the site of bite forming a circular swelling with a central clearing.

· Borrelia hermsii causes a disease called Tick Relapsing fever.
 Laboratory diagnosis
Specimens: Includes 

· Exudates from the lesions.

· Blood for serological work.
RICKETTSIA SPECIES AND RELATED ORGANISMS
General characteristics of Rickettsiae species

· They are gram negative poorly stained organisms.
· Although classified as bacteria, they resemble viruses in that they are obligate intra-cellular organisms.
· They multiply by means of binary fission but in living cell.
· They are un-able to survive as free living organisms. 
· Under light microscope, they appear as red particles when stained with Giemsa stain.
· They contain both RNA and DNA nucleic acid materials
· They have cell wall composed of peptidoglycan.
· They are sensitivity to antibiotics and antiseptics
· They are extremely small organisms.

· They lack the key metabolic enzymes (they cannot synthesize their own foods)
.

Pathogenesis of Rickettsiae species
Rickettsiae species are divided into three main groups:

1) Typhus group.

They include those species that cause:

· Epidemic typhus fever (louse-borne typhus fever).

· Endemic typhus fever (murine or flea-borne typhus fever).

2) Scrub typhus fever.
They include those species that cause:

· Mite-borne scrub typhus fever also known as Japanese river fever).

3) Spotted fever group.

They include those species that cause:

· Rocky Mountain spotted fever.

· African and Indian tick typhus fever.
· Rickettsialpox.

· Other spotted fevers.

Rickettsial  infections.
a). Epidemic typhus fever (louse-borne typhus fever).
· It is caused by R. prowazekii which is found in Africa, Asia and South America.

· It is a systematic disease which is transmitted through feces of body louse and man becomes the reservoir host.

· When the organism infects the vascular endothelium, it causes necrosis and hypertension.
· It responds very well to antibiotics and recovery provides immunity but few cases may re-occur.

· It is associated with overcrowding living conditions.

b). Endemic typhus fever (murine or flea-borne typhus fever).
· It is caused by R. typhi or R.mooseri which is worldwide in distribution.

· It is transmitted through;

· Feces of infected Rat fleas.
· Rat bite or rat scratches and Rats become the reservoir host.

c). Scrub typhus fever.
· It is caused by R. tsutsugamushi which is found in South East Asia, India and South Pacific.

· It is transmitted by mites (chiggers) and mites, rodents become the reservoir host.

· It responds very well to antibiotics (drug therapy) and it can become quite fatal if not treated. 
d). Rocky Mountain spotted fever.

· It is caused by R. rickettsii which is found in USA and South America.

· It is a potentially fatal disease that is transmitted through bite by hard ticks, dog ticks and dogs, rodents, ticks become the reservoir host.

· It causes tissue necrosis, cardio-vascular diseases and clotting disorders.

· It responds very well to antibiotics therapy.
e). African and Indian tick typhus fever.

· It is caused by R. conorii which is found in Africa, India and Mediterranean countries.

· It is a potentially fatal disease that is transmitted through bite by hard ticks, dog ticks and dogs, Wild mammals, ticks become the reservoir host.

· It causes tissue necrosis, cardio-vascular diseases and clotting disorders.

· It responds very well to antibiotics Tetracycline.

f). Rickettsialpox.
· It is caused by R. akari which is found in Africa, India and Mediterranean countries. 

· It is transmitted through by mites, rodents and mites, rodents become the reservoir host.

g). Other spotted fevers.
· Trench fever.
· It is caused by R. Quintana or Rochalimeae Quintana which is found in parts of Africa, Mexico and Far East among troops in the First World War). It is characterized by fever, headache, muscles pains, Mucular rash, nausea and vomiting.
· It is transmitted through feces of body louse and if not treated within 5-days, there may be recurrent infection.

· Q- Fever (Query fever).

· It is caused by R. burnetii or Coxiella burnetii. 

· It is transmitted through infected meat, milk and air-borne and it also infects a wide range of vertebrates and arthropods.
· It forms resistant spots.

· It can be prevented through pasteurization of milk.

· Cat scratch fever.

· It is caused by Bartonella hensele previously Rochalimeae hensele.
· It is a systematic and an opportunistic infection which travels from the initial site of infection along the lymph vessels in those with immunosuppression e.g. HIV disease.
· It is characterized by vascular lesions resembling Kaposi’s sarcoma in the skin and visceral organs.

· It responds very well to antibiotics therapy.

Transmission mechanism
All rickettsial infections are transmitted to man through insect vectors e.g. Ticks, Fleas, mites, lice etc except Q-fever which is transmitted through infected meat, milk  of animals such as (Sheep, Goats and Cattle) and air-borne.
· Transmission through ticks and mites.
Multiplication of the organism occurs in the salivary glands of the flea and lice and they are transferred to the host (man) through crushing the parasite at the bite site

· Transmission through fleas and lice.
Multiplication of the organism occurs in the gut of the ticks and mites and they are transferred to the host (man) through the bite.

Mode of infection of typhus, spotted, scrub and trench fevers.
Once the organism penetrates the skin either through bite or after crushing the parasite at the bite site, the organism enters the blood streams causing Rickettsiamia. In the vascular systems, these rickettsial organisms have the affinity for endothelial cells of the small blood cells. After infection, the cell detaches themselves causing vascular obstructions that may lead to tissue necrosis. At the site of bite, the organism forms encrusted ulcers called “Eschar ulcers” which later develops into “Black necrotic centers”. This ulcer acts as a diagnostic clue of the organism. Symptoms include: Rashes, myo-carditis and neurological disorders.
Mode of infection of Q- fevers.
The causative agent of Q-fever is R. burnetii or Coxiella burnetii.
The etiology of Q-fever disease was not known and that’s why Doctors used to prescribe “Query fever” or “Q-fever”. This disease was discovered in Queensland in 1937. The disease infects ticks that are associated with rodents, cattle and sheep. Human being acquires the infection either;
· Direct.

· Indirect through:

· Contaminated milk from cattle, sheep etc.
· Inhalation of the organisms.

After infection, the organism attacks the lungs causing “Atypical intestinal pneumonia”.
NB.

1. Q-fever do not present with rashes like other fevers.

2. Q-fever is Weil’s Felix reaction NEGATIVE while the other fevers are Weil’s Felix reaction POSITIVE.
Laboratory diagnosis
Specimens: Includes 

· Blood for serological work.
21. CHLAMYDIA SPECIES
General characteristics of Chlamydia species

· They are gram negative poorly stained organisms.
· Although classified as bacteria, they resemble viruses in that they are obligate intra-cellular organisms.
· They multiply by means of binary fission but in living cell.
· Under light microscope, they appear as red particles when stained with Giemsa stain.

· They contain both RNA and DNA nucleic acid materials
· They have cell wall composed of peptidoglycan.
· They are sensitivity to antibiotics and antiseptics
· They are extremely small organisms measuring 250- 500um.

· They lack the key metabolic enzymes (they cannot synthesize their own foods).
· Reproduce in two forms

a. Infectious form  called elementary body

b. Reticulate body

· Examples include:

                                Chlamydia trichamatis, Chlamydia pneumoniae and Chlamydia psittaci. 
.

Pathogenesis Chlamydia species
Human infections are caused by:
· Chlamydia trichamatis,
· Chlamydia pneumoniae 
· Chlamydia psittaci. 
1. Chlamydia trichamatis
It causes:

a). Eye diseases such as:
· Trachoma which is a serious eye disease in which there is acute inflammatory changes in the conjunctiva and cornea leading to scarring and eventually blindness.
It is transmitted by flies or contaminated hands, clothing, towels etc. 
Poverty, overcrowding, poor hygiene and inadequate water supplies help to spread trachoma in endemic areas.
· Inclusion conjunctivitis which is an inflammation of the conjunctiva (follicular conjunctivitis) with a muco-purulent discharge and occasionally keratitis. It mainly affects children and occasionally adults following contaminated hand to eye contact.
· Neonatal ophthalmia which occurs in newborn infants (7-12 days after delivery) following infection from the cervical secretions during birth. It occurs in 50% of infants born of mother with Chlamydia cervicitis.

b). Genital tract infections
-In man, Chlamydia trichamatis causes urethritis which can lead to epididymitis and occasionally prostatitis. It is characterized with urethral discharge and dysuria.
-In females, it causes cervicitis and endometritis which can lead to salvingitis, pelvic inflammatory disease (PID), and infertility. For pregnant women, there is an increased risk of ectopic pregnancy. It is characterized with vaginal discharge and dysuria. This infection is usually accompanied by other sexually transmitted diseases particularly; Trichomoniasis, Gonorrhea, candidiasis etc.
Children born of these mothers can become infected with Inclusion conjunctivitis and occasionally pneumonia.
c). Lymphogranuloma venereum (LGV)
It is a sexually transmitted disease which is also referred to as Tropical or climatic bubo because they are found mainly in tropical countries (India, South Asia, Tropical Africa, South Africa and the West Indies). 
d). Pneumonia and pneumonitis.
This occurs mainly in newborn infants of 2-12 weeks after birth particularly in those with neonatal ophthalmia or as an opportunistic infection in immunocompromised persons and those already in poor health.
2. Chlamydia pneumoniae 
It was formerly known as TWAR.i.e. Taiwan Acute Respiratory Agent) that causes: Atypical pneumonia which is usually a mild respiratory infection with sore throat, cough, fever and symptoms associated with asthma. It is transmitted by inhaling infected aerosols. 

3. Chlamydia psittaci.
It causes a disease known as Psittacosis (ornitosis) which is an infection of bird’s .e.g. Pigeon. Man acquires the infection through inhalation of infected bird’s feces, sputum of patients etc. Incubation period is 7-10 days. Infection starts from the respiratory tract to the blood streams and skin during the 2nd week of infection. It starts with severe pneumonia to sepsis.

Laboratory diagnosis
Specimens: Includes 

· Blood for serological work.
· Sputum.
BACTERIA LACKING CELL WALL

a. MYCOPLASMA
General characteristics of Mycoplasma species

· They are gram negative poorly stained organisms.

· They lack rigid cell wall and they are pleomorphic.
· Under light microscope, they appear as red particles when stained with Giemsa stain.

· They contain both RNA and DNA nucleic acid materials
· They form “Fried egg” characteristic colonies.
· They are resistant to penicillin drugs.
· They are small organisms measuring 0.1-2.0um.

· They can be grown in soft agar media with high concentration of 10-20% serum.
· Examples include:
Mycoplasma pneumoniae, Ureaplasma  urealyticum, Mycoplasma hominis, Mycoplasma incognitus, Mycoplasma ovale.
Pathogenesis Mycoplasma species

· Mycoplasma pneumoniae
Transmission of the infection is by droplets of nasopharyngeal secretions. Incubation period is 1-3weeks whereby the organism causes primary Atypical pneumonia or Walking pneumonia. Symptoms include: fever, general body malaise, sore throat followed by cough and blood stained sputum.
· Ureaplasma  urealyticum and  Mycoplasma hominis,
They are the causative agents of sexually transmitted diseases of the urinary tract which may be a fatal disease.

· Mycoplasma incognitus
It is a recently identified pathogen that causes systemic infections. It can suppress immune systems.
Laboratory diagnosis
Specimens: Includes 

· Blood for serological work.
· Sputum.
· Throat swab
· Urethral swab
b. L-FORMS

-They do not have cell wall

-Produced in laboratory especially from patients being treated with penicillium.

-Reproduce in ordinary culture media.
c. PROTOPLASTS
     -No cell wall due to the action of lysosome enzyme which destroys peptidoglycan.
d. SPHEROPLASTS

-They do not have cell wall due to damaged cell wall by toxic chemical or antibiotics e.g. penicillum.
BEDSONIAE

They are not arthropod- born organisms.

They have intracellular development cycle.

They cause phicasis.

2.   CLASSIFICATION OF FUNGI OF MEDICAL IMPORTANCE

Fungi are organisms that are larger than bacteria.

They grow either as filaments (hyphae) or as rounded bodies (spores).

Branching filament are referred to as Mycelium.

They grow best in moist atmosphere and require 02 and other nutrients like those required by bacteria for their growth and development.

They are pathogenic to man.

There are four major classes of fungi:

· Moulds

They form hyphae which vary in thickness.

They have asexual type of reproduction.

· Yeast

They are single or oval cells which reproduce by forming buds.

· Yeast-like fungi e.g. Candida albican

They reproduce by budding and causes candidiasis or moniliasis oral thrush in babies.

· Dimorphic fungi

They cause candidiasis or moniliasis oral thrush, dermatitis in babies.

· Cryptococcus spps that causes Meningitis.

5. VIRAL CLASSIFICATION

VIRUSES

Viruses are micro-organisms that have a simple structure consisting usually of nucleic acid packed into a protein coat. These viruses lack the metabolic machinery for isolation, multiplication and must invade a host cell in order to reproduce. This parasitic life cycle gives rise to some interesting reproductive cycle which will be discussed later.
GENERAL PROPERTIES OF VIRUSES

1. They are obligate intra-cellular parasites that reproduce within a living cell.

2. They are unicellular organisms (organisms without cell wall). Other intra-cellular organisms are Chlamydia and Rickettsiae

3. They multiply within a cell by means of replication but not binary fission or mitosis like bacteria.

4. They contain only one type of nucleic acid, which are DNA or RNA but not both DNA and RNA. The genetic material can exist in many different forms

i. It can be double-stranded DNA or RNA.

ii. It can be single-stranded  DNA or RNA

5. Viruses infect animals, insects, bacteria, fungi, plants, human beings and protozoa etc.

6. They are sensitive to interferons (anti-retro-viral drugs) but resistant to antibiotic.

7. They lack enzymes necessary for protein and nucleic acid synthesis and other structures necessary for reproduction but depend on or upon synthesized foods from the host cell.

8. They are either oval, round shaped or complex.

9. They cannot grow on ordinary laboratory cultures, embryonated eggs and susceptible animals.

10. They are extremely small ranging in size (20-400nm  in diameter)

11. Some viruses have an outer lipo-protein membrane called an Envelope.

12. Viruses do not have a nucleus, cytoplasm, mitochondria or ribosomes.

CLASSIFICATION

Viruses are classified based on the following;
1. Their affinity to different body systems or organs of the body

i. Viruses producing skin lesion e.g. small pox, chicken pox, measles etc.

ii. Viruses affecting the nervous systems e.g. polio, rabies etc

iii. Viruses affecting the respiratory tracts e.g.  influenza, common cold viruses

iv. Viruses causing visceral lesion e.g. yellow fever, Hepatitis.

2. Classification based on the epidemiological criteria.

i. Enteric viruses e.g. Picornaviruses, Adenoviruses, Reoviruses, Hepatitis viruses.
ii. Respiratory viruses’ e.g.  Orthomyxoviruses, Paramyxoviruses, Coronaviruses, Adenoviruses, Reoviruses etc
iii. Arthropod borne viruses (Arboviruses e.g.Togaviruses, Bunyaviruses, Rhabdoviruses, Arboviruses.
MODERN CLASSIFICATION OF VIRUSES

Nowadays viruses are classification into two major groups depending on the type of nucleic acid material they posses. Those viruses that contain RNA-Nucleic acid are called Ribo-viruses and those viruses that contain DNA- Nucleic Acid are called Deoxy-Ribo Viruses.
1. ROUTES (MODE) OF TRANSMISSION  OF VIRUSES IN THE COMMUNITY

a. Direct contact.
Viruses released on outer surfaces of the body are easily spread by direct contact .e.g. regular recurrence of sores on the upper lip or on the cervix which is a characteristic of Herpes virus.

Contact through kissing or sexual intercourse will transmit the infection. 

Neonates are occasionally infected at birth. E.g. HIV, Herpes simplex, Hepatitis B-viruses

b. Contact through vehicles.

E.g. towels commonly used in families and the water of swimming pools transmit virus from patients suffering from viral conjunctivitis to healthy people. Common-cold viruses remain infectious for some time on fingers infected by nose picking. The viruses may be transferred to others by hand washing. Blood sucking arthropods can be vehicles of transmission when virus remains infective for some time on the biting mouth parts. This so-called ‘mechanical transmission by arthropods’ differs basically from the biological transmission. In a biological transmission cycle the virus multiplies in the arthropod host.

c. Through bite.
E.g. Rabies virus, excreted in saliva is transmitted by bites of rabid animals.

d. The fecal-oral route.
E.g. the major routes of excretion of Poliomyelitis virus are through the stools.  Most probably the virus enters the new host through the mouth. The fecal-oral route is not well defined and the virus may be transported by the contact through vehicles.

e. In food and drinking water.

This route is sometimes a variant of fecal-oral route of transmission. E.g. Hepatitis A virus is excreted with the feces. Cytomegalovirus is occasionally excreted in human milk and Infants will contract infections from this source. These infections as a rule are sub clinical. Surface water is easily contaminated by feces. When used untreated as drinking water, it may infect people, e.g. with Poliomyelitis virus.

f. Airborne droplets.
Viruses that infect the respiratory tract often seem to spread in small droplets excreted from the mouth, throat or nose when the patient coughs sneezes or speaks. The oral-nasal-pharyngeal route of infection is probably the most common route taken by viruses. Examples are: Influenza viruses, Measles viruses and Mumps virus.

Influenza virus spreads very fast in communities enjoying high standard of living and lowly in those living under conditions of poor hygiene and overcrowding.

g. Transmission through transfusion, inoculation or transplantation.
Surgical instruments or needles can be used as carriers of Hepatitis B virus if they are not properly sterilized after use. They usually become vehicles of transmission of virus. Blood through unscreened blood transfusions can also transmit Hepatitis A virus, Cytomegalovirus (through kidney transplantation) and Human immunodeficiency virus.

h. Transmission by arthropods.
Arthropods are hosts of viruses that transmit viruses through bites by infected blood-sucking arthropods e.g. Aedes mosquitoes, sand fly, and ticks.  These viruses includes: Dengue viruses, O’nyong nyong viruses, Rift Valley fever viruses, Arboviruses and are deposited directly into the blood or under the skin by the arthropod vector.

i. Transmission by wind.
Spread to new hosts in a downwind direction has been observed in foot and mouth disease of domestic animals. Spread by wind could play a role in some human infections as well.

j. Infection through contact with animals.
By man coming into contact with vegetation, foods or articles contaminated with excretions of infected animal’s e.g. rodents e.g. commonly found in houses in rural areas in Africa e.g. Lassa fever virus( in the family: Arenaviridae) in humans.  Rodents such as Hamsters are carriers of Lymphocytic Choriomeningitis virus of the same family with Lassa virus.

By direct transfer of viruses from one person to another e.g. Ebola etc

k. Infection via urine.

Viruses such as Mumps and measles viruses are regularly excreted with urine in the acute phase of the disease. Other viruses includes: BK-virus which is a human polyoma virus and Lassa virus.

l. Transmission through placental barrier.
This is common in some of the infections with viraemia e.g. Rubella viruses and Cytomegaloviruses which may cross the placenta and infect the embryo or fetus. In severe infections, death, abortions or stillbirth may follow.

m. Genetic transmission.

Since vertebrates may inherit the genetic potential to specify for Onco-viruses, genetic transmission from one generation to the next of provirus DNA integrated into the DNA of germ cell should be considered.

n. Vertical and Horizontal transmission.
Vertical transmission refers to the transfer of viruses from parent to the offspring e.g. HIV.

CYTOPATHIC EFFECTS (C.P.C) OF A VIRUS

a) Death of the cell.

b) Fusion of the cell to multinucleated cell (Syncytia= a multinucleated cell that results from the fusion of 2 or more cells).
c) Malignant transformation.

d) No apparent morphological or functional changes.
MECHANISM OF VIRAL CELLULAR PATHOGENESIS.

	Mechanism
	Representative viruses

	1.
	Inhibition of protein synthesis.
	Poliovirus, HSV (Herpes simplex virus), Toga-virus, Poxvirus etc.

	2
	Inhibition and degradation of cellular DNA
	HSV (Herpes simplex virus),

	3 

i

ii

iii

iv
	Changes in structure of cell membrane:

Insertion of glycol-proteins.

Synctia formation (multi-nuclear giant cells).

Disruption of cytoskeleton.

Changes in permeability.
	-All enveloped viruses, Reo-virus

- HSV (Herpes simplex virus), Varicellar zoster virus, Paramyxo-virus, HIV.

- HSV (Herpes simplex virus),

- Toga-virus, HSV (Herpes simplex virus),



	4

i.

ii

iii

iv

v

vi


	Inclusion bodies.

Negri bodies

Owl’s eye

Cowdy’s type A

Nuclear basophilic inclusion bodies

Cytoplasmic acidophilic inclusion bodies

Pernuclear acidophilic inclusion bodies
	-Rabies virus

-Cytomegalovirus

-Measles virus, HSV (Herpes simplex virus),

-Adenovirus

-Poxvirus

-Reo-virus


1. Human Immuno- Deficient  Viruses (HIV)

Definition

HIV- (Human Immuno-deficiency virus) is a virus that weakens the body’s cellular immune systems thus leading to increased susceptibility to infections and tumors (types of cancer) and finally a fatal condition known as AIDS.
AIDS
-AID’s stands for Acquired – Not inherited.
-Immuno – Attacks the Immune system

-Deficiency – By destroying certain WBCs

-Syndroms – A group of symptoms or illness that occurs as a result of the HIV-Infection.

 Therefore Aids is defined as a complication of various infections as a result of reduced (weakened) body’s cellular immune system by a Human Immuno-deficiency virus.

FEATURES OF HIV
Human Immuno-deficiency virus is Lentivirus in the genus ‘Lentivirinae,of the class Retrovirus in the family Retroviridae. 
All lentiviruses are slow viruses in causing disease and target the cells of the immune systems and hence manifested as immune-deficient virus.
TYPES OF HIV

There are two types of HIV:
      i). HIV -1               ii).HIV-2                                       

i) HIV-1 is the most common type of the virus.

ii) Both have the same routes of transmission.

i. HIV-1

HIV-1 causes most of the HIV-Infections – It contains two groups: 

a) Group ‘M’ (Major group)      b). Group ‘O’ (Minor group)

a) Group ‘M’ (Major group)
· It consists of ten sub-types (A-J) which are all found in Africa.

· Sub-types A and D are found in sub-Saharan Africa.

· Sub-type ‘C’ found in South Africa (Zambia, Zimbabwe, Malawi and India).

· Sub-type ‘E’ found in Central Africa, Thailand, South East Asia.

· Sub-type ‘F’ and ‘B’ found in South America.
 NB.    Sub type ‘B’ is linked with intravenous drug users found in Caribbean, Americas, and Europe etc.

b) Group ‘O’ (Minor group)
This is a minor group found West Africa particularly Cameroon and it is less virulence.

HIV – 2

This is found in West Africa (Senegal, Guinea Bissau, Ghana, Ivory Coast, Mali, and Burkina Faso), Brazil, Angola, Mozambique and Portugal Coast of India.

-It is less easily transmitted than HIV-1 and the period between the initial infection and illness is longer and less frequently in MTCT of HIV.

MODE OF TRANSMISSION OF HIV

Human Immuno-deficiency virus is present in all body fluids such as semen, vaginal cervical secretions, blood etc. these are the main vehicles of virus transmission. It may be present in small quantities in saliva, tears, urine, breast milk, c.s.f and other infected discharge.

In tropical and developing countries, HIV- is mainly transmitted through:

a). 85-95% -through sexual intercourse such as unprotected vaginal, anal or oral sex. 

b). 35% -mother to child transmission during pregnancy, child birth, delivery and breastfeeding. 

c). Blood to Blood transmissions e.g. transfusions with HIV-infected blood.

d). 2 % -Use of contaminated syringes, needles and intra venous drug users. 

NB:

i). Persons with sexually transmitted diseases such as genital ulcers e.g. syphilis, or chancroid, gonorrhea, Chlamydia infections and Trichomoniasis are at risk of getting HIV-infections.

ii). Others includes: Persons with multiple partners.
HIV IS NOT TRANSMITTED THROUGH:

· Coughing or sneezing                                    -Being bitten by an insect.

· Touching or hugging                                     -Kissing

· Using a public bath / pool/ toilets                  -Shaking hands.

· Working or going to school with a person who is HIV-infected.

· Drinking water                                               -Preparing or eating food

· Sharing cups, glasses, plates, or other utensils.

PATHOPHYSIOLOGY (LIFE CYCLE) OF HIV

Once the virus enters into the body of a health person through one of the methods of transmission: 

i. (85-95)% sexual contract such as unprotected vaginal , anal or oral sex (Hetero sexual intercourse – man – woman)

ii. Mother to child transmission during pregnancy, child birth labour, delivery and breastfeeding – 35%.

iii. Blood to Blood transmissions e.g. transfusions with HIV-infected blood.

iv. Use of contaminated syringes, needles and intra venous drug users. (2 %), 

The virus attacks blood cells particularly white blood cells of a sub-type T-lymphocytes bearing the CD4 – Antigen Receptor sites called the CD-4- T- cells or Helper cells or Inducer cells. (These helper cells interact with the T-lymphocytes, B- Lymphocytes and Monocytes to regulate the body’s cellular and humoral immunity which are essential for the body’s defense against infections.) The whole process until release of new viruses hence detection of Antibodies against the virus takes (3-12) weeks. This period is known as Window period.

During the window period, Anti bodies cannot be detected using Rapid Eliza tests but the person can transmit the virus to another partner although he/she may be looking and feeling completely health.

The whole cycle involves 5 stages

a) Adsorption

b) Penetration

c) Replication (uncoating)

d) Maturation (As semblance)

e) Release (Exit)

A). Adsorption (Attachment to the Host Cell)
Once the virus enters into the body, it attaches itself with the help of the spikes (containing gp 120 which has high affinity of chemokine receptor (CD4 antigen receptor) onto the CD4-cell surface. These CD4 – T-cells are also known as helper cells or inducer cells of the sub-type T-lymphocytes.
· CD stands for cluster differentiation.  CD4 surface markers distinguish between types of T lymphocytes and are primarily found on T helper lymphocytes.

· Chemokine receptor- These are trans-membrane receptors (small cytokines) involved in chemotaxis

 The gp 41 on the protein core of the virus attaches itself onto the cell wall of the host cell (CD4 cell) in readiness to penetrate into the host cell.
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A) Penetration

The virus penetrates the cell wall of the host cell (CD4 –cell) into the cytoplasm with the help of gp41 (fusion protein) where it is engulfed and fuses with the host cell by a mechanism called Viro-pexia. 
After fusion the viral capsid is taken into the cell.

B) Replication (uncoating)

a. After penetration into the cytoplasm the virus penetrates into the Nucleic acid of the host cells (CD4-cells) where it loses its outer layer (protein core) and the capsid, then with the help of an enzyme “Reverse Transcriptase” the single stranded Viral RNA-Virus is transformed into a Double stranded DNA-Virus.

Reverse Transcription
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b. The enzyme Intergrase catalysis integration of the viral double stranded DNA into a genetic material of the host cell. (The cell becomes Pro-virus. This means that the Virus is integrated with the host cell) ensuring permanent infection of the cell thus taking control of the whole cell or taking control of the genetic activities of the host cell.

c. Genomic RNA and messenger RNA are transcribed from the viral DNA and transported to the cytoplasm
d. Translation of viral mRNA leads to:

· production of viral proteins      - assembly of virions 
· virions bud from cell surface    - lysis of the host cell
C) Maturation (Assemblance)
Assembly and Budding

Enzyme Protease to individual functional proteins

Catalysis (cleaves) activation of large polypeptide chain (intergraded viral particles) resulting to assemblance of the virus hence maturation of the HIV-protein core and capsid into a functional forms (mature viruses)

· Some viral proteins surround the viral RNA to make the nucleocapsid

· Some viral proteins go to the cell surface and attach to the cell membrane

· The new nucleocapsid goes to the cell membrane of the host cell and buds off.
D) Release (exit)

After maturation and assemblance of the virus it then buds off from the host cell and is released to infect other new cells. The cycle continues. The whole process is called Lysogenic cycle. HIV-antibodies are then released into the circulatory system and they can be detected using Rapid and long Eliza techniques.

SUMMARY
[image: image19.png]\ CD4 Receptor
&4 HIV Proviral DNA





The above picture show HIV binding to CD4 receptors of T helper lymphocytes, release of viral RNA, transfer to nucleus of host cell, forming HIV pro-viral DNA by reverse transcriptase action, translation of viral mRNA to produce viral proteins, assembly of viral proteins into virion, budding of virions from cell surface and release of new virus particles (in lower right corner) to infect the next cell. 

After infection, then AIDs develops depending on one body immunity and also age e.g.:

i) Children – (1 – 3) years then death

ii) Adult – (3 – 8) years – AIDs – then death.

PATHOGENESIS.

This virus causes AIDS (a complication of different infections) and it has four stages until it progresses to full brown AIDS. These are:-

a) Primary infection and sero conversion (Stage I)

b) Clinically latent stage (Stage II)

c) Early HIV disease (Stage III)

d) Late HIV disease and AIDS (Stage IV)

A) Stage i:  Primary infection and Seroconversion

Shortly after infection with the Virus (HIV), replication gives rise to increasing number of HIV-Virus in the blood tissue resulting into high viral load in the circulatory systems. This occurs within (3-6) weeks before the antibodies starts appearing in the circulatory systems. CD4-T- cells counts starts decreasing in number.

-Once the body senses a foreign substance (HIV) it starts producing antibodies against the virus (Antibodies to the virus core and envelope Antigens).

-IgM is released first followed by IgG Antibodies.

-During this stage, 50% of the infected people presents with the following: Fever-like illness, Enlarged lymph node, Sore throat, Body malaise, Oral ulcers, skin rash.

-The above symptoms are called sero conversion illness because they occur when the infected person is first making antibodies against HIV. It occurs within the first (1-3) weeks after infection.

-After the window period (when antibodies can now be detected in the serum), the person is described as being Sero-Positive.

Nb: 

1. Some people may not notice the symptoms or experience mild symptoms hence being asymptomatic and not aware whether they are infected and are infections to others.

2. Performance scale 1- They perform normal activities like other normal people.

B) Clinical Latent asympptomatic stage

-Most people remains well for several years after infection with the virus although they are infectious and can transmit the virus to others. Although the patient has no signs and symptoms the virus is not dormant (it is active); replicating and destroying the body’s immune system.

-Adults can take (4-5) years before presenting with the symptoms and signs of the disease.

-Infants develop symptoms immediately after infection (within few months.)

                        Symptoms
i) Clinical Stage I
Fever, night sweats, chronic diarrhea, weight loss of less than 10% of body weight; Lymphadenopathy (enlarged lymph glands), cough, an itch skin rash (early indicator of HIV – infection in Africa), Blue-grey discoloration of the nails, oral and vaginal candidiasis, hairy leukoplakia (hairy-like projections in the sides of the tongue). Herpes-zoster within the last 5 years, recurrent Upper Respiratory Tract Infection.

 i) Clinical Stage II
· Weight loss of less than 10% of body weight.

· Minor muco-cutaneous infections e.g. fungal nail infections, oral ulceration etc.

· Herpes zoster within the last 5 years.

· Recurrent upper respiratory tract infections (i.e. bacterial sinusitis).

Performance scale- 2; Symptomatic, Normal activities like other normal patients.

ii) Clinical Stage III

· Weight loss of more than 10% of body weight.

· Un-explained chronic diarrhea lasting for more than 1 month.

· Un-explained prolonged fever lasting for more than 1- month.

· Oral candidiasis (thrush).

· Oral hairy leukeplakia

· Pulmonary tuberculosis

· Severe bacterial infections (i.e. pneumonia e.t.c).

Performance scale-3: - Bedridden patients less than 50% of the day during the past month.

C) Early HIV-Disease

In this stage, opportunistic infections starts developing as the CD4-T-cells count starts going down (decreasing in number).

· Pneumonia which and sinusitis are caused by Strept. Pneumoniae is usually the first disease to appear. Recurring of the infection (pneumonia) is very common.

· Pulmonary Tuberculosis, Extra-pulmonary tuberculosis (Lymphadenopathy, pericardial diseases, Pleural effusions, meningitis) and military tuberculosis which are all caused by Mycobacterium tuberculosis starts appearing.     

Nb: 1/3 or more of all patients with HIV/AIDs are caused by HIV-related tuberculosis.

Bacteriemia and septicemia caused by Salmonella typhimuruim and other Salmonellae are also present.

D) Late HIV-Disease and AIDS (stage iv)

This is an advanced HIV-Disease with severe immuno-suppression. The CD4-T-cells count is below 400 cells/ul (Normal=600-1200) cells / ul.

He patient is anemic. The patient presents with:-

· Diarrhoea – wasting syndromes (Slim disease) in which there is a chronic watery diarrhea, weight loss, severe weakness.

· Cryptococcus meningitis in areas where there is high prevalence of Cryptococcus neofomans.

· Cerebral toxoplasmosis caused by Toxoplasma gondii.

· Herpes simplex virus infections.

· Candidiasis of the esophagus, trachea and bronchi.

· Kaposi’s Sarcoma

Performance Scale 4: - Bedridden patients more than 50% of the day during the last month.

LABORATORY DIAGNOSIS
Diagnosis is important for:
a. Prevention of spread of the virus.
b. Care efforts of the infected people..
Short course of ART decreases spread from infected mothers to infants

In tuberculosis patient’s knowledge of and therapy for HIV can decrease morbidity
Serological diagnosis

EIA (Enzyme Immuno-Assays) which are:
a. Now at 4th generation tests- Which very good sensitivity and specificity 

b. Solid phase coated with recombinant antigens and/or peptides and similar antigens conjugated to a detecting enzyme (ELISAs).
c. IgG and IgM detected (detection of IgM may reduce the 2-4 week window period)

d. Antigens used are mixtures of HIV-1 group M and O and HIV-2
Laboratory diagnosis of HIV-Infection is based on:

i). Detection of HIV-antibodies in a person’s serum.

ii). Detection of HIV-Antigens (Protein core) of the virus.

iii). Cultures.

iv). Genetic material detecting assays.

In clinical care of the patient, the following is done:

i) Microbiological tests

ii) Haematological tests.

iii) Serological tests.

SEROLOGICAL TESTS
Currently there are no available tests to diagnose AIDS. The tests present are diagnostic screening tests that are used to detect the presence of Hiv-Antibodies in blood and other body fluids and Hiv-Antigens in the blood cells.

There are four types’ diagnostic tests for HIV infection.

Antibody Detection assays
· Antigen Detection assays
· Cultures

· Genetic materials detecting assays
IMPORTANCE OF HIV-TESTING
1). for diagnostic purposes in-order to improve patients care and reduce transmission of the virus

2). to enable individuals and couples to know their Hiv-status for personal and family   planning,  take interventions and support and to reduce spread of the virus in the community.

3). to prevent transmission of the virus in donor blood and other blood products.

4). to monitor incidences of Hiv-infections through voluntary counseling and testing.

Antigen Detection assays
These are tests that mainly detect the presence of HIV-antigens (p24) in the blood cells especially the CD4-T-cells. HIV-antigens can detect in the early stages of the infection before sero-conversion takes place (3-6) weeks. The tests are used to detect Hiv-antigens in newborn infants and also to monitor viral load in patients receiving Anti-retro-viral therapy. The tests include:

-P24- antigen test for Hiv-antigen in the host cells.

-PCR test (polymerase chain reaction) which detects minute amounts of viral materials in the DNA/RNA of a cell.

a). RNA-PCR detects the virus in the body fluids including blood.

b). Plasma RNA-PCR detects and measures the viral load.

c). DNA-PCR detects the presence of the virus in the blood of infants under 18-months of age.

Viral Cultures.
Viral cultures involve a complex and expensive tests. It is commonly used for research purposes or to assess the stages of Hiv- infection.

Antibody Detection assays
Important screening assay have the following advantages:
a). easy.

b). useful for large sample numbers.
c). highly sensitive and specific.

d). useful for blood product screening.
e). useful for diagnosing and monitoring patients.
f). useful for determining disease prevalence.
g). useful for research.

These tests include:

1. ELISA (Enzyme Linked Immune-Sorbent Assay).

2. Western Blot Testing which are used as:
· Confirmatory test

· Antibody profile given to a number of Ag

· Viral lysate separated into components by PAGE electrophoresis.

6. CLASSIFICATION OF PROTOZOA

These are unicellular organisms. They are much larger than bacteria. They have a nucleus that is clearly differentiated from the protoplasm. The nucleus is divided into sporozoa, mastigophora,  sarcodina,  cachiphora (parasites) which are pathogenic to man e.g. the causative agents of Malaria, Trypanosomiasis and Amoebic dysentery. Their reproductions vary from simple binary fission to complex life cycles involving sexual and asexual phases.
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