MICROSCOPIC PATHOGENIC ORGANISMS

Characteristics of Some Microscopic Pathogenic Organisms

Viruses

Bacteria (Many Do Not
Cause Disease)

Protozoa (Very Few
Cause Disease)

Cell Type

Non-cellular

Prokaryotes

Unicellular eukaryotes

Classification
According To

e Type of host cell
they use for
reproduction. For
Example:
Bacteriophage
(infect bacteria).

e Type of nucleic acid
- RNA or DNA.

e Type of structures
making up the
protein coat.

e Shape: Spherical (coccus),
rod (bacillus).

e Grouping of cell(s): Single,
pairs, clumps, chains.

e Reaction to stains.

e Anaerobic/aerobic.

e Shape and structure.
e Amoebas.
e Flagellates.

e Microspora
(lack mitochondria).

e Pointed, non-motile
intracellular parasite.

e 200 -250 nm.

e 1000 - 5000 nm.

e Readily viewed by
light microscope.

Size* Viewable only by e Just viewable by light
electron microscope. e Vary enormously in
microscope. size and shape.
e Plants, fungi, e Nearly all plants, animals. e Other animals.
Host animals, protozoa.
e Highly specific.
e Take over host's e Heterotrophic e Heterotrophic.
Nutrition metabolic activity. (photosynthetic/chemosynt

hetic forms are not
pathogens).

Reproduction

e (Cause infected host
cell to replicate
more virus
particles.

e Reproduce in moist
conditions.

e Binary fission about once in
every 20 minutes.

e Binary fission.

e Some form
reproductive cysts.

e Some have complex
life cycles involving
more than one host.

*Note: 1 Nanometre (nm) = 1/100000 mm
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Viruses

Bacteria (Many Do Not
Cause Disease)

Protozoa (Very Few
Cause Disease)

Transmission

e Droplets in air.

e Physical contact.

e Ingestion of contaminated
food or water.

e Across mucous
membranes.

e Physical contact.

e Some by vectors.

e Ingestion of
contaminated food or
water.

e Across mucous
membranes.

e Droplets in air.

e By vectors.

Sources of
Infection
(Natural
Reservoir)

Host species

e Varies according to the
species.

o \Water.

e Particular hosts,
For Example: insects.

e Sewage/organic wastes.

e Various.
e Soil or water.

e Naturally occurring
as host's microbiota,
For Example in gut.

Other Features

Crystalline outside host.

Some form spores in adverse
conditions, For Example:
Anthrax.

Some form survival cysts
in adverse conditions.

e Influenza

e Common cold
e HIV (AIDS)

e Herpes

e Papilloma (warts)

Cholera.

Salmonella
(food poisoning).

e Syphilis.

e Staphylococcus.

e Urethritis.

e Chronic diarrhoea.
e Amoebic dysentery.
e Giardia.

e Plasmodium-malaria

(azidothymidine),
interferon.

e Typhoid.
Examples e Hepatitis s e Trypanosoma -
o e Less likely in plants as sleeping sickness.
e Filovirus (Ebola) plant cell sap tends to be
e Plant viruses. For acidic, and bacteria favour
Example: Tobacco alkaline conditions, Note
mosaic. tomato that Agrobacterium (crown
mosaicj gall) is common and used in
gene technology as a
vector.
e Antibiotics have no e Antibiotics inhibit growth and | e Antibiotics, drugs.
effect. reproduction.
Treatment o Little available; AZT | e Antiseptics.
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PRIONS

Prions have recently been discovered as the cause of a group of diseases known as spongiform
encephalopathies, so called because of the post-mortem appearance of the brain with large
vacuoles in the cortex and cerebellum.

Prions are probably a modified form of a normal cellular protein (PrPc) often present on the surface
of neurones and thought to be involved in passing signals from cell to cell. When the prion form of
the protein (PrPsc) is introduced to a nerve cell and encounters the normal PrPc, the normal protein
molecule is transformed into prion protein (PrPsc). The prion protein repeats the transformation
working its way into the spinal cord then into the brain. Degeneration of the brain and spinal cord
causes death.

Prion disease in humans is still largely unknown but two features of animal investigation suggest
that prion disease may be both infectious and hereditary i.e. genotype may confer susceptibility to
prion infection.

A related question is whether prions can be considered a pathogen at all. The prion particle is

certainly infectious but is even less “living” than a virus which has long been considered “semi-alive”
at best.

VIRUSES
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Virus particles (virions) consist of a core DNA or RNA molecule surrounded by a protein coat
(capsid). Some viruses have in addition, a lipid and glycoprotein envelope.

Viruses can infect either plants or animals, while a special group called bacteriophages can infect
bacteria.

Viruses demonstrate none of the characteristics of living things when outside a living cell. It is only

when they are within a cell that they are able to use the cell's energy-producing processes and raw
materials to build new virus particles. Viruses are therefore obligate parasites.
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Fig.1: Life Cycle of Adenovirus
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Figure 1 shows how viruses can reproduce:

The virus recognises a possible host cell by interaction between the viral coat and receptors on the
cell membrane. Hence viruses are specific for their host cell, whether for any cell of a particular
species or specific cells of a single species.

Each virus uses its own mechanism to enter the host cell. Once inside, it releases its core DNA or
RNA which then re-directs the metabolic activities of the cell to make new viral nucleic acid and
protein. These assemble themselves into new viruses that usually burst out of, and destroy the host
cell.

Since viruses can only survive inside the cells of its host, they are not susceptible to the action of
antibiotics such as penicillin. Their lack of susceptibility to chemical attack makes viral infections
difficult to treat: Cure usually depends on the host’'s own defence system.
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BACTERIA

Only a limited number of bacterial species are pathogenic to humans. The greater majority are
photosynthetic, chemosynthetic, or saprophytic in their nutrition and play important roles in many
processes beneficial to humans.

For Example: Fermentation, decomposition, nitrogen cycle, etc.

Bacterial pathogens may enter the body through a cut in the surface or through the mucous
membranes. They reproduce rapidly by binary fission, dividing every 20 minutes in ideal conditions.
A single bacterium can lead to 272 in 24 hours and these numbers, despite their size, may be
sufficient to cause disease in the host.

They do so in a variety of ways:

o Releasing enzymes which destroy connective tissue allowing spread of the bacterium,
. Physically blocking blood vessels and disrupting blood supply,
e  Attaching to mucous membranes, thus concentrating their attack on nearby tissues,
. Causing starvation or malfunction of the host by over-utilisation of the host’s resources.
. Production of poisonous substances (foxins). Bacterial toxins are of two types:
¢ Endotoxins found in the walls of some bacteria and released only when the cell is
lysed. Endotoxins are associated with some kinds of food poisoning where the bacteria
are swallowed but do no harm until digested in the gut.
o Exotoxins are protein products of the pathogen’s activities that may result in fever,
headache, nausea, etc. as they enter specific target cells and cause their death by

disrupting their metabolism.

For Example: Neurotoxins, enterotoxins, hemolysin.

Occasionally, the bacteria-host relationship manages to achieve an equilibrium where the bacterium
survives in the host without causing symptoms of disease. The host becomes a carrier, able to pass
on the bacteria to other hosts. This is a relatively dangerous situation since the source of infection is
not readily detected.
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PROTOZOA

Pathogens in this category only have unicellular structure as a common characteristic.

They are classified in a number of different phyla so have many variations on cell structure. Most
inhabit a variety of water and soil habitats, while some are part of the natural “micro-biota” of
animals (i.e. micro-organisms that live on or in animals).

Relatively few of the nearly 20,000 species of protozoa cause disease. Details of their structural
differences and individual life cycles are beyond the scope of this site. You should refer to an
appropriate textbook or search the Internet for such details.

FUNGI

A wide variety of fungi are found on the Earth’s surface. They range from unicellular yeasts and
semi-microscopic moulds, mildews, and rusts to larger fleshy types such as mushrooms. Fungal
spores are ubiquitous (everywhere) and as fungi are heterotrophs, they grow by decomposing all
kinds of organic matter. Relatively few of the thousands of different fungal species are pathogens of
animals (including humans) but many are pathogens of plants. A fungal infection is referred to as a
mycosis.

The most common fungal infections of humans are:

. Opportunistic: Fungi which do not normally cause disease but do so in hosts which are
weakened in some way e.g. thrush (Candida).

. Systemic: Fungi which have entered as spores via the lungs and survive deep in the systems
or tissues of the body. Such infections are not contagious.

. Cutaneous/sub-cutaneous: Fungal infections on or just below the surface of the skin. The
fungus obtains its nutrients from the dead layers of skin and rarely penetrate into living tissue
For Example: Ringworm, athlete's foot, 'jock itch'.

° Fungal pathogens are much more common on plants, but disease is usually specific to one
part of a plant. The fungi can be classified in a number of ways including according to their
method of nutrition.

o Heterotrophic fungi obtain nutrients from living cells of the host.

. Saprophytic fungi feed on dead tissues. Some fungi secrete enzymes which kill the host cells
and they then feed on the dead cells.
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Fine fungal hyphae or threads (the mycelium) penetrate the surface of the plant to access the cells
below and the powdery layer on the surface may contain the reproductive spores. Common plant
diseases caused by fungi include: Potato blight, mould rot of fruits, powdery mildew, rust of wheat
and other cereals, Dutch elm disease and dieback of eucalypts by cinnamon fungus.

Details of the life cycles of these fungi are beyond the scope of this site, but can be readily obtained
with an Internet search.

REVIEW QUESTIONS

Try answering these from memory. If you have any difficulty with them, you could check the
answers given at the end of these notes.

QUESTION 1
Name the four main types of pathogenic micro-organisms.

Solution

QUESTION 2
For each type of micro-organism listed above, name a related disease.

Solution

QUESTION 3
What kind of micro-organisms do antibiotics act on?

Solution
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REVIEW QUESTIONS - ANSWERS

QUESTION 1
Four main types of pathogenic organisms:

. Bacteria
. Viruses
. Fungi

. Protozoans.
Note:

Multicellular parasites could be included; prions can hardly be regarded as ‘organisms’!

QUESTION 2

. Bacteria: Typhoid, cholera, gangrene, gonorrhoea, syphilis, diphtheria etc.
. Virus: Influenza, colds, chicken pox, measles, AIDS, herpes, hepatitis etc.
. Fungi: Tinea, ringworm, thrush (Monelia), etc.

° Protozoans: Malaria, Murray Valley encephalitis, amoebic dysentery, etc.

QUESTION 3
Antibiotics work only against bacteria.
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