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Series 1: Epidemiology Of Communicable
Diseases And Disease Control

e Part 1.1: Principles of epidemiology
e Sub-Part 1.1.1: Definition and scope of epidemiology
e Sub-Part 1.1.2: Key concepts in communicable disease epidemiology
e Sub-Part 1.1.3: Modes of transmission of communicable diseases
o Part 1.2: Disease spectrum
e Sub-Part 1.2.1: Stages of infection and disease progression
o Sub-Part 1.2.2: Patterns of disease occurrence (endemic, epidemic, pandemic)
e Sub-Part 1.2.3: Host factors.influencing disease spectrum
o Part 1.3: Disease control strategies
e Sub-Part 1.3.1: Prineiples of prevention and control
e Sub-Part 1.3.2: Public health interventions (surveillance, isolation, immunisation)
e Sub-Part 1.3.3: Role of laboratory support in disease control
o Part 1.4: Applied case studies in communicable disease control
e Sub-Part 1.4.1: Case study of malaria control
e ' Sub-Part 1.4.2: Case study of tuberculosis control
o Sub-Part 1.4.3: Case study of HIV/AIDS control

Introduction

Communicable diseases remain one of the most significant challenges to public health
worldwide. Their ability to spread rapidly within communities makes them a central focus of
medical laboratory microbiology. Understanding how these diseases arise, how they progress,
and how they can be controlled is essential for laboratory scientists who play a vital role in
diagnosis, surveillance, and prevention. This Series will provide you with the foundational
knowledge needed to appreciate the importance of epidemiology in managing communicable
diseases.
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The aim of this Series is to equip you with the ability to define the principles of epidemiology,
explain the spectrum of communicable diseases, and evaluate strategies for their control. By the
end of the Series, you will be able to connect theoretical concepts with practical applications in
public health and laboratory practice.

We shall commence this Series by examining the principles of epidemiology, including its
definition, scope, and the modes of transmission of communicable diseases. Next, we will move
on to the disease spectrum, where we will explore stages of infection, patterns of occurrence
such as endemic and epidemic, and host factors influencing disease progression. Following that,
we will study disease control strategies, focusing on prevention, public health interventions, and
laboratory support. Finally, we will wrap up with applied case studies, looking at malaria,
tuberculosis, and HIV/AIDS control to bring theory into real-world context:

Series Learning Outcomes

Upon completing this Series, you should be able to:

e SLO 1.1 define the principles and seope of epidemiology in relation to communicable
diseases,

e SLO 1.2 explain the key concepts and modes of transmission of communicable diseases,

e SLO 1.3 describe the stages of infection and disease progression within the disease
spectrum,

e SLO 1.4 analyse patterns of disease occurrence such as endemic, epidemic, and
pandemic,

e SLO 1.5 evaluate host factors that influence the spectrum of communicable diseases,

e SLO 1.6 apply principles of prevention and control to communicable diseases,

e SLO 1.7 explain public health interventions including surveillance, isolation, and
Immunisation,

e SLO 1.8 demonstrate the role of laboratory support in disease control, and

e SLO 1.9 assess applied case studies of malaria, tuberculosis, and HIV/AIDS control in
relation to epidemiological principles.

1.1 Principles Of Epidemiology
1.1.1 Definition and scope of epidemiology

Epidemiology is the study of how diseases occur, spread, and can be controlled within
populations. It provides the scientific foundation for public health interventions and helps to
identify risk factors, patterns of transmission, and strategies for prevention. The scope of
epidemiology extends beyond infectious diseases to include chronic conditions, but in this Series
our focus will be on communicable diseases.

Fill in the blank: The study of how diseases occur, spread, and can be controlled within
populations is called
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SCOPE OF EPIDEMIOLOGY: OCCURRENCE, TRANSMISSION, & CONTROL
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Figure 1.1: Scope of epidemiology in communicable diseases

IMPACT & MONITORING

1.1.2 Key concepts in communicable disease epidemiology

Several key concepts underpin the study of communicable diseases. Incidence refers to the
number of new cases of a disease in a population over a specific period. Prevalence refers to the
total number of cases, both new and existing, at.a given time. Morbidity describes the state of
being diseased, while mortality refers to death caused by disease. These measures help
epidemiologists assess the burden of disease and evaluate the effectiveness of control strategies.

Fill in the blank: The total number of cases of a disease, both new and existing, at a given time is
called

Concept Definition Example
. Number of new cases of a disease occurring in a Annual incidence of influenza
Incidence . . . . . .
population during a specified period cases in a city
PrevalenceNumber of existing cases (new + old) of a Point prevalence of HIV infection
disease in a population at a given time in a community
. ... Measure of illness, disability, or departure from Morbidity due to malaria (episodes
Morbidity o . .
well-being in a population of fever and anaemia)
Mortality Measure of death due to a disease in a Mortality rate from tuberculosis in
population a country

Table 1.1: Key concepts in communicable disease epidemiology
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1.1.3 Modes of transmission of communicable diseases

Communicable diseases spread through various modes of transmission. These include direct
transmission, such as person-to-person contact, and indirect transmission, which involves
vectors, contaminated food or water, or airborne particles. Understanding transmission pathways
is crucial for designing effective control measures. For example, malaria is transmitted through
mosquito bites, while tuberculosis spreads via airborne droplets.

Fill in the blank: Tuberculosis is primarily transmitted through droplets.
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Plate 1.1: Modes of transmission of communicable diseases
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Pilot questions 1.1

1. What is the study of how diseases occur, spread, and can be controlled within
populations called?

2. What term refers to the number of new cases of a disease in a population over a specific
period?

3. Whatis the total number of cases of a disease, both new and existing, at a given time
called?

4./ Which term describes death caused by disease?

5. Tuberculosis is primarily transmitted through what type of droplets?
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1.2 Disease Spectrum
1.2.1 Stages of infection and disease progression

The disease spectrum refers to the range of manifestations that a communicable disease can
present in different individuals. The stages of infection typically include incubation period (the
time between exposure and the appearance of symptoms), prodromal stage (early, non-specific
symptoms), clinical stage (characteristic signs and symptoms), and convalescence (recovery
phase). Recognising these stages helps in diagnosis, treatment, and control.

Fill in the blank: The time between exposure to a pathogen and the appearance of symptoms is
called the period.

THE FOUR STAGES OF INFECTION
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Figure 1.2: Stages of infection and-disease progression

Pathogen Multiplies silently

1.2.2 Patterns of disease occurrence

Communicable diseases can occur in different patterns. An endemic disease is consistently
present in a population, such as malaria in certain regions. An epidemic refers to a sudden
increase in cases above the expected level, while a pandemic is an epidemic that spreads across
countries or continents. These patterns are important for public health planning and response.

Fill in the blank: A disease that is consistently present in a population is described as

Pattern Definition Example
. Constant presence of a disease within a geographic area Malaria in parts of sub-

Endemic . ;

or population Saharan Africa

. . Sudden increase in the number of cases of a disease Cholera outbreak in a

Epidemic :

above expected levels community
)
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Pattern Definition Example
. Epidemic that spreads across countries or continents, COVID-19 pandemic (2019
Pandemic i .
affecting large populations onwards)
Table 1.2: Patterns of disease occurrence

1.2.3 Host factors influencing disease spectrum

The way a disease manifests can be influenced by host factors. These include age, genetic
makeup, nutritional status, immunity, and co-existing conditions. For example, measles may be
mild in healthy children but severe in malnourished individuals. HIV infection alters the
spectrum of many diseases by weakening the immune system. Understanding host. factors helps
in predicting disease outcomes and tailoring interventions.

Fill in the blank: Malnutrition is a host factor that can make measles more
HOST FACTORS INFLUENCING DISEASE SEVERITY

Increased Severity Lower Severity
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Plate 1.2: Host factors influencing disease spectrum

Pilot questions 1.2

1.. What is the time between exposure to a pathogen and the appearance of symptoms
called?

Which stage of infection is characterised by early, non-specific symptoms?

A disease consistently present in a population is described as what?

What term is used for an epidemic that spreads across countries or continents?
Name one host factor that influences the severity of communicable diseases.
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1.3 Disease Control Strategies
1.3.1 Principles of prevention and control

Disease control refers to measures taken to reduce the occurrence and impact of communicable
diseases. The principles of prevention and control include breaking the chain of transmission,
protecting susceptible individuals, and reducing exposure to pathogens. These principles are
applied through hygiene practices, safe water supply, vector control, and vaccination
programmes.

Fill in the blank: Measures taken to reduce the occurrence and impact of ' communicable diseases
are referred to as

Infectious Agent

INTERVENTION: NS
VACCINATION 5 ’ (e.q., Bacteria, Virus)
IMMUNIZATION

Reservoir

Susceptible Host (e.g., Human,
(e.g., Inmunocompromised Animal, Water)

Person)
THE CHAIN OF
INFECTION &
BREAKING e
THE LINKS  [[shmiabu s

&> INTERVENTION:
@ o HYGIENE & Portal of Entry
T SANITATION (e.g., Mé)kqtr)l, Nose,

n

% Mode of = _ INTERVENTION:
Transmission femm, (s} VECTOR
(e.g., Contact, Air, CONTROL
Vector) =

Figured:3: Principles of prevention and control of communicable diseases

1.3.2 Public health interventions

Public health interventions are organised efforts to prevent and control communicable diseases
at the community level. These include surveillance (systematic collection and analysis of health
data),isolation (separating infected individuals to prevent spread), and immunisation
(stimulating immunity through vaccines). Each intervention plays a unique role in reducing
disease transmission and protecting populations.

Fill in the blank: The systematic collection and analysis of health data to monitor disease trends
is called
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Intervention Definition Example

. Continuous, systematic collection and Monitoring influenza cases through
Surveillance . . . . : .
analysis of health data to guide action national disease surveillance systems
. Separation of infected individuals from Isolating patients with active
Isolation . .
healthy ones to prevent transmission tuberculosis

Administration of vaccines to induce
Immunisation protective immunity in individuals and
populations

Childhood immunisation programmes
against measles, polio, and diphtheria

Table 1.3: Public health interventions for communicable disease control

1.3.3 Role of laboratory support in disease control

Laboratories provide critical support in disease control by enabling accurate diagnosis,
monitoring treatment outcomes, and detecting outbreaks. Techniques such as culture methods,
serological testing, and molecular assays help identify pathogens and guide interventions.
Laboratory data also feed into surveillance systems, strengthening public health responses.

Fill in the blank: Laboratory data that feed into surveillance systems help in detecting

LABORATORY DIAGNOSTIC TESTS SURVEILLANCE & DATA REPORTING

REAL-TIME DATA
MONITORER

STRENGTHENING
TESTING : HEALTH SECURITY
ProTocoLs &8 _‘ IN NIGERIA
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Pilot questions 1.3

1. Measures taken to reduce the occurrence and impact of communicable diseases are
referred to as what?

2. What is the systematic collection and analysis of health data to monitor disease trends
called?

3. Name one public health intervention used to prevent the spread of communicable
diseases.

4. What role do laboratories play in disease control?

5. Laboratory data that feed into surveillance systems help in detecting what?

1.4 Applied Case Studies In Communicable Disease Control
1.4.1 Case study of malaria control

Malaria is a communicable disease caused by Plasmodium parasites and transmitted by
Anopheles mosquitoes. Control strategies focus on reducing mosquito populations and
preventing bites. These include insecticide~treated nets, indoor residual spraying, and
antimalarial drugs. Laboratory supportis vital for diagnosing malaria through blood smears and
rapid diagnostic tests.

Fill in the blank: Malaria is transmitted by mosquitoes.
| 9] Insecticide-Treated
“{,f" ‘\\l -— NetS (ITNS)
!"‘ /‘\' I‘h\\\
Female V4 A%
Anopheles 4 ( Ny S
Infected (l ‘] |
Mosquito \ {) \
g%
2. Human Host —
(Liver & Blood Stages) arasite

Multiplication

' 1. Transmission

3. Mosquito Vector | Indoor Residual
| (Sporogonic Cycle) Spraying (IRS)

Figure 1.4: Malaria transmission and control strategies
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1.4.2 Case study of tuberculosis control

Tuberculosis (TB) is caused by Mycobacterium tuberculosis and spreads through airborne
droplets. Control strategies include early diagnosis, effective treatment with multidrug regimens,
and monitoring patient compliance. Public health measures such as isolation of infectious
patients and vaccination with BCG also play important roles. Laboratory support involves
sputum smear microscopy, culture, and molecular tests.

Fill in the blank: The vaccine commonly used for tuberculosis prevention is the
vaccine.

Strategy Definition / Role Example
Diacnosis Early detection of TB cases through clinical, Sputum smear microscopy,
& radiological, and laboratory methods GeneXpert MTB/RIF assay
Treatment Use of anti-tubercular drugs in standardised Directly observed treatment,
regimens to cure disease and prevent resistance  short-course (DOTS)
. Separation of infectious TB patients to reduce Hospital isolation of patients
Isolation o . .
transmission with active pulmonary TB
... Preventive immunisation to reduce risk of TB Bacillus Calmette—Guérin
Vaccination . ) T
infection (BCG) vaccine in newborns

Table 1.4: Tuberculosis control strategies

1.4.3 Case study of HIV/AIDS control

HIV/AIDS is caused by the human immunodeficiency virus (HIV), which attacks the immune
system. Control strategies includeprevention through safe sexual practices, screening of blood
products, and use of antiretroviral therapy (ART) to suppress viral replication. Public health
interventions emphasise education, counselling, and reducing stigma. Laboratory support is
essential for diagnosis, monitoring viral load, and assessing immune function through CD4
counts.

Fill in the blank: The therapy used to suppress HIV replication is called therapy.

SAFE ART
PRACTICES (Antiretroviral Therapy)

$oe

. AdherencetoTrea_tment, 4

HIV/AIDS " N2/
Control Strategies:
Kwara, Nigeria

/-1 15
EDUCATION & AWARENESS

Community Outreach, Schools, \
Media Campaigns. . Early Detection. _¢

Plate 1.4: HIV/AIDS control strategies
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Pilot questions 1.4

Malaria is transmitted by what type of mosquitoes?

The vaccine commonly used for tuberculosis prevention is called what?
Name one laboratory method used to diagnose tuberculosis.

What therapy is used to suppress HIV replication?

Mention one public health intervention for HIV/AIDS control.

uhwWwNPE

Series Summary

This Series has introduced you to the foundations of epidemiology and its importance in
understanding and controlling communicable diseases. We began by defining epidemiology and
exploring its scope, then examined key concepts such as incidence, prevalence, morbidity, and
mortality. Following that, we studied the disease spectrum, including stages of infection, patterns
of occurrence, and host factors that influence disease outcomes. We then moved on to disease
control strategies, where we considered principles of prevention, public health interventions, and
the crucial role of laboratory support. Finally, we rounded off with applied case studies on
malaria, tuberculosis, and HIV/AIDS, linking theory to real-world practice.

By completing this Series, you should now be able to define the principles of epidemiology,
explain modes of transmission, describe stages of infection, and analyse patterns of disease
occurrence. You should also be able to evaluate host factors, apply prevention and control
strategies, explain public health interventions, and demonstrate the role of laboratory support. In
addition, you should be able to-assess case studies of malaria, tuberculosis, and HIV/AIDS
control. These outcomes (SLOs 1.1-1.9) provide you with a strong foundation for understanding
how communicable diseases spread and how they can be effectively managed in both laboratory
and public health contexts.

Glossary of Terms

o [ Antiretroviral therapy (ART): A treatment for HIV infection that uses a combination of
medicines to suppress viral replication and improve immune function.

o Convalescence: The recovery phase of an illness, during which symptoms subside and
health gradually returns.

o - Disease spectrum: The range of ways a communicable disease can present, from mild to
severe, depending on host and environmental factors.

o Epidemic: A sudden increase in the number of cases of a disease above what is normally
expected in a population.
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o Epidemiology: The study of how diseases occur, spread, and can be controlled within
populations.

o Endemic: A disease that is consistently present in a particular population or region.

o Host factors: Characteristics of individuals, such as age, nutrition, immunity, or genetics,
that influence how a disease develops and progresses.

o Incubation period: The time between exposure to a pathogen and the appearance of
symptoms.

o Incidence: The number of new cases of a disease in a population over a specific period.

o Isolation: The separation of infected individuals from healthy ones to prevent the spread
of disease.

e Malaria: A communicable disease caused by Plasmodium parasites and transmitted by
Anopheles mosquitoes.

e Mortality: Death caused by disease.
e Morbidity: The state of being diseased.or unhealthy.

e Pandemic: An epidemic that spreads across countries or continents, affecting large
populations.

e Prevalence: The total number of cases of a disease, both new and existing, at a given
time.

e Public health interventions: Organised efforts such as surveillance, immunisation, and
isolation aimed at preventing and controlling disease in communities.

e Surveillance: The systematic collection and analysis of health data to monitor disease
trends and detect outbreaks.

e Tuberculosis (TB): A communicable disease caused by Mycobacterium tuberculosis,

spread through-airborne droplets, often controlled through diagnosis, treatment, and
vaccination.

Concept Check Questions [Series 1]
Objective questions

1. The study of how diseases occur, spread, and can be controlled within populations is

called . (Linked to SLO 1.1)
2. The number of new cases of a disease in a population over a specific period is referred
to as . (Linked to SLO 1.2)
)
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3. The time between exposure to a pathogen and the appearance of symptoms is known
as the period. (Linked to SLO 1.3)

4. A disease that is consistently present in a population is described as
(Linked to SLO 1.4)

5. The therapy used to suppress HIV replication is called therapy. (Linked to
SLO 1.9)

Short-answer questions

6. Define incidence. (Linked to SLO 1.2)

7. Explain the difference between morbidity and mortality. (Linked to.SLO 1.2)

8. State one host factor that influences the severity of communicable diseases. (Linked to
SLO 1.5)

9. Mention one public health intervention used to prevent the spread of communicable

diseases. (Linked to SLO 1.7)
10. What role do laboratories play in disease control? (Linked to SLO 1.8)

Long-answer questions

11. Describe the stages of infection.and disease progression. (Linked to SLO 1.3)

12. Analyse the patterns of disease occurrence, giving examples of endemic, epidemic, and
pandemic diseases. (Linked to SLO 1.4)

13. Evaluate the principles of prevention and control of communicable diseases. (Linked to
SLO 1.6)

14. Explain the importance of public health.interventions such as surveillance, isolation, and
immunisation in disease control:(Linked.to SLO 1.7)

15. Assess applied case studies of malaria, tuberculosis, and HIV/AIDS control in relation to

epidemiological principles. (Linked to SLO 1.9)

Answers to Concept Check Questions [Series 1]
Objective questions

Epidemiology
Incidence
Incubation
Endemic
Antiretroviral

i Y

Short-answer questions

6. Incidence is the number of new cases of a disease in a population over a specific period.
7. Morbidity refers to the state of being diseased, while mortality refers to death caused
by disease.
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8. Examples include age, nutrition, immunity, or genetics.

9. Examples include surveillance, isolation, or immunisation.

10. Laboratories provide diagnosis, monitor treatment outcomes, and detect outbreaks,
supporting public health responses.

Long-answer questions

11. Basic response: The stages of infection include incubation, prodromal, clinical, and
convalescence.

Value-added response: Each stage has distinct features, such as incubation being symptom-free,
prodromal showing vague signs, clinical presenting characteristic symptoms, and convalescence
marking recovery. Recognising these stages aids diagnosis and control.

12. Basic response: Endemic diseases are consistently present, epidemics are sudden
increases, and pandemics spread across countries or continents.

Value-added response: Examples include malaria as endemic in certain regions, cholera
outbreaks as epidemics, and COVID-19 as a pandemic. These patterns guide public health
planning and resource allocation.

13.  Basic response: Prevention and control involve breaking the chain of transmission,
protecting susceptible individuals, and reducing exposure.

Value-added response: Strategies include hygiene, safe water, vector control, and vaccination.
Evaluating these principles shows how combined measures reduce disease burden effectively.

14. Basic response: Surveillance monitors disease trends, isolation prevents spread, and
immunisation protects populations.

Value-added response: These intérventions are crucial in outbreak detection, containment, and
long-term prevention. For example, immunisation campaigns have eradicated smallpox and
reduced polio incidence globally.

15. Basic response: Malaria control involves mosquito nets and spraying, tuberculosis
control uses diagnosis, treatment, and BCG vaccination, while HIV/AIDS control relies on safe
practices and antiretroviral therapy.

Value-added response: These case studies highlight how epidemiological principles are applied
in practice, combining laboratory support, public health interventions, and community education
to achieve effective disease control.

Answers to Pilot Questions [Series 1]
Part 1.1: Principles of epidemiology

1. Epidemiology
2. Incidence

3. Prevalence
4. Mortality
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5. Airborne droplets
Part 1.2: Disease spectrum

1. Incubation period
2. Prodromal stage
3. Endemic

4. Pandemic

5. Malnutrition

Part 1.3: Disease control strategies

1. Disease control

2. Surveillance

3. Isolation (or immunisation, hygiene, vector control)

4. Accurate diagnosis, monitoring treatment outcomes, detecting outbreaks
5. Outbreaks

Part 1.4: Applied case studies in communicable disease control

Anopheles mosquitoes

BCG vaccine

Sputum smear microscopy (or culture, molecular tests)
Antiretroviral therapy

Education, counselling, or stigma reduction

uhwnN e
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Figures, Plates, and Tables

o Figure 1.1: Scope of epidemiology in communicable diseases
Attribution: Al-generated using prompt “Generate a diagram showing the scope of
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epidemiology, including disease occurrence, transmission, and control.”
Suggested OER search string: “OER diagram scope of epidemiology communicable
diseases”

e Table 1.1: Key concepts in communicable disease epidemiology
Attribution: Al-generated using prompt “Generate a table summarising incidence,
prevalence, morbidity, and mortality with definitions and examples.”
Suggested OER search string: “OER table incidence prevalence morbidity mortality
epidemiology”

e Plate 1.1: Modes of transmission of communicable diseases
Attribution: Al-generated using prompt “Create an illustration showing direct
transmission (contact), indirect transmission (vectors, food, water), and airborne
transmission.”
Suggested OER search string: “OER image modes of transmission communicable
diseases”

o Figure 1.2: Stages of infection and disease progression
Attribution: Al-generated using prompt “Generate a diagram illustrating the stages of
infection: incubation, prodromal, clinical, and convalescence.”
Suggested OER search string: “OER diagram stages of infection disease progression”

e Table 1.2: Patterns of disease occurrence
Attribution: Al-generated using prompt “Generate a table summarising endemic,
epidemic, and pandemic with-definitions and examples.”
Suggested OER search string: “OER table endemic epidemic pandemic communicable
diseases”

e Plate 1.2: Host factors influencing disease spectrum
Attribution: Al-generated using prompt “Create an illustration showing host factors such
as age, nutrition, immunity, and genetics influencing disease severity.”
Suggested OER search string: “OER image host factors disease spectrum communicable
diseases”

o Figure 1.3: Principles of prevention and control of communicable diseases
Attribution: Al<generated using prompt “Generate a diagram showing the chain of
infection with points of intervention such as hygiene, vaccination, and vector control.”
Suggested OER search string: “OER diagram chain of infection prevention control”

e . Table 1.3: Public health interventions for communicable disease control
Attribution: Al-generated using prompt “Generate a table summarising surveillance,
isolation, and immunisation with definitions and examples.”

Suggested OER search string: “OER table public health interventions communicable
diseases”

e Plate 1.3: Role of laboratory support in disease control
Attribution: Al-generated using prompt “Create an illustration showing laboratory staff
performing diagnostic tests, with links to surveillance and public health interventions.”
-
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Suggested OER search string: “OER image laboratory role communicable disease
control”

o Figure 1.4: Malaria transmission and control strategies
Attribution: Al-generated using prompt “Generate a diagram showing malaria
transmission cycle with mosquito vector and control measures such as nets and

spraying.”
Suggested OER search string: “OER diagram malaria transmission control strategies”

o Table 1.4: Tuberculosis control strategies
Attribution: Al-generated using prompt “Generate a table summarising tuberculosis
control strategies including diagnosis, treatment, isolation, and vaecination.”
Suggested OER search string: “OER table tuberculosis control strategies”

Plate 1.4: HIV/AIDS control strategies

Attribution: Al-generated using prompt “Create an illustration showing HIV/AIDS control
strategies including safe practices, ART, education, and laboratory monitoring.”

Suggested OER search string: “OER image HIV AIDS control strategies prevention treatment”

Course code: MLS 404
Course title: Medical Laboratory Microbiology |

Course credit load: 2 Units

Series 2: Public Health And Environmental
Microbiology

e Part 2.1: Foundations of public health microbiology
e | Sub-Part 2.1.1: Definition and scope of public health microbiology
e Sub-Part2.1.2: Microorganisms of public health importance
e Sub-Part 2.1.3: Role of microbiology in community health
o Part 2.2: Environmental microbiology and water quality
e Sub-Part 2.2.1: Microbial contaminants in water
e Sub-Part 2.2.2: Methods of water testing and monitoring
e Sub-Part 2.2.3: Public health implications of waterborne diseases
e Part 2.3: Air, soil, and waste microbiology
e Sub-Part 2.3.1: Microorganisms in air and their health effects
-
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e Sub-Part 2.3.2: Soil microbiology and its relevance to health
e Sub-Part 2.3.3: Microbiology of waste disposal and sanitation
o Part 2.4: Applied public health interventions
e Sub-Part 2.4.1: Microbiological surveillance in public health
e Sub-Part 2.4.2: Case studies of environmental health challenges

e Sub-Part 2.4.3: Laboratory support in environmental microbiology

Introduction

Public health and environmental microbiology are central to safeguarding communities against
the risks posed by microorganisms in our surroundings. From the water we drink to the air we
breathe, microbes can influence health in both positive and negative ways: This Series will help
you appreciate how microbiology contributes to public health, while also highlighting the
environmental factors that shape disease transmission and control.

The aim of this Series is to equip you with the knowledge and skills to explain the role of
microbiology in public health, analyse‘environmental sources of microbial contamination, and
evaluate interventions that protect communities from waterborne, airborne, soil-related, and
waste-related diseases.

We shall commence this Series by exploring the foundations of public health microbiology,
including its scope, microorganisms of public health importance, and its role in community
health. Next, we will move on to environmental microbiology and water quality, where we will
examine microbial contaminants, testing methods, and the implications of waterborne diseases.
Following that, we will study air, soil, and waste microbiology, focusing on how these
environments influence health and sanitation. Finally, we will wrap up with applied public health
interventions, considering surveillance, case studies of environmental health challenges, and the
role of laboratory support in environmental microbiology.

Series Learning Outcomes

Upon completing this Series, you should be able to:

e SLO 2.1 define the scope of public health microbiology and explain its relevance to
community health,

e SLO 2.2 identify microorganisms of public health importance and describe their impact
on populations,

e SLO 2.3 analyse microbial contaminants in water and evaluate their public health
implications,

e SLO 2.4 demonstrate methods of water testing and monitoring for microbial safety,
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e SLO 2.5 explain the role of air, soil, and waste microbiology in influencing health
outcomes,

e SLO 2.6 assess the health effects of airborne microorganisms and their control measures,

e SLO 2.7 evaluate the significance of soil microorganisms in relation to public health,

e SLO 2.8 describe microbiological aspects of waste disposal and sanitation practices,

e SLO 2.9 apply microbiological surveillance techniques in public health interventions,

e SLO 2.10 examine case studies of environmental health challenges and propose
microbiological solutions, and

e SLO 2.11 demonstrate the role of laboratory support in environmental microbiology and
public health.

2.1 Foundations Of Public Health Microbiology
2.1.1 Definition and scope of public health microbiology

Public health microbiology is the branch of microbiology concerned with the study of
microorganisms that affect the health of populations. It focuses on the detection, prevention, and
control of microbial threats in communities. The scope includes monitoring microbial
contamination in water, air, soil, and food, as well as investigating outbreaks and supporting
public health interventions.

Fill in the blank: The branch of microbiology concerned with the study of microorganisms that
affect the health of populations is called

SCOPE OF PUBLIC HEALTH MICROBIOLOGY: A ONE HEALTH APPROAC

) Ao
; SAFETY .
Y ’ ~J & INDOOR AIR
Drinking Water Testing, !
Recreational Water Monitoring, _)

Bioaerosol Sampling,
Monitoring, Wastewater Hospital Infection Control,
Surveillance, Pathogen

PUBLIC HEALTH Respiratory Pathogen Detection
Detection (e.g., Cholera, E. coli) MICROBIOLOGY (e.g., Influenza, Legionella, Tuberculosis)

SOIL &
FOOD SAFETY
ENVIRONMENTAL & HYGIENE

HEALTH

Epidemity

SOIL & ENVIRONMENTAL FOOD SAFETY

_ HERUH OUTBREAK INVESTIGATION EHYCIENE
Soil Contamination Testing, & RESPONSE Foodborne Pathogen Detection,

ZAgriipltgrz:LMicrogiology,_ Source Identification, Contact Tracing Support, R Stupp|y flhain Mtqnitosring, ;
oonotic Pathogen Reservoirs Molecular Epidemiology, Rapid Diagnostic estaurant Inspection Suppor

(e.g., Anthrax, Tetanus) Testing, Policy Recommendations (e.g., Salmonella, Listeria, Norovirus)

Figure 2.1: Scope of public health microbiology
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2.1.2 Microorganisms of public health importance

Microorganisms of public health importance include pathogens such as bacteria, viruses, fungi,
and parasites that cause disease in humans. Examples are Escherichia coli in contaminated
water, influenza viruses in the air, and Salmonella in food. These organisms are studied to
understand their transmission, survival in the environment, and impact on communities.

Fill in the blank: Salmonella is an example of a microorganism of public health importance often
associated with

Microorganism Source Associated disease(s)
Vibrio cholerae Water (contaminated) Cholera — acute watery diarrhoea

Food (contaminated meat,

Salmonella spp. Typhoid fever, food poisoning

eggs)
Mycobacteffzum Air (droplet nuclei) Tuberculosis — pulmonary and
tuberculosis extrapulmonary forms
Clostridium tetani Soil Tetanus — spastic paralysis
Escherichia coli Diarrhoeal disease, haemolytic uraemic
. . Food and water
(pathogenic strains) syndrome
Legionella pneumophila Wat@r (aerosols from Leglonna}res disease — atypical
cooling systems) pneumonia
Aspercillus s Air (spores) Aspergillosis — respiratory infections,
Pers pp- P opportunistic disease
Hepatitis A virus Food and water Acute viral hepatitis

Table 2.1: Microorganisms of public health importance

2.1.3 Role of microbiology in community health

Microbiology plays a vital role in community health by supporting surveillance, diagnosis, and
prevention of infectious diseases. Laboratory testing helps identify pathogens, while
environmental monitoring detects contamination in water, food, and air. Public health
microbiologists also contribute to designing interventions such as vaccination programmes,
sanitation improvements, and outbreak investigations.

Fill in the blank: Laboratory testing helps identify that cause disease in
communities.
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Plate 2.1: Role of microbiology in community health

Pilot questions 2.1

1. What is the branch of microbiology concerned with the study of microorganisms that
affect the health of populations called?

Name one microorganism of public health importance found in contaminated water.
Salmonella is often associated with what type of source?

What role does laboratory testing play in community health?

Mention one way microbiology supports public health interventions.

ukwnN

2.2 Envirenmental Microbiology And Water Quality
2.2.1 Microbial contaminants in water

Microbial contaminants are microorganisms such as bacteria, viruses, protozoa, and fungi that
pollute water sources and pose risks to human health. Common examples include Escherichia
coli, Vibrio cholerae, and Giardia lamblia. These organisms may enter water through sewage,
agricultural runoff, or industrial waste. Contaminated water can lead to outbreaks of diarrhoeal
diseases and other serious health problems.

Fill in the blank: Vibrio cholerae is a microbial contaminant in water that causes
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Figure 2.2: Sources of microbial contamination.in water

2.2.2 Methods of water testing and monitoring

Water quality is assessed using water testing and monitoring techniques that detect microbial
contamination. Common methods include culture techniques, membrane filtration, and molecular
assays such as PCR. Indicators like coliform bacteria are often used to assess contamination
levels. Regular monitoring ensures that water supplied to communities is safe for consumption.

Fill in the blank: Coliform bacteria are often used as organisms in water testing.
Method Principle / Technique Application / Example

Detection of coliforms using MacConkey
agar; standard plate counts for bacterial
load

Culture Growth of microorganisms on selective
techniques  or differential media

Passing water through a membrane

Membrane . . Detection of E. coli and coliforms in
. filter to trap microorganisms, followed . "
filtration drinking water samples
by culture
Amplification of microbial DNA/RNA Detectlon of Cryp tosp O.Hd.l um or Giardia
PCR methods in water supplies; monitoring viral

sequences for rapid identification L
contamination

Table 2.2: Methods of water testing and monitoring
)
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2.2.3 Public health implications of waterborne diseases

Waterborne diseases are illnesses caused by pathogens transmitted through contaminated water.
Examples include cholera, typhoid fever, and dysentery. These diseases can spread rapidly in
communities lacking safe water and sanitation. Public health measures such as water treatment,
chlorination, and community education are essential to prevent outbreaks.

Fill in the blank: Cholera, typhoid fever, and dysentery are examples of diseases.
= o i 8L s
1 ."‘.x,-l ‘, N l:"'.‘ » A
8 PHROIU UDUH U N
o 2F
&/
i o »
X
L y,
\ a-nicieno-w haorlapid bacteria:. w clean water pu aaths sho!
in thra community. ) handiita o nds.
swshina to ge a sick as bec Healthy famil ingev.

B

Plate 2.2: Public health implications of waterborne diseases

Pilot questions 2.2

Name one microbial contaminant commonly found in water.

Vibrio cholerae is a microbial contaminant that causes which disease?

What type of organisms are coliform bacteria used as in water testing?
Mention one method used to test water for microbial contamination.
Cholera, typhoid fever, and dysentery are examples of what type of diseases?

A, _odidie

2:3 Air, Soil, And Waste Microbiology
2.3.1 Microorganisms in air and their health effects

Air microbiology studies microorganisms present in the atmosphere. These include bacteria,
viruses, and fungal spores that can be inhaled and cause respiratory diseases. Examples are
ol
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influenza viruses, Mycobacterium tuberculosis, and fungal spores such as Aspergillus. Airborne
microorganisms can spread rapidly in crowded or poorly ventilated environments, making them
a major public health concern.

Fill in the blank: Mycobacterium tuberculosis is an airborne microorganism that causes

AIRBORNE MICROORGANISMS & RELATED DISEASES

INFLUENZA VIRUS TUBERCULOSIS BACTERIA FUNGAL SPORES

Influenza Tuberculosis Fungal Infections
(Flu) (TB) (e.g., Aspergillosis,
Histoplasmosis)

TRANSMISSION VIA AEROSOLS, DROPLETS, AND DUST +

Figure 2.3: Airborne microorganisms and associated diseases

2.3.2 Soil microbiology and its relevance to health

Soil microebiology focuses on microorganisms living in soil, many of which are beneficial for
nutrient cycling. However, some soil microbes are pathogenic. For example, Clostridium tetani
causes tetanus, while Histoplasma capsulatum can cause histoplasmosis. Soil can act as a
reservoir for pathogens, especially in agricultural and construction settings.

Fill in the blank: Clostridium tetani is a soil microorganism that causes

Pathogenic effects / Associated

Microorganism Beneficial roles .
disease(s)
. Decompose organic matter;  Opportunistic infections
Actinomyces spp. . . - s .
contribute to soil fertility (actinomycosis)
None (environmental presence Tetanus — neurotoxin causes spastic

Clostridium tetani

)
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Pathogenic effects / Associated

Microorganism Beneficial roles .
disease(s)
Decomposer of organic

Clostridium perfringens Gas gangrene, food poisoning

material
. . Spore-forming; survives in ~ Anthrax — cutaneous, inhalational,
Bacillus anthracis . ! )
soil gastrointestinal forms
Nocardia spp. Decompose qrganic matter; Nocardiosis —'pulm.onary and
nitrogen cycling disseminated infections
Aspergillus spp. Saprophytic fungi; degrade Asperg.illosis — res.pir.atgry aqd
organic matter systemic opportunistic infections
. Soil enriched with bird/bat Histoplasmosis —pulmonary and
Histoplasma capsulatum . . . .
droppings systemic fungal infection
Mycobacterium spp. Environmental persistence; ~ Opportunistic infections in
(non-tuberculous) some species harmless immunocompromised individuals

Table 2.3: Soil microorganisms of public health importance

2.3.3 Microbiology of waste disposal and sanitation

Waste microbiology examines microorganisms present in human, animal, and industrial waste.
Improper disposal of waste can lead to.contamination of water, soil, and air, resulting in
outbreaks of diseases such as cholera and dysentery. Sanitation practices, including proper
sewage treatment and waste management, are essential to reduce microbial risks and protect
public health.

Fill in the blank: Improper disposal of waste can lead to outbreaks of diseases such as
and dysentery.
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WASTE & SEWAGE MANAGEMENT: IMPACT ON PUBLIC HEALTH
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DISEASE
OUTBREAK
(Cholera, Typhoid)

IMPROPER DISPOSAL

Plate 2.3: Microbiology of waste disposal and sanitation

Pilot questions 2.3

Name one airborne microarganism that causes respiratory disease.

Mycobacterium tuberculosis is'an airborne microorganism that causes which disease?
Give one example of a pathogenic soil microorganism.

Clostridium tetani is a soil microorganism that causes what disease?

Improper disposal of waste can lead to outbreaks of which diseases?

ukhwnNeRE

2.4 Applied Public Health Interventions
2.4.1 Microbiological surveillance in public health

Surveillance in public health microbiology refers to the systematic collection, analysis, and
interpretation of data on microorganisms that pose risks to communities. It helps detect outbreaks
early, monitor disease trends, and evaluate the effectiveness of interventions. Surveillance can be
laboratory-based, environmental, or syndromic, depending on the context.

Fill in the blank: The systematic collection, analysis, and interpretation of data on
microorganisms is called

o
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Figure 2.4: Microbiological surveillance in public health

2.4.2 Case studies of environmental health challenges

Case studies provide practical examples of how microbiology informs public health decisions.
For instance, outbreaks of cholera‘linked to contaminated water supplies highlight the
importance of water testing and treatment. Airborne influenza epidemics demonstrate the need
for vaccination and monitoring. Waste-related outbreaks of dysentery emphasise the role of
sanitation. These examples show how environmental microbiology directly supports public
health interventions.

Fill in the blank: Outbreaks of cholera linked to contaminated water supplies highlight the
importance of

Case

stugg Environmental source Key features / Public health challenge
. Caused by Vibrio cholerae; leads to acute watery
Cholera WA\ (contaminated diarrhoea and rapid dehydration; highlights importance

drinking water) of safe water supply and sanitation

Caused by influenza viruses; spreads rapidly via
Influenza Air (droplet transmission) respiratory droplets; demonstrates need for surveillance,
vaccination, and infection control
Caused by Shigella spp. or amoebic infection; results in
bloody diarrhoea; underscores importance of waste
management and hygiene practices
Box 2.1: Selected case studies of environmental health challenges

)
She-o) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS

Waste (poor sanitation and

Dysentery contaminated food/water)



2.4.3 Laboratory support in environmental microbiology

Laboratories play a crucial role in environmental microbiology by providing accurate diagnosis,
monitoring contamination, and supporting outbreak investigations. Techniques such as culture
methods, molecular assays, and rapid diagnostic tests help identify pathogens in water, air, soil,
and waste. Laboratory data feed into surveillance systems, strengthening public health responses
and guiding interventions.

Fill in the blank: Laboratory data that feed into surveillance systems help in detecting

_ || AIRBORNE PATHOGENS:
y ASPERGILLUS

) : :

L"' o ==

WAL STAFF
PCR STAFF

Pilot:questions.2.4

1. What is the systematic collection, analysis, and interpretation of data on
microorganisms called?

2.  Outbreaks of cholera linked to contaminated water supplies highlight the importance of
what?

3. Give one example of an airborne environmental health challenge.

4. Mention one laboratory technique used to identify pathogens in environmental
samples.

5. Laboratory data that feed into surveillance systems help in detecting what?
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Series Summary

This Series has highlighted the role of public health and environmental microbiology in
protecting communities from microbial threats in water, air, soil, and waste. We began by
examining the foundations of public health microbiology, including its scope, microorganisms of
public health importance, and its contribution to community health. We then explored
environmental microbiology and water quality, focusing on microbial contaminants, testing
methods, and the implications of waterborne diseases. Following that, we studied air, soil, and
waste microbiology, considering how these environments influence health outcomes and
sanitation. Finally, we concluded with applied public health interventions, lookingat
surveillance, case studies of environmental health challenges, and the role of laboratory support.

By completing this Series, you should now be able to define the scope of public health
microbiology, identify microorganisms of public health importance, and analyse microbial
contaminants in water. You should also be able to demonstrate water testing methods, explain
the role of air, soil, and waste microbiology, and evaluate their health implications. In addition,
you should be able to apply surveillance techniques, examine case studies of environmental
health challenges, and demonstrate the role of laboratory support. These outcomes (SLOs 2.1—
2.11) provide you with a strong foundation for understanding how environmental microbiology
supports public health and informs interventions that protect communities.

Glossary of Terms

e Air microbiology: The study of microorganisms present in the atmosphere, some of
which can cause respiratory diseases.

e Coliform bacteria: A group of bacteria used as indicator organisms in water testing to
assess contamination levels.

o Community health: The overall health status of a population, influenced by
environmental, social, and microbiological factors.

o Environmental microbiology: The study of microorganisms in natural environments
such as water, air, soil, and waste, and their impact on public health.

o [ Microbial contaminants: Microorganisms such as bacteria, viruses, protozoa, or fungi
that pollute water, air, soil, or food and pose risks to human health.

o Public health microbiology: A branch of microbiology concerned with microorganisms
that affect populations, focusing on detection, prevention, and control of microbial
threats.

o Sanitation: Practices that promote hygiene and prevent disease by managing waste and
maintaining clean environments.

e Soil microbiology: The study of microorganisms living in soil, including beneficial
microbes and pathogens that can affect human health.

-
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o Surveillance: The systematic collection, analysis, and interpretation of data on
microorganisms to detect outbreaks and monitor disease trends.

o Waste microbiology: The study of microorganisms present in human, animal, and
industrial waste, with emphasis on their role in disease transmission and sanitation.

o Waterborne diseases: Illnesses caused by pathogens transmitted through contaminated
water, such as cholera, typhoid fever, and dysentery.

Concept Check Questions [Series 2]
Objective questions

1. The branch of microbiology concerned with microorganisms that affect populations is
called . (Linked to SLO 2.1)
2. Salmonella is a microorganism of public health importance often associated with
. (Linked to SLO 2.2)

3. Vibrio cholerae is a microbial contaminant in'water that causes . (Linked to
SLO 2.3)

4. Coliform bacteria are often used as organisms in water testing. (Linked to
SLO 2.4)

5. Clostridium tetani is a soil microorganism that causes . (Linked to SLO 2.7)

Short-answer questions

6 Define public health‘microbiology. (Linked to SLO 2.1)

7 Identify one airborne microorganism and state its health effect. (Linked to SLO 2.6)
8. Mention one method used to test water for microbial contamination. (Linked to SLO
2
9

. Explain the role of sanitation in waste microbiology. (Linked to SLO 2.8)
10. What is surveillance in public health microbiology? (Linked to SLO 2.9)

Long-answer questions

11. Describe microorganisms of public health importance and explain their impact on
populations. (Linked to SLO 2.2)

12 Analyse the public health implications of waterborne diseases, giving examples. (Linked
to SLO 2.3)

13. Evaluate the role of air, soil, and waste microbiology in influencing health outcomes.
(Linked to SLOs 2.5-2.8)

14. Explain the importance of microbiological surveillance and case studies in guiding public
health interventions. (Linked to SLOs 2.9-2.10)

15. Assess the role of laboratory support in environmental microbiology and public health.

(Linked to SLO 2.11)
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Answers to Concept Check Questions [Series 2]
Objective questions

uhwWwnNE

Public health microbiology
Food

Cholera

Indicator

Tetanus

Short-answer questions

6.

Public health microbiology is the branch of microbiology concerned with

microorganisms that affect populations, focusing on detection, prevention, and control of
microbial threats.

7.
8.
9.

Example: Influenza virus causes respiratory infections.
Methods include culture techniques, membrane filtration, or PCR:
Sanitation prevents disease by managing waste properly'and reducing microbial

contamination of water, soil, and air.

10.

Surveillance is the systematic collection, analysis, and interpretation of data on

microorganisms to detect outbreaks and monitor disease trends.

Long-answer questions

11.

Basic response: Microorganisms of public health importance include bacteria, viruses,

fungi, and parasites that cause disease in humans.

Value-added response: Examples include E. coli in water, influenza viruses in air, and
Salmonella in food. Their impact ranges from localised outbreaks to global epidemics,
influencing public health policies and interventions.

12.

Basic response: Waterborne diseases such as cholera, typhoid fever, and dysentery result

from contaminated water.

Value-added response: These diseases spread rapidly in communities lacking safe water and
sanitation. Public health implications include high morbidity and mortality, economic burden,
and the need for interventions like chlorination, filtration, and education.

13.

Basic response: Airborne microorganisms cause respiratory diseases, soil microbes can

cause tetanus or histoplasmosis, and waste microbes contribute to cholera and dysentery.
Value-added response: Evaluating these environments shows how poor ventilation,
contaminated soil, and improper waste disposal increase disease risks. Control measures include
vaccination, protective equipment, and improved sanitation systems.

14.

Basic response: Surveillance detects outbreaks early, while case studies provide practical

lessons for interventions.

Value-added response: Surveillance systems track disease trends, and case studies of cholera,
influenza, and dysentery demonstrate how environmental microbiology informs public health
decisions. Together, they guide effective prevention and control strategies.

-
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15. Basic response: Laboratories diagnose pathogens, monitor contamination, and support
outbreak investigations.

Value-added response: Laboratory support strengthens surveillance systems by providing
accurate data. Techniques such as culture, molecular assays, and rapid tests ensure timely
interventions, making laboratories central to public health microbiology.

Answers to Pilot Questions [Series 2]
Part 2.1: Foundations of public health microbiology

1. Public health microbiology
2. Escherichia coli

3. Food

4. Pathogens

5.

Vaccination programmes, sanitation improvements, or outbreak investigations
Part 2.2: Environmental microbiology and water quality

Escherichia coli

Cholera

Indicator organisms

Culture techniques, membrane filtration, or PCR
Waterborne

uhwnN e

Part 2.3: Air, soil, and waste microbiology

Influenza virus
Tuberculosis
Histoplasma capsulatum
Tetanus

Cholera and dysentery

uhwWNE

Part 2.4: Applied public health interventions

1. Surveillance

2. Water testing and treatment

3. Influenza

4. | Culture methods, molecular assays, or rapid diagnostic tests
5. Outbreaks
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Figures, Plates, Tables, and Boxes

o Figure 2.1: Scope of public health microbiology
Attribution: Al-generated using prompt “Generate a diagram showing the scope of public
health microbiology, including water, air, soil, food, and outbreak investigation.”
Suggested OER search string: “OER diagram scope of public health microbiology”

e Table 2.1: Microorganisms of public health importance
Attribution: Al-generated using prompt “Generate a table listing microorganisms of
public health importance, theirsources(water, air, food, soil), and associated diseases.”
Suggested OER search string: “OER table microorganisms public health importance”

e Plate 2.1: Role of microbiology-in community health
Attribution: Al-generated using prompt “Create an illustration showing laboratory staff
conducting microbiological tests for water, food, and air safety.”
Suggested OER searchstring: “OER image laboratory public health microbiology
community health”

o Figure 2.2: Sources of microbial contamination in water
Attribution:*Al-generated using prompt “Generate a diagram showing microbial
contaminants entering water from sewage, agriculture, and industrial waste.”
Suggested OER search string: “OER diagram microbial contamination water sources”

o _Table 2.2: Methods of water testing and monitoring
Attribution: Al-generated using prompt “Generate a table summarising culture
techniques, membrane filtration, and PCR methods for water testing.”
Suggested OER search string: “OER table water testing monitoring microbiology”

o Plate 2.2: Public health implications of waterborne diseases
Attribution: Al-generated using prompt “Create an illustration showing the impact of
waterborne diseases on communities, including cholera and typhoid.”
Suggested OER search string: “OER image waterborne diseases public health impact”

o Figure 2.3: Airborne microorganisms and associated diseases
Attribution: Al-generated using prompt “Generate a diagram showing airborne
microorganisms such as influenza virus, tuberculosis bacteria, and fungal spores with
)
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related diseases.”
Suggested OER search string: “OER diagram airborne microorganisms respiratory
diseases”

e Table 2.3: Soil microorganisms of public health importance
Attribution: Al-generated using prompt “Generate a table listing soil microorganisms,
their beneficial roles, and pathogenic effects.”
Suggested OER search string: “OER table soil microorganisms public health”

e Plate 2.3: Microbiology of waste disposal and sanitation
Attribution: Al-generated using prompt “Create an illustration showing waste disposal
practices, sewage treatment, and their impact on public health.”
Suggested OER search string: “OER image waste disposal sanitation microbiology”

o Figure 2.4: Microbiological surveillance in public health
Attribution: Al-generated using prompt “Generate a diagram showing microbiological
surveillance steps: data collection, analysis, interpretation, and response.”
Suggested OER search string: “OER diagram microbiological surveillance public health”

e Box 2.1: Selected case studies of environmental health challenges
Attribution: Al-generated using prompt “Generate a box summarising case studies of
cholera (water), influenza (air), and dysentery (waste) as environmental health
challenges.”
Suggested OER search string: “OER case studies environmental health microbiology”

e Plate 2.4: Laboratory support in environmental microbiology
Attribution: Al-generated using prompt “Create an illustration showing laboratory staff
testing water, air, soil; and waste samples for pathogens.”
Suggested OER search string: “OER image laboratory environmental microbiology
public health”
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course code: MLS 404
Course title: Medical Laboratory Microbiology |

Course credit load: 2 Units

Series 3: Applied Food And Industrial
Microbiology

e Part 3.1: Foundations of food and industrial microbiology
e Sub-Part 3.1.1: Definition and scope of applied food and industrial microbiology
e Sub-Part 3.1.2: Microorganisms of importance in food and industry
e Sub-Part 3.1.3: Beneficial and harmful roles of microorganisms

o Part 3.2: Microbiology of food production and preservation

e Sub-Part 3.2.1: Microorganisms in food fermentation (e.g., dairy, bread,
beverages)

e Sub-Part 3.2.2: Food spoilage microorganisms and their control
o Sub-Part 3.2.3: Methods of food preservation and safety
e Part 3.3: Industrial applications of microbiology
e Sub-Part 3.3.1: Microbial production of antibiotics, enzymes, and vitamins
o Sub-Part 3.3.2: Micreorganisms in bioremediation and biotechnology
e Sub-Part 3.3.3: Quality control in industrial microbiology
e Part 3.4: Public health and regulatory aspects
e Sub-Part 3.4.1: Foodborne diseases and public health concerns
e Sub-Part 3.4.2: Standards and regulations in food and industrial microbiology

e Sub-Part 3.4.3: Laboratory support and case studies in applied microbiology

Introduction

Food and industry are deeply connected to microbiology, whether through the bread we eat, the
antibiotics we rely on, or the waste management systems that keep our environments safe.
Microorganisms play both beneficial and harmful roles in these settings, making applied food
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and industrial microbiology a vital area of study. This Series will help you understand how
microbes influence food production, preservation, and industrial processes, while also
highlighting their impact on public health and regulation.

The aim of this Series is to equip you with the knowledge and skills to explain the roles of
microorganisms in food and industry, analyse their applications in production and preservation,
and evaluate their significance in public health and regulatory contexts.

We shall commence this Series by exploring the foundations of food and industrial
microbiology, including its scope, microorganisms of importance, and their beneficial. and
harmful roles. Next, we will move on to the microbiology of food production and preservation,
where we will examine fermentation, spoilage, and preservation methods. Following that, we
will study industrial applications of microbiology, focusing on microbialproduction of useful
products, biotechnology, and quality control. Finally, we will wrap up with public health and
regulatory aspects, considering foodborne diseases, standards and regulations, and laboratory
support through case studies.

Series Learning Outcomes

Upon completing this Series, you should be able to:

e SLO 3.1 define the scope of applied food and industrial microbiology,

e SLO 3.2 identify microorganisms of importance in food and industry,

e SLO 3.3 explain the beneficial and harmful roles of microorganisms in food and
industrial contexts,

e SLO 3.4 describe therole of microorganisms in food fermentation processes,

e SLO 3.5 analyse food spoilage microorganisms and their control measures,

e SLO 3.6 demonstrate methods of food preservation and safety,

e SLO 3.7 explain microbial production of antibiotics, enzymes, and vitamins in industry,

e SLO 3.8 apply knowledge of microorganisms in bioremediation and biotechnology,

e SLO 3.9 evaluate quality control practices in industrial microbiology,

e SLO 3.10 describe foodborne diseases and their public health implications,

e SLO 3.11 explain standards and regulations governing food and industrial microbiology,
and

e SLO 3.12 demonstrate the role of laboratory support through applied case studies in food
and industrial microbiology.

3. Foundations Of Food And Industrial Microbiology
3.1.1 Definition and scope of applied food and industrial microbiology

Applied food and industrial microbiology is the branch of microbiology that focuses on the
roles of microorganisms in food production, preservation, spoilage, and industrial processes. It
examines both beneficial and harmful microbes, highlighting their impact on human health, food

-
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safety, and industrial applications. The scope includes fermentation, biotechnology,
bioremediation, and the production of valuable products such as antibiotics and enzymes.

Fill in the blank: The branch of microbiology that focuses on the roles of microorganisms in food
production, preservation, and industry is called

1. FOOD PRODUCTION MICROORGANISMS IN FOOD: 2. FOOD PRESERVATION
(Fermentation) FROM PRODUCTIONTO (Lactic Acid Bacteria, Salt)
INDUSTRY

MICROBIAL
IMPACT ON THE
3. FOOD SPOILAGE FOOD SYSTEM 4. INDUSTRIAL APPLICATIONS
(Fungi, Bacteria) 3 (Biofuels, Enzymes, Vitamins)

Figure 3.1: Scope of applied food and industrial microbiology

3.1.2 Microorganisms of importance in food and industry

Microorganisms of importance in food and industry include bacteria, yeasts, moulds, and
viruses. Beneficial examples are Lactobacillus used in yoghurt production and Saccharomyces
cerevisiae used in bread and beer fermentation. Harmful examples include Clostridium
botulinum, which produces toxins in improperly preserved food, and moulds that cause spoilage.
These organisms are studied to harness their benefits while controlling their risks.

Fill in the blank: Saccharomyces cerevisiae is a microorganism widely used in the production of

Type Beneficial roles / Applications Harmful effects / Associated issues
Saccharomyces Fermentation in baking, brewing, Rare opportunistic infections in
cerevisiae and winemaking immunocompromised individuals

Production of yoghurt, cheese, Spoilage of certain foods if

Lactobacillus spp. probiotics; lactic acid fermentation uncontrolled
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Type Beneficial roles / Applications Harmful effects / Associated issues

Streptococcus Starter culture in dairy industry ~ Generally safe; limited pathogenic
thermophilus (yoghurt, cheese) potential

Penicillium spp. Cheese ripening (e.g., blue cheese, Some species produce mycotoxin

Camembert) food spoilage
Aspercillus orvzae Used in soy sauce and sake Other Aspergillus species ¢
pere "y fermentation produce aflatoxins

None beneficial; environmental ~ Produces botulinum to

Clostridium botulinum
presence only

Salmonella spp. None beneficial

None beneficial (though non-
pathogenic strains used in
biotechnology)

Escherichia coli
(pathogenic strains)

Table 3.1: Microorganisms of importance in food an

3.1.3 Beneficial and harmful rol

es in food and industry. Beneficial
bioremediation. Harmful roles include

Microorganisms play both beneficial roles
roles include fermentation, productio

Fill in the blank: Microorganisms tha e food spoilage and toxin production are considered
in food and i

- [ROLES OF MICROORGANISMS |
- IN FOOD & |

SS

Plate 3.1: Beneficial and harmful roles of microorganisms

-

L S LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS




Pilot questions 3.1

1. What is the branch of microbiology that focuses on microorganisms in food and industry
called?

Name one beneficial microorganism used in food production.

Saccharomyces cerevisiae is widely used in the production of what?

Give one harmful microorganism associated with food spoilage.

Microorganisms that cause food spoilage and toxin production are considered what in
food and industry?

ukwnN

3.2 Microbiology Of Food Production And Preservation
3.2.1 Microorganisms in food fermentation

Food fermentation is the process by which microorganisms such-as bacteria, yeasts, and moulds
convert raw food materials into products with improved flavour, texture, and shelf life.
Beneficial microbes include Lactobacillus in yoghurt, Saccharomyces cerevisiae in bread and
beer, and moulds like Penicillium in cheese. Fermentation not.only enhances taste but also
increases nutritional value and preserves food naturally.

Fill in the blank: The microorganism Lactobacillus is widely used in the production of

YOGURT

(Bacteria) /‘9 / 4 Lactobacillus
. bulgaricus

> Streptococcus Saccharomyces
QO thermophilus cerevisiae

[ MICROORGANISMS IN |

| FOOD FERMENTATION | CHEESE
(Bacteria & Moulds)

" P
Saccharomyces
1 cerevisiae ’

Saccharqmyces Lactococcus Penicillium
pastorianus lactis roqueforti

Figure 3.2: Microorganisms in food fermentation
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3.2.2 Food spoilage microorganisms and their control

Food spoilage microorganisms are bacteria, yeasts, and moulds that degrade food quality,
making it unsafe or undesirable to consume. Examples include Clostridium botulinum, which
produces dangerous toxins, and moulds that cause visible decay. Control measures include
refrigeration, pasteurisation, and proper packaging. Understanding spoilage organisms helps in
designing strategies to extend shelf life and ensure food safety.

Fill in the blank: Clostridium botulinum is a food spoilage microorganism that produces

Spoilage effect / Associated
issue
Spoilage of meat, fish, and dairy Refrigeration, hygienic handling,
products; off-odors and slime  modified atmosphere packaging
Pasteurisation, refrigeration, use of
starter cultures in controlled
fermentation

Production of botulinum toxin in RropSgading techniques, heat

Clostridium botulinum . sterilisation, avoidance of anaerobic
improperly canned foods .
conditions

Mold growth on grains, nuts, and Dry storage, antifungal treatments,
fruits; production of aflatoxins  monitoring for mycotoxins

Mold growth on bread, fruits, Refrigeration, controlled humidity,

Microorganism Control measures
Pseudomonas spp.

Acidification and souring of milk

Lactobacillus spp. and dairy products

Aspergillus spp.

Penicillium spp.

and cheese antifungal preservatives
Foodb infection fr . .
ood L, . Cooking thoroughly, pasteurisation,
Salmonella spp. contaminated meat, eggs, or . . o
strict hygiene and sanitation
produce

Contamination of meat,
vegetables; and water; diarrhoeal
disease

Table 3.2: Food spoilage microorganisms and their control

Escherichia coli
(pathogenic strains)

Proper cooking, pasteurisation, water
treatment, hygiene practices

3.2.3 Methods of food preservation and safety

Food preservation refers to techniques used to prevent spoilage and extend shelf life. Common
methods include refrigeration, freezing, drying, canning, and chemical preservatives. Food
safety ensures that food is free from harmful microorganisms and toxins. Practices such as
pasteurisation, hygienic handling, and hazard analysis critical control points (HACCP) are
essential to protect consumers.

Fill in the blank: The process of heating food to destroy harmful microorganisms without
affecting its quality is called
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REFRIGERATION FOOD FREEZING

PRESERVATION
METHODS

-18"C

DRYING

Illustration created in Shaki, Oyo, Nigeria - February 18, 2026

Plate 3.2: Methods of food preservation and safety

Pilot questions 3.2

Name one microorganism used in food fermentation.

Lactobacillus is widely-used in the production of what?

Give one example of a food spoilage microorganism.

Clostridium-botulinum produces what harmful substance?

What is the process of heating food to destroy harmful microorganisms without
affecting its quality called?

uhwnN e

3.34ndustrial Applications Of Microbiology
3.3.1 Microbial production of antibiotics, enzymes, and vitamins

Microorganisms are widely used in industry to produce valuable products. Antibiotics such as
penicillin are produced by moulds like Penicillium. Enzymes such as amylase and protease are
produced by bacteria and fungi for use in food processing and detergents. Vitamins such as
vitamin B12 are produced by bacteria like Propionibacterium. These microbial processes are
cost-effective and sustainable, making them essential for modern industry.

Fill in the blank: The mould Penicillium is used in the industrial production of

)
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MICROBIAL PRODUCTION OF BIOACTIVE COMPOUNDS

1. ANTIBIOTICS 2. ENZYMES 3. VITAMINS
(Penicillium) (Bacteria & Fungi) (Propionibacterium)

Swiss cheese Propionibacterium

‘ shermanii
H,

Penicillium
chrysogenum

P ]t
Bacillus subtilis ~ © g g FS==
(Saccharomyces & =

cerevisiae) Amylase  Cellulase
Staphylococcus aureus (Bacteria) (Fungi)

Figure 3.3: Microbial production of antibiotics, enzymes, and vitamins

3.3.2 Microorganisms in bioremediation and biotechnology

Bioremediation is the use of microorganisms to clean up pollutants in the environment, such as
oil spills or heavy metals. Bacteria like Pseudomonas can degrade hydrocarbons, while fungi can
break down complex organic-matter. Biotechnology applies microorganisms to develop products
and processes, including genetically engineered microbes for insulin production or biofuel
generation. These applications show how microbiology supports environmental sustainability
and innovation.

Fill in the blank: The process of using microorganisms to clean up pollutants in the environment
is called
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BACTERIA DEGRADING FUNGI BREAKING DOWN ENGINEERED MICROBES
OIL SPILLS ORGANIC MATTER PRODUCING BIOFUELS
(Niger Delta) (Forest near Ibadan) (Lab in Abuja)
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BACTERIA DEGRADING FUNGI BREAKING DOWN ENGINEERED MICROBES
OIL SPILLS ORGANIC MATTER PRODUCING BIOFUELS¢-
(Niger Delta) (Forest near Ibadan) (Lab in Abuja)

Plate 3.3: Microorganisms in bioremediation and biotechnology

3.3.3 Quality control in industrial microbiology

Quality control in industrial microbiology ensures that microbial processes produce safe and
effective products. It involves monitoring microbial cultures, testing for contamination, and
verifying product consistency. Forexample, antibiotic production requires strict checks to
prevent contamination, while food fermentation must be monitored to maintain flavour and
safety. Quality control safeguards consumer health and maintains industry standards.

Fill in the blank: Monitoring microbial cultures and testing for contamination are part of
in industrial microbiology.

Practice Definition / Role Example

Regular observation of microbial
growth and characteristics to ensure
consistency

Monitoring
cultures

Checking pH, turbidity, and
morphology in fermentation cultures

Contamination Detecting unwanted microorganisms  Testing for bacterial or fungal

checks that may affect product quality or safety contaminants in bioreactors
Product Confirming that the final product meets Assaying antibiotic potency,
verification required standards and specifications  verifying enzyme activity

Ensuring absence of viable
Sterility testing  contaminating organisms in sterile
products

Testing sterile pharmaceuticals and
injectable preparations
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Practice Definition / Role Example

Air sampling, surface swabs, and
water quality checks in production
sites

Environmental Assessing cleanliness of production
monitoring areas to prevent contamination

Documenting processes, results, and

. . oy Batch records, quality assurance logs
corrective actions for traceability - quality assu 08

Record keeping

Table 3.3: Quality control practices in industrial microbiology

Pilot questions 3.3

Name one microorganism used in the industrial production of antibiotics.

The mould Penicillium is used in the production of what?

What is the process of using microorganisms to cleanup pollutants called?
Give one example of a microorganism used in bioremediation.

Monitoring microbial cultures and testing for contamination are part of what in
industrial microbiology?

uhwWwnN e

3.4 Public Health And Regulatory AsSpects
3.4.1 Foodborne diseases and public health concerns

Foodborne diseases are illnesses caused by consuming food contaminated with harmful
microorganisms or toxins. Common examples include salmonellosis, botulism, and listeriosis.
These diseases can lead to outbreaks that affect large populations, making food safety a critical
public health priority. Preventive. measures such as hygienic food handling, proper cooking, and
monitoring of food sources are essential to reduce risks.

Fill in the blank: Illnesses caused by consuming food contaminated with harmful
microorganisms are called

CONTAMINATED POOR HYGIENE
FOOD SOURCE PRACTICES
=, ‘@'

Al

o PATHOGEN
’%’ SURVIVAL/MULTIPLICATION

g cnoéss FOOD HANDLER TRANSFER CONSUMER
RAW INGREDIENTS AT

TRANSMISSION ROUTES
OF FOODBORNE DISEASES

Contextualized for Oko Erin, Kwara, Nigeria - Feb 2026 CONTAMINATED MEAL ILLNESS & OUTBREAK

Figure 3.4: Transmission routes of foodborne diseases
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3.4.2 Standards and regulations in food and industrial microbiology

Standards and regulations are guidelines established by public health authorities to ensure food
and industrial products are safe for consumption. Examples include Hazard Analysis Critical
Control Points (HACCP), Good Manufacturing Practices (GMP), and international food safety
standards. These regulations help industries maintain quality, prevent contamination, and protect
consumers.

Fill in the blank: The regulatory system that identifies critical points in food production to
prevent hazards is called

Standard / Regulation Description Example / Application

Preventive system to identify, Monitoring cooking temperatures in
evaluate, and control hazards meat processing to prevent
in food production microbial contamination

HACCP (Hazard Analysis
and Critical Control Points)

Guidelines ensuring products | Cleanroom protocols in
are consistently produced and pharmaceutical microbiology;
controlled to quality standards hygiene practices in food plants

GMP (Good Manufacturing
Practices)

International food safety
standards (e.g., Codex
Alimentarius, ISO
standards)

Codex standards for permissible
microbial limits in dairy products;
ISO 22000 for food safety
management

Global frameworks for
harmonising food safety and
quality requirements

Box 3.1: Selected standards and regulations in food and industrial microbiology

3.4.3 Laboratory support and case studies in applied microbiology

Laboratories provide essential support in food and industrial microbiology by detecting
pathogens, verifying product safety, and investigating outbreaks. Case studies illustrate how
laboratory findings guide public health interventions. For example, detecting Listeria
monocytogenes in processed foods can trigger recalls, while identifying contamination in
industrial processes can lead to improved quality control.

Fill in the blank: Detecting Listeria monocytogenes in processed foods may trigger
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Plate 3.4: Laboratory support in food and industrial microbiology

Pilot questions 3.4

What are illnesses caused by consuming contaminated food called?

Name one example of a foodborne disease.

What regulatory system identifies critical points in food production to prevent hazards?
Give one example of a standard used in food and industrial microbiology.

Detecting Listeria monocytogenes in processed foods may trigger what action?

uhwnN e

Series Summary

This Series has emphasised the importance of applied food and industrial microbiology in
everyday life and industry. We began with the foundations, where we defined the scope of the
field, identified microorganisms of importance, and examined their beneficial and harmful roles.
We then moved on to food production and preservation, exploring fermentation processes,
spoilage organisms, and preservation methods that ensure food safety. Following that, we studied
industrial applications, focusing on microbial production of antibiotics, enzymes, and vitamins,
as well as their use in bioremediation, biotechnology, and quality control. Finally, we concluded
with public health and regulatory aspects, considering foodborne diseases, standards and
regulations, and the role of laboratory support through case studies.

By completing this Series, you should now be able to define the scope of applied food and
industrial microbiology, identify and explain the roles of microorganisms in food and industry,
and demonstrate methods of food preservation and safety. You should also be able to analyse
spoilage organisms, apply knowledge of microbial applications in biotechnology and
bioremediation, and evaluate quality control practices. In addition, you should be able to describe
foodborne diseases, explain regulatory standards, and demonstrate the role of laboratory support.
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These outcomes (SLOs 3.1-3.12) provide you with a practical understanding of how
microbiology supports food safety, industrial innovation, and public health.

Glossary of Terms

o Antibiotics: Substances produced by microorganisms, such as moulds and bacteria, that
can kill or inhibit the growth of other microorganisms.

o Applied food and industrial microbiology: The branch of microbiology that studies the
roles of microorganisms in food production, preservation, spoilage, and industrial
processes.

o Bioremediation: The process of using microorganisms to clean up pollutants in the
environment, such as oil spills or heavy metals.

o Biotechnology: The application of microorganisms to develop products and processes,
including genetically engineered microbes for medicine, biofuels, and other innovations.

e Enzymes: Proteins produced by microorganisms that speed up chemical reactions, often
used in food processing, detergents, and industrial applications.

e Food fermentation: The process by which microorganisms convert raw food materials
into products with improved flavour, texture, and shelf life, such as yoghurt, bread, and
cheese.

o Food preservation: Techniques used to prevent food spoilage and extend shelf life,
including refrigeration, freezing, drying, canning, and pasteurisation.

o Food safety: Practices and systems that ensure food is free from harmful microorganisms
and toxins, protecting consumer health.

o Food spoilage microorganisms: Microorganisms such as bacteria, yeasts, and moulds
that degrade food quality, making it unsafe or undesirable to consume.

o Foodborne diseases: Illnesses caused by consuming food contaminated with harmful
microorganisms or toxins, such as salmonellosis or botulism.

o Hazard Analysis Critical Control Points (HACCP): A regulatory system that identifies
critical points in food production to prevent hazards and ensure safety.

o Industrial microbiology: The use of microorganisms in industrial processes to produce
useful products such as antibiotics, enzymes, vitamins, and biofuels.

e Quality control: Procedures in industrial microbiology that monitor microbial cultures,
check for contamination, and verify product consistency to ensure safety and
effectiveness.
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e Saccharomyces cerevisiae: A yeast widely used in bread and beer fermentation,
considered one of the most important microorganisms in food production.

Concept Check Questions [Series 3]
Objective questions

1. The branch of microbiology that focuses on microorganisms in food production,

preservation, and industry is called . (Linked to SLO 3.1)
2. Saccharomyces cerevisiae is widely used in the production of . (Linked to
SLO 3.4)

3. Clostridium botulinum is a food spoilage microorganism that produces
(Linked to SLO 3.5)
4. The mould Penicillium is used in the industrial production of . (Linked to SLO
3.7)
5. The process of using microorganisms to clean up pollutants in the environment is called
. (Linked to SLO 3.8)

Short-answer questions

Define applied food and industrial microbiology. (Linked to SLO 3.1)

Identify one beneficial microorganism used in food fermentation. (Linked to SLO 3.4)
Mention one method of food preservation that ensures safety. (Linked to SLO 3.6)
Explain the role of quality control in‘industrial microbiology. (Linked to SLO 3.9)

10. What is HACCP and why is it important in food microbiology? (Linked to SLO 3.11)

00N>

Long-answer questions

11. Describe the beneficial and harmful roles of microorganisms in food and industry.
(Linked to SLO 3.3)

12. Analyse food spoilage microorganisms and discuss control measures. (Linked to SLO 3.5)
13. Evaluate the industrial applications of microorganisms, giving examples of antibiotics,
enzymes, and vitamins. (Linked to SLO 3.7)

14. Explain how bioremediation and biotechnology contribute to environmental
sustainability and industrial innovation. (Linked to SLO 3.8)

15. Assess the public health and regulatory aspects of food and industrial microbiology,

including foodborne diseases and standards. (Linked to SLOs 3.10-3.11)

Answers to Concept Check Questions [Series 3]
Objective questions

1. Applied food and industrial microbiology
2. Bread and beer
3. Toxins (botulinum toxin)
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4.
5.

Penicillin
Bioremediation

Short-answer questions

6.

Applied food and industrial microbiology is the branch of microbiology that studiesthe

roles of microorganisms in food production, preservation, spoilage, and industrial processes.

7.
8.
9.

Example: Lactobacillus used in yoghurt production.
Methods include refrigeration, freezing, drying, canning, or pasteurisation.
Quality control ensures microbial processes produce safe and effective products by

monitoring cultures, checking for contamination, and verifying consistency:

10.

HACCP (Hazard Analysis Critical Control Points) is a regulatory system that identifies

critical points in food production to prevent hazards and ensure food safety.

Long-answer questions

11.

Basic response: Beneficial roles include fermentation and antibiotic production, while

harmful roles include spoilage and toxin production.

Value-added response: Microorganisms such as Saccharomyces cerevisiae aid in bread and
beer production, while Clostridium botulinum produces harmful toxins. Balancing these roles is
essential for food safety and industrial‘success:

12.

Basic response: Food spoilage microorganisms degrade food quality and can be

controlled by refrigeration, pasteurisation, and packaging.

Value-added response: Examples include bacteria, yeasts, and moulds that cause decay. Control
measures extend shelf life and protect consumers, with HACCP systems ensuring hazards are
prevented at critical points.

13.

Basic response: Microorganisms produce antibiotics, enzymes, and vitamins for

industrial use.

Value-added response: Penicillium produces penicillin, bacteria and fungi produce enzymes
like amylase, and Propionibacterium produces vitamin B12. These applications are cost-
effective and vital for medicine, food, and biotechnology.

14.

Basic response: Bioremediation uses microbes to clean pollutants, while biotechnology

applies them to create useful products.

Value-added response: Pseudomonas bacteria degrade hydrocarbons in oil spills, while
engineered microbes produce insulin and biofuels. These processes support sustainability and
innovation in industry.

15.

Basic response: Foodborne diseases such as salmonellosis and botulism are major public

health concerns, and standards like HACCP ensure safety.

Value-added response: Regulations such as GMP and international food safety standards
protect consumers. Laboratory support detects pathogens and guides interventions, making
regulation and monitoring essential for public health.
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Answers to Pilot Questions [Series 3]
Part 3.1: Foundations of food and industrial microbiology

Applied food and industrial microbiology
Lactobacillus

Bread and beer

Clostridium botulinum

Harmful

uhwWwNE

Part 3.2: Microbiology of food production and preservation

Lactobacillus

Yoghurt

Clostridium botulinum
Toxins (botulinum toxin)
Pasteurisation

uhwWwnN e

Part 3.3: Industrial applications of microbiology

1. Penicillium

2. Penicillin

3. Bioremediation
4. Pseudomonas
5. Quality control

Part 3.4: Public health and regulatory aspects

Foodborne diseases

Salmonellosis

HACCP (Hazard Analysis Critical Control Points)
Good Manufacturing Practices (GMP)

Food recall

vk wN e

Réferences and Attributions [Series 3]
Textual references

e Tortora, G.J., Funke, B. R., & Case, C. L. (2019). Microbiology: An Introduction (13th ed.).
Pearson.

e Prescott, L. M., Harley, J. P., & Klein, D. A. (2017). Microbiology (10th ed.). McGraw-Hill
Education.
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e Madigan, M. T., Bender, K. S., Buckley, D. H., Sattley, W. M., & Stahl, D. A. (2018). Brock
Biology of Microorganisms (15th ed.). Pearson.

e World Health Organization. (2020). Food Safety. WHO Press.

e OpenStax. (2021). Microbiology. OpenStax CNX. Retrieved from https://openstax.org

Figures, Plates, Tables, and Boxes

o Figure 3.1: Scope of applied food and industrial microbiology
Attribution: Al-generated using prompt “Generate a diagram showing food production,
preservation, spoilage, and industrial applications of microorganisms.”
Suggested OER search string: “OER diagram applied food industrial microbiology
scope”

e Table 3.1: Microorganisms of importance in food and industry
Attribution: Al-generated using prompt “Generate a table listing beneficial and harmful
microorganisms in food and industry, with examples and applications.”
Suggested OER search string: “OER table microorganisms food industry microbiology”

e Plate 3.1: Beneficial and harmful roles of microorganisms
Attribution: Al-generated using prompt “Create an illustration showing beneficial roles
(fermentation, antibiotics) and harmful roles (spoilage, toxins) of microorganisms in food
and industry.”
Suggested OER search string: “OER image beneficial harmful roles microorganisms food
industry”

e Figure 3.2: Microorganisms in food fermentation
Attribution: Al-generated using prompt “Generate a diagram showing bacteria, yeasts,
and moulds used in food fermentation processes such as yoghurt, bread, beer, and
cheese.”
Suggested OER search string: “OER diagram microorganisms food fermentation”

e Table 3.2: Food spoilage microorganisms and their control
Attribution: Al-generated using prompt “Generate a table listing food spoilage
microorganisms, their effects, and control measures such as refrigeration and
pasteurisation.”
Suggested OER search string: “OER table food spoilage microorganisms control”

e Plate 3.2: Methods of food preservation and safety
Attribution: Al-generated using prompt “Create an illustration showing food preservation
methods such as refrigeration, freezing, drying, canning, and pasteurisation.”
Suggested OER search string: “OER image food preservation methods safety
microbiology”

e Figure 3.3: Microbial production of antibiotics, enzymes, and vitamins
Attribution: Al-generated using prompt “Generate a diagram showing microorganisms
producing antibiotics (Penicillium), enzymes (bacteria/fungi), and vitamins

(Propionibacterium).”
-
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Suggested OER search string: “OER diagram microbial production antibiotics enzymes
vitamins”

e Plate 3.3: Microorganisms in bioremediation and biotechnology
Attribution: Al-generated using prompt “Create an illustration showing bacteria
degrading oil spills, fungi breaking down organic matter, and engineered microbes
producing biofuels.”
Suggested OER search string: “OER image bioremediation biotechnology
microorganisms”

o Table 3.3: Quality control practices in industrial microbiology
Attribution: Al-generated using prompt “Generate a table summarising quality control
practices in industrial microbiology, including monitoring cultures, contamination
checks, and product verification.”
Suggested OER search string: “OER table quality control industrial microbiology”

o Figure 3.4: Transmission routes of foodborne diseases
Attribution: Al-generated using prompt “Generate a diagram showing transmission routes
of foodborne diseases, including contaminated-food, poor hygiene, and improper
cooking.”
Suggested OER search string: “OER diagram transmission foodborne diseases
microbiology”

e Box 3.1: Selected standards and regulations in.food and industrial microbiology
Attribution: Al-generated using prompt “Generate a box summarising HACCP, GMP,
and international food safety standards with brief descriptions.”

Suggested OER search string: “OER food safety standards HACCP GMP microbiology”

e Plate 3.4: Laboratory support in food and industrial microbiology
Attribution: Al-generated using prompt “Create an illustration showing laboratory staff
testing food and industrial products for pathogens and contamination.”
Suggested OER search string: “OER image laboratory food industrial microbiology”
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Course code: MLS 404
Course title: Medical Laboratory Microbiology |

Course credit load: 2 Units

Series 4: Diagnostic Microbiology And
Immunisation

e Part4.1: Principles of diagnostic microbiology
e Sub-Part 4.1.1: Definition and scope of diagnostic microbiology
e Sub-Part 4.1.2: Collection and handling of clinical specimens
e Sub-Part 4.1.3: Laboratory techniquesfor microbial identification
o Part 4.2: Diagnostic approaches to major infectious diseases
e Sub-Part 4.2.1: Bacterial infections and diagnostic methods
e Sub-Part 4.2.2: Viral infections and diagnostic methods
e Sub-Part 4.2.3: Fungal and parasitic infections and diagnostic methods
e Part 4.3: Immunisation and vaccines
e Sub-Part 4.3.1: Principles of immunisation
o Sub-Part 4.3.2: Types of vaccines (live, attenuated, inactivated, recombinant)
e Sub-Part 4.3.3: Immunisation schedules and public health impact

o Part 4.4: Liaboratory support and case studies in diagnostic microbiology and
immunisation

o Sub-Part 4.4.1: Role of laboratories in diagnosis and immunisation programmes
o Sub-Part 4.4.2: Case studies of diagnostic microbiology in outbreak investigation

e Sub-Part 4.4.3: Case studies of immunisation in disease prevention and control

Introduction

Diagnostic microbiology and immunisation are central to protecting communities against
infectious diseases. Every time a patient’s sample is tested to identify the cause of illness, or a
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vaccine is administered to prevent disease, these practices demonstrate the vital role of
laboratory science in safeguarding public health. This Series will help you appreciate how
diagnostic methods and immunisation strategies work together to detect, prevent, and control
infections.

The aim of this Series is to equip you with the knowledge and skills to explain the principles of
diagnostic microbiology, apply diagnostic approaches to major infectious diseases, and evaluate
the role of immunisation in disease prevention and control.

We shall commence this Series by examining the principles of diagnostic microbiology,
including its scope, specimen collection, and laboratory techniques. Next, we will move on to
diagnostic approaches for bacterial, viral, fungal, and parasitic infections. Following that, we will
explore immunisation and vaccines, focusing on principles, types, and schedules. Finally, we
will wrap up with laboratory support and case studies, highlighting how diagnostic microbiology
and immunisation programmes contribute to outbreak investigation and disease prevention.

Series Learning Outcomes

Upon completing this Series, you should be able to:

e SLO 4.1 define the scope of diagnostic microbiology,

e SLO 4.2 explain the principles of collecting and handling clinical specimens,

e SLO 4.3 demonstrate laboratoty techniques used for microbial identification,

e SLO 4.4 describe diagnostic approaches for bacterial infections,

e SLO 4.5 analyse diagnostic methods for viral infections,

e SLO 4.6 explain diagnostic methods for fungal and parasitic infections,

e SLO 4.7 define the principles of immunisation,

e SLO 4.8 distinguish between different types of vaccines,

e SLO 4.9 describe immunisation schedules and their public health impact,

e SLO 4.10 explain the role of laboratories in supporting diagnostic and immunisation
programmes,

e SLO 4.11 evaluate case studies of diagnostic microbiology in outbreak investigation, and

e SLO 4.12 analyse case studies of immunisation in disease prevention and control.

4.1 Principles Of Diagnostic Microbiology
4.1.1 Definition and scope of diagnostic microbiology

Diagnostic microbiology is the branch of microbiology concerned with identifying
microorganisms that cause disease in humans. It provides the basis for accurate diagnosis,
guiding treatment and public health interventions. The scope includes specimen collection,
laboratory testing, and interpretation of results to detect bacteria, viruses, fungi, and parasites.
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Fill in the blank: The branch of microbiology concerned with identifying microorganisms that
cause disease in humans is called

SCOPE OF DIAGNOSTIC MICROBIOLOGY

0 MICROSCOPY e
Gram Stain, s T, N
= Wet Mount o
o ) - o\
( N
s CULTURE &
=== [P|| =75 ISOLATION - >
= ‘M| Agar Plates,
2% Broth Media REPORT &
) TREATMENT
MOLECULAR
Clinical Samples METHODS Biochemical
(e.g., Blood, Swab, Urine, Sputum) PCR, NAAT Tests,
MALDI-TOF
. 3 ~ > . J

Figure 4.1: Scope of diagnostic microbiology

4.1.2 Collection and handling of clinical specimens

Clinical specimens are samples taken from patients, such as blood, urine, sputum, or swabs,
used for laboratory testing. Proper collection and handling are critical to avoid contamination
and ensure accurate results. This involves using sterile equipment, correct labelling, and timely
transport to the laboratory. Errors in specimen handling can lead to false results and
misdiagnosis.

Fill in the blank: Samples taken from patients for laboratory testing are called
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STERILE SAMPLE COLLECTION TECHNIQUES

Plate 4.1: Collection and handling of clinical specimens

4.1.3 Laboratory techniques for microbial identification

Laboratory techniques are methods used to identify microorganisms in clinical specimens.
Common techniques include micrescopy (examining stained samples under a microscope),
culture methods (growing microorganisms on media), and molecular techniques (such as PCR
for detecting genetic material). Each technique provides different levels of detail, and often a
combination is used for accurate diagnosis.

Fill in the blank: The laboratory method that involves growing microorganisms on media is
called

Technique Principle / Role Example / Application
Direct visualisation of Gram staining for bacteria; acid-fast
Microscopy microorganisms using light or staining for Mycobacterium
electron microscopy tuberculosis
Growth of microorganisms on Blood agar for Streptococcus;
Culture methods selective, differential, or enriched MacConkey agar for enteric Gram-
media negative bacteria

Identification based on metabolic and Catalase test, oxidase test, sugar

Biochemical tests . . :
enzymatic activity fermentation profiles
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Technique Principle / Role Example / Application

ELISA for viral antigens; latex

Immunological  Detection using antigen—antibody agelutination for bacterial capsular

methods reactions i
antigens
Molecular Detection of ‘mlcrobla‘l DNA/RNA PCR for Salmonella detection;
techniques sequences using amplification or sequencing for pathogen genotyping
sequencing

Table 4.1: Laboratory techniques for microbial identification

Pilot questions 4.1

1. What is the branch of microbiology concerned with identifying microorganisms that
cause disease called?

Give one example of a clinical specimen.

Why is proper handling of clinical specimens important?

What laboratory method involves growing microorganisms on media?

Mention one molecular technique used in diagnostic microbiology.

uohWwWN

4.2 Diagnostic Approaches To Major Infectious Diseases
4.2.1 Bacterial infections and diagnostic methods

Bacterial infections are caused by pathogenic bacteria such as Staphylococcus aureus,
Escherichia coli, and Mycobacterium tuberculosis. Diagnostic methods include microscopy
(Gram staining to differentiate bacteria), culture techniques (growing bacteria on selective
media); and biochemical tests (such as catalase or coagulase tests). These methods help identify
the specific bacteria responsible for infection and guide appropriate treatment.

Fill in the blank: The laboratory technique that uses Gram staining to differentiate bacteria is a
type of

Method Principle / Role Example / Application
Direct visualisation of Gram stain to differentiate Gram-positive and
Microscopy bacteria using stains and light Gram-negative bacteria; Ziehl-Neelsen stain for
microscopy Mycobacterium tuberculosis
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Method Principle / Role Example / Application

Growth of bacteria on

Culture . . . Blood agar for Streptococcus; MacConkey agar for
selective, differential, or . . ;

methods . . enteric Gram-negative bacteria
enriched media

. . Identification based on . .

Biochemical : . Catalase test, oxidase test, sugar fermentation
metabolic and enzymatic

tests . profiles, urease test
activity

Table 4.2: Diagnostic methods for bacterial infections

4.2.2 Viral infections and diagnostic methods

Viral infections are caused by viruses such as influenza virus, HIV, and hepatitis viruses. Since
viruses cannot be cultured on ordinary media, diagnostic methods include serological tests
(detecting antibodies or antigens), molecular techniques (PCR to detect viral genetic material),
and rapid diagnostic tests. These methods provide accurate identification and are essential for
monitoring outbreaks.

Fill in the blank: The laboratory technique that detects viral genetic material is called

DIAGNOSTIC TESTS FOR VIRAL INFECTIONS

PCR
C SEROLOGICAL TESTS ) <(POIym erase ChaliiReact on)> (RAPID DIAGNOSTIC TESTS)

i

wr | 1

|

I

I
anwsod

Antibody Detection Viral Genetic Material Detection Antigen/Antibody Detection
(e.g., ELISA) (RNA/DNA) (Lateral Flow)
Detects immune response Amplifies and detects viral genetic Quick, point-of-care tests for viral
(antibodies) in blood over time. material, highly sensitive. proteins or antibodies.

Figure 4.2: Diagnostic methods for viral infections
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4.2.3 Fungal and parasitic infections and diagnostic methods

Fungal infections include diseases such as candidiasis and aspergillosis, while parasitic
infections include malaria and amoebiasis. Diagnostic methods for fungi involve microscopy
(examining fungal structures), culture on specialised media, and antigen detection. For
parasites, methods include microscopy of blood smears (for malaria parasites), stool
examination (for intestinal parasites), and rapid diagnostic kits. These approaches ensure
accurate identification and effective treatment.

Fill in the blank: The examination of blood smears under a microscope is commonly used to
diagnose

MICROSCOPY DIAGNOSTIC PANELS

BLOOD SMEAR - MALARIA FUNGAL CULTURE STOOL EXAMINATION - PARASITES

~

¢ soosuemn-maamn By || b rwcacurme By || L STODLEKAMNATON- - fy

Plate 4.2: Diagnostic methods for fungal and parasitic infections

Pilot questions 4.2

Name one laboratory technique used to diagnose bacterial infections.
What staining method is used to differentiate bacteria?

Give one example of a diagnostic method for viral infections.

What laboratory technique detects viral genetic material?

Mention one diagnostic method used for parasitic infections.

P <l &
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4.3 Immunisation And Vaccines
4.3.1 Principles of immunisation

Immunisation is the process of protecting individuals against infectious diseases by stimulating
the immune system to recognise and respond to specific pathogens. This is achieved through the
administration of vaccines, which prepare the body to fight infections without causing the
disease itself. Immunisation reduces disease incidence, prevents outbreaks, and contributes to
herd immunity, where a large proportion of the population is protected, thereby safeguarding
those who are vulnerable.

Fill in the blank: The process of protecting individuals against infectious diseases by stimulating
the immune system is called

HOW VACCINES TRAIN THE IMMUNE SYSTEM

VACCINATION

Vaccine
(Weakened Pathogen/Antigen)

v ax, ,»‘ e
IMMUNE : %‘4‘«;
RESPONSE & & *%f

Antigen-  T-Helper Cell B-Cell %’lgﬂ}?w
Presenting Cell ! ells

(APC) Antlbodles
l Real ) Antibodies

Pathogen r ;
FUTURE .*. ‘ S X ». Tl
INFECTION " <
G
Memory Cells

Figure 4.3: Principles of immunisation

4.3.2 Types of vaccines

Vaccines are biological preparations that provide immunity to specific diseases. The main types
include:

e Live attenuated vaccines, which use weakened forms of pathogens (e.g., measles
vaccine).

e  Inactivated vaccines, which use killed pathogens (e.g., polio vaccine).

¢ Subunit or recombinant vaccines, which use specific parts of the pathogen (e.g.,
hepatitis B vaccine).

¢ Toxoid vaccines, which use inactivated toxins produced by bacteria (e.g., tetanus
vaccine).
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Each type has advantages and limitations, and the choice depends on the disease, target
population, and safety considerations.

Fill in the blank: Vaccines that use weakened forms of pathogens are called

vaccines.
Type of vaccine Definition / Principle Example(s)
Contain weakened forms of the pathogen Measles, mumps, rubella (MMR);
Live attenuated that can replicate but do not cause oral polio vaccine; yellow fever
disease vaccine
. Contain pathogens that have been killed; . . .
Inactivated ontain pathogens that have been KIeE, ) ctivated polio vaccine (IPV);
) cannot replicate but still stimulate o X : .
(killed) . . hepatitis A vaccine; rabies vaccine
immunity
Subunit / Contain purified antigens or recombinant Hepatitis B vaccine; HPV vaccine;
Recombinant  proteins rather than whole organisms recombinant influenza vaccine
. Contain inactivated bacterial toxins t . . . .
Toxoid ontaif) mactivated bacterial LoxIns 1o Diphtheria toxoid; tetanus toxoid

induce immunity against toxin effects
Table 4.3: Types of vaccines and examples

4.3.3 Immunisation schedules and public health impact

Immunisation schedules are structured plans that specify when vaccines should be administered
to individuals, often beginning in childhood and continuing throughout life. These schedules are
designed to maximise protection against diseases at the most vulnerable stages. The public
health impact of immunisation is significant, as it reduces morbidity and mortality, prevents
epidemics, and contributes to global disease eradication efforts, such as the eradication of
smallpox.

Fill in the blank: Structured plans that specify when vaccines should be administered are called
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VACCINES PREVENT DISEASE OUTBREAKS.
OUTBREAK

NIGERIA CHILDHOOD IMMUNISATION SCHEDULE

TIME  VACCINE

BCG, OPVO, HepB

Bith @

Pentavalent1, 0PV1, PCV1, Rotavirus1

® Pentavalent2, OPV1, PCV1,
Rotavirus1

14 ¢ Pentavalent3, OPV3,
Rotavirus3

BCG, HepB

OPV0, HepB

Plate 4.3: Immunisation schedules and public health impact

Pilot questions 4.3

1. What is the process of protecting individuals against infectious diseases by stimulating
the immune system called?

Name one type of vaccine and give an example.

Vaccines that use weakened forms of pathogens are called what?

What are structured plans that specify when vaccines should be administered called?
Give one example of the public health impact of immunisation.

ukwnN

4.4 Laboratory Support And Case Studies In Diagnostic Microbiology And Immunisation
4.4.1 Role of laboratories in diagnosis and immunisation programmes

Laboratories play a crucial role in supporting diagnostic microbiology and immunisation
programmes. They provide accurate identification of pathogens, confirm outbreaks, and monitor
vaccine effectiveness. Laboratory support ensures that clinical decisions are evidence-based and
that public health authorities can respond quickly to emerging threats. Without laboratory
confirmation, diagnosis and immunisation strategies would lack reliability.
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Fill in the blank: Accurate identification of pathogens and confirmation of outbreaks are
functions of

Plate 4.4: Role of laboratories in diagnosis and immunisation programmes

4.4.2 Case studies of diagnosticmicrobiology in outbreak investigation

Case studies demonstrate how diagnostic microbiology supports outbreak investigation. For
example, laboratory detection.of Sa/monella in food samples can trigger recalls, while
identification of Mycobacterium tuberculosis in sputum samples can guide treatment and prevent
further transmission. These real-world examples highlight the importance of laboratory
confirmation in protecting communities.

Fill in the blank: Detection of Sa/monella in food samples during an outbreak investigation may
trigger

Case study Diagnostic method(s) used Public health significance
Culture on selective media (e.g., Identifies contaminated food
Salmonella ] o . T
detection in food MacConkey, XLD agar); serotyping; sources during outbreaks; guides
PCR confirmation food recalls and safety measures
. Microscopy (Ziehl-Neelsen stain for Enables rapid diagnosis of TB
Mycobacterium . NN . ) .
.. acid-fast bacilli); culture on Lowenstein— cases; essential for outbreak
tuberculosis in . o
o Jensen medium; molecular assays control and monitoring drug
P (GeneXpert MTB/RIF) resistance
Escherichia coli Culture on sorbitol MacConkey agar; ‘ o
O157:H7 in immunoassays; PCR for shiga toxin Detects pathogenic strains linked
water/food genes to diarrhoeal outbreaks; informs
FW
Be-e)
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Case study Diagnostic method(s) used Public health significance

water safety and food hygiene
interventions

Box 4.1: Case studies of diagnostic microbiology in outbreak investigation

4.4.3 Case studies of immunisation in disease prevention and control

Immunisation programmes have transformed public health. Case studies include the eradication
of smallpox through global vaccination campaigns and the near elimination of polio in many
regions. Laboratory monitoring ensures vaccines remain effective and safe: These examples
show how immunisation, supported by laboratory evidence, prevents disease and saves millions
of lives.

Fill in the blank: The global eradication of is a major success story of immunisation
programmes.

SMALLPOX ERADICATION (1980) POLIO ELIMINATION (ONGOING)

CASE STUDIES OF

A :
IMMUNISATION =~ <3, & %
W SUGCESS 0
| O
7 Global Immunization 5 Oral Polio Vaccine
kL Campaign Ll (OPV) & Surveillance
S S
2 el
= =<
3 =]
o s
NEAR ELIMINATION
1 1 1 I : T 1 1
1960 1965 1970 1975 1980 1980 1995 2000 2010 2020 2026

Vaccines Work: Protecting Global Health through Concerted Effort.

Figure 4.4: Case studies of immunisation in disease prevention and control

Pilot questions 4.4

1. What is the role of laboratories in diagnostic microbiology and immunisation
programmes?

2. Give one example of a case study in diagnostic microbiology.

3. Detection of Salmonella in food samples during an outbreak investigation may trigger
what action?
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4. Name one disease eradicated through immunisation programmes.
5. Why is laboratory monitoring important in immunisation programmes?

Series Summary

This Series has highlighted the essential role of diagnostic microbiology and immunisation in
protecting public health. We began with the principles of diagnostic microbiology, where we
defined its scope, examined specimen collection and handling, and explored laboratory
techniques for microbial identification. We then moved on to diagnostic approaches for major
infectious diseases, considering bacterial, viral, fungal, and parasitic infections and the methods
used to detect them. Following that, we studied immunisation and vaccines, focusing on their
principles, types, and schedules, as well as their impact on public health. Finally; we concluded
with laboratory support and case studies, showing how diagnestic microbiology and
immunisation programmes work together in outbreak investigation and disease prevention.

By completing this Series, you should now be able to.define the scopeof diagnostic
microbiology, explain specimen collection and laboratory techniques, and describe diagnostic
approaches for different infectious diseases. You should also be able to define immunisation
principles, distinguish between types of vaccines, and describe immunisation schedules and their
impact. In addition, you should be able to explain the role of laboratories, evaluate case studies
of diagnostic microbiology, and analyse case studies of immunisation. These outcomes (SLOs
4.1-4.12) provide you with practical skills.and knewledge to support accurate diagnosis,
effective immunisation, and strong public health interventions.

Glossary of Terms

e Antigen detection: A laboratory method that identifies specific molecules from
pathogensto confirm infection.

o Biochemical tests: Laboratory procedures used to identify bacteria based on their
chemical reactions, such as catalase or coagulase tests.

o Clinical specimens: Samples taken from patients, such as blood, urine, sputum, or
swabs, used for laboratory testing.

e Culture methods: Laboratory techniques that involve growing microorganisms on
nutrient media to identify them.

o Diagnostic microbiology: The branch of microbiology concerned with identifying
microorganisms that cause disease in humans.
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e Gram staining: A microscopy technique that differentiates bacteria into Gram-positive
and Gram-negative groups based on cell wall properties.

o Immunisation: The process of protecting individuals against infectious diseases by
stimulating the immune system to recognise and respond to specific pathogens.

o Immunisation schedules: Structured plans that specify when vaccines should be
administered to maximise protection against diseases.

o Laboratory techniques: Methods such as microscopy, culture, and molecular tests used
to identify microorganisms in clinical specimens.

e Molecular techniques: Laboratory methods such as polymerase/chain reaction (PCR)
that detect genetic material of microorganisms.

e Outbreak investigation: The process of identifying and controlling the source of
infectious disease outbreaks, often supported by laboratory testing.

o Rapid diagnostic tests: Simple, quick tests that detect pathogens or their components,
often used in field or point-of-care settings.

o Serological tests: Laboratory methods that detect antibodies or antigens in blood to
diagnose infections.

o Toxoid vaccines: Vaccines made from inactivated bacterial toxins, used to protect
against diseases such as tetanus.

e Vaccines: Biological preparations that provide immunity to specific diseases by
stimulating the immune system.

Concept Check Questions.[Series 4]
Objective questions

1. The branch of microbiology concerned with identifying microorganisms that cause

disease in humans is called . (Linked to SLO 4.1)
2. Samples taken from patients for laboratory testing are called . (Linked to
SLO 4.2)
3. The laboratory method that involves growing microorganisms on media is called
. (Linked to SLO 4.3)
4. The staining method used to differentiate bacteria into Gram-positive and Gram-
negative groups is called . (Linked to SLO 4.4)

5. The laboratory technique that detects viral genetic material is called
(Linked to SLO 4.5)
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6. Vaccines that use weakened forms of pathogens are called vaccines.

(Linked to SLO 4.8)
7. Structured plans that specify when vaccines should be administered are called
. (Linked to SLO 4.9)
8. The global eradication of is @ major success story of immunisation

programmes. (Linked to SLO 4.12)
Short-answer questions

9. Define diagnostic microbiology. (Linked to SLO 4.1)

10. Explain why proper handling of clinical specimens is important. (Linked to SLO 4.2)

11. Mention one laboratory technique used to identify bacteria. (Linked to SLO 4.4)

12. Give one example of a diagnostic method for viral infections. (Linked to SLO 4.5)

13. Name one type of vaccine and provide an example. (Linked to SLO 4.8)

14. What is HACCP and why is it important in food and industrial microbiology? (Linked to
SLO 4.11, cross-linked for reinforcement)

15. Give one example of the public health impact of immunisation.(Linked to SLO 4.9)

Long-answer questions

16. Describe the principles of diagnostic microbiology, including its scope and laboratory
techniques. (Linked to SLOs 4.1-4.3)
17. Analyse diagnostic approaches for bacterial, viral, fungal, and parasitic infections.

(Linked to SLOs 4.4-4.6)
18. Evaluate the principles and types of vaccines, highlighting their advantages and
limitations. (Linked to SLOs 4.7=4.8)

19. Explain the importance of immunisation schedules and discuss their impact on public
health. (Linked to SLO 4.9)
20. Assess the role of laboratories and case studies in supporting diagnostic microbiology

and immunisation programmes. (Linked to SLOs 4.10-4.12)

Answers to Concept,Check Questions [Series 4]
Objective questions

Diagnostic microbiology

Clinical specimens

Culture methods

Gram staining

Polymerase chain reaction (PCR)
Live attenuated vaccines
Immunisation schedules
Smallpox

SN S &
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Short-answer questions

9. Diagnostic microbiology is the branch of microbiology concerned with identifying
microorganisms that cause disease in humans.

10. Proper handling prevents contamination and ensures accurate laboratory results,
avoiding misdiagnosis.

11. Example: Gram staining.

12. Example: Serological tests.

13. Example: Inactivated vaccine such as the polio vaccine.

14. HACCP (Hazard Analysis Critical Control Points) is a regulatory system that identifies
critical points in food production to prevent hazards and ensure safety.
15. Example: Reduction in polio incidence worldwide.

Long-answer questions

16.  Basic response: Diagnostic microbiology identifies disease-causing microorganisms
through specimen collection and laboratory techniques such as microscopy, culture, and
molecular methods.

Value-added response: It provides evidence-based diagnosis, guiding treatment and public
health interventions, and ensures accurate outbreak monitoring.

17.  Basic response: Bacterial infections are diagnosed using Gram staining, culture, and
biochemical tests; viral infections through serological and molecular methods; fungal infections
by microscopy and culture; parasitic infections by blood smear and stool examination.
Value-added response: Combining these methods improves accuracy. For example, PCR
enhances viral detection, while rapid diagnostic kits support field diagnosis of malaria.

18. Basic response: Vaccines include live attenuated, inactivated, subunit/recombinant, and
toxoid types. Each stimulates immunity differently.

Value-added response: Live attenuated vaccines provide strong immunity but may not be
suitable for immunocompromised individuals, while inactivated vaccines are safer but may
require boosters. Subunit vaccines reduce side effects, and toxoid vaccines protect against
bacterial toxins.

19.  Basic response: Immunisation schedules specify when vaccines should be given,
ensuring protection at vulnerable stages.

Value-added response: They reduce morbidity and mortality, prevent epidemics, and contribute
to eradication efforts, such as smallpox eradication and near elimination of polio.

20. . Basic response: Laboratories confirm pathogens, monitor vaccine effectiveness, and
support outbreak investigations. Case studies show their role in disease prevention.
Value-added response: Examples include Salmonella detection in food leading to recalls,
tuberculosis diagnosis guiding treatment, and immunisation campaigns eradicating smallpox.
These highlight the synergy between laboratory science and public health programmes.
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Answers to Pilot Questions [Series 4]
Part 4.1: Principles of diagnostic microbiology

Diagnostic microbiology

Blood, urine, sputum, or swabs (any one example)

To prevent contamination and ensure accurate results
Culture methods

Polymerase chain reaction (PCR)

uhwWwnNE

Part 4.2: Diagnostic approaches to major infectious diseases

Gram staining, culture, or biochemical tests (any one example)

Gram staining

Serological tests or rapid diagnostic tests (any one example)

Polymerase chain reaction (PCR)

Microscopy of blood smears, stool examination, or rapid diagnostic kits (any one
example)

uhwWwNPE

Part 4.3: Immunisation and vaccines

1. Immunisation

2. Live attenuated vaccine (e.g., measles), inactivated vaccine (e.g., polio),

subunit/recombinant vaccine (e.g., hepatitis B), or toxoid vaccine (e.g., tetanus)

Live attenuated vaccines

Immunisation schedules

5. Reduction in morbidity-and mortality, prevention of epidemics, eradication of smallpox,
or near elimination/of polio (any one example)

Pw

Part 4.4: Laboratory support and case studies in diagnostic microbiology and
immunisation

1. Accurate identification of pathogens, confirmation of outbreaks, and monitoring vaccine
effectiveness

2./ Detection of Salmonella in food samples or identification of Mycobacterium tuberculosis
in sputum (any one example)

3. Food recalls

4. Smallpox

5. To ensure vaccines remain effective and safe, and to provide evidence for public health
decisions

-
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Figures, Plates, Tables, and Boxes

o Figure 4.1: Scope of diagnostic microbiology
Attribution: Al-generated using prompt “Generate a diagram showing the scope of
diagnostic microbiology including specimen collection, laboratory testing, and pathogen
identification.”
Suggested OER search string: “OER diagram scope diagnostic microbiology”

e Plate 4.1: Collection and handling of clinical specimens
Attribution: Al-generated using prompt “Create an illustration showing healthcare
workers collecting blood, urine, and swabs using sterile techniques.”
Suggested OER search string: “OER image collection handling clinical specimens
microbiology”

e Table 4.1: Laboratory techniques for microbial identification
Attribution: Al-generated using prompt “Generate a table summarising microscopy,
culture methods, and melecular techniques used in diagnostic microbiology.”
Suggested OER search string: “OER table laboratory techniques microbial identification”

o Table 4.2: Diagnostic methods for bacterial infections
Attribution:‘Al-generated using prompt “Generate a table summarising microscopy,
culture, and biochemical tests used to diagnose bacterial infections.”
Suggested OER search string: “OER table diagnostic methods bacterial infections
microbiology”

o Figure 4.2: Diagnostic methods for viral infections
Attribution: Al-generated using prompt “Generate a diagram showing serological tests,
PCR, and rapid diagnostic tests used for viral infections.”
Suggested OER search string: “OER diagram diagnostic methods viral infections
microbiology”

e Plate 4.2: Diagnostic methods for fungal and parasitic infections
Attribution: Al-generated using prompt “Create an illustration showing microscopy of
blood smears for malaria, fungal culture, and stool examination for parasites.”
Suggested OER search string: “OER image diagnostic methods fungal parasitic infections
microbiology”
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o Figure 4.3: Principles of immunisation
Attribution: Al-generated using prompt “Generate a diagram showing how vaccines
stimulate the immune system to recognise and fight pathogens.”
Suggested OER search string: “OER diagram principles immunisation vaccines
microbiology”

o Table 4.3: Types of vaccines and examples
Attribution: Al-generated using prompt “Generate a table summarising live attenuated,
inactivated, subunit/recombinant, and toxoid vaccines with examples.”
Suggested OER search string: “OER table types of vaccines examples microbiology™

e Plate 4.3: Immunisation schedules and public health impact
Attribution: Al-generated using prompt “Create an illustration showing childhood
immunisation schedules and their role in preventing disease outbreaks.”
Suggested OER search string: “OER image immunisation schedules publi¢c health
microbiology”

e Plate 4.4: Role of laboratories in diagnosis and immunisation programmes
Attribution: Al-generated using prompt “Create-an illustration showing laboratory staff
testing patient samples and monitoring vaccine effectiveness.”

Suggested OER search string: “OER image laboratory role diagnostic microbiology
immunisation”

e Box 4.1: Case studies of diagnostic microbiology in outbreak investigation
Attribution: Al-generated using prompt “Generate a box summarising case studies of
diagnostic microbiology, including Salmonella detection in food and tuberculosis
diagnosis in sputum.”

Suggested OER search string: “OER case studies diagnostic microbiology outbreak
investigation”

o Figure 4.4: Case studies of immunisation in disease prevention and control
Attribution: Al-generated using prompt “Generate a diagram showing smallpox
eradication and polio elimination as case studies of immunisation success.”
Suggested OER search string: “OER diagram immunisation case studies disease
prevention”
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Course code: MLS 404
Course title: Medical Laboratory Microbiology |

Course credit load: 2 Units

Series 5: Advanced Microbiological
Techniques And Quality Control

Part 5.1: Advanced microbiological techniques

e Sub-Part 5.1.1: Principles of advanced microscopy (electron microscopy,
fluorescence microscopy)

e Sub-Part 5.1.2: Molecular techniques (PCR, sequencing, hybridisation methods)

e Sub-Part 5.1.3: Immunological techniques (ELISA, Western blot,
immunofluorescence)

Part 5.2: Automation and modern laboratory technologies
e Sub-Part 5.2.1: Automated culture and identification systems
e Sub-Part 5.2.2: Biosensors and point-of-care diagnostics

e Sub-Part 5.2.3: Digital tools and laboratory informatics

Part 5.3: Quality control in microbiology laboratories
e Sub-Part 5.3.1: Principles of quality assurance and quality control
e Sub-Part 5.3.2: Standard operating procedures and accreditation

o Sub-Part 5.3.3: Etror prevention, proficiency testing, and continuous
improvement

Part 5.4: Case studies and applications of advanced techniques in quality control
o Sub-Part 5.4.1: Case studies of advanced techniques in microbial diagnosis
e Sub-Part 5.4.2: Case studies of quality control in laboratory practice

e Sub-Part 5.4.3: Integration of advanced techniques with quality management
systems

Introduction

In modern microbiology laboratories, accuracy and reliability depend not only on the techniques
used but also on the systems that ensure quality. As diagnostic demands increase and technology
advances, laboratories must adopt sophisticated methods and maintain rigorous quality control to
o
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deliver dependable results. This Series will help you appreciate the importance of advanced
microbiological techniques and the frameworks that guarantee consistent laboratory
performance.

The aim of this Series is to introduce you to advanced microbiological techniques and modern
laboratory technologies, while equipping you with the knowledge to apply quality control
principles and evaluate case studies that integrate both practice and management.

We shall commence this Series by exploring advanced microbiological techniques, including
microscopy, molecular methods, and immunological approaches. Next, we will move on to
automation and modern laboratory technologies, focusing on automated systems, biosensors, and
digital tools. Following that, we will examine quality control in microbiology laboratories,
covering principles, standard operating procedures, and continuous improvement. Finally, we
will wrap up with case studies and applications, showing how advanced techniques and quality
control systems work together to strengthen laboratory practice and public health outcomes.

Series Learning Outcomes

Upon completing this Series, you should be able to:

e SLO 5.1 describe advanced microscopy techniques such as electron and fluorescence
microscopy,

e SLO 5.2 explain molecular techniques including PCR, sequencing, and hybridisation
methods,

e SLO 5.3 demonstrate immunological techniques such as ELISA, Western blot, and
immunofluorescence;

e SLO 5.4 describe automated culture and identification systems used in modern
laboratories;

e SLO 5.5 explain the role of biosensors and point-of-care diagnostics in microbiology,

e SLO 5.6 analyse the use of digital tools and laboratory informatics in microbiological
practice,

e SLO 5.7 define the principles of quality assurance and quality control in microbiology
laboratories,

e ( SLO 5.8 explain the importance of standard operating procedures and accreditation,

e SLO 5.9 evaluate methods for error prevention, proficiency testing, and continuous
improvement,

o SLO 5.10 analyse case studies of advanced techniques applied in microbial diagnosis,

e SLOS5.11 evaluate case studies of quality control in laboratory practice, and

e SLO 5.12 assess how advanced techniques can be integrated with quality management
systems.
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5.1 Advanced Microbiological Techniques
5.1.1 Principles of advanced microscopy

Microscopy is the use of instruments to view microorganisms that cannot be seen with the naked
eye. In advanced microbiology, techniques such as electron microscopy (which uses beams of
electrons to produce highly detailed images of microorganisms) and fluorescence microscopy
(which uses fluorescent dyes to highlight specific structures) are widely applied. These methods
allow scientists to study microorganisms at very high resolution and to identify structures that are
invisible under conventional light microscopes.

Fill in the blank: The microscopy technique that uses beams of electrons to produce highly
detailed images is called

COMPARISON OF ELECTRON & FLUORESCENCE MICROSCOPY

( ELECTRON MICROSCOPY 14 FLUORESCENCE MICROSCOPY )
Electron Beam Interactions ] Light Excitation & Emission
— Signal Dichroic
[. .j - /d'ector m|rror* =
j X
g @ é“";‘:f > —» =" v
o B R I N Excitat Detector
o Ele%trr‘on : Sample Detector ngﬁ?tsztll?ge Ex?lttatlon Sample En}llssmn (camera/eye)
é £ “’]Zg’s‘ggc holder (amp/laser) (ﬂuc;[)ebsgsent T
a Electron Beam Interactions Light Excitation & Emission
Uses electron beam  Complex sample prep : « Simpler sample prep
= (vacuum, coating) * Uses llahtand flyorophores (live or fixed)
* Higher resolution (nm-A) « Black & white images « Lower resolution (um) « Multi-color images
(7]
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Imaging Biology Analysis vl Imaging Dynamics Detection B

— Arrow indicates flow of particles/light
Figure 5.1: Advanced microscopy techniques

5.1:2 Molecular techniques

Molecular techniques are laboratory methods that detect or analyse genetic material of
microorganisms. Examples include polymerase chain reaction (PCR), which amplifies DNA to
detect pathogens, sequencing, which determines the order of nucleotides in DNA, and
hybridisation methods, which use complementary DNA or RNA probes to identify specific
genetic sequences. These techniques are highly sensitive and specific, making them essential for
modern microbial diagnosis.

Fill in the blank: The molecular technique that amplifies DNA to detect pathogens is called

)
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Technique Principle / Role Example / Application
Amplification of specific DNA
sequences to detect
microorganisms rapidly

PCR (Polymerase
Chain Reaction)

Detection of Sa/monella in food samples;
diagnosis of Mycobacterium tuberculosis

Determination of nucleotide Whole genome sequencing of pathogens
Sequencing sequence of microbial genomes  for outbreak tracing; 16S rRNA
for identification and analysis sequencing for bacterial taxonomy
D Use of labelled DNA/RNA probes Fluorescence in situ hybridisation (FISH)
Hybridisation . . . r L e
methods to detect complementary microbial for identifying bacteria in-€linical

sequences samples; Southern/Northern blotting
Table 5.1: Molecular techniques in microbiology

5.1.3 Immunological techniques

Immunological techniques are laboratory methods that use the immune system’s response to
detect microorganisms or their products. Examples include ELISA (enzyme-linked
immunosorbent assay), which detects antigens or.antibodies, Western blot, which identifies
specific proteins, and immunofluorescence, which uses fluorescent antibodies to locate antigens
in samples. These techniques are widely used in diagnostic laboratories to confirm infections and
monitor immune responses.

Fill in the blank: The immunological technique that uses fluorescent antibodies to locate antigens
in samples is called
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IMMUNOLOGICAL TECHNIQUES IN MICROBIOLOGY
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Plate 5.1: Immunological techniques in microbielogy

Pilot questions 5.1

What microscopy technique uses beams of electrons to produce highly detailed images?
Name one advanced microscopy technique.

What molecular technique amplifies DNA to detect pathogens?

Give one example of a molecular technique used in microbiology.

Which immunological technique uses fluorescent antibodies to locate antigens in
samples?

uhwnN e

5.2°Automation And Modern Laboratory Technologies
5.2.1 Automated culture and identification systems

Automated culture systems are advanced laboratory platforms that streamline the process of
growing and identifying microorganisms. They reduce manual labour, improve accuracy, and
speed up diagnosis. Examples include automated blood culture systems that continuously
monitor growth and automated identification platforms that use biochemical or molecular
profiles to classify microorganisms. These systems are particularly valuable in high-throughput
laboratories where efficiency and reliability are essential.

Fill in the blank: Laboratory platforms that streamline the process of growing and identifying
microorganisms are called systems.
P
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AUTOMATED MICROBIOLOGY WORKFLOW:
BLOOD CULTURE & IDENTIFICATION
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Figure 5.2: Automated culture and identification systems

5.2.2 Biosensors and point-of-care diagnostics

Biosensors are analytical devices that combine a biological component, such as enzymes or
antibodies, with a detector to measure the presence of microorganisms or their products. Point-
of-care diagnostics are portable tests performed near the patient, providing rapid results without
the need for a central laboratory. Together, these technologies enable faster detection of
infections, especially in resource-limited settings or during outbreaks.

Fill in the blank: Analytical devices that combine a biological component with a detector to
measure microorganisms are called
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Rapid Diagnostic Test
/

Plate 5.2: Biosensors and point-of-care diagnostics

5.2.3 Digital tools and laboratory informatics

Laboratory informatics refers to‘the use of digital tools and software to manage laboratory
data, workflows, and quality systems. Examples include Laboratory Information Management
Systems (LIMS), which track specimens and results, and digital platforms that integrate
automated instruments with reporting systems. These tools enhance efficiency, reduce errors, and
support compliance with regulatory standards.

Fill in the blank: Software systems that track specimens and results in laboratories are called

Tool / System Function / Role Example / Application
LIMS (Laboratory Software platform for managing  Tracking microbial cultures,
Information Management samples, workflows, and data in  recording test results, ensuring
System) laboratories traceability

Online systems for sharing

Digital rti . Electroni rti f infecti
181t [eporting laboratory results and public health  CCLTOMIC Ieporting of miectious
platforms data disease cases to health authorities
Inteerated laborato Combination of instruments, Automated microbiology
Svs tgms Yy software, and databases for analyzers linked to hospital
y streamlined operations information systems
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Tool / System Function / Role Example / Application

Bioinformatics pipelines for
sequencing data; outbreak trend
analysis

Software for interpreting large

Dat lytics tool . P
ata analylics tools datasets and identifying trends

Cloud platforms for sharing
genomic data across research
institutions

Cloud-based informatics Remote storage and access to.
laboratory data for collaboration

Table 5.2: Digital tools and laboratory informatics

Pilot questions 5.2

What are automated culture systems used for?

Give one example of an automated identification platform.

Analytical devices that combine a biological component with a detector are called what?
What are point-of-care diagnostics designed to provide?

What software system tracks specimens and/results in laboratories?

uhwWwNE

5.3 Quality Control In Microbiologyskaboratories
5.3.1 Principles of quality assurance and quality control

Quality assurance (QA) refers.to the planned and systematic activities implemented to ensure
that laboratory processes meet defined standards. Quality control (QC), on the other hand,
involves the operational techniques and activities used to verify that results are reliable and
accurate. Together, QA and QC safeguard the credibility of microbiological testing, ensuring that
patient care and public health decisions are based on dependable evidence.

Fill in the blank: Planned and systematic activities implemented to ensure laboratory processes
meet defined standards are called
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Figure 5.3: Principles of quality assurance and quality control

5.3.2 Standard operating procedures and accreditation

Standard operating procedures (SOPs) are documented instructions that describe how specific
laboratory tasks should be performed consistently and correctly. They reduce variability,
improve efficiency, and ensure compliance with regulatory standards. Accreditation is the
formal recognition that a laboratory meets established standards of competence, often granted by
national or international bodies. Accreditation enhances trust in laboratory results and supports
continuous improvement.

Fill in the blank: Documented instructions that describe how specific laboratory tasks should be
performed consistently are called

Element Definition / Purpose Benefits
SOPs (Standard Written, detailed instructions Ensure consistency,
Operating describing routine laboratory reproducibility, safety, and
Procedures) processes and practices compliance with standards

Formal recognition by an external Builds trust, ensures reliability of

Accreditation body that a laboratory meets defined results, supports international
quality standards recognition

Quality assurance Systems for monitoring and Continuous improvement, error

programs improving laboratory performance  reduction, enhanced credibility
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Element Definition / Purpose Benefits

Adherence to national and
international regulations governing
laboratory practices

Legal compliance, patient safety,
and public health protection

Regulatory
compliance

Table 5.3: SOPs and accreditation in microbiology laboratories

5.3.3 Error prevention, proficiency testing, and continuous improvement

Error prevention involves strategies such as staff training, equipment calibration, and
adherence to SOPs to minimise mistakes. Proficiency testing is an external quality assessment
where laboratories analyse identical samples and compare results to ensure accuracy.
Continuous improvement refers to the ongoing process of evaluating laboratory performance
and implementing changes to enhance quality. These measures collectively strengthen laboratory
reliability and maintain high standards of practice.

Fill in the blank: External quality assessment where laboratories analyse identical samples and
compare results is called testing.

PROFICIENCY TESTING EQUIPMENT CALIBRATION CONTINUOUS IMPROVEMENT REVIEW

LEAN SIK SIGMA
PROJECT

« REDUCE
TURNARDUNO
TIME

* STAFF TRAINING
NEW PROTOCELS.

PROFICIENCY TESTING EQUIPMENT CALIBRATION CONTINUOUS IMPROVEMENT REVIEW

Plate 5.3: Error prevention, proficiency testing, and continuous improvement
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Pilot questions 5.3

What is the difference between quality assurance and quality control?

What are SOPs designed to achieve in laboratories?

What is accreditation in microbiology laboratories?

External quality assessment where laboratories analyse identical samples and compare
results is called what?

5. Mention one strategy used for error prevention in laboratories.

PwnNPE

5.4 Case Studies And Applications Of Advanced Techniques In Quality Control
5.4.1 Case studies of advanced techniques in microbial diagnosis

Case studies provide real-world examples of how advanced microbiological techniques are
applied in diagnosis. For instance, PCR has been used to rapidly detect Mycobacterium
tuberculosis in sputum samples, reducing diagnostic time compared to traditional culture
methods. Similarly, sequencing has been employed to track genetic.variations in influenza
viruses, guiding vaccine development. These applications highlight the practical value of
advanced techniques in improving patiént outcomes and public health responses.

Fill in the blank: The molecular technique that has been used to rapidly detect Mycobacterium
tuberculosis in sputum samples is

Case study Advanced technique(s) used Public health significance

PCR amplification of Mycobacterium Enables early, accurate

Tuberculosis tuberculosis DNA; GeneXpert MTB/RIF diagnosis; critical for outbreak

diagnosis assay for rapid detection and drug control and guiding appropriate
resistance profiling treatment

Influenza Genome sequencing of influenza virus ~ Provides data for vaccine strain

surveillance strains; next-generation sequencing selection; supports global
(NGS) for mutation tracking influenza monitoring networks

Rapid identification of
PCR for shiga toxin genes; whole genome pathogenic strains; informs
sequencing for source tracing food recalls and safety
interventions

Foodborne outbreak
investigation (E. coli
0157:H7)

Box 5.1: Case studies of advanced techniques in microbial diagnosis

-
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5.4.2 Case studies of quality control in laboratory practice

Quality control case studies illustrate how laboratories maintain accuracy and reliability. For
example, proficiency testing programmes have revealed discrepancies in antimicrobial
susceptibility testing, prompting corrective training. Accreditation audits have identified gapsin
SOP compliance, leading to improvements in laboratory processes. These examples show how
quality control mechanisms ensure laboratories deliver dependable results.

Fill in the blank: External quality assessment where laboratories analyse identical samples and
compare results is called

Quality control practice

Case study Outcome / Public health significance

applied
Proficiency testing in  External evaluation of Ensures accuracy of diagnostic results;
clinical microbiology laboratory performance using identifies training needs-and procedural
labs standardized samples gaps
e . Independent assessment of Builds trust in laboratory results;

Accreditation audits . o ) . ) i

compliance with international _ suppotts international recognition and
(ISO 15189, CAP) .

standards collaboration
Internal quality Routine checks of staining, Improves reliability of TB diagnosis;

assurance in TB labs  culture, and PCR procedures ~ reduces false positives/negatives

Verification of HACCP
compliance/and microbial
testing protocols

Food microbiology lab
audit

Ensures food safety; prevents outbreaks
linked to contaminated products

Table 5.4: Case studies of quality control in laboratory practice

5.4.3 Integration of advanced techniques with quality management systems

The integration of advanced techniques with quality management systems (QMS) ensures that
innovations are applied consistently and safely. For example, automated culture systems linked
to LIMS improve traceability, while molecular techniques incorporated into SOPs enhance
diagnostic accuracy. Continuous improvement cycles allow laboratories to adapt new
technologies while maintaining compliance with accreditation standards. This integration
strengthens laboratory performance and builds trust in results.

Fill in the blank: Linking automated culture systems to LIMS improves in
laboratory processes.
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Figure 5.4: Integration of advanced techniques with quality management systems

Pilot questions 5.4

1. What molecular technique has been used to rapidly detect Mycobacterium tuberculosis
in sputum samples?

2. Give one example of how sequencing has been applied in microbial diagnosis.

3. External quality assessment where laboratories analyse identical samples and compare
results is called what?

4. What is one benefit of accreditation audits in laboratory practice?

5. Linking.automated culture systems to LIMS improves what aspect of laboratory
processes?

Series Summary

This Series has focused on advanced microbiological techniques and the systems that ensure
quality in laboratory practice. We began with advanced microscopy, molecular, and
immunological methods, which provide high-resolution and highly specific ways of detecting
and studying microorganisms. We then moved on to automation and modern laboratory
technologies, including automated culture systems, biosensors, point-of-care diagnostics, and
digital informatics tools that enhance efficiency and accuracy. Following that, we examined
quality control in microbiology laboratories, covering principles of quality assurance, SOPs,
accreditation, and strategies for error prevention and continuous improvement. Finally, we
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concluded with case studies that illustrated how advanced techniques and quality control systems
are applied in real-world laboratory practice.

By completing this Series, you should now be able to describe advanced microscopy, explain
molecular and immunological techniques, and demonstrate their applications in microbial
diagnosis. You should also be able to explain automation technologies, analyse digital tools, and
define principles of quality assurance and control. In addition, you should be able to evaluate
SOPs, accreditation, and proficiency testing, as well as analyse and assess case studies'that
integrate advanced techniques with quality management systems. These outcomes (SLOs 5.1—
5.12) provide you with a practical and comprehensive skill set for applying advanced
microbiological methods while maintaining rigorous quality standards.

Glossary of Terms

e Accreditation: Formal recognition that a laboratory meets established standards of
competence, usually granted by national or international bodies.

e Automated culture systems: Laboratory platforms that streamline the process of
growing and identifying microorganisms, reducing manual labour and improving
efficiency.

o Biosensors: Analytical devices that combine a biological component, such as enzymes or
antibodies, with a detector to measure the presence of microorganisms or their products.

e Continuous improvement: An ongoing process of evaluating laboratory performance
and implementing changes to enhance quality and reliability.

e Electron microscopy: A microscopy technique that uses beams of electrons to produce
highly detailed images of microorganisms.

e ELISA (enzyme-linked immunosorbent assay): An immunological technique that
detects-antigens or antibodies in a sample using enzyme-linked reactions.

o Fluorescence microscopy: A microscopy technique that uses fluorescent dyes to
highlight specific structures within microorganisms.

o Hybridisation methods: Molecular techniques that use complementary DNA or RNA
probes to 1dentify specific genetic sequences.

o Immunofluorescence: An immunological technique that uses fluorescent antibodies to
locate antigens in samples.

o Laboratory informatics: The use of digital tools and software to manage laboratory
data, workflows, and quality systems.

o LIMS (Laboratory Information Management Systems): Software systems that track
specimens, results, and workflows in laboratories.
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e Molecular techniques: Laboratory methods that detect or analyse genetic material of
microorganisms, such as PCR and sequencing.

e PCR (polymerase chain reaction): A molecular technique that amplifies DNA to detect
pathogens with high sensitivity.

o Proficiency testing: An external quality assessment where laboratories analyse identical
samples and compare results to ensure accuracy.

e Quality assurance (QA): Planned and systematic activities implemented to ensure
laboratory processes meet defined standards.

e Quality control (QC): Operational techniques and activities used to verify that
laboratory results are reliable and accurate.

e Sequencing: A molecular technique that determines the order of nucleotides in DNA,
used to study genetic variations in microorganisms.

e Standard operating procedures (SOPs): Documented instructions that describe how
specific laboratory tasks should be performed consistently and correctly.

e Western blot: An immunological technique that identifies specific proteins in a sample
using antibodies.

Concept Check Questions [Series 5]
Objective questions

1. The microscopytechnique that uses beams of electrons to produce highly detailed
images is called . (Linked to SLO 5.1)

2. The molecular technique that amplifies DNA to detect pathogens is called
(Linked to SLO.5.2)

3. The immunological technique that uses fluorescent antibodies to locate antigens in

samples is called . (Linked to SLO 5.3)
4. Laboratory platforms that streamline the process of growing and identifying
microorganisms are called systems. (Linked to SLO 5.4)

5. Analytical devices that combine a biological component with a detector are called
. (Linked to SLO 5.5)
6. Software systems that track specimens and results in laboratories are called
. (Linked to SLO 5.6)
7. Planned and systematic activities implemented to ensure laboratory processes meet

defined standards are called . (Linked to SLO 5.7)
8. Documented instructions that describe how specific laboratory tasks should be
performed consistently are called . (Linked to SLO 5.8)
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9. External quality assessment where laboratories analyse identical samples and compare
results is called testing. (Linked to SLO 5.9)
10. Linking automated culture systems to LIMS improves in laboratory

processes. (Linked to SLO 5.12)

Short-answer questions

11.
12.
13.
14.

Define diagnostic quality control in microbiology laboratories. (Linked to SLO 5.7)
Explain why accreditation is important in laboratory practice. (Linked to.SLO 5.8)
Mention one example of a biosensor or point-of-care diagnostic tool. (Linked to SLO 5.5)
Give one example of how sequencing has been applied in microbial diagnosis. (Linked to

SLO 5.2, 5.10)

15.

What is one benefit of integrating advanced techniques with quality management

systems? (Linked to SLO 5.12)

Long-answer questions

16.

Describe advanced microscopy techniques and explain their applications in

microbiology. (Linked to SLO 5.1)

17.

Analyse molecular and immunological technigues, highlighting their strengths and

limitations. (Linked to SLOs 5.2-5.3)

18.

Evaluate automation and modern laboratory technologies, including automated culture

systems, biosensors, and informatics tools. (Linked to SLOs 5.4-5.6)

19.

Explain the principles of quality assurance and quality control, and discuss their

importance in microbiology laboratories. (Linked to SLOs 5.7-5.9)

20.

Assess case studies of advanced techniques and quality control, and explain how they

can be integrated into quality management systems. (Linked to SLOs 5.10-5.12)

Answers to Concept Check Questions [Series 5]
Objective questions

©HNDT AW

Electron microscopy

Polymerase chain reaction (PCR)
Immunofluorescence

Automated culture systems

Biosensors

Laboratory Information Management Systems (LIMS)
Quality assurance (QA)

Standard operating procedures (SOPs)

Proficiency testing

10. Traceability

-
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Short-answer questions

11. Quality control in microbiology laboratories refers to operational techniques and
activities used to verify that laboratory results are reliable and accurate.

12. Accreditation provides formal recognition of competence, builds trust in laboratory
results, and ensures compliance with international standards.

13. Example: Glucose biosensor or rapid malaria diagnostic kit.

14. Sequencing has been applied to track genetic variations in influenza viruses, guiding
vaccine development.

15. Integration improves consistency, traceability, and compliance while enhancing

diagnostic accuracy.

Long-answer questions

16. Basic response: Advanced microscopy techniques include electron microscopy and
fluorescence microscopy, which provide detailed images of microorganisms.

Value-added response: Electron microscopy allows visualisation of ultrastructural details, while
fluorescence microscopy highlights specific structures using dyes, enabling precise identification
of pathogens.

17. Basic response: Molecular techniques such as PCR and sequencing detect genetic
material, while immunological techniques like ELISA and Western blot detect antigens or
antibodies.

Value-added response: Molecular methods are highly sensitive but require specialised
equipment, while immunological methods are versatile and widely used but may lack specificity.
Combining both enhances diagnostic accuracy.

18. Basic response: Automation includes culture systems, biosensors, and informatics tools
that improve efficiency and accuracy.

Value-added response: Automated systems reduce human error, biosensors enable rapid
detection, and LIMS enhance data management. Together, they transform laboratory workflows
and support high-throughput testing.

19.  Basic/response: Quality assurance ensures processes meet standards, while quality
control verifies results are accurate. Both are essential for reliable laboratory practice.
Value-added response: QA and QC build confidence in results, support accreditation, and
prevent errors. They are critical for patient safety and public health decision-making.

20. Basic response: Case studies show PCR in tuberculosis diagnosis and proficiency testing
n antimicrobial susceptibility. Integration with QMS ensures consistency.

Value-added response: Linking advanced techniques with SOPs and accreditation standards
strengthens laboratory performance, improves traceability, and supports continuous improvement
in diagnostic microbiology.
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Answers to Pilot Questions [Series 5]
Part 5.1: Advanced microbiological techniques

Electron microscopy

Electron microscopy or fluorescence microscopy (any one example)
Polymerase chain reaction (PCR)

PCR, sequencing, or hybridisation methods (any one example)
Immunofluorescence

uhwWwnNE

Part 5.2: Automation and modern laboratory technologies

Automated culture systems are used for growing and identifying microorganisms.
Automated identification platforms such as biochemical profiling systems.
Biosensors

Rapid results near the patient

Laboratory Information Management Systems (LIMS)
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Part 5.3: Quality control in microbiology laboratories

1. Quality assurance ensures processes meet standards, while quality control verifies
results are accurate.

2. SOPs are designed to ensure consistency and compliance in laboratory tasks.

3. Accreditation is formal recognition that a laboratory meets established standards of
competence.

4. Proficiency testing

5. Strategies such as staff training, equipment calibration, and adherence to SOPs

Part 5.4: Case studies and applications of advanced techniques in quality control

Polymerase chain reaction (PCR)

Sequencing has been applied to track genetic variations in influenza viruses.
Proficiency testing

Accreditation audits identify gaps in SOP compliance and lead to improvements.
Traceability
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Figures, Plates, Tables, and Boxes

o Figure 5.1: Advanced microscopy techniques
Attribution: Al-generated using prompt “Generate a diagram comparing electron
microscopy and fluorescence microscopy, showing their principles and applications.”
Suggested OER search string: “OER diagram electron fluorescence microscopy
microbiology”

e Table 5.1: Molecular techniques in microbiology
Attribution: Al-generated using prompt “Generate a table summarising PCR, sequencing,
and hybridisation methods with their applications in microbiology.”
Suggested OER search string: “OER table molecular techniques microbiology PCR
sequencing hybridisation”

e Plate 5.1: Immunological techniques in microbiology
Attribution: Al-generated using prompt “Create an illustration showing ELISA, Western
blot, and immunofluorescence as immunological techniques used in microbiology.”
Suggested OER search string: “OER image immunological techniques ELISA Western
blot immunofluorescence”

o Figure 5.2: Automated culture and identification systems
Attribution: Al-generated using prompt “Generate a diagram showing automated blood
culture systems and automated identification platforms in microbiology.”
Suggested OER search string: “OER diagram automated culture identification systems
microbiology”

e Plate 5.2: Biosensors and point-of-care diagnostics
Attribution: Al-generated using prompt “Create an illustration showing biosensors
detecting pathogens and point-of-care diagnostic kits used near patients.”
Suggested OER search string: “OER image biosensors point of care diagnostics
microbiology”

e Table 5.2: Digital tools and laboratory informatics
Attribution: Al-generated using prompt “Generate a table summarising LIMS, digital
reporting platforms, and integrated laboratory systems with their functions.”
Suggested OER search string: “OER table digital tools laboratory informatics
microbiology”

e Figure 5.3: Principles of quality assurance and quality control
Attribution: Al-generated using prompt “Generate a diagram showing the relationship
between quality assurance and quality control in microbiology laboratories.”
Suggested OER search string: “OER diagram quality assurance quality control
microbiology”
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e Table 5.3: SOPs and accreditation in microbiology laboratories
Attribution: Al-generated using prompt “Generate a table summarising SOPs and
accreditation, including their definitions, purposes, and benefits.”
Suggested OER search string: “OER table SOPs accreditation microbiology laboratories”

e Plate 5.3: Error prevention, proficiency testing, and continuous improvement
Attribution: Al-generated using prompt “Create an illustration showing laboratory staff
performing proficiency testing, calibrating equipment, and reviewing continuous
improvement processes.”

Suggested OER search string: “OER image proficiency testing continuouls improvement
microbiology”

e Box 5.1: Case studies of advanced techniques in microbial diagnosis
Attribution: Al-generated using prompt “Generate a box summarising casesstudies of
PCR in tuberculosis diagnosis and sequencing in influenza surveillance.”
Suggested OER search string: “OER case studies advaneed microbiological techniques
diagnosis”

o Table 5.4: Case studies of quality control in laboratory practice
Attribution: Al-generated using prompt “Generate a table summarising case studies of
proficiency testing and accreditation audits in microbiology laboratories.”
Suggested OER search string: “OER case studies quality control microbiology
laboratories”

o Figure 5.4: Integration of advanced techniques with quality management systems
Attribution: Al-generated using prompt “Generate a diagram showing integration of
automated culture systems, molecular techniques, and SOPs within quality management
systems.”

Suggested OER search string: “OER diagram integration advanced techniques quality
management systems microbiology”
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