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Introduction to Microbiology

Introduction to Microbiology

Definition:

e Microbiology is the branch of biology that deals with the study of microscopic organisms
(microorganisms) that are too small to be seen with the naked eye.
e Theseinclude bacteria, viruses, fungi, protozoa, algae, and some multicellular parasites.

Scope of Microbiology:

Microbiology plays a significant role in:
Medicine: Study of infectious diseases and development of antibiotics.
Pharmaceuticals: Production of antibiotics, vaccines, vitamins.
Agriculture: Biofertilizers, biopesticides, nitrogen-fixing bacteria.
Food Industry: Fermentation (e.g., in yogurt, cheese, alcohol).
Environmental Science: Bioremediation, sewage treatment.

Biotechnology: Genetic engineering, production of insulin, enzymes.
Historical Background

e Antonie van Leeuwenhoek (1670s): First to observe and describe microorganisms using a simple
microscope.

Louis Pasteur (19th century): Disproved spontaneous generation, introduced pasteurization, and
developed vaccines.

¢ Robert Koch: Developed Koch’s postulates, linking specific microbes to specific diseases.

Classification of Microorganisms

Microorganisms are broadly classified into five major groups:
1. Bacteria

» Structure: Single-celled, prokaryotic (no true nucleus), with a rigid cell wall (usually made
of peptidoglycan).

Shapes: Cocci (spherical), Bacilli (rod-shaped), Spirilla (spiral).
Examples:
= Escherichia coli— Normal gut flora; some strains cause food poisoning.

= Streptococcus pneumoniae — Causes pneumonia.
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= Mycobacterium tuberculosis — Causes tuberculosis.

Structure: Acellular (not living outside host), composed of DNA or RNA inside a protein
coat (capsid); some have envelopes.

Reproduction: Only inside host cells.
Examples:
= nfluenza virus — Causes the flu.
=  HIV (Human Immunodeficiency Virus) — Causes AIDS.

=  SARS-CoV-2-Causes COVID-19.

Structure: Eukaryotic; can be unicellular (yeasts) or multicellular (molds).
Cell wall: Made of chitin.
Reproduction: Asexual (spores, budding) and sexual.
Examples:
= (Candida albicans — Causes thrush and yeast infections.

=  Aspergillus — Can cause respiratory infections.

Structure: Unicellular, eukaryotic organisms.

Movement: Pseudopodia (e.g., Amoeba), flagella (e.g., Giardia), or cilia (e.g., Paramecium).
Examples:
=  Plasmodium falciparum — Causes malaria.

= Entamoeba histolytica — Causes amoebic dysentery.

Structure: Eukaryotic, photosynthetic organisms; can be unicellular or multicellular.
Habitat: Mostly aquatic.

Importance: Some produce toxins (e.g., red tide), but most are beneficial (e.g., oxygen
production).

Examples:
= Chlorella-Used in food supplements.

=  Diatoms - Contribute to the marine food chain.
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Epidemiology

e Epidemiology is the branch of medical science that deals with the study of the distribution,
patterns, and determinants of health-related events (including diseases) in specified populations.
e [talsoinvolves the application of this study to control health problems.

Definition

e Epidemiology is defined as “the study of the distribution and determinants of health-related states
or events in specified populations, and the application of this study to control health problems.” -
(John M. Last, 1988)

Key Terms in Epidemiology

A. Epidemic

» Asudden increase in the number of cases of a disease above what is normally expected in
a population in a given area.

» Example: Ebola outbreak in West Africa (2014-2016).
B. Pandemic

» Anepidemic that has spread over multiple countries or continents usually affecting a large
number of people.

» Example: COVID-19 pandemic (2019-present).
C. Endemic

» Adisease or condition regularly found and consistently present within a specific
geographic area or population.

» Example: Malaria in parts of sub-Saharan Africa.
D. Mode of Transmission
Type Description

Direct Transmission Person-to-person (e.g., touching, kissing, sexual contact).

Indirect Transmission Via contaminated surfaces, vectors (e.g., mosquitoes), or airborne
particles.

Droplet Transmission Spread through coughing, sneezing (e.g., influenza, COVID-19).

Airborne Transmission Microorganisms that remain in the air (e.g., tuberculosis, measles).

E. Quarantine
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» The separation and restriction of movement of people who may have been exposed to a
contagious disease but are not yet symptomatic.
» Purpose: To prevent transmission during the incubation period.
F. Isolation
» The separation of infected individuals from healthy individuals.
» Applied to those who are already ill or confirmed to have the disease.
» Helps to prevent spread of disease to susceptible people.
G. Incubation Period

» The time interval between exposure to an infectious agent and the appearance of first
symptoms.

» Important for:
=  Defining quarantine periods.
= |dentifying the source of infection.
» Example: COVID-19 incubation period ranges from 2-14 days.
H. Contact Tracing

» The process of identifying, assessing, and managing people who have been exposed to an
infectious disease to prevent further transmission.

» Stepsinclude:
= |dentifying contacts of the infected person.
= Informing them of their exposure.
= Advising quarantine/testing.

= Monitoring for symptoms.

Objectives of Epidemiology
To describe the health status of populations.
To identify the causes (etiology) and risk factors of diseases.
To predict the number of occurrences and future trends of disease.
To evaluate the effectiveness of preventive and therapeutic interventions.

To guide public health policy and disease control strategies.

Applications of Epidemiology

e Epidemiology plays a crucial role in various fields of healthcare and public health.
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Key applications include:

1. Disease Surveillance and Control

» Detect outbreaks early (e.g., influenza, cholera).

» Monitor the spread of infections.

» Support eradication programs (e.g., polio, smallpox).
. ldentification of Risk Factors

» Helps uncover modifiable and non-modifiable risk factors for diseases like cardiovascular
disease, diabetes, cancer, etc.

. Health Planning and Policy Making
» Provides data to formulate national health programs and allocate resources efficiently.

. Evaluation of Public Health Interventions

» Assess the impact of vaccination campaigns, awareness programs, and health policies on
disease prevalence/incidence.

. Outbreak Investigation
» Determines the source, mode of transmission, and control measures during epidemics.
. Clinical Epidemiology

» Applies epidemiological principles to evaluate clinical decisions, diagnostic tests, and
treatment effectiveness.

. Environmental and Occupational Health

» Assesses the impact of pollutants, radiation, or occupational hazards on community
health.

. Pharmacoepidemiology

» Studies the use and effects of drugs in large populations to detect side effects, monitor
drug safety, and evaluate therapies.

. Genetic and Social Epidemiology

» Investigates the role of genetic factors, lifestyle, and social determinants in disease
occurrence.

Importance of Epidemiology in Public Health

e Acts as the foundation of public health.
e Helpsinevidence-based decision-making.

e Ensures early warning systems for emerging threats.
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