DOL-microbiology

1.1 Untitled Slide

[image: image1.jpg]Medical Laboratory Sciences

This product was (partially) funded by a grant awarded to Saint Paul College under the President's
Community-Based Job Training Grants as implemented by the U.S. Department of Labor's Employment
and Training Administration (DOL SGA/DFA PY 07-01). The information contained in this product was
created by a grantee organization and does not necessarily reflect the official position of the U.S.
Department of Labor. All references to non-governmental companies or organizations, their services,
products, or resources are offered for information purposes and should not be construed as an

endorsement by the Department of Labor. This product is copyrighted by the institution that created it
and is intended for individual organizational, noncommercial use only.

UNIVERSITY OF MINNESOTA

CENTER FOR ALLIED HEALTH PROGR




1.2 Untitled Slide

[image: image2.jpg]Introduction to Medical Microbiology Medical Laboratory Sciences

1. Introduction | Sections | About

Introduction

In this module we will learn about the world of Microbiology - the
study of bacteria, viruses, fungi and parasites that can cause
diseases in humans.

Scanning Electron Microscope image of tuberculosis
Photo credit: Janice Carr, Centers for Disease Control and Prevention

Click here to read the learning objectives.
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What is Medical Microbiology?

Have you ever had a cold or the flu?

Have you ever had a cut on your hand that turned red and it
hurt when you touched it?

Do you know someone who ever had pneumonia or
bronchitis?

What about Strep throat or an ear infection?

Have you ever taken an antibiotic?

Most of us have had or know someone who has had one of
these infections and most of us have also taken at least one

antibiotic medication in our life time. All of these are part of
the world of microbiology - the study of microorganisms.
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What is Medical Microbiology?

Microorganisms are tiny life forms often called germs by the
general public. They are in every part of the world around us
They are in soil and water and on plants and animals. Many of
our body areas have microbes that live there normally. They
are called normal flora. These microbes are helpful to man
They protect us from harmful microbes and in many cases may
assist with some of our body functions such as digestion.
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Branches of Microbiology

There are many branches within the field of Microbiology.

Agricultural Microbiology deals with microbes associated with
plants and animals and diseases associated with them.

St e y
Food Microbiology works with microbes that are involved in el Environmental
the manufacturing of food products (yogurt and cheese). | - -)

Industrial Microbiology is the study of microbes that are used
in industrial processes and biotechnology in industry.

=

O

Environmental Microbiology is the study of microbes that exist
in our community (soil, water, air, vegetation).

Medical Microbiology is the study of microbes that can cause
disease in man and animals. Medical Microbiology also has
several branches.
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Branches of Medical Microbiology

Bacteriology is the study of “bacteria” which are single celled
microorganisms.

Mycology is the study of fungi - molds and yeast.

Parasitology is the study of parasites. Some parasites are single
celled while others are larger multicelluar microbes.

Virology is another branch of microbiology and involves the
study of viral diseases such as influenza and HIV.

Prions are one of the newest agents of infectious diseases.
These agents are unique because they seem to be chemical
rather than “living” agents.

Each one of these areas of Medical Microbiology can have an
impact patient health and wellness. Medical Laboratory
Scientist working in this area of the laboratory investigate
infectious diseases and work with physicians and other
healthcare workers to diagnose and treat patients who have
infections.

Medical Laboratory Science:

1. Introduction | Sections | About

Bacteriology

Parasitology

Virology Prions.
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Bacteriology

The Bacteriology section of the laboratory is usually the largest
area in the Microbiology laboratory. Laboratory Scientists in
this area manage samples from patients who may have a
bacterial infection

Bacteria are single-celled organisms that are found
everywhere in nature. The environment around us contains a
vast array of different types of bacteria. Bacteria exist on every
surface of the human body and most help with our defenses
against other more harmful bacteria. In fact, we need bacteria
in our mouths and our intestinal tract to help us digest our
food into useable chemicals

Other bacteria can be very harmful to man. One of the most
dangerous bacteria is the one that causes the disease Anthrax.
Anthrax is caused by an organism called Bacillus anthracis. This

PE kel St Jerrigan, JA, Stephens, DS, et. al. Bioterrorism-Related
S v Inhalational Anthrax: The First 10 Cases Reported in the
and is often fatal in spite of modern medical treatments United States. Emerg Infect Dis. 2001 Nov-Dec.7(6)933.44.
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Bacteriology

The Bacteriology Laboratory works with physicians to help
isolate and identify the cause of a patients’ infection. The
laboratory performs a culture in which they grow the
organisms in nutrient gelatin petri dishes or agar plates. Once
the organisms grow, the laboratory scientist must be able to
recognize the normal flora that is expected at that body site

They then need to identify those that could be causing the
patient’s disease. Once they have found a harmful organism
they then perform susceptibility testing to help the physician
choose the best antibiotic to help cure the infection

1. Introduction | Sections | About

o4
S

The image shows a stack of small agar plates along with a test tube rack with
biochemical tube media that help identify the bacteria. The scientist is holding
a Kirby-Bauer agar plate with antibiotic disks and a green colored
microorganism. The clear areas around some of the antibiotic disks show that
the antibiotic in that particular disk is able to inhibit the growth of that
organism. You can also see that some of the antibiotics are not effective
because the organism is able to grow right up to the disk
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Father of Microbiology

Louis Pasteur (1822-1895) is called the Father of
Microbiology. He performed a vast number of experiments
with bacteria leading to several major discoveries.

Several of his experiments showed that food spoilage was
not due to spontaneous generation of bacteria. These
experiments also helped him develop the mechanism for
food preservation we call Pasteurization.

In addition, he developed vaccines for rabies and anthrax.

cdegov
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Mycology

Mycology is the study of yeasts and molds - they are also
called fungi. There are over 400,000 different kinds of molds in
the environment but only about 400 of these cause infections
in man. Some may even be normal flora on the skin or in the
intestinal tract.

Fungi can also be a part of food microbiology as some are used
in the production of beer, bread, and cheese. Molds are also a
source of antibiotic medications. The first antibiotic was
Penicillin, which is a chemical product of the mold Penicillium

Sporangium of Mucor species
http://phil.cdc gov
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Mycology

Fungal infections can be mild infections on the skin such as
athlete’s foot, vaginal yeast infections, thrush (yeast infection
in the mouth), or ring worm (a common skin infection).

Other fungal infections can be life threatening such as
pneumonia, blood infections, or infections that spread from
the lungs or blood to the brain (central nervous system)

Laboratory Scientists who work in the Mycology laboratory
typically require additional experience or education in these
specialized techniques.

S

et e
Candida albicans yeast
http://phil. cdc gov
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Vaccinations

The earliest form of vaccination was performed for Small Pox
in ancient China thousands of years ago (variolation)

The modern form of vaccination was formally begun in 1796
by Edward Jenner in England when he used Cox Pox to
vaccinate a young boy for Small Pox. He recognized that the
diseases were similar and speculated this would protect his
patient. The vaccine did protect the boy when he was
exposed to the small pox disease. This incident initiated the
modern development of vaccines.
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Parasitology

Some parasites are single-celled organisms while others are
large visible multi-cellular “animals.” Many parasites infect the
human gastrointestinal tract.

People become infected by drinking contaminated water or
eating undercooked food that contains the parasite, such as
the Tapeworm shown in picture

Tapeworm
phil.cdc gov
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Parasitology

Although many of the parasites of humans are not naturally
found in the United States, we may find infections in people
who have traveled abroad or in individuals who are from &
another country and now living in the US. For that reason, e
Laboratory Scientists need to be able to identify all kinds of
parasites from all over the world

One of the most important parasitic infection of man is malaria
Malaria infects the blood of man and other animals. Itis
transmitted from person to person by a mosquito bite. Malaria
is responsible for thousands of deaths each year around the
world. Itis currently the focus of a concentrated research
effort to develop a vaccine and new treatments through the
World Health Organization (WHO).

Red Blood Cells infected with the Malaria parasite
phil.cdc gov
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Virology

This is one of the newest areas in the Microbiology Laboratory
Viruses were discovered in 1892 but were not really identifiable
until much later. Scientists knew something existed that could
be transmitted from person to person but did not grow in the
laboratory like bacteria or fungi, nor were they visible under
the microscope. Viruses are so much smaller than the smallest
bacteria that we need an electron microscope to actually “see”
them (image).

We now have identified many diseases as being caused by
viruses, and scientific analysis has identified how they grow and
how they cause disease. Viruses have very complex life cycles
that require living cells from the host or patient. Some
common diseases for which we now have vaccines are caused
by viruses: Measles, Mumps, Polio, Rubella, Chicken Pox,
Hepatitis, and Influenza. Human Immunodeficiency Virus (HIV)
is a virus that causes the disease AIDS. Because of its
devastating impact on people, scientists are working to
develop a vaccine and new treatments for infected individuals.

1. Introduction | Sections | About

Influenza virus particles
phil.cdc gov
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Prions

One of the newest infectious life forms are called Prions. Prions
were discovered in 1982 and are unique in the world of
microbes because they do not contain genetic material (DNA
or RNA); they are proteins.

Prions are responsible for a group of diseases called
Spongiform Encephalopathies that impact brain tissue. One
that has been in the news recently infects cattle and in turn can
infect humans who eat beef from infected cattle (Mad Cow
Disease).

This micrograph of brain tissue reveals the cytoarchitectural
histopathologic changes found in bovine spongiform
encephalopathy. The presence of vacuoles, i.e. microscopic “holes"”
in the gray matter, gives the brain of BSE-affected cows a sponge-
like appearance when tissue sections are examined in the lab.

DR Al Jenny U.S. Dept. of Agriculture - Animal and Plant Health
Inspection Service, APHIS
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Microbes

Our world is full of many different kinds of microbes. Some of
these microbes live on the surfaces of our bodies and some live
inside of us. Most of these are helpful to man. Other microbes
can cause diseases that may threaten lives.

Medical Laboratory Scientists know that controlling the spread
of microbes stops the transmission of infectious diseases. Their
role s to isolate and identify organisms that may be causing
infectious disease in a patient and help the physician select the
proper treatment.

Scientists who work in the Microbiology Laboratory and role

In this module you will learn about Medical Laboratory
they play in healthcare

e
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Microbiology in History

Throughout the history of mankind we have known about
diseases. We also knew that some diseases could be passed
from one person to another. But we did not know what
caused them

As early as the 6th century BCE, early scientists suggested that
there was some unseen life form that was responsible for
certain diseases.

Romans in the 1st century BCE noted that homes should not be
built near swamps to avoid unseen diseases that floated in the
air.

In 1546, an Italian scientist proposed that epidemic diseases
were caused by transferable, seed-like entities that could
transmit infection by direct or indirect contact, or even without
contact over long distances.
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Microbes Impact History

Many times throughout the history of man, infectious diseases have
made significant impacts on humankind.

Ancient texts from Egypt, China, and India describe events when
disease may have infected millions of people and killed thousands.

There have been outbreaks or epidemics of plague, tuberculosis
and leprosy, small pox, and malaria in almost every ancient
civilization. Some of these epidemics continue even today.

Small pox victim
phil.cdc gov
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History of Microbiology

Many theories existed about the mechanisms of these diseases and
how they were transferred from one person to the next. However
there was no proof - only fear and speculation.

People in some civilizations attributed these diseases to evil spirits
while others thought they were brought on by the anger of their
god or gods. Europeans from the Middle Ages thought that some
diseases were a result of an imbalance of the body’s humors or
fluids. As a result they would bleed the patient to restore balance.
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The Microscope

It wasn't until the invention of the microscope in the 17th century
that microscopic life forms could actually be seen by scientists. This
opened up a whole new world of life forms and new theories for
disease.

Robert Hooke (1635-1703) an English nature philosopher and
scientist made the first recorded observations under a microscope.
in 1665.

Hooke's microscope, from an engraving in Micrographia
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The Microscope

Antonie van Leeuwenhoek, a Dutch scientist is credited with inventing
the microscope in 1676. He used a single lens microscope to observe
bacteria and other microbes from pond water. He called them “little
animals” because he could see them swimming about in the drop of
‘water.
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Father of Medical Microbiology

Robert Koch (1843-1910), a German physician, is called the
Father of Medical Microbiology. He developed the Germ
Theory of disease which stated that bacteria were the cause
of specific diseases.

Koch's Postulates were 4 principles required to prove that a
particular bacteria was responsible for a specific disease. His
research identified the organisms that cause tuberculosis,
cholera, and anthrax.
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Hans Christian Joachim Gram

Danish microbiologist Christian Gram developed a stain that
was able to tell 2 types of bacteria apart that were common
causes of pneumonia (Streptococcus & Klebsiella). The Strep
organisms took up the stain while the Klebsiella did not stain.
The Strep were round shapes which he called cocci while the
Klebsiella were long rod shaped that he called bacilli. One of
Gram's associates, Karl Weigert, added a second stain to color
the unstained organisms from Gram's procedure making the
final procedure.
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The Gram Stain

The modern Gram stain has changed little from that earliest
formula. Laboratory scientists use the Gram stain everyday in B ”

the medical microbiology laboratory. When they stain the <

bacteria they will see that some bacteria stain purple (Gram 5

positive) while others wil stain red (Gram negative); some are

round (cocci) and some are rod shaped (bacilli) “ &

The image here shows a Gram stain of bacteria
Staphylococcus aureus (Gram positive cocci) mixed with
Escherichia coli (Gram negative bacill).

https://commons wikimedia org/wiki/File:Gram_stain_01 jpg
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Vaccinations

In the late 1800s Pasteur developed a vaccine for Rabies and
for Anthrax. Jonas Salk developed the vaccine for Polio in
1955

Vaccines have helped prevents millions of deaths due to
bacterial diseases such as Diphtheria, Pertussis (whooping
cough), Tetanus, Typhoid Fever, Anthrax and Pneumonia

We have also developed vaccines for a vast array of viral
diseases: Measles, Polio, Rubella, Mumps, Small Pox, Chicken
Pox/shingles and Influenza

The most recent vaccine, Gardisil, is the one for Human
Papilloma virus that can cause cervical cancer.

2. History

-
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Antibiotic Medications

One of the other major discoveries of the 20th century was
antibiotics. The first antibiotic, Penicillin was accidentally
discovered by Alexander Fleming in 1928 when he found a
mold growing in his bacterial culture that killed the bacteria.
Penicillin was first used as a treatment in 1939

After the discovery of Penicillin, scientists searched for other
such chemicals and found many - but only a few could be
used to treat humans. Medical researchers have also
developed some antibiotics in their laboratories.
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History of Microbiology

One of the most important things discovered by the early
microbiologists was the understanding of what it means make
something totally clean; to remove all the bacteria and make
it sterile. The combination of the invention of the microscope
along with Gram'’s stain allowed scientists to view bacteria and
therefore study them

Because of the importance of microbes and infections in our
world and our desire to prevent disease, modern
microbiologists have continued to find new ways to treat and
prevent infections. In the next section, we will take a look at
testing performed by medical laboratory scientists and how
Laboratory Scientists work in a medical microbiology
laboratory.
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What is a Medical Microbiologist?

Medical Laboratory Scientists who work in the microbiology laboratory

analyze patient specimens to find the cause of their infection. They
identify the organisms and then perform testing to suggest the best r

course of treatment. If the patient is already on treatment, their testing
will confirm whether the treatment is working. {
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Introduction to Me

Case Study #1 - Strep Throat

Laura, a 27 year old graduate student, has a fever of
102°F and a very sore throat which caused trouble
swallowing. When she went to the student health center,
they took a swab of the back of her throat for a bacterial
culture analysis.
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Case Study #1 - Strep Throat

When the doctor looked at her throat they saw that she
had very swollen tonsils and red dots (petechiae) on her
soft palate.

Note petechia (1) on soft palate and red swollen tonsils (2)
philcdc gov
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Culture for Strep Throat — Throat Culture Results
The plate on the left shows how a normal throat culture appears. There are numerous varieties of normal bacterial
colonies.

The plate on the right shows the small colonies of Streptococcus pyogenes (Group A Strep) which produce a clear zone
around each colony. -

Strep throat - lysis (clear) zone around colonies
philcde.gov
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Case Study #2 - Giardia lamblia

David had been camping this past week in the mountains. After a
few days back at work, he was feeling nauseated and had some
problems with diarrhea. When he did not feel better a week later,
he went to the doctor. His doctor ordered several tests including
an examination of stool for parasites.

OF MI oT
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Introduction to Me

Case Study #2 - Giardia lamblia ]

The exam showed the presence of the Giardia lamblia parasite
David most likely became infected while on the camping trip by
drinking contaminated water. Giardia is commonly found in
mountain streams especially in areas with abundant wildlife that
carry the disease. Symptoms range from mild stomach upset to
watery diarrhea.

http://phil.cdc gov
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Case Study #3 - Ringworm

Frank, an elderly man with diabetes, had an itchy red scaly area
on his left arm. The doctor collected a scraping from the skin
lesion and submitted it to the mycology laboratory to identify
the cause.

phil.cdc gov
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Case Study #3 - Ringworm

The culture results revealed a mold organism Trichophyton rubrum. Trichophyton is an organism found in the soil which can
infect humans and animals. It cause skin, hair and nail infections called ringworm or dermatophytosis.

Microscopic observation shows the typical hyphae and macroconidia (spores) of T. rubrum

ALY i,

phil.cdc gov
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