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1.1: What Our Ancestors Knew

Learning Objectives

e Describe how our ancestors improved food with the use of invisible microbes

e Describe how the causes of sickness and disease were explained in ancient times, prior to the invention of the
microscope

e Describe key historical events associated with the birth of microbiology

Most people today, even those who know very little about microbiology, are familiar with the concept of microbes, or “germs,”
and their role in human health. Schoolchildren learn about bacteria, viruses, and other microorganisms, and many even view
specimens under a microscope. But a few hundred years ago, before the invention of the microscope, the existence of many
types of microbes was impossible to prove. By definition, microorganisms, or microbes, are very small organisms; many types
of microbes are too small to see without a microscope, although some parasites and fungi are visible to the naked eye.

Humans have been living with—and using—microorganisms for much longer than they have been able to see them. Historical
evidence suggests that humans have had some notion of microbial life since prehistoric times and have used that knowledge
to develop foods as well as prevent and treat disease. In this section, we will explore some of the historical applications of
microbiology as well as the early beginnings of microbiology as a science.

Fermented Foods and Beverages

People across the world have enjoyed fermented foods and beverages like beer, wine, bread, yogurt, cheese, and pickled
vegetables for all of recorded history. Discoveries from several archeological sites suggest that even prehistoric people took
advantage of fermentation to preserve and enhance the taste of food. Archaeologists studying pottery jars from a Neolithic village
in China found that people were making a fermented beverage from rice, honey, and fruit as early as 7000 BC.[!

Production of these foods and beverages requires microbial fermentation, a process that uses bacteria, mold, or yeast to convert
sugars (carbohydrates) to alcohol, gases, and organic acids (Figure 1.1.1). While it is likely that people first learned about
fermentation by accident—perhaps by drinking old milk that had curdled or old grape juice that had fermented—they later learned
to harness the power of fermentation to make products like bread, cheese, and wine.

Yeast fermentation yields ethanol and CO,.

Figure 1.1.1: A microscopic view of Saccharomyces cerevisiae, the yeast responsible for making bread rise (left). Yeast is a microorganism. Its
cells metabolize the carbohydrates in flour (middle) and produce carbon dioxide, which causes the bread to rise (right). (credit middle:
modification of work by Janus Sandsgaard; credit right: modification of work by “MDreibelbis”/Flickr)
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Clinical Focus

Part 1

Cora, a 41-year-old lawyer and mother of two, has recently been experiencing severe headaches, a high fever, and a stiff neck.
Her husband, who has accompanied Cora to see a doctor, reports that Cora also seems confused at times and unusually
drowsy. Based on these symptoms, the doctor suspects that Cora may have meningitis, a potentially life-threatening infection
of the tissue that surrounds the brain and spinal cord.

Meningitis has several potential causes. It can be brought on by bacteria, fungi, viruses, or even a reaction to medication or
exposure to heavy metals. Although people with viral meningitis usually heal on their own, bacterial and fungal meningitis are
quite serious and require treatment.

Cora’s doctor orders a lumbar puncture (spinal tap) to take three samples of cerebrospinal fluid (CSF) from around the spinal
cord (Figure 1.1.2). The samples will be sent to laboratories in three different departments for testing: clinical chemistry,
microbiology, and hematology. The samples will first be visually examined to determine whether the CSF is abnormally
colored or cloudy; then the CSF will be examined under a microscope to see if it contains a normal number of red and white
blood cells and to check for any abnormal cell types. In the microbiology lab, the specimen will be centrifuged to concentrate
any cells in a sediment; this sediment will be smeared on a slide and stained with a Gram stain. Gram staining is a procedure
used to differentiate between two different types of bacteria (gram-positive and gram-negative).

About 80% of patients with bacterial meningitis will show bacteria in their CSF with a Gram stain? Cora’s Gram stain
did not show any bacteria, but her doctor decides to prescribe her antibiotics just in case. Part of the CSF sample will be
cultured—put in special dishes to see if bacteria or fungi will grow. It takes some time for most microorganisms to reproduce
in sufficient quantities to be detected and analyzed.

What types of microorganisms would be killed by antibiotic treatment?

(@) (b)

Figure 1.1.2: (a) A lumbar puncture is used to take a sample of a patient’s cerebrospinal fluid (CSF) for testing. A needle is inserted
between two vertebrae of the lower back, called the lumbar region. (b) CSF should be clear, as in this sample. Abnormally cloudy CSF may
indicate an infection but must be tested further to confirm the presence of microorganisms. (credit a: modification of work by Centers for

Disease Control and Prevention; credit b: modification of work by James Heilman

Jump to the next Clinical Focus box.

The Iceman Treateth

Prehistoric humans had a very limited understanding of the causes of disease, and various cultures developed different beliefs

©@® 3(1.1.2)
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and explanations. While many believed that illness was punishment for angering the gods or was simply the result of fate,
archaeological evidence suggests that prehistoric people attempted to treat illnesses and infections. One example of this is Otzi
the Iceman, a 5300-year-old mummy found frozen in the ice of the Otzal Alps on the Austrian- Italian border in 1991. Because
Otzi was so well preserved by the ice, researchers discovered that he was infected with the eggs of the parasite Trichuris trichiura,
which may have caused him to have abdominal pain and anemia. Researchers also found evidence of Borrelia burgdorferi,
a bacterium that causes Lyme disease.’l Some researchers think Otzi may have been trying to treat his infections with the
woody fruit of the Piptoporus betulinus fungus, which was discovered tied to his belongings.! This fungus has both laxative and
antibiotic properties. Otzi was also covered in tattoos that were made by cutting incisions into his skin, filling them with herbs,
and then burning the herbs.’! There is speculation that this may have been another attempt to treat his health ailments.

Early Notions of Disease, Contagion, and Containment

Several ancient civilizations appear to have had some understanding that disease could be transmitted by things they could
not see. This is especially evident in historical attempts to contain the spread of disease. For example, the Bible refers to the
practice of quarantining people with leprosy and other diseases, suggesting that people understood that diseases could be
communicable. Ironically, while leprosy is communicable, it is also a disease that progresses slowly. This means that people were
likely quarantined after they had already spread the disease to others.

The ancient Greeks attributed disease to bad air, mal'aria, which they called “miasmatic odors.” They developed hygiene practices
that built on this idea. The Romans also believed in the miasma hypothesis and created a complex sanitation infrastructure to
deal with sewage. In Rome, they built aqueducts, which brought fresh water into the city, and a giant sewer, the Cloaca Maxima,
which carried waste away and into the river Tiber (Figure 1.1.3). Some researchers believe that this infrastructure helped protect
the Romans from epidemics of waterborne illnesses.

Figure 1.1.3: (a) The Cloaca Maxima, or “Greatest Sewer” (shown in red), ran through ancient Rome. It was an engineering marvel that carried
waste away from the city and into the river Tiber. (b) These ancient latrines emptied into the Cloaca Maxima.

Even before the invention of the microscope, some doctors, philosophers, and scientists made great strides in understanding the
invisible forces—what we now know as microbes—that can cause infection, disease, and death.

The Greek physician Hippocrates (468-370 BC) is considered the “father of Western medicine” (Figure 1.1.4). Unlike many of his
ancestors and contemporaries, he dismissed the idea that disease was caused by supernatural forces. Instead, he posited that
diseases had natural causes from within patients or their environments. Hippocrates and his heirs are believed to have written
the Hippocratic Corpus, a collection of texts that make up some of the oldest surviving medical books.!! Hippocrates is also often
credited as the author of the Hippocratic Oath, taken by new physicians to pledge their dedication to diagnosing and treating
patients without causing harm.

While Hippocrates is considered the father of Western medicine, the Greek philosopher and historian Thucydides (460-395 BC)
is considered the father of scientific history because he advocated for evidence-based analysis of cause-and-effect reasoning
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(Figure 1.1.4). Among his most important contributions are his observations regarding the Athenian plague that killed one-
third of the population of Athens between 430 and 410 BC. Having survived the epidemic himself, Thucydides made the
important observation that survivors did not get re-infected with the disease, even when taking care of actively sick people.[T This
observation shows an early understanding of the concept of immunity.

Marcus Terentius Varro (116-27 BC) was a prolific Roman writer who was one of the first people to propose the concept that things
we cannot see (what we now call microorganisms) can cause disease (Figure 1.1.4). In Res Rusticae (On Farming), published in
36 BC, he said that “precautions must also be taken in neighborhood swamps. . . because certain minute creatures [animalia
minuta] grow there which cannot be seen by the eye, which float in the air and enter the body through the mouth and nose and
there cause serious diseases.”®!

Figure 1.1.4: (a) Hippocrates, the “father of Western medicine,” believed that diseases had natural, not supernatural, causes. (b) The historian
Thucydides observed that survivors of the Athenian plague were subsequently immune to the infection. (c) Marcus Terentius Varro proposed
that disease could be caused by “certain minute creatures ... which cannot be seen by the eye.” (credit c: modification of work by Alessandro
Antonelli)

¢ Give two examples of foods that have historically been produced by humans with the aid of microbes.
e Explain how historical understandings of disease contributed to attempts to treat and contain disease.

The Birth of Microbiology

While the ancients may have suspected the existence of invisible “minute creatures,” it wasn’t until the invention of the
microscope that their existence was definitively confirmed. While it is unclear who exactly invented the microscope, a Dutch cloth
merchant named Antonie van Leeuwenhoek (1632-1723) was the first to develop a lens powerful enough to view microbes. In
1675, using a simple but powerful microscope, Leeuwenhoek was able to observe single-celled organisms, which he described as
“animalcules” or “wee little beasties,” swimming in a drop of rain water. From his drawings of these little organisms, we now know
he was looking at bacteria and protists. (We will explore Leeuwenhoek’s contributions to microscopy further in How We See the
Invisible World.)

Nearly 200 years after van Leeuwenhoek got his first glimpse of microbes, the “Golden Age of Microbiology” spawned a host of
new discoveries between 1857 and 1914. Two famous microbiologists, Louis Pasteur and Robert Koch, were especially active in
advancing our understanding of the unseen world of microbes (Figure 1.1.5). Pasteur, a French chemist, showed that individual
microbial strains had unique properties and demonstrated that fermentation is caused by microorganisms. He also invented
pasteurization, a process used to kill microorganisms responsible for spoilage, and developed vaccines for the treatment of
diseases, including rabies, in animals and humans. Koch, a German physician, was the first to demonstrate the connection
between a single, isolated microbe and a known human disease. For example, he discovered the bacteria that cause anthrax

©@® 5 (1.1.4)
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(Bacillus anthracis), cholera (Vibrio cholera), and tuberculosis (Mycobacterium tuberculosis).l¥ We will discuss these famous
microbiologists, and others, in later chapters.

(a) (b)

Figure 1.1.5: (a) Louis Pasteur (1822-1895) is credited with numerous innovations that advanced the fields of microbiology and immunology. (b)
Robert Koch (1843-1910) identified the specific microbes that cause anthrax, cholera, and tuberculosis.

As microbiology has developed, it has allowed the broader discipline of biology to grow and flourish in previously unimagined
ways. Much of what we know about human cells comes from our understanding of microbes, and many of the tools we use today
to study cells and their genetics derive from work with microbes.

Exercise 1.1.2

e How did the discovery of microbes change human understanding of disease?

Micro Connections

Microbiology Toolbox

Because individual microbes are generally too small to be seen with the naked eye, the science of microbiology is dependent
on technology that can artificially enhance the capacity of our natural senses of perception. Early microbiologists like Pasteur
and Koch had fewer tools at their disposal than are found in modern laboratories, making their discoveries and innovations
that much more impressive. Later chapters of this text will explore many applications of technology in depth, but for now,
here is a brief overview of some of the fundamental tools of the microbiology lab.

e Microscopes produce magnified images of microorganisms, human cells and tissues, and many other types of
specimens too small to be observed with the naked eye.

e Stains and dyes are used to add color to microbes so they can be better observed under a microscope. Some dyes can
be used on living microbes, whereas others require that the specimens be fixed with chemicals or heat before staining.
Some stains only work on certain types of microbes because of differences in their cellular chemical composition.

e Growth media are used to grow microorganisms in a lab setting. Some media are liquids; others are more solid or gel-
like. A growth medium provides nutrients, including water, various salts, a source of carbon (like glucose), and a source
of nitrogen and amino acids (like yeast extract) so microorganisms can grow and reproduce. Ingredients in a growth
medium can be modified to grow unique types of microorganisms.

e A Petri dish is a flat-lidded dish that is typically 189-11 centimeters (cm) in diameter and 1-1.5 cm high. Petri dishes
made out of either plastic or glass are used to hold growth media (Figure 1.1.6).

©@® 6 (1.1.5)
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o Test tubes are cylindrical plastic or glass tubes with rounded bottoms and open tops. They can be used to grow
microbes in broth, or semisolid or solid growth media.

e A Bunsen burner is a metal apparatus that creates a flame that can be used to sterilize pieces of equipment. A
rubber tube carries gas (fuel) to the burner. In many labs, Bunsen burners are being phased out in favor of infrared
microincinerators, which serve a similar purpose without the safety risks of an open flame.

¢ An inoculation loop is a handheld tool that ends in a small wire loop (Figure 1.1.6). The loop can be used to streak
microorganisms on agar in a Petri dish or to transfer them from one test tube to another. Before each use, the inoculation
loop must be sterilized so cultures do not become contaminated.

(@ (b)

Figure 1.1.6: (a) This Petri dish filled with agar has been streaked with Legionella, the bacterium responsible for causing Legionnaire’s
disease. (b) An inoculation loop like this one can be used to streak bacteria on agar in a Petri dish. (credit a: modification of work by
Centers for Disease Control and Prevention; credit b: modification of work by Jeffrey M. Vinocur)

Key Concepts and Summary

Microorganisms (or microbes) are living organisms that are generally too small to be seen without a microscope.
Throughout history, humans have used microbes to make fermented foods such as beer, bread, cheese, and wine.

Long before the invention of the microscope, some people theorized that infection and disease were spread by living things
that were too small to be seen. They also correctly intuited certain principles regarding the spread of disease and immunity.
Antonie van Leeuwenhoek, using a microscope, was the first to actually describe observations of bacteria, in 1675.

During the Golden Age of Microbiology (1857-1914), microbiologists, including Louis Pasteur and Robert Koch, discovered
many new connections between the fields of microbiology and medicine.
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1.2: Systematic Approach

Learning Objectives

e Describe how microorganisms are classified and distinguished as unique species
e Compare historical and current systems of taxonomy used to classify microorganisms

Once microbes became visible to humans with the help of microscopes, scientists began to realize their enormous diversity.
Microorganisms vary in all sorts of ways, including their size, their appearance, and their rates of reproduction. To study this
incredibly diverse new array of organisms, researchers needed a way to systematically organize them.

The Science of Taxonomy

Taxonomy is the classification, description, identification, and naming of living organisms. Classification is the practice of
organizing organisms into different groups based on their shared characteristics. The most famous early taxonomist was a
Swedish botanist, zoologist, and physician named Carolus Linnaeus (1701-1778). In 1735, Linnaeus published Systema Naturae, an
11-page booklet in which he proposed the Linnaean taxonomy, a system of categorizing and naming organisms using a standard
format so scientists could discuss organisms using consistent terminology. He continued to revise and add to the book, which
grew into multiple volumes (Figure 1.2.1).

Figure 1.2.1: Swedish botanist, zoologist, and physician Carolus Linnaeus developed a new system for categorizing plants and animals. In this
1853 portrait by Hendrik Hollander, Linnaeus is holding a twinflower, named Linnaea borealis in his honor.

In his taxonomy, Linnaeus divided the natural world into three kingdoms: animal, plant, and mineral (the mineral kingdom was
later abandoned). Within the animal and plant kingdoms, he grouped organisms using a hierarchy of increasingly specific levels
and sublevels based on their similarities. The names of the levels in Linnaeus’s original taxonomy were kingdom, class, order,
family, genus (plural: genera), and species. Species was, and continues to be, the most specific and basic taxonomic unit.

Evolving Trees of Life (Phylogenies)

With advances in technology, other scientists gradually made refinements to the Linnaean system and eventually created new
systems for classifying organisms. In the 1800s, there was a growing interest in developing taxonomies that took into account the
evolutionary relationships, or phylogenies, of all different species of organisms on earth. One way to depict these relationships
is via a diagram called a phylogenetic tree (or tree of life). In these diagrams, groups of organisms are arranged by how closely
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related they are thought to be. In early phylogenetic trees, the relatedness of organisms was inferred by their visible similarities,
such as the presence or absence of hair or the number of limbs. Now, the analysis is more complicated. Today, phylogenic
analyses include genetic, biochemical, and embryological comparisons, as will be discussed later in this chapter.

Linnaeus’s tree of life contained just two main branches for all living things: the animal and plant kingdoms. In 1866, Ernst
Haeckel, a German biologist, philosopher, and physician, proposed another kingdom, Protista, for unicellular organisms (Figure
1.2.2). He later proposed a fourth kingdom, Monera, for unicellular organisms whose cells lack nuclei, like bacteria.

Animalia
= Verebeuta

communis §

Figure 1.2.2: Ernst Haeckel's rendering of the tree of life, from his 1866 book General Morphology of Organisms, contained three kingdoms:
Plantae, Protista, and Animalia. He later added a fourth kingdom, Monera, for unicellular organisms lacking a nucleus.

Nearly 100 years later, in 1969, American ecologist Robert Whittaker (1920-1980) proposed adding another kingdom—Fungi—in
his tree of life. Whittaker's tree also contained a level of categorization above the kingdom level—the empire or superkingdom
level—to distinguish between organisms that have membrane-bound nuclei in their cells (eukaryotes) and those that do not
(prokaryotes). Empire Prokaryota contained just the Kingdom Monera. The Empire Eukaryota contained the other four kingdoms:
Fungi, Protista, Plantae, and Animalia. Whittaker’s five-kingdom tree was considered the standard phylogeny for many years.

Figure 1.2.3 shows how the tree of life has changed over time. Note that viruses are not found in any of these trees. That is
because they are not made up of cells and thus it is difficult to determine where they would fit into a tree of life.
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Figure 1.2.3: This timeline shows how the shape of the tree of life has changed over the centuries. Even today, the taxonomy of living organisms

is continually being reevaluated and refined with advances in technology.
Exercise 1.2.1

e Briefly summarize how our evolving understanding of microorganisms has contributed to changes in the way that
organisms are classified

Clinical Focus

Part 2

Antibiotic drugs are specifically designed to kill or inhibit the growth of bacteria. But after a couple of days on antibiotics,
Cora shows no signs of improvement. Also, her CSF cultures came back from the lab negative. Since bacteria or fungi were
not isolated from Cora’s CSF sample, her doctor rules out bacterial and fungal meningitis. Viral meningitis is still a possibility.
However, Cora now reports some troubling new symptoms. She is starting to have difficulty walking. Her muscle stiffness
has spread from her neck to the rest of her body, and her limbs sometimes jerk involuntarily. In addition, Cora’s cognitive
symptoms are worsening. At this point, Cora’s doctor becomes very concerned and orders more tests on the CSF samples.

e What types of microorganisms could be causing Cora’s symptoms?

Jump to the next Clinical Focus box. Go back to the previous Clinical Focus box

The Role of Genetics in Modern Taxonomy

Haeckel's and Whittaker’s trees presented hypotheses about the phylogeny of different organisms based on readily observable
characteristics. But the advent of molecular genetics in the late 20th century revealed other ways to organize phylogenetic trees.
Genetic methods allow for a standardized way to compare all living organisms without relying on observable characteristics
that can often be subjective. Modern taxonomy relies heavily on comparing the nucleic acids (deoxyribonucleic acid [DNA] or
ribonucleic acid [RNA]) or proteins from different organisms. The more similar the nucleic acids and proteins are between two
organisms, the more closely related they are considered to be.

In the 1970s, American microbiologist Carl Woese discovered what appeared to be a “living record” of the evolution of organisms.
He and his collaborator George Fox created a genetics-based tree of life based on similarities and differences they observed in
the small subunit ribosomal RNA (rRNA) of different organisms. In the process, they discovered that a certain type of bacteria,
called archaebacteria (now known simply as archaea), were significantly different from other bacteria and eukaryotes in terms of
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the sequence of small subunit rRNA. To accommodate this difference, they created a tree with three Domains above the level of
Kingdom: Archaea, Bacteria, and Eukarya (Figure 1.2.4). Genetic analysis of the small subunit rRNA suggests archaea, bacteria,
and eukaryotes all evolved from a common ancestral cell type. The tree is skewed to show a closer evolutionary relationship
between Archaea and Eukarya than they have to Bacteria.

Phylogenetic Tree of Life

w

Bacteria Archaea Eukarya

Slime

Animals
molds

Fungi

Spirochetes Entamoebae

Proteobacteria Plants
Cyanobacteria Ciliates

s mrdtns et 2 :
lanctomyces Flagellates

Trichomonads
Microsporidia

Diplomonads

Figure 1.2.4: Woese and Fox’s phylogenetic tree contains three domains: Bacteria, Archaea, and Eukarya. Domains Archaea and Bacteria
contain all prokaryotic organisms, and Eukarya contains all eukaryotic organisms. (credit: modification of work by Eric Gaba)

Scientists continue to use analysis of RNA, DNA, and proteins to determine how organisms are related. One interesting, and
complicating, discovery is that of horizontal gene transfer—when a gene of one species is absorbed into another organism’s
genome. Horizontal gene transfer is especially common in microorganisms and can make it difficult to determine how organisms
are evolutionarily related. Consequently, some scientists now think in terms of “webs of life” rather than “trees of life.”

¢ In modern taxonomy, how do scientists determine how closely two organisms are related?
e Explain why the branches on the “tree of life” all originate from a single “trunk.”

Naming Microbes

In developing his taxonomy, Linnaeus used a system of binomial nomenclature, a two-word naming system for identifying
organisms by genus and species. For example, modern humans are in the genus Homo and have the species name sapiens, so
their scientific name in binomial nomenclature is Homo sapiens. In binomial nomenclature, the genus part of the name is always
capitalized; it is followed by the species name, which is not capitalized. Both names are italicized.

Taxonomic names in the 18th through 20th centuries were typically derived from Latin, since that was the common language used
by scientists when taxonomic systems were first created. Today, newly discovered organisms can be given names derived from
Latin, Greek, or English. Sometimes these names reflect some distinctive trait of the organism; in other cases, microorganisms
are named after the scientists who discovered them. The archaeonHaloquadratum walsbyi is an example of both of these
naming schemes. The genus, Haloquadratum, describes the microorganism’s saltwater habitat (halo is derived from the Greek
word for “salt”) as well as the arrangement of its square cells, which are arranged in square clusters of four cells (quadratum
is Latin for “foursquare”). The species, walsbyi, is named after Anthony Edward Walsby, the microbiologist who discovered
Haloquadratum walsbyi in in 1988. While it might seem easier to give an organism a common descriptive name—like a red-
headed woodpecker—we can imagine how that could become problematic. What happens when another species of woodpecker
with red head coloring is discovered? The systematic nomenclature scientists use eliminates this potential problem by assigning
each organism a single, unique two-word name that is recognized by scientists all over the world.

In this text, we will typically abbreviate an organism’s genus and species after its first mention. The abbreviated form is simply
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the first initial of the genus, followed by a period and the full name of the species. For example, the bacterium Escherichia coli is
shortened to E. coli in its abbreviated form. You will encounter this same convention in other scientific texts as well.

Bergey’s Manuals

Whether in a tree or a web, microbes can be difficult to identify and classify. Without easily observable macroscopic features
like feathers, feet, or fur, scientists must capture, grow, and devise ways to study their biochemical properties to differentiate
and classify microbes. Despite these hurdles, a group of microbiologists created and updated a set of manuals for identifying
and classifying microorganisms. First published in 1923 and since updated many times, Bergey’s Manual of Determinative
Bacteriology and Bergey’s Manual of Systematic Bacteriology are the standard references for identifying and classifying different
prokaryotes. (Appendix D of this textbook is partly based on Bergey’'s manuals; it shows how the organisms that appear in this
textbook are classified.) Because so many bacteria look identical, methods based on nonvisual characteristics must be used to
identify them. For example, biochemical tests can be used to identify chemicals unique to certain species. Likewise, serological
tests can be used to identify specific antibodies that will react against the proteins found in certain species. Ultimately, DNA and
rRNA sequencing can be used both for identifying a particular bacterial species and for classifying newly discovered species.

Exercise 1.2.3

e What is binomial nomenclature and why is it a useful tool for naming organisms?
e Explain why a resource like one of Bergey’s manuals would be helpful in identifying a microorganism in a sample.

Micro Connections

Same Name, Different Strain

Within one species of microorganism, there can be several subtypes called strains. While different strains may be nearly
identical genetically, they can have very different attributes. The bacterium Escherichia coli is infamous for causing food
poisoning and traveler’s diarrhea. However, there are actually many different strains of E. coli, and they vary in their ability to
cause disease.

One pathogenic (disease-causing) E. coli strain that you may have heard of is E. coli 0157:H7. In humans, infection from E. coli
0157:H7 can cause abdominal cramps and diarrhea. Infection usually originates from contaminated water or food, particularly
raw vegetables and undercooked meat. In the 1990s, there were several large outbreaks of E. coli O157:H7 thought to have
originated in undercooked hamburgers.

While E. coli 0157:H7 and some other strains have given E. coli a bad name, most E. coli strains do not cause disease. In
fact, some can be helpful. Different strains of E. coli found naturally in our gut help us digest our food, provide us with some
needed chemicals, and fight against pathogenic microbes.

Link to Learning

Learn more about phylogenetic trees by exploring the Wellcome Trust’s interactive Tree of Life. The website contains
information, photos, and animations about many different organisms. Select two organisms to see how they are evolutionarily
related.

Key Concepts and Summary

e Carolus Linnaeus developed a taxonomic system for categorizing organisms into related groups.

« Binomial nomenclature assigns organisms Latinized scientific names with a genus and species designation.

¢ A phylogenetic tree is a way of showing how different organisms are thought to be related to one another from an
evolutionary standpoint.

e The first phylogenetic tree contained kingdoms for plants and animals; Ernst Haeckel proposed adding kingdom for protists.

e Robert Whittaker’s tree contained five kingdoms: Animalia, Plantae, Protista, Fungi, and Monera.

©® 13 (1.2.5)


https://bio.libretexts.org/Bookshelves/Microbiology/Microbiology_(OpenStax)/zz%3A_Back_Matter/27.6%3A_Taxonomy_of_Clinically_Relevant_Microorganisms
https://www.stem.org.uk/elibrary/resource/30498

LibreTexts"

e Carl Woese used small subunit ribosomal RNA to create a phylogenetic tree that groups organisms into three

e domains based on their genetic similarity.

e Bergey's manuals of determinative and systemic bacteriology are the standard references for identifying and classifying
bacteria, respectively.

e Bacteria can be identified through biochemical tests, DNA/RNA analysis, and serological testing methods.

This page titled 1.2: Systematic Approach is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by LibreTexts.
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1.3: Types of Microorganisms

Learning Objectives

e List the various types of microorganisms and describe their defining characteristics

e Give examples of different types of cellular and viral microorganisms and infectious agents
e Describe the similarities and differences between archaea and bacteria

e Provide an overview of the field of microbiology

Most microbes are unicellular and small enough that they require artificial magnification to be seen. However, there are some
unicellular microbes that are visible to the naked eye, and some multicellular organisms that are microscopic. An object must
measure about 100 micrometers (um) to be visible without a microscope, but most microorganisms are many times smaller than
that. For some perspective, consider that a typical animal cell measures roughly 18 um across but is still microscopic. Bacterial
cells are typically about 1 um, and viruses can be 10 times smaller than bacteria (Figure 1.3.1). See Table 1.3.1 for units of length
used in microbiology.

&4 blood
mitochondria cell

S ;
2 human

animal cell pollen

flu virus

Ceo protein
(fullerene smallpox virus egg

Gl molecule) o ,

EOloIE plant cell frog

lipids €gg
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10(3 nm

Light microscope

I
Electron microscope
Figure 1.3.1: The relative sizes of various microscopic and nonmicroscopic objects. Note that a typical virus measures about 180 nm, 10 times
smaller than a typical bacterium (~1 um), which is at least 10 times smaller than a typical plant or animal cell (~18-180 ym). An object must
measure about 100 um to be visible without a microscope.

Table 1.3.1: Units of Length Commonly Used in Microbiology

Metric Unit Meaning of Prefix Metric Equivalent

meter (m) — 1m=10%m
decimeter (dm) 110 1dm=01m=10""m
centimeter (cm) 11109 1cm=0.01m=10"2m
millimeter (mm) 1/1900 1mm=0.801Tm=10"3m
micrometer (um) 11,800,000 1pm = 0.008001m =107 m

nanometer (nm)

1/1,000,000,000

1nm = 0.000000081m =18""m

Microorganisms differ from each other not only in size, but also in structure, habitat, metabolism, and many other characteristics.
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While we typically think of microorganisms as being unicellular, there are also many multicellular organisms that are too small to
be seen without a microscope. Some microbes, such as viruses, are even acellular (not composed of cells).

Microorganisms are found in each of the three domains of life: Archaea, Bacteria, and Eukarya. Microbes within the domains
Bacteria and Archaea are all prokaryotes (their cells lack a nucleus), whereas microbes in the domain Eukarya are eukaryotes
(their cells have a nucleus). Some microorganisms, such as viruses, do not fall within any of the three domains of life. In this
section, we will briefly introduce each of the broad groups of microbes. Later chapters will go into greater depth about the diverse
species within each group.

Link to Learning

How big is a bacterium or a virus compared to other objects? Check out this interactive website to get a feel for the scale of
different microorganisms.

Prokaryotic Microorganisms

Bacteria are found in nearly every habitat on earth, including within and on humans. Most bacteria are harmless or helpful, but
some are pathogens, causing disease in humans and other animals. Bacteria are prokaryotic because their genetic material
(DNA) is not housed within a true nucleus. Most bacteria have cell walls that contain peptidoglycan.

Bacteria are often described in terms of their general shape. Common shapes include spherical (coccus), rod-shaped (bacillus),
or curved (spirillum, spirochete, or vibrio). Figure 1.3.2 shows examples of these shapes.

Coccus Bacillus Vibrio Coccobacillus Spirillum Spirochete

Figure 1.3.2: Common bacterial shapes. Note how coccobacillus is a combination of spherical (coccus) and rod- shaped (bacillus). (credit
“Coccus”: modification of work by Janice Haney Carr, Centers for Disease Control and Prevention; credit “Coccobacillus”: modification of work
by Janice Carr, Centers for Disease Control and Prevention; credit “Spirochete”: Centers for Disease Control and Prevention)

They have a wide range of metabolic capabilities and can grow in a variety of environments, using different combinations of
nutrients. Some bacteria are photosynthetic, such as oxygenic cyanobacteria and anoxygenic green sulfur and green nonsulfur
bacteria; these bacteria use energy derived from sunlight, and fix carbon dioxide for growth. Other types of bacteria are
nonphotosynthetic, obtaining their energy from organic or inorganic compounds in their environment.

Archaea are also unicellular prokaryotic organisms. Archaea and bacteria have different evolutionary histories, as well as
significant differences in genetics, metabolic pathways, and the composition of their cell walls and membranes. Unlike most
bacteria, archaeal cell walls do not contain peptidoglycan, but their cell walls are often composed of a similar substance called
pseudopeptidoglycan. Like bacteria, archaea are found in nearly every habitat on earth, even extreme environments that are very
cold, very hot, very basic, or very acidic (Figure 1.3.3). Some archaea live in the human body, but none have been shown to be
human pathogens.
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Figure 1.3.3: Some archaea live in extreme environments, such as the Morning Glory pool, a hot spring in Yellowstone National Park. The color
differences in the pool result from the different communities of microbes that are able to thrive at various water temperatures.

e What are the two main types of prokaryotic organisms?
¢ Name some of the defining characteristics of each type

Eukaryotic Microorganisms

The domain Eukarya contains all eukaryotes, including uni- or multicellular eukaryotes such as protists, fungi, plants, and animals.
The major defining characteristic of eukaryotes is that their cells contain a nucleus.

Protists

Protists are unicellular eukaryotes that are not plants, animals, or fungi. Algae and protozoa are examples of protists.

Algae (singular: alga) are plant-like protists that can be either unicellular or multicellular (Figure 1.3.4). Their cells are surrounded
by cell walls made of cellulose, a type of carbohydrate. Algae are photosynthetic organisms that extract energy from the sun and
release oxygen and carbohydrates into their environment. Because other organisms can use their waste products for energy, algae
are important parts of many ecosystems. Many consumer products contain ingredients derived from algae, such as carrageenan
or alginic acid, which are found in some brands of ice cream, salad dressing, beverages, lipstick, and toothpaste. A derivative
of algae also plays a prominent role in the microbiology laboratory. Agar, a gel derived from algae, can be mixed with various
nutrients and used to grow microorganisms in a Petri dish. Algae are also being developed as a possible source for biofuels.
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Figure 1.3.4: Assorted diatoms, a kind of algae, live in annual sea ice in McMurdo Sound, Antarctica. Diatoms range in size from 2 um to 200
pUm and are visualized here using light microscopy. (credit: modification of work by National Oceanic and Atmospheric Administration)

Protozoa (singular: protozoan) are protists that make up the backbone of many food webs by providing nutrients for other
organisms. Protozoa are very diverse. Some protozoa move with help from hair-like structures called cilia or whip-like structures
called flagella. Others extend part of their cell membrane and cytoplasm to propel themselves forward. These cytoplasmic
extensions are called pseudopods (“false feet”). Some protozoa are photosynthetic; others feed on organic material. Some are
free-living, whereas others are parasitic, only able to survive by extracting nutrients from a host organism. Most protozoa are
harmless, but some are pathogens that can cause disease in animals or humans (Figure 1.3.5).

Figure 1.3.5: Giardia lamblia, an intestinal protozoan parasite that infects humans and other mammals, causing severe diarrhea. (credit:
modification of work by Centers for Disease Control and Prevention)

Fungi

Fungi (singular: fungus) are also eukaryotes. Some multicellular fungi, such as mushrooms, resemble plants, but they are actually
quite different. Fungi are not photosynthetic, and their cell walls are usually made out of chitin rather than cellulose.

Unicellular fungi—yeasts—are included within the study of microbiology. There are more than 1900 known species. Yeasts are
found in many different environments, from the deep sea to the human navel. Some yeasts have beneficial uses, such as causing
bread to rise and beverages to ferment; but yeasts can also cause food to spoil. Some even cause diseases, such as vaginal yeast
infections and oral thrush (Figure 1.3.6).
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Figure 1.3.6: Candida albicans is a unicellular fungus, or yeast. It is the causative agent of vaginal yeast infections as well as oral thrush, a
yeast infection of the mouth that commonly afflicts infants. C. albicans has a morphology similar to that of coccus bacteria; however, yeast is a
eukaryotic organism (note the nuclei) and is much larger. (credit: modification of work by Centers for Disease Control and Prevention)

Other fungi of interest to microbiologists are multicellular organisms called molds. Molds are made up of long filaments that form
visible colonies (Figure 1.3.7). Molds are found in many different environments, from soil to rotting food to dank bathroom corners.
Molds play a critical role in the decomposition of dead plants and animals. Some molds can cause allergies, and others produce
disease-causing metabolites called mycotoxins. Molds have been used to make pharmaceuticals, including penicillin, which is
one of the most commonly prescribed antibiotics, and cyclosporine, used to prevent organ rejection following a transplant.

Figure 1.3.7: Large colonies of microscopic fungi can often be observed with the naked eye, as seen on the surface of these moldy oranges.

¢ Name two types of protists and two types of fungi.
¢ Name some of the defining characteristics of each type.
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Helminths

Multicellular parasitic worms called helminths are not technically microorganisms, as most are large enough to see without
a microscope. However, these worms fall within the field of microbiology because diseases caused by helminths involve
microscopic eggs and larvae. One example of a helminth is the guinea worm, or Dracunculus medinensis, which causes dizziness,
vomiting, diarrhea, and painful ulcers on the legs and feet when the worm works its way out of the skin (Figure 1.3.8). Infection
typically occurs after a person drinks water containing water fleas infected by guinea-worm larvae. In the mid-1988s, there were
an estimated 3.5 million cases of guinea-worm disease, but the disease has been largely eradicated. In 2014, there were only
126 cases reported, thanks to the coordinated efforts of the World Health Organization (WHO) and other groups committed to
improvements in drinking water sanitation.[[?]

(b)

Figure 1.3.8: (a) The beef tapeworm, Taenia saginata, infects both cattle and humans. T. saginata eggs are microscopic (around 58 um), but

adult worms like the one shown here can reach 4-10 m, taking up residence in the digestive system. (b) An adult guinea worm, Dracunculus

medinensis, is removed through a lesion in the patient’s skin by winding it around a matchstick. (credit a, b: modification of work by Centers
for Disease Control and Prevention)

Viruses

Viruses are acellular microorganisms, which means they are not composed of cells. Essentially, a virus consists of proteins
and genetic material—either DNA or RNA, but never both—that are inert outside of a host organism. However, by incorporating
themselves into a host cell, viruses are able to co-opt the host’s cellular mechanisms to multiply and infect other hosts.

Viruses can infect all types of cells, from human cells to the cells of other microorganisms. In humans, viruses are responsible for
numerous diseases, from the common cold to deadly Ebola (Figure 1.3.9). However, many viruses do not cause disease.
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(b)

Figure 1.3.9: (a) Members of the Coronavirus family can cause respiratory infections like the common cold, severe acute respiratory syndrome

(SARS), and Middle East respiratory syndrome (MERS). Here they are viewed under a transmission electron microscope (TEM). (b) Ebolavirus, a

member of the Filovirus family, as visualized using a TEM. (credit a: modification of work by Centers for Disease Control and Prevention; credit
b: modification of work by Thomas W. Geisbert)

e Are helminths microorganisms? Explain why or why not.
e How are viruses different from other microorganisms?

Microbiology as a Field of Study

Microbiology is a broad term that encompasses the study of all different types of microorganisms. But in practice,
microbiologists tend to specialize in one of several subfields. For example, bacteriology is the study of bacteria; mycology is the
study of fungi; protozoology is the study of protozoa; parasitology is the study of helminths and other parasites; and virology is
the study of viruses (Figure 1.3.10). Immunology, the study of the immune system, is often included in the study of microbiology
because host-pathogen interactions are central to our understanding of infectious disease processes. Microbiologists can also

specialize in certain areas of microbiology, such as clinical microbiology, environmental microbiology, applied microbiology, or
food microbiology.

In this textbook, we are primarily concerned with clinical applications of microbiology, but since the various subfields of
microbiology are highly interrelated, we will often discuss applications that are not strictly clinical.
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Figure 1.3.10: A virologist samples eggs from this nest to be tested for the influenza A virus, which causes avian flu in birds. (credit: U.S. Fish

and Wildlife Service)
Eye on Ethics

Bioethics in Microbiology

In the 1940s, the U.S. government was looking for a solution to a medical problem: the prevalence of sexually transmitted
diseases (STDs) among soldiers. Several now-infamous government-funded studies used human subjects to research
common STDs and treatments. In one such study, American researchers intentionally exposed more than 1300 human
subjects in Guatemala to syphilis, gonorrhea, and chancroid to determine the ability of penicillin and other antibiotics
to combat these diseases. Subjects of the study included Guatemalan soldiers, prisoners, prostitutes, and psychiatric
patients—none of whom were informed that they were taking part in the study. Researchers exposed subjects to STDs by
various methods, from facilitating intercourse with infected prostitutes to inoculating subjects with the bacteria known to
cause the diseases. This latter method involved making a small wound on the subject’s genitals or elsewhere on the body,
and then putting bacteria directly into the wound.! In 2011, a U.S. government commission tasked with investigating the
experiment revealed that only some of the subjects were treated with penicillin, and 83 subjects died by 1953, likely as a
result of the study.¥

Unfortunately, this is one of many horrific examples of microbiology experiments that have violated basic ethical standards.
Even if this study had led to a life-saving medical breakthrough (it did not), few would argue that its methods were ethically
sound or morally justifiable. But not every case is so clear cut. Professionals working in clinical settings are frequently
confronted with ethical dilemmas, such as working with patients who decline a vaccine or life-saving blood transfusion. These
are just two examples of life-and-death decisions that may intersect with the religious and philosophical beliefs of both the
patient and the health-care professional.

No matter how noble the goal, microbiology studies and clinical practice must be guided by a certain set of ethical principles.
Studies must be done with integrity. Patients and research subjects provide informed consent (not only agreeing to be treated
or studied but demonstrating an understanding of the purpose of the study and any risks involved). Patients’ rights must
be respected. Procedures must be approved by an institutional review board. When working with patients, accurate record-
keeping, honest communication, and confidentiality are paramount. Animals used for research must be treated humanely,
and all protocols must be approved by an institutional animal care and use committee. These are just a few of the ethical
principles explored in the Eye on Ethics boxes throughout this book.

Clinical Focus

Resolution
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Cora’s CSF samples show no signs of inflammation or infection, as would be expected with a viral infection. However, there is
a high concentration of a particular protein, 14-3-3 protein, in her CSF. An electroencephalogram (EEG) of her brain function
is also abnormal. The EEG resembles that of a patient with a neurodegenerative disease like Alzheimer's or Huntington’s, but
Cora’s rapid cognitive decline is not consistent with either of these. Instead, her doctor concludes that Cora has Creutzfeldt-
Jakob disease (CJD), a type of transmissible spongiform encephalopathy (TSE).

CJD is an extremely rare disease, with only about 300 cases in the United States each year. It is not caused by a bacterium,
fungus, or virus, but rather by prions—which do not fit neatly into any particular category of microbe. Like viruses, prions are
not found on the tree of life because they are acellular. Prions are extremely small, about one-tenth the size of a typical virus.
They contain no genetic material and are composed solely of a type of abnormal protein.

CJD can have several different causes. It can be acquired through exposure to the brain or nervous- system tissue of an
infected person or animal. Consuming meat from an infected animal is one way such exposure can occur. There have also
been rare cases of exposure to CJD through contact with contaminated surgical equipment®! and from cornea and growth-
hormone donors who unknowingly had CJD.SI[7! In rare cases, the disease results from a specific genetic mutation that can
sometimes be hereditary. However, in approximately 85% of patients with CJD, the cause of the disease is spontaneous
(or sporadic) and has no identifiable cause.ll Based on her symptoms and their rapid progression, Cora is diagnosed with
sporadic CJD.

Unfortunately for Cora, CJD is a fatal disease for which there is no approved treatment. Approximately 90% of patients die
within 1 year of diagnosis.l! Her doctors focus on limiting her pain and cognitive symptoms as her disease progresses. Eight

months later, Cora dies. Her CJD diagnosis is confirmed with a brain autopsy.

Go back to the previous Clinical Focus box.

Key Concepts and Summary

e Microorganisms are very diverse and are found in all three domains of life: Archaea, Bacteria, and Eukarya.

« Archaea and bacteria are classified as prokaryotes because they lack a cellular nucleus. Archaea differ from

e bacteria in evolutionary history, genetics, metabolic pathways, and cell wall and membrane composition.

e Archaea inhabit nearly every environment on earth, but no archaea have been identified as human pathogens.

¢ Eukaryotes studied in microbiology include algae, protozoa, fungi, and helminths.

¢ Algae are plant-like organisms that can be either unicellular or multicellular, and derive energy via photosynthesis.

e Protozoa are unicellular organisms with complex cell structures; most are motile.

e Microscopic fungi include molds and yeasts.

¢ Helminths are multicellular parasitic worms. They are included in the field of microbiology because their eggs and larvae
are often microscopic.

e Viruses are acellular microorganisms that require a host to reproduce.

e The field of microbiology is extremely broad. Microbiologists typically specialize in one of many subfields, but all health
professionals need a solid foundation in clinical microbiology.
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1.4: Review Questions

Multiple Choice

1. Which of the following foods is NOT made by fermentation?

A. beer
B. bread
C. cheese

D. orange juice
Answer available at the end of this section.

2. Who is considered the “father of Western medicine”?
A. Marcus Terentius Varro
B. Thucydides
C. Antonie van Leeuwenhoek
D. Hippocrates

Answer available at the end of this section.

3. Who was the first to observe “animalcules” under the microscope?
A. Antonie van Leeuwenhoek
B. Otzi the Iceman
C. Marcus Terentius Varro
D. Robert Koch

Answer available at the end of this section.
4. Who proposed that swamps might harbor tiny, disease-causing animals too small to see?
A. Thucydides
B. Marcus Terentius Varro
C. Hippocrates
D. Louis Pasteur

Answer available at the end of this section.

5. Which of the following was NOT a kingdom in Linnaeus’s taxonomy?

A. animal
B. mineral
C. protist
D. plant

Answer available at the end of this section.

6. Which of the following is a correct usage of binomial nomenclature?
A. Homo Sapiens
B. homo sapiens
C. Homo sapiens
D. Homo Sapiens

Answer available at the end of this section.
7. Which scientist proposed adding a kingdom for protists?

A. Carolus Linnaeus
B. Carl Woese
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C. Robert Whittaker
D. Ernst Haeckel

Answer available at the end of this section.

8. Which of the following is NOT a domain in Woese and Fox’s phylogenetic tree?

A. Plantae
B. Bacteria
C. Archaea
D. Eukarya

Answer available at the end of this section.

9. Which of the following is the standard resource for identifying bacteria?
A. Systema Naturae
B. Bergey’s Manual of Determinative Bacteriology
C. Woese and Fox’s phylogenetic tree
D. Haeckel's General Morphology of Organisms

Answer available at the end of this section.

10. Which of the following types of microorganisms is photosynthetic?

A. yeast
B. virus
C. helminth
D. alga

Answer available at the end of this section.

11.  Which of the following is a prokaryotic microorganism?
A. helminth
B. protozoan
C. cyanobacterium
D. mold

Answer available at the end of this section.

12. Which of the following is acellular?

A. virus
B. bacterium
C. fungus
D. protozoan

Answer available at the end of this section.

13. Which of the following is a type of fungal microorganism?
A. bacterium
B. protozoan
C. alga
D. yeast

Answer available at the end of this section.

14. Which of the following is not a subfield of microbiology?
A. bacteriology

B. botany
C. clinical microbiology
D. virology
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
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Answer available at the end of this section.

Fill in the Blank

Thucydides is known as the fatherof __________ .

Answer available at the end of this section.

Researchers think that Otzi the Iceman may have been infected with _____ disease.
Answer available at the end of this section.

The process by which microbes turn grape juice into wineiscalled _______ .
Answer available at the end of this section.

In binomial nomenclature, an organism'’s scientific name includes its and
Answer available at the end of this section.

Haeckel proposed adding the kingdoms and to his phylogenetic tree.

Answer available at the end of this section.
______ are organisms without membrane-bound nuclei.

Answer available at the end of this section.

______are microorganisms that are not included in phylogenetic trees because they are acellular.
Answer available at the end of this section.

A________is a disease-causing microorganism.

Answer available at the end of this section.

Multicellular parasitic worms studied by microbiologists are called __________.

Answer available at the end of this section.

The study of virusesis ___________.

Answer available at the end of this section.

The cells of prokaryotic organisms lacka _______.

Answer available at the end of this section.

Short Answer

What did Thucydides learn by observing the Athenian plague?
Why was the invention of the microscope important for microbiology?
What are some ways people use microbes?

What is a phylogenetic tree?
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30. Which of the five kingdoms in Whittaker’'s phylogenetic tree are prokaryotic, and which are eukaryotic?
31. What molecule did Woese and Fox use to construct their phylogenetic tree?

32. Name some techniques that can be used to identify and differentiate species of bacteria.

33. Describe the differences between bacteria and archaea.

34. Name three structures that various protozoa use for locomotion.

35. Describe the actual and relative sizes of a virus, a bacterium, and a plant or animal cell.

Critical Thinking

36. Explain how the discovery of fermented foods likely benefited our ancestors.

37. What evidence would you use to support this statement: Ancient people thought that disease was transmitted by things
they could not see.

38. Why is using binomial nomenclature more useful than using common names?

39. Label the three Domains found on modern phylogenetic trees.

Phylogenetic Tree of Life

Bacteria Archaea Eukarya
Green
filamentous Slime e
Spirochetes bacteria Entamoebae oids ~Nimals

Gram Fungi

positives

Methanosarcina
Methanobacterium [Halophiles
Methanococcus

T. celer
Thermoproteus
Pyrodicticum

Proteobacteria Plants

Cyanobacteria Ciliates

Planctomyces Flagellates

Bacteroides
Cytophaga

Trichomonads

Microsporidia
Thermotoga
) Diplomonads
Aquifex

40. Contrast the behavior of a virus outside versus inside a cell.

41. Where would a virus, bacterium, animal cell, and a prion belong on this chart?
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Answers

Multiple Choice
D

Multiple Choice
D

Multiple Choice
A

Multiple Choice
B

Multiple Choice
c

Multiple Choice
C

Multiple Choice
D

Multiple Choice
A

Multiple Choice
B

Multiple Choice
D

Multiple Choice
C

Multiple Choice
A

Multiple Choice
D

Multiple Choice
B

Fill in the Blank
scientific history

Fill in the Blank
Lyme

Fill in the Blank
fermentation
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Fill in the Blank
genus, species

Fill in the Blank
Protista and Monera

Fill in the Blank
Prokaryotes

Fill in the Blank
Viruses

Fill in the Blank
pathogen

Fill in the Blank
helminths

Fill in the Blank
virology

Fill in the Blank
nucleus
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1: AN INVISIBLE WORLD

From boiling thermal hot springs to deep beneath the Antarctic ice, microorganisms can be found almost everywhere on earth in
great quantities. Microorganisms (or microbes, as they are also called) are small organisms. Most are so small that they cannot
be seen without a microscope.

Most microorganisms are harmless to humans and, in fact, many are helpful. They play fundamental roles in ecosystems
everywhere on earth, forming the backbone of many food webs. People use them to make biofuels, medicines, and even foods.
Without microbes, there would be no bread, cheese, or beer. Our bodies are filled with microbes, and our skin alone is home to
trillions of them.[!l Some of them we can't live without; others cause diseases that can make us sick or even kill us.

Although much more is known today about microbial life than ever before, the vast majority of this invisible world remains
unexplored. Microbiologists continue to identify new ways that microbes benefit and threaten humans.

Chapter Outline

1.1: What Our Ancestors Knew
1.2: Systematic Approach
1.3: Types of Microorganisms

1.4: Review Questions

Footnotes

1. J. Huler et al. “A Jungle in There: Bacteria in Belly Buttons are Highly Diverse, but Predictable.” PLoS ONE 7 no. 11 (2012):
e47712. doi:18.1371/journal.pone.0047712.

This page titled 1: An Invisible World is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by LibreTexts.
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2: Disease and Epidemiology (Part A)
2.1: Tracking Infectious Diseases

2.2: Review Questions

This page titled Week 2 is shared under a license and was authored, remixed, and/or curated by LibreTexts.

32


https://bio.libretexts.org/Courses/Sacramento_City_College/BIOL_342%3A_The_New_Plagues_-_New_and_Ancient_Infectious_Diseases_Threatening_World_Health_(Hughes)/02%3A_Week_2

LibreTexts"

2.1: Tracking Infectious Diseases

Learning Objectives

e Explain the research approaches used by the pioneers of epidemiology
e Explain how descriptive, analytical, and experimental epidemiological studies go about determining the cause of
morbidity and mortality

Epidemiology has its roots in the work of physicians who looked for patterns in disease occurrence as a way to understand how
to prevent it. The idea that disease could be transmitted was an important precursor to making sense of some of the patterns.
In 1546, Girolamo Fracastoro first proposed the germ theory of disease in his essay De Contagione et Contagiosis Morbis, but
this theory remained in competition with other theories, such as the miasma hypothesis, for many years (see What Our Ancestors
Knew). Uncertainty about the cause of disease was not an absolute barrier to obtaining useful knowledge from patterns of disease.
Some important researchers, such as Florence Nightingale, subscribed to the miasma hypothesis. The transition to acceptance
of the germ theory during the 19th century provided a solid mechanistic grounding to the study of disease patterns. The studies
of 19th century physicians and researchers such as John Snow, Florence Nightingale, Ignaz Semmelweis, Joseph Lister, Robert
Koch, Louis Pasteur, and others sowed the seeds of modern epidemiology.

Pioneers of Epidemiology

John Snow (Figure 2.1.1) was a British physician known as the father of epidemiology for determining the source of the 1854
Broad Street cholera epidemic in London. Based on observations he had made during an earlier cholera outbreak (1848-1849),
Snow proposed that cholera was spread through a fecal-oral route of transmission and that a microbe was the infectious agent.
He investigated the 1854 cholera epidemic in two ways. First, suspecting that contaminated water was the source of the epidemic,
Snow identified the source of water for those infected. He found a high frequency of cholera cases among individuals who
obtained their water from the River Thames downstream from London. This water contained the refuse and sewage from London
and settlements upstream. He also noted that brewery workers did not contract cholera and on investigation found the owners

provided the workers with beer to drink and stated that they likely did not drink Water.[ﬂ Second, he also painstakingly mapped
the incidence of cholera and found a high frequency among those individuals using a particular water pump located on Broad

(2]

Street. In response to Snow’s advice, local officials removed the pump’s handle,'" resulting in the containment of the Broad

Street cholera epidemic.
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(a) (b)
Figure 2.1.1: (a) John Snow (1813-1858), British physician and father of epidemiology. (b) Snow’s detailed mapping of cholera incidence led to
the discovery of the contaminated water pump on Broad street (red square) responsible for the 1854 cholera epidemic. (credit a: modification
of work by “Rsabbatini”/Wikimedia Commons)

Snow’s work represents an early epidemiological study and it resulted in the first known public health response to an epidemic.
Snow’s meticulous case-tracking methods are now common practice in studying disease outbreaks and in associating new
diseases with their causes. His work further shed light on unsanitary sewage practices and the effects of waste dumping in
the Thames. Additionally, his work supported the germ theory of disease, which argued disease could be transmitted through
contaminated items, including water contaminated with fecal matter.

Snow’s work illustrated what is referred to today as a common source spread of infectious disease, in which there is a single
source for all of the individuals infected. In this case, the single source was the contaminated well below the Broad Street pump.
Types of common source spread include point source spread, continuous common source spread, and intermittent common
source spread. In point source spread of infectious disease, the common source operates for a short time period—less than the
incubation period of the pathogen. An example of point source spread is a single contaminated potato salad at a group picnic.
In continuous common source spread, the infection occurs for an extended period of time, longer than the incubation period. An
example of continuous common source spread would be the source of London water taken downstream of the city, which was
continuously contaminated with sewage from upstream. Finally, with intermittent common source spread, infections occur for a
period, stop, and then begin again. This might be seen in infections from a well that was contaminated only after large rainfalls
and that cleared itself of contamination after a short period.

In contrast to common source spread, propagated spread occurs through direct or indirect person-to-person contact. With
propagated spread, there is no single source for infection; each infected individual becomes a source for one or more subsequent
infections. With propagated spread, unless the spread is stopped immediately, infections occur for longer than the incubation
period. Although point sources often lead to large-scale but localized outbreaks of short duration, propagated spread typically
results in longer duration outbreaks that can vary from small to large, depending on the population and the disease (Figure 2.1.2).
In addition, because of person-to-person transmission, propagated spread cannot be easily stopped at a single source like point
source spread.
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Figure 2.1.2: (a) Outbreaks that can be attributed to point source spread often have a short duration. (b) Outbreaks attributed to propagated
spread can have a more extended duration. (credit a, b: modification of work by Centers for Disease Control and Prevention)

Florence Nightingale’'s work is another example of an early epidemiological study. In 1854, Nightingale was part of a contingent
of nurses dispatched by the British military to care for wounded soldiers during the Crimean War. Nightingale kept meticulous
records regarding the causes of illness and death during the war. Her recordkeeping was a fundamental task of what would
later become the science of epidemiology. Her analysis of the data she collected was published in 1858. In this book, she
presented monthly frequency data on causes of death in a wedge chart histogram (Figure 2.1.3). This graphical presentation of
data, unusual at the time, powerfully illustrated that the vast majority of casualties during the war occurred not due to wounds
sustained in action but to what Nightingale deemed preventable infectious diseases. Often these diseases occurred because of
poor sanitation and lack of access to hospital facilities. Nightingale’s findings led to many reforms in the British military’s system
of medical care.

Joseph Lister provided early epidemiological evidence leading to good public health practices in clinics and hospitals. These
settings were notorious in the mid-1800s for fatal infections of surgical wounds at a time when the germ theory of disease was
not yet widely accepted (see Foundations of Modern Cell Theory). Most physicians did not wash their hands between patient visits
or clean and sterilize their surgical tools. Lister, however, discovered the disinfecting properties of carbolic acid, also known as
phenol (see Using Chemicals to Control Microorganisms). He introduced several disinfection protocols that dramatically lowered

post-surgical infection rates.®! He demanded that surgeons who worked for him use a 5% carbolic acid solution to clean their

surgical tools between patients, and even went so far as to spray the solution onto bandages and over the surgical site during
operations (Figure 2.1.4). He also took precautions not to introduce sources of infection from his skin or clothing by removing his
coat, rolling up his sleeves, and washing his hands in a dilute solution of carbolic acid before and during the surgery.
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Figure 2.1.3: (a) Florence Nightingale reported on the data she collected as a nurse in the Crimean War. (b) Nightingale’s diagram shows the

number of fatalities in soldiers by month of the conflict from various causes. The total number dead in a particular month is equal to the area
of the wedge for that month. The colored sections of the wedge represent different causes of death: wounds (pink), preventable infectious

Figure 2.1.4: Joseph Lister initiated the use of a carbolic acid (phenol) during surgeries. This illustration of a surgery shows a pressurized

canister of carbolic acid being sprayed over the surgical site.

Link to Learning

John Snow’s own account of his work has additional links and information.
This CDC resource further breaks down the pattern expected from a point-source outbreak.

Learn more about Nightingale’s wedge chart here.

1. Explain the difference between common source spread and propagated spread of disease.
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2. Describe how the observations of John Snow, Florence Nightingale, and Joseph Lister led to improvements in public
health.

Types of Epidemiological Studies

Today, epidemiologists make use of study designs, the manner in which data are gathered to test a hypothesis, similar to those
of researchers studying other phenomena that occur in populations. These approaches can be divided into observational studies
(in which subjects are not manipulated) and experimental studies (in which subjects are manipulated). Collectively, these studies
give modern-day epidemiologists multiple tools for exploring the connections between infectious diseases and the populations
of susceptible individuals they might infect.

Observational Studies

In an observational study, data are gathered from study participants through measurements (such as physiological variables like
white blood cell count), or answers to questions in interviews (such as recent travel or exercise frequency). The subjects in an
observational study are typically chosen at random from a population of affected or unaffected individuals. However, the subjects
in an observational study are in no way manipulated by the researcher. Observational studies are typically easier to carry out than
experimental studies, and in certain situations they may be the only studies possible for ethical reasons.

Observational studies are only able to measure associations between disease occurrence and possible causative agents; they do
not necessarily prove a causal relationship. For example, suppose a study finds an association between heavy coffee drinking and
lower incidence of skin cancer. This might suggest that coffee prevents skin cancer, but there may be another unmeasured factor
involved, such as the amount of sun exposure the participants receive. If it turns out that coffee drinkers work more in offices and
spend less time outside in the sun than those who drink less coffee, then it may be possible that the lower rate of skin cancer
is due to less sun exposure, not to coffee consumption. The observational study cannot distinguish between these two potential
causes.

There are several useful approaches in observational studies. These include methods classified as descriptive epidemiology and
analytical epidemiology. Descriptive epidemiology gathers information about a disease outbreak, the affected individuals, and
how the disease has spread over time in an exploratory stage of study. This type of study will involve interviews with patients,
their contacts, and their family members; examination of samples and medical records; and even histories of food and beverages
consumed. Such a study might be conducted while the outbreak is still occurring. Descriptive studies might form the basis for
developing a hypothesis of causation that could be tested by more rigorous observational and experimental studies.

Analytical epidemiology employs carefully selected groups of individuals in an attempt to more convincingly evaluate hypotheses
about potential causes for a disease outbreak. The selection of cases is generally made at random, so the results are not biased
because of some common characteristic of the study participants. Analytical studies may gather their data by going back in time
(retrospective studies), or as events unfold forward in time (prospective studies).

Retrospective studies gather data from the past on present-day cases. Data can include things like the medical history, age,
gender, or occupational history of the affected individuals. This type of study examines associations between factors chosen or
available to the researcher and disease occurrence.

Prospective studies follow individuals and monitor their disease state during the course of the study. Data on the characteristics
of the study subjects and their environments are gathered at the beginning and during the study so that subjects who become ill
may be compared with those who do not. Again, the researchers can look for associations between the disease state and variables
that were measured during the study to shed light on possible causes.

Analytical studies incorporate groups into their designs to assist in teasing out associations with disease. Approaches to group-
based analytical studies include cohort studies, case-control studies, and cross-sectional studies. The cohort method examines
groups of individuals (called cohorts) who share a particular characteristic. For example, a cohort might consist of individuals born
in the same year and the same place; or it might consist of people who practice or avoid a particular behavior, e.g., smokers or
nonsmokers. In a cohort study, cohorts can be followed prospectively or studied retrospectively. If only a single cohort is followed,
then the affected individuals are compared with the unaffected individuals in the same group. Disease outcomes are recorded
and analyzed to try to identify correlations between characteristics of individuals in the cohort and disease incidence. Cohort
studies are a useful way to determine the causes of a condition without violating the ethical prohibition of exposing subjects to
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a risk factor. Cohorts are typically identified and defined based on suspected risk factors to which individuals have already been
exposed through their own choices or circumstances.

Case-control studies are typically retrospective and compare a group of individuals with a disease to a similar group of individuals
without the disease. Case-control studies are far more efficient than cohort studies because researchers can deliberately select
subjects who are already affected with the disease as opposed to waiting to see which subjects from a random sample will
develop a disease.

A cross-sectional study analyzes randomly selected individuals in a population and compares individuals affected by a disease
or condition to those unaffected at a single point in time. Subjects are compared to look for associations between certain
measurable variables and the disease or condition. Cross-sectional studies are also used to determine the prevalence of a
condition.

Experimental Studies

Experimental epidemiology uses laboratory or clinical studies in which the investigator manipulates the study subjects to study
the connections between diseases and potential causative agents or to assess treatments. Examples of treatments might be the
administration of a drug, the inclusion or exclusion of different dietary items, physical exercise, or a particular surgical procedure.
Animals or humans are used as test subjects. Because experimental studies involve manipulation of subjects, they are typically
more difficult and sometimes impossible for ethical reasons.

Koch’s postulates require experimental interventions to determine the causative agent for a disease. Unlike observational studies,
experimental studies can provide strong evidence supporting cause because other factors are typically held constant when the
researcher manipulates the subject. The outcomes for one group receiving the treatment are compared to outcomes for a group
that does not receive the treatment but is treated the same in every other way. For example, one group might receive a regimen
of a drug administered as a pill, while the untreated group receives a placebo (a pill that looks the same but has no active
ingredient). Both groups are treated as similarly as possible except for the administration of the drug. Because other variables are
held constant in both the treated and the untreated groups, the researcher is more certain that any change in the treated group
is a result of the specific manipulation.

Experimental studies provide the strongest evidence for the etiology of disease, but they must also be designed carefully to
eliminate subtle effects of bias. Typically, experimental studies with humans are conducted as double-blind studies, meaning
neither the subjects nor the researchers know who is a treatment case and who is not. This design removes a well-known cause
of bias in research called the placebo effect, in which knowledge of the treatment by either the subject or the researcher can
influence the outcomes.

Exercise 2.1.2

1. Describe the advantages and disadvantages of observational studies and experimental studies.
2. Explain the ways that groups of subjects can be selected for analytical studies.

Clinical Focus

Part 3

Since laboratory tests had confirmed Salmonella, a common foodborne pathogen, as the etiologic agent, epidemiologists
suspected that the outbreak was caused by contamination at a food processing facility serving the region. Interviews with
patients focused on food consumption during and after the Thanksgiving holiday, corresponding with the timing of the
outbreak. During the interviews, patients were asked to list items consumed at holiday gatherings and describe how widely
each item was consumed among family members and relatives. They were also asked about the sources of food items (e.g.,
brand, location of purchase, date of purchase). By asking such questions, health officials hoped to identify patterns that would
lead back to the source of the outbreak.
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Analysis of the interview responses eventually linked almost all of the cases to consumption of a holiday dish known as the
turducken—a chicken stuffed inside a duck stuffed inside a turkey. Turducken is a dish not generally consumed year-round,
which would explain the spike in cases just after the Thanksgiving holiday. Additional analysis revealed that the turduckens
consumed by the affected patients were purchased already stuffed and ready to be cooked. Moreover, the pre-stuffed
turduckens were all sold at the same regional grocery chain under two different brand names. Upon further investigation,
officials traced both brands to a single processing plant that supplied stores throughout the Florida panhandle.

e Is this an example of common source spread or propagated spread?
e What next steps would the public health office likely take after identifying the source of the outbreak?

Jump to the next Clinical Focus box. Go back to the previous Clinical Focus box.

Key Concepts and Summary

e Early pioneers of epidemiology such as John Snow, Florence Nightingale, and Joseph Lister, studied disease at the
population level and used data to disrupt disease transmission.

o Descriptive epidemiology studies rely on case analysis and patient histories to gain information about outbreaks,
frequently while they are still occurring.

¢ Retrospective epidemiology studies use historical data to identify associations with the disease state of present cases.
Prospective epidemiology studies gather data and follow cases to find associations with future disease states.

¢ Analytical epidemiology studies are observational studies that are carefully designed to compare groups and uncover
associations between environmental or genetic factors and disease.

¢ Experimental epidemiology studies generate strong evidence of causation in disease or treatment by manipulating
subjects and comparing them with control subjects.

Footnotes
1. John Snow. On the Mode of Communication of Cholera. Second edition, Much Enlarged. John Churchill, 1855.
2. John Snow. “The Cholera near Golden-Wquare, and at Deptford.” Medical Times and Gazette 9 (1854). 321-322.

http://www.ph.ucla.edu/epi/snow/chol..densquare.html.
3. O.M. Lidwell. “Joseph Lister and Infection from the Air.”" Epidemiology and Infection 99 (1987): 569-578.
www.nchi.nlm.nih.gov/pmc/arti..00006-0004.pdf.
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2.2: Review Questions

1. Match each type of epidemiology study with its description.

___experimental | A. examination of past case histories and medical test results conducted on patients in an outbreak

___analytical B. examination of current case histories, interviews with patients and their contacts, interpretation of
medical test results; frequently conducted while outbreak is still in progress

___prospective | C. use of a set of test subjects (human or animal) and control subjects that are treated the same as the test
subjects except for the specific treatment being studied

___descriptive D. observing groups of individuals to look for associations with disease

___retrospective | E. a comparison of a cohort of individuals through the course of the study

Answer available at the end of this section.

2. Match each pioneer of epidemiology with his or her contribution.

___Florence A. determined the source of a cholera outbreak in London
Nightingale

___Robert Koch | B. showed that surgical wound infection rates could be dramatically reduced by using carbolic acid to
disinfect surgical tools, bandages, and surgical sites

___Joseph C. compiled data on causes of mortality in soldiers, leading to innovations in military medical care
Lister

___John Snow D. developed a methodology for conclusively determining the etiology of disease

Answer available at the end of this section.

Fill in the Blank

3. ________occurs when an infected individual passes the infection on to other individuals, who pass it on to still others,
increasing the penetration of the infection into the susceptible population.

Answer available at the end of this section.

4. A batch of food contaminated with botulism exotoxin, consumed at a family reunion by most of the members of a family,
would be an example of a ___ outbreak.

Answer available at the end of this section.

Short Answer

5. What activity did John Snow conduct, other than mapping, that contemporary epidemiologists also use when trying to
understand how to control a disease?
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Answers
Matching
C,D,/EB,A
Matching
CD,B A
Fill in the Blank
Propagated spread

Fill in the Blank
point source

This page titled 2.2: Review Questions is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by OpenStax via source
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2: DISEASE AND EPIDEMIOLOGY (PART A)

In the United States and other developed nations, public health is a key function of government. A healthy citizenry is more
productive, content, and prosperous; high rates of death and disease, on the other hand, can severely hamper economic
productivity and foster social and political instability. The burden of disease makes it difficult for citizens to work consistently,
maintain employment, and accumulate wealth to better their lives and support a growing economy.

In this chapter, we will explore the intersections between microbiology and epidemiology, the science that underlies public health.

Chapter Outline
2.1: Tracking Infectious Diseases

2.2: Review Questions

This page titled 2: Disease and Epidemiology (Part A) is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
LibreTexts.

e 16: Disease and Epidemiology by OpenStax is licensed CC BY 4.0. Original source: https://openstax.org/details/books/microbiology.

©@® 42 (2.1)


https://bio.libretexts.org/Courses/Sacramento_City_College/BIOL_342%3A_The_New_Plagues_-_New_and_Ancient_Infectious_Diseases_Threatening_World_Health_(Hughes)/02%3A_Week_2/02%3A_Disease_and_Epidemiology_(Part_A)
https://creativecommons.org/licenses/by/4.0/
https://bio.libretexts.org/Bookshelves/Microbiology/Microbiology_(OpenStax)/16%3A_Disease_and_Epidemiology
https://openstax.org/
https://creativecommons.org/licenses/by/4.0/
https://openstax.org/details/books/microbiology

LibreTextS"

3: Microbial Mechanisms of Pathogenicity
3.1: Characteristics of Infectious Disease
3.2: How Pathogens Cause Disease
3.3: Virulence Factors of Bacterial and Viral Pathogens
3.4: Virulence Factors of Eukaryotic Pathogens

3.5: Review Questions

This page titled Week 3 is shared under a license and was authored, remixed, and/or curated by LibreTexts.
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3.1: Characteristics of Infectious Disease

Learning Objectives

e Distinguish between signs and symptoms of disease

¢ Explain the difference between a communicable disease and a noncommunicable disease

e Compare different types of infectious diseases, including iatrogenic, nosocomial, and zoonotic diseases

o Identify and describe the stages of an acute infectious disease in terms of number of pathogens present and severity of
signs and symptoms

A disease is any condition in which the normal structure or functions of the body are damaged or impaired. Physical injuries or
disabilities are not classified as disease, but there can be several causes for disease, including infection by a pathogen, genetics
(as in many cancers or deficiencies), noninfectious environmental causes, or inappropriate immune responses. Our focus in this
chapter will be on infectious diseases, although when diagnosing infectious diseases, it is always important to consider possible
noninfectious causes.

Signs and Symptoms of Disease

An infection is the successful colonization of a host by a microorganism. Infections can lead to disease, which causes signs and
symptoms resulting in a deviation from the normal structure or functioning of the host. Microorganisms that can cause disease
are known as pathogens.

The signs of disease are objective and measurable, and can be directly observed by a clinician. Vital signs, which are used to
measure the body’s basic functions, include body temperature (normally 37 °C [98.6 °F]), heart rate (normally 60-100 beats per
minute), breathing rate (normally 12-18 breaths per minute), and blood pressure (normally between 90/60 and 120/80 mm Hg).
Changes in any of the body’s vital signs may be indicative of disease. For example, having a fever (a body temperature significantly
higher than 37 °C or 98.6 °F) is a sign of disease because it can be measured.

In addition to changes in vital signs, other observable conditions may be considered signs of disease. For example, the presence
of antibodies in a patient’s serum (the liquid portion of blood that lacks clotting factors) can be observed and measured through
blood tests and, therefore, can be considered a sign. However, it is important to note that the presence of antibodies is not always
a sign of an active disease. Antibodies can remain in the body long after an infection has resolved; also, they may develop in
response to a pathogen that is in the body but not currently causing disease.

Clinical Focus

Part 1

Michael, a 19-year-old boy in generally good health, went to a birthday party on Sunday with his family. He ate many different
foods but was the only one in the family to eat the undercooked hot dogs served by the hosts. Monday morning, he woke up
feeling achy and nauseous, and he was running a fever of 38 °C (180.4 °F). His parents, assuming Michael had caught the flu,
made him stay home from school and limited his activities. But after 4 days, Michael began to experience severe headaches,
and his fever spiked to 40 °C (184 °F). Growing worried, his parents finally decide to take Michael to a nearby clinic.

e What signs and symptoms is Michael experiencing?
e What do these signs and symptoms tell us about the stage of Michael's disease?

Jump to the next Clinical Focus box.

Unlike signs, symptoms of disease are subjective. Symptoms are felt or experienced by the patient, but they cannot be clinically
confirmed or objectively measured. Examples of symptoms include nausea, loss of appetite, and pain. Such symptoms are
important to consider when diagnosing disease, but they are subject to memory bias and are difficult to measure precisely. Some
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clinicians attempt to quantify symptoms by asking patients to assign a numerical value to their symptoms. For example, the
Wong-Baker Faces pain-rating scale asks patients to rate their pain on a scale of 8-10. An alternative method of quantifying pain
is measuring skin conductance fluctuations. These fluctuations reflect sweating due to skin sympathetic nerve activity resulting
from the stressor of pain.l!l A specific group of signs and symptoms characteristic of a particular disease is called a syndrome.
Many syndromes are named using a nomenclature based on signs and symptoms or the location of the disease. Table 3.1.1 lists
some of the prefixes and suffixes commonly used in naming syndromes.

Table 3.1.1: Nomenclature of Symptoms

Affix Meaning Example

cyto- cell cytopenia: reduction in the number of blood cells
hepat- of the liver hepatitis: inflammation of the liver

-pathy disease neuropathy: a disease affecting nerves

-emia of the blood bacteremia: presence of bacteria in blood

-itis inflammation colitis: inflammation of the colon

-lysis destruction hemolysis: destruction of red blood cells

-oma tumor lymphoma: cancer of the lymphatic system

-0sis diseased or abnormal condition leukocytosis: abnormally high number of white blood cells
-derma of the skin keratoderma: a thickening of the skin

Clinicians must rely on signs and on asking questions about symptoms, medical history, and the patient’s recent activities to
identify a particular disease and the potential causative agent. Diagnosis is complicated by the fact that different microorganisms
can cause similar signs and symptoms in a patient. For example, an individual presenting with symptoms of diarrhea may
have been infected by one of a wide variety of pathogenic microorganisms. Bacterial pathogens associated with diarrheal
disease include Vibrio cholerae, Listeria monocytogenes, Campylobacter jejuni, and enteropathogenic Escherichia coli (EPEC).
Viral pathogens associated with diarrheal disease include norovirus and rotavirus. Parasitic pathogens associated with diarrhea
include Giardia lamblia and Cryptosporidium parvum. Likewise, fever is indicative of many types of infection, from the common
cold to the deadly Ebola hemorrhagic fever.

Finally, some diseases may be asymptomatic or subclinical, meaning they do not present any noticeable signs or symptoms. For
example, most individual infected with herpes simplex virus remain asymptomatic and are unaware that they have been infected.

e Explain the difference between signs and symptoms.

Classifications of Disease

The World Health Organization’s (WHO) International Classification of Diseases (ICD) is used in clinical fields to classify diseases
and monitor morbidity (the number of cases of a disease) and mortality (the number of deaths due to a disease). In this section,
we will introduce terminology used by the ICD (and in health-care professions in general) to describe and categorize various types
of disease.

An infectious disease is any disease caused by the direct effect of a pathogen. A pathogen may be cellular (bacteria, parasites,
and fungi) or acellular (viruses, viroids, and prions). Some infectious diseases are also communicable, meaning they are capable
of being spread from person to person through either direct or indirect mechanisms. Some infectious communicable diseases
are also considered contagious diseases, meaning they are easily spread from person to person. Not all contagious diseases
are equally so; the degree to which a disease is contagious usually depends on how the pathogen is transmitted. For example,
measles is a highly contagious viral disease that can be transmitted when an infected person coughs or sneezes and an
uninfected person breathes in droplets containing the virus. Gonorrhea is not as contagious as measles because transmission
of the pathogen (Neisseria gonorrhoeae) requires close intimate contact (usually sexual) between an infected person and an
uninfected person.
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Diseases that are contracted as the result of a medical procedure are known as iatrogenic diseases. Iatrogenic diseases
can occur after procedures involving wound treatments, catheterization, or surgery if the wound or surgical site becomes
contaminated. For example, an individual treated for a skin wound might acquire necrotizing fasciitis (an aggressive, “flesh-
eating” disease) if bandages or other dressings became contaminated by Clostridium perfringensor one of several other bacteria
that can cause this condition.

Diseases acquired in hospital settings are known as nosocomial diseases. Several factors contribute to the prevalence and
severity of nosocomial diseases. First, sick patients bring numerous pathogens into hospitals, and some of these pathogens can
be transmitted easily via improperly sterilized medical equipment, bed sheets, call buttons, door handles, or by clinicians, nurses,
or therapists who do not wash their hands before touching a patient. Second, many hospital patients have weakened immune
systems, making them more susceptible to infections. Compounding this, the prevalence of antibiotics in hospital settings can
select for drug-resistant bacteria that can cause very serious infections that are difficult to treat.

Certain infectious diseases are not transmitted between humans directly but can be transmitted from animals to humans. Such
a disease is called zoonotic disease (or zoonosis). According to WHO, a zoonosis is a disease that occurs when a pathogen
is transferred from a vertebrate animal to a human; however, sometimes the term is defined more broadly to include diseases
transmitted by all animals (including invertebrates). For example, rabies is a viral zoonotic disease spread from animals to humans
through bites and contact with infected saliva. Many other zoonotic diseases rely on insects or other arthropods for transmission.
Examples include yellow fever (transmitted through the bite of mosquitoes infected with yellow fever virus) and Rocky Mountain
spotted fever (transmitted through the bite of ticks infected with Rickettsia rickettsii).

In contrast to communicable infectious diseases, a noncommunicable infectious disease is not spread from one person to
another. One example is tetanus, caused by Clostridium tetani, a bacterium that produces endospores that can survive in the
soil for many years. This disease is typically only transmitted through contact with a skin wound; it cannot be passed from an
infected person to another person. Similarly, Legionnaires disease is caused by Legionella pneumophila, a bacterium that lives
within amoebae in moist locations like water-cooling towers. An individual may contract Legionnaires disease via contact with the
contaminated water, but once infected, the individual cannot pass the pathogen to other individuals.

In addition to the wide variety of noncommunicable infectious diseases, noninfectious diseases (those not caused by pathogens)
are an important cause of morbidity and mortality worldwide. Noninfectious diseases can be caused by a wide variety factors,
including genetics, the environment, or immune system dysfunction, to name a few. For example, sickle cell anemia is an inherited
disease caused by a genetic mutation that can be passed from parent to offspring (Figure 3.1.1). Other types of noninfectious
diseases are listed in Table 3.1.2.

Table 3.1.2: Types of Noninfectious Diseases

Type Definition Example
Inherited A genetic disease Sickle cell anemia
Congenital Disease that is present at or before birth Down syndrome
Degenerative Progressive, irreversible loss of function Parkinson disease (affecting central nervous system)
Nutritional Impaired body function due to lack of nutrients Scurvy (vitamin C deficiency)
deficiency
Endocrine Disease involving malfunction of glands that Hypothyroidism - thyroid does not produce enough thyroid
release hormones to regulate body functions hormone, which is important for metabolism
Neoplastic Abnormal growth (benign or malignant) Some forms of cancer
Idiopathic Disease for which the cause is unknown Idiopathic juxtafoveal retinal telangiectasia (dilated, twisted

blood vessels in the retina of the eye)
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Figure 3.1.1: Blood smears showing two diseases of the blood. (a) Malaria is an infectious, zoonotic disease caused by the protozoan pathogen
Plasmodium falciparum (shown here) and several other species of the genus Plasmodium. It is transmitted by mosquitoes to humans. (b)
Sickle cell disease is a noninfectious genetic disorder that results in abnormally shaped red blood cells, which can stick together and obstruct
the flow of blood through the circulatory system. It is not caused by a pathogen, but rather a genetic mutation. (credit a: modification of work
by Centers for Disease Control and Prevention; credit b: modification of work by Ed Uthman)

Link to Learning

Lists of common infectious diseases can be found at the following Centers for Disease Control and Prevention (CDC), World
Health Organization (WHO), and International Classification of Diseases websites.

Exercise 3.1.2

e Describe how a disease can be infectious but not contagious.
e Explain the difference between iatrogenic disease and nosocomial disease.

Periods of Disease

The five periods of disease (sometimes referred to as stages or phases) include the incubation, prodromal, illness, decline, and
convalescence periods (Figure 3.1.2). The incubation period occurs in an acute disease after the initial entry of the pathogen
into the host (patient). It is during this time the pathogen begins multiplying in the host. However, there are insufficient numbers
of pathogen particles (cells or viruses) present to cause signs and symptoms of disease. Incubation periods can vary from a day
or two in acute disease to months or years in chronic disease, depending upon the pathogen. Factors involved in determining the
length of the incubation period are diverse, and can include strength of the pathogen, strength of the host immune defenses, site
of infection, type of infection, and the size infectious dose received. During this incubation period, the patient is unaware that a
disease is beginning to develop.
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Periods of Disease

incubation prodromal period of period of period of
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Figure 3.1.2: The progression of an infectious disease can be divided into five periods, which are related to the number of pathogen particles
(red) and the severity of signs and symptoms (blue).

The prodromal period occurs after the incubation period. During this phase, the pathogen continues to multiply and the host
begins to experience general signs and symptoms of illness, which typically result from activation of the immune system, such as
fever, pain, soreness, swelling, or inflammation. Usually, such signs and symptoms are too general to indicate a particular disease.
Following the prodromal period is the period of illness, during which the signs and symptoms of disease are most obvious and
severe.

The period of illness is followed by the period of decline, during which the number of pathogen particles begins to decrease,
and the signs and symptoms of illness begin to decline. However, during the decline period, patients may become susceptible to
developing secondary infections because their immune systems have been weakened by the primary infection. The final period
is known as the period of convalescence. During this stage, the patient generally returns to normal functions, although some
diseases may inflict permanent damage that the body cannot fully repair.

Infectious diseases can be contagious during all five of the periods of disease. Which periods of disease are more likely to
associated with transmissibility of an infection depends upon the disease, the pathogen, and the mechanisms by which the
disease develops and progresses. For example, with meningitis (infection of the lining of brain), the periods of infectivity depend
on the type of pathogen causing the infection. Patients with bacterial meningitis are contagious during the incubation period for
up to a week before the onset of the prodromal period, whereas patients with viral meningitis become contagious when the first
signs and symptoms of the prodromal period appear. With many viral diseases associated with rashes (e.g., chickenpox, measles,
rubella, roseola), patients are contagious during the incubation period up to a week before the rash develops. In contrast, with
many respiratory infections (e.g., colds, influenza, diphtheria, strep throat, and pertussis) the patient becomes contagious with
the onset of the prodromal period. Depending upon the pathogen, the disease, and the individual infected, transmission can
still occur during the periods of decline, convalescence, and even long after signs and symptoms of the disease disappear. For
example, an individual recovering from a diarrheal disease may continue to carry and shed the pathogen in feces for some time,
posing a risk of transmission to others through direct contact or indirect contact (e.g., through contaminated objects or food).

¢ Name some of the factors that can affect the length of the incubation period of a particular disease

Acute and Chronic Diseases

The duration of the period of illness can vary greatly, depending on the pathogen, effectiveness of the immune response in
the host, and any medical treatment received. For an acute disease, pathologic changes occur over a relatively short time (e.g.,
hours, days, or a few weeks) and involve a rapid onset of disease conditions. For example, influenza (caused by Influenzavirus) is
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considered an acute disease because the incubation period is approximately 1-2 days. Infected individuals can spread influenza
to others for approximately 5 days after becoming ill. After approximately 1 week, individuals enter the period of decline.

For a chronic disease, pathologic changes can occur over longer time spans (e.g., months, years, or a lifetime). For example,
chronic gastritis (inflammation of the lining of the stomach) is caused by the gram-negative bacterium Helicobacter pylori. H.
pylori is able to colonize the stomach and persist in its highly acidic environment by producing the enzyme urease, which modifies
the local acidity, allowing the bacteria to survive indefinitely.? Consequently, H. pylori infections can recur indefinitely unless the
infection is cleared using antibiotics.l! Hepatitis B virus can cause a chronic infection in some patients who do not eliminate the
virus after the acute illness. A chronic infection with hepatitis B virus is characterized by the continued production of infectious
virus for 6 months or longer after the acute infection, as measured by the presence of viral antigen in blood samples.

In latent diseases, as opposed to chronic infections, the causal pathogen goes dormant for extended periods of time with no
active replication. Examples of diseases that go into a latent state after the acute infection include herpes (herpes simplex viruses
[HSV-1 and HSV-2]), chickenpox (varicella-zoster virus [VZV]), and mononucleosis (Epstein-Barr virus [EBV]). HSV-1, HSV-2, and
VZV evade the host immune system by residing in a latent form within cells of the nervous system for long periods of time, but
they can reactivate to become active infections during times of stress and immunosuppression. For example, an initial infection
by VZV may result in a case of childhood chickenpox, followed by a long period of latency. The virus may reactivate decades later,
causing episodes of shingles in adulthood. EBV goes into latency in B cells of the immune system and possibly epithelial cells; it
can reactivate years later to produce B-cell lymphoma.

Exercise 3.1.4

e Explain the difference between latent disease and chronic disease

Key Concepts and Summary

¢ Inan infection, a microorganism enters a host and begins to multiply. Some infections cause disease, which is any deviation
from the normal function or structure of the host.

¢ Signs of a disease are objective and are measured. Symptoms of a disease are subjective and are reported by the patient.

o Diseases can either be noninfectious (due to genetics and environment) or infectious (due to pathogens). Some infectious
diseases are communicable (transmissible between individuals) or contagious (easily transmissible between individuals);
others are noncommunicable, but may be contracted via contact with environmental reservoirs or animals (zoonoses)

+ Nosocomial diseases are contracted in hospital settings, whereas iatrogenic disease are the direct result of a medical
procedure

e An acute disease is short in duration, whereas a chronic disease lasts for months or years. Latent diseases last for years,
but are distinguished from chronic diseases by the lack of active replication during extended dormant periods.

e The periods of disease include the incubation period, the prodromal period, the period of illness, the period of decline,
and the period of convalescence. These periods are marked by changes in the number of infectious agents and the severity
of signs and symptoms.

Footnotes

1. F. Savino et al. “Pain Assessment in Children Undergoing Venipuncture: The Wong-Baker Faces Scale Versus Skin
Conductance Fluctuations.” PeerJ 1 (2013):e37; https://peerj.com/articles/37/

2. J.G. Kusters et al. Pathogenesis of Helicobacter pylori Infection. Clinical Microbiology Reviews 19 no. 3 (2006):449-490.

3. N.R. Salama et al. “Life in the Human Stomach: Persistence Strategies of the Bacterial Pathogen Helicobacter pylori.” Nature
Reviews Microbiology 11 (2013):385-399.

This page titled 3.1: Characteristics of Infectious Disease is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
LibreTexts.
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3.2: How Pathogens Cause Disease

Learning Objectives

e Summarize Koch’s postulates and molecular Koch's postulates, respectively, and explain their significance and
limitations

e Explain the concept of pathogenicity (virulence) in terms of infectious and lethal dose

e Distinguish between primary and opportunistic pathogens and identify specific examples of each

e Summarize the stages of pathogenesis

e Explain the roles of portals of entry and exit in the transmission of disease and identify specific examples of these
portals

For most infectious diseases, the ability to accurately identify the causative pathogen is a critical step in finding or prescribing
effective treatments. Today’s physicians, patients, and researchers owe a sizable debt to the physician Robert Koch (1843-1910),
who devised a systematic approach for confirming causative relationships between diseases and specific pathogens.

Koch’s Postulates

In 1884, Koch published four postulates (Table 3.2.1) that summarized his method for determining whether a particular
microorganism was the cause of a particular disease. Each of Koch’s postulates represents a criterion that must be met before
a disease can be positively linked with a pathogen. In order to determine whether the criteria are met, tests are performed on
laboratory animals and cultures from healthy and diseased animals are compared (Figure 3.2.1 ).
Table 3.2.1: Koch’s Postulates

(1) The suspected pathogen must be found in every case of disease and not be found in healthy individuals.

(2) The suspected pathogen can be isolated and grown in pure culture.

(3) A healthy test subject infected with the suspected pathogen must develop the same signs and symptoms of disease as seen
in postulate 1.

(4) The pathogen must be re-isolated from the new host and must be identical to the pathogen from postulate 2.
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Figure 3.2.1: The steps for confirming that a pathogen is the cause of a particular disease using Koch’s postulates.
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In many ways, Koch's postulates are still central to our current understanding of the causes of disease. However, advances in
microbiology have revealed some important limitations in Koch’s criteria. Koch made several assumptions that we now know are
untrue in many cases. The first relates to postulate 1, which assumes that pathogens are only found in diseased, not healthy,
individuals. This is not true for many pathogens. For example, H. pylori, described earlier in this chapter as a pathogen causing
chronic gastritis, is also part of the normal microbiota of the stomach in many healthy humans who never develop gastritis. It is
estimated that upwards of 50% of the human population acquires H. pylori early in life, with most maintaining it as part of the
normal microbiota for the rest of their life without ever developing disease.

Koch’s second faulty assumption was that all healthy test subjects are equally susceptible to disease. We now know that
individuals are not equally susceptible to disease. Individuals are unique in terms of their microbiota and the state of their
immune system at any given time. The makeup of the resident microbiota can influence an individual's susceptibility to an
infection. Members of the normal microbiota play an important role in immunity by inhibiting the growth of transient pathogens.
In some cases, the microbiota may prevent a pathogen from establishing an infection; in others, it may not prevent an infection
altogether but may influence the severity or type of signs and symptoms. As a result, two individuals with the same disease may
not always present with the same signs and symptoms. In addition, some individuals have stronger immune systems than others.
Individuals with immune systems weakened by age or an unrelated illness are much more susceptible to certain infections than
individuals with strong immune systems.

Koch also assumed that all pathogens are microorganisms that can be grown in pure culture (postulate 2) and that animals
could serve as reliable models for human disease. However, we now know that not all pathogens can be grown in pure culture,
and many human diseases cannot be reliably replicated in animal hosts. Viruses and certain bacteria, including Rickettsia and
Chlamydia, are obligate intracellular pathogens that can grow only when inside a host cell. If a microbe cannot be cultured, a
researcher cannot move past postulate 2. Likewise, without a suitable nonhuman host, a researcher cannot evaluate postulate 2
without deliberately infecting humans, which presents obvious ethical concerns. AIDS is an example of such a disease because
the human immunodeficiency virus (HIV) only causes disease in humans.

e Briefly summarize the limitations of Koch'’s postulates.

Molecular Koch’s Postulates

In 1988, Stanley Falkow (1934-) proposed a revised form of Koch'’s postulates known as molecular Koch’s postulates. These are
listed in the left column of Table 3.2.2. The premise for molecular Koch’s postulates is not in the ability to isolate a particular
pathogen but rather to identify a gene that may cause the organism to be pathogenic.

Falkow’s modifications to Koch’s original postulates explain not only infections caused by intracellular pathogens but also the
existence of pathogenic strains of organisms that are usually nonpathogenic. For example, the predominant form of the bacterium
Escherichia coli is a member of the normal microbiota of the human intestine and is generally considered harmless. However,
there are pathogenic strains of E. coli such as enterotoxigenic E. coli (ETEC) and enterohemorrhagic E. coli (0157:H7) (EHEC). We
now know ETEC and EHEC exist because of the acquisition of new genes by the once-harmless E. coli, which, in the form of these
pathogenic strains, is now capable of producing toxins and causing illness. The pathogenic forms resulted from minor genetic
changes. The right-side column of Table 3.2.2 illustrates how molecular Koch’s postulates can be applied to identify EHEC as a
pathogenic bacterium.

Table 3.2.2: Molecular Koch’s Postulates Applied to EHEC

Molecular Koch's Postulates Application to EHEC
(1) The phenotype (sign or symptom of disease) EHEC causes intestinal inflammation and diarrhea, whereas nonpathogenic
should be associated only with pathogenic strains strains of E. coli do not.
of a species.

(2) Inactivation of the suspected gene(s) associated | One of the genes in EHEC encodes for Shiga toxin, a bacterial toxin
with pathogenicity should result in a measurable (poison) that inhibits protein synthesis. Inactivating this gene reduces the
loss of pathogenicity. bacteria’s ability to cause disease.
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Molecular Koch's Postulates Application to EHEC
(3) Reversion of the inactive gene should restore By adding the gene that encodes the toxin back into the genome (e.g., with
the disease phenotype. a phage or plasmid), EHEC's ability to cause disease is restored.

As with Koch's original postulates, the molecular Koch’s postulates have limitations. For example, genetic manipulation of some
pathogens is not possible using current methods of molecular genetics. In a similar vein, some diseases do not have suitable
animal models, which limits the utility of both the original and molecular postulates.

¢ Explain the differences between Koch’s original postulates and the molecular Koch’s postulates.

Pathogenicity and Virulence

The ability of a microbial agent to cause disease is called pathogenicity, and the degree to which an organism is pathogenic
is called virulence. Virulence is a continuum. On one end of the spectrum are organisms that are avirulent (not harmful) and
on the other are organisms that are highly virulent. Highly virulent pathogens will almost always lead to a disease state when
introduced to the body, and some may even cause multi-organ and body system failure in healthy individuals. Less virulent
pathogens may cause an initial infection, but may not always cause severe illness. Pathogens with low virulence would more likely
result in mild signs and symptoms of disease, such as low-grade fever, headache, or muscle aches. Some individuals might even
be asymptomatic.

An example of a highly virulent microorganism is Bacillus anthracis, the pathogen responsible for anthrax. B. anthracis can
produce different forms of disease, depending on the route of transmission (e.g., cutaneous injection, inhalation, ingestion). The
most serious form of anthrax is inhalation anthrax. After B. anthracis spores are inhaled, they germinate. An active infection
develops and the bacteria release potent toxins that cause edema (fluid buildup in tissues), hypoxia (a condition preventing
oxygen from reaching tissues), and necrosis (cell death and inflammation). Signs and symptoms of inhalation anthrax include high
fever, difficulty breathing, vomiting and coughing up blood, and severe chest pains suggestive of a heart attack. With inhalation
anthrax, the toxins and bacteria enter the bloodstream, which can lead to multi-organ failure and death of the patient. If a gene
(or genes) involved in pathogenesis is inactivated, the bacteria become less virulent or nonpathogenic.

Virulence of a pathogen can be quantified using controlled experiments with laboratory animals. Two important indicators of
virulence are the median infectious dose (ID;;) and the median lethal dose (LDs;), both of which are typically determined
experimentally using animal models. The IDjs, is the number of pathogen cells or virions required to cause active infection in 50%
of inoculated animals. The LDj, is the number of pathogenic cells, virions, or amount of toxin required to kill 508% of infected
animals. To calculate these values, each group of animals is inoculated with one of a range of known numbers of pathogen cells
or virions. In graphs like the one shown in Figure 3.2.2, the percentage of animals that have been infected (for ID5,) or killed
(for LDs) is plotted against the concentration of pathogen inoculated. Figure 3.2.2 represents data graphed from a hypothetical
experiment measuring the LDs, of a pathogen. Interpretation of the data from this graph indicates that the LD5, of the pathogen
for the test animals is 104 pathogen cells or virions (depending upon the pathogen studied).
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Figure 3.2.2: A graph like this is used to determine LD5g by plotting pathogen concentration against the percent of infected test animals that

have died. In this example, the LDsg = 19% pathogenic particles.

Table 3.2.3 lists selected foodborne pathogens and their ID5, values in humans (as determined from epidemiologic data and
studies on human volunteers). Keep in mind that these are median values. The actual infective dose for an individual can vary
widely, depending on factors such as route of entry; the age, health, and immune status of the host; and environmental and
pathogen-specific factors such as susceptibility to the acidic pH of the stomach. It is also important to note that a pathogen’s
infective dose does not necessarily correlate with disease severity. For example, just a single cell of Salmonella enterica serotype
Typhimurium can result in an active infection. The resultant disease, Salmonella gastroenteritis or salmonellosis, can cause
nausea, vomiting, and diarrhea, but has a mortality rate of less than 1% in healthy adults. In contrast, S. enterica serotype Typhi
has a much higher IDs, typically requiring as many as 1,000 cells to produce infection. However, this serotype causes typhoid
fever, a much more systemic and severe disease that has a mortality rate as high as 18% in untreated individuals.

Table 3.2.3: ID5¢ for Selected Foodborne Diseases!!!

Pathogen IDsg

Viruses
Hepatitis A virus 10-100
Norovirus 1-10
Rotavirus 10-100
Bacteria
Escherichia coli, enterohemorrhagic (EHEC, serotype 0157) 10-100
E. coli, enteroinvasive (EIEC) 200-5,000

E. coli, enteropathogenic (EPEC)

E. coli, enterotoxigenic (ETEC)

10,000,000-19,000,000,000
10,000,000-10,000,000,000

Salmonella enterica serovar Typhi <1,000
S. enterica serovar Typhimurium =1
Shigella dysenteriae 10-200
Vibrio cholerae (serotypes 0139, O1) 1,000,000
V. parahemolyticus 100,000,000
Protozoa
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Giardia lamblia 1

Cryptosporidium parvum 10-100

e What is the difference between a pathogen’s infective dose and lethal dose?
e Which is more closely related to the severity of a disease?

Primary Pathogens versus Opportunistic Pathogens

Pathogens can be classified as either primary pathogens or opportunistic pathogens. A primary pathogen can cause disease in
a host regardless of the host's resident microbiota or immune system. An opportunistic pathogen, by contrast, can only cause
disease in situations that compromise the host’'s defenses, such as the body’s protective barriers, immune system, or normal
microbiota. Individuals susceptible to opportunistic infections include the very young, the elderly, women who are pregnant,
patients undergoing chemotherapy, people with immunodeficiencies (such as acquired immunodeficiency syndrome [AIDS]),
patients who are recovering from surgery, and those who have had a breach of protective barriers (such as a severe wound or
burn).

An example of a primary pathogen is enterohemorrhagic E. coli (EHEC), which produces a virulence factor known as Shiga toxin.
This toxin inhibits protein synthesis, leading to severe and bloody diarrhea, inflammation, and renal failure, even in patients with
healthy immune systems. Staphylococcus epidermidis, on the other hand, is an opportunistic pathogen that is among the most
frequent causes of nosocomial disease.? S. epidermidis is a member of the normal microbiota of the skin, where it is generally
avirulent. However, in hospitals, it can also grow in biofilms that form on catheters, implants, or other devices that are inserted
into the body during surgical procedures. Once inside the body, S. epidermidis can cause serious infections such as endocarditis,
and it produces virulence factors that promote the persistence of such infections.

Other members of the normal microbiota can also cause opportunistic infections under certain conditions. This often occurs
when microbes that reside harmlessly in one body location end up in a different body system, where they cause disease. For
example, E. coli normally found in the large intestine can cause a urinary tract infection if it enters the bladder. This is the leading
cause of urinary tract infections among women.

Members of the normal microbiota may also cause disease when a shift in the environment of the body leads to overgrowth
of a particular microorganism. For example, the yeast Candida is part of the normal microbiota of the skin, mouth, intestine,
and vagina, but its population is kept in check by other organisms of the microbiota. If an individual is taking antibacterial
medications, however, bacteria that would normally inhibit the growth of Candida can be killed off, leading to a sudden growth in
the population of Candida, which is not affected by antibacterial medications because it is a fungus. An overgrowth of Candida
can manifest as oral thrush (growth on mouth, throat, and tongue), a vaginal yeast infection, or cutaneous candidiasis. Other
scenarios can also provide opportunities for Candida infections. Untreated diabetes can result in a high concentration of glucose
in the saliva, which provides an optimal environment for the growth of Candida, resulting in thrush. Immunodeficiencies such as
those seen in patients with HIV, AIDS, and cancer also lead to higher incidence of thrush. Vaginal yeast infections can result
from decreases in estrogen levels during the menstruation or menopause. The amount of glycogen available to lactobacilli in the
vagina is controlled by levels of estrogen; when estrogen levels are low, lactobacilli produce less lactic acid. The resultant increase
in vaginal pH allows overgrowth of Candida in the vagina.

Exercise 3.2.4

e Explain the difference between a primary pathogen and an opportunistic pathogen.
e Describe some conditions under which an opportunistic infection can occur.
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Stages of Pathogenesis

To cause disease, a pathogen must successfully achieve four steps or stages of pathogenesis: exposure (contact), adhesion
(colonization), invasion, and infection. The pathogen must be able to gain entry to the host, travel to the location where it can
establish an infection, evade or overcome the host’s immune response, and cause damage (i.e., disease) to the host. In many
cases, the cycle is completed when the pathogen exits the host and is transmitted to a new host.

Exposure

An encounter with a potential pathogen is known as exposure or contact. The food we eat and the objects we handle are all ways
that we can come into contact with potential pathogens. Yet, not all contacts result in infection and disease. For a pathogen to
cause disease, it needs to be able to gain access into host tissue. An anatomic site through which pathogens can pass into host
tissue is called a portal of entry. These are locations where the host cells are in direct contact with the external environment.
Major portals of entry are identified in Figure 3.2.3 and include the skin, mucous membranes, and parenteral routes.
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Figure 3.2.3: Shown are different portals of entry where pathogens can gain access into the body. With the exception of the placenta, many of
these locations are directly exposed to the external environment.

Mucosal surfaces are the most important portals of entry for microbes; these include the mucous membranes of the respiratory
tract, the gastrointestinal tract, and the genitourinary tract. Although most mucosal surfaces are in the interior of the body, some
are contiguous with the external skin at various body openings, including the eyes, nose, mouth, urethra, and anus.

Most pathogens are suited to a particular portal of entry. A pathogen’s portal specificity is determined by the organism’s
environmental adaptions and by the enzymes and toxins they secrete. The respiratory and gastrointestinal tracts are particularly
vulnerable portals of entry because particles that include microorganisms are constantly inhaled or ingested, respectively.

Pathogens can also enter through a breach in the protective barriers of the skin and mucous membranes. Pathogens that enter the
body in this way are said to enter by the parenteral route. For example, the skin is a good natural barrier to pathogens, but breaks
in the skin (e.g., wounds, insect bites, animal bites, needle pricks) can provide a parenteral portal of entry for microorganisms.

In pregnant women, the placenta normally prevents microorganisms from passing from the mother to the fetus. However, a
few pathogens are capable of crossing the blood-placental barrier. The gram-positive bacterium Listeria monocytogenes, which
causes the foodborne disease listeriosis, is one example that poses a serious risk to the fetus and can sometimes lead to
spontaneous abortion. Other pathogens that can pass the placental barrier to infect the fetus are known collectively by the
acronym TORCH (Table 3.2.4).

Transmission of infectious diseases from mother to baby is also a concern at the time of birth when the baby passes through the

birth canal. Babies whose mothers have active chlamydia or gonorrhea infections may be exposed to the causative pathogens in
the vagina, which can result in eye infections that lead to blindness. To prevent this, it is standard practice to administer antibiotic
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drops to infants’ eyes shortly after birth.

Table 3.2.4: Pathogens Capable of Crossing the Placental Barrier (TORCH Infections)

Disease Pathogen

T Toxoplasmosis Toxoplasma gondii (protozoan)
Syphilis Treponema pallidum (bacterium)
Chickenpox Varicella-zoster virus (human herpesvirus 3)

ol Hepatitis B Hepatitis B virus (hepadnavirus)

HIV Retrovirus
Fifth disease (erythema infectiosum) Parvovirus B19
Rubella (German measles) Togavirus
Cytomegalovirus Human herpesvirus 5
Herpes Herpes simplex viruses (HSV) 1 and 2

Clinical Focus

Part 2

At the clinic, a ph