[bookmark: _Hlk82409405]This template must be used to answer the case study. 
(Please type your answers within the box underneath each question)

Student name (LAST NAME first name): 
Student number: 
Campus: 
Tutorial session (time and room no.):
Tutor’s name:
1. Rationale for giving Mary a tetanus booster (Total: 10 marks)
1.1 What is the organism that causes tetanus and why is it of concern in this situation? 
[bookmark: _Hlk76386799](5 marks)
	Tetanus fact sheet NSW HEALTH
Tetanus is a bacterial infection caused by Clostriduim tetani. This bacterium is responsible for releasing toxins, which lead to the onset of the infection. The disease causes muscle spasms in the neck and jaw (lockjaw) and in severe cases it leads to death. It is of concern because 1 in every 10 people infected by the disease die. Tetanus is non-contagious and can affect people of all ages. However, babies and older people are at a higher risk of dying from the disease (Australian Government, Department of Health, 2021). Because Mary has a deep cut, which she got while working at the farm, and it is unclear whether she has had a tetanus vaccination, it is necessary for her to receive medication.




1.2 Discuss the rationale for giving Mary the tetanus booster. (5 marks) 
	https://immunisationhandbook.health.gov.au
	Australian immunisation handbook

The rationale for giving Mary a tetanus booster is that she is an older woman (50 years) and at the risk of dying from the infection. According to the guidelines in the Australian Immunization Handbook, it is recommended that Australians above 50 years of age to get a tetanus toxoid booster. This booster is recommended to those who have not received a vaccination in the last 10 years. A booster soon after the cut is necessary because there have been cases where it fails to work optimally. Exposing herself in the soil while working in the farm, Mary exposes herself to Clostridium tetani, thus a higher risk of contracting the disease.





2. Physiological basis of the three wound observations (Total: 20 marks) 
2.1 For each of the three wound observations indicate, and provide a rationale, as to whether it is a sign or a symptom. (2 marks)
	When the injury occurs, inflammation response sets in. The body prepares itself to fight the foreign bacteria and at the same time repair the damaged skin tissue. The body achieves this through homeostasis, where it tries to self-regulate to maintain stability by adjusting to the changing external environment. There was increases tissue fluid, which caused swelling and pain. The resulting pain is an indication that bacterial toxins have been released. These signs are an indication that Mary has been exposed to the bacteria (p.816).




2.2 [bookmark: _Hlk76388711]Name and discuss the physiological basis of the first observation. (6 marks)
	The first observation is that the wound edges are red and hot to touch. This is an indication that toxins, that lead to inflammation have been released. Chemicals that cause inflammation can include histamines, kinins, prostaglandins, and complement components. These chemicals are responsible for increases permeability and dilation of arteries. Increased dilation and permeability increase blood flow to the area, increases the flow of lymphocytes, monocytes, and neutrophils. Increased temperature in the wound can be linked to increased metabolism of the cells (pg.817).






2.3 Name and discuss the physiological basis of the second observation. (6 marks)
	The second observation is swelling of the surrounding tissue. This observation can be linked to increased leakage of fluids from capillaries, which form an exudate. The fluid fills spaces between tissues and cells, causing local swelling (edema) (p.818). Increased swelling presses the surrounding nerves, resulting to increased localized pain.



2.4 Name and discuss the physiological basis of the third observation. (6 marks)
	The third observation was the presence of a purulent and odorous discharge. This observation is an indication that the wound has been infected. This is consistent with the presence of a fever, which can prompt Mary to take antibiotics for treatment of the infection. Exposing the wound to soil in the farm is the main cause why it was infected with the bacteria. Tissues in the open would provide an optimal environment for the microorganisms to thrive. To get rid of the bacteria, the body responds by increasing the formation of exudate, through inflammation, swelling, and increased pain (p.817). A physician can take a sample of tissue culture from the wound to examine the presence of microorganisms and recommend the most effective antibiotic for the infection.




3. Development and benefits of fever (Total:15 marks).
3.1 How did Mary’s fever develop? (9 marks)
	Mary developed a fever as a result of inflammation. Fever is a systemic response to an infection (p.196). body temperature is controlled by the hypothalamus and is set at 37˚C. Raising this set point leads to the development of fever. In the case of Mary, the presence of exogeneous pyrogens released by microorganisms led to an increase of body temperature, exceeding the set point. The presence of exogeneous pyrogens triggered a febrile response in the hypothalamus, which sets a higher temperature level than the normal. An increase in production of heat in the body is followed by the body trying to regulate the temperature, which leads to the development of a fever (p.196).




3.2 Discuss two ways in which fever is beneficial. (6 marks)
	
Fever plays an important role because it helps in the reduction of an infection. Disease causing microorganisms operate optimally in a specific temperature. When this temperature is exceeded, the microorganisms are unable to multiply, thus controlling the infection (Queensland Government, 2020). Fever also increases the metabolic rate and activity of defence cells, which speeds up repair and recovery process (Chapter 9, p.197). Fever helps in the improvement of the immune system, enabling a patient respond better to treatment and have a higher probability of achieving full recovery.




4. Possible sources of contamination and modes of transmission (Total: 20 marks)
4.1 Name one endogenous source of contamination and discuss the mode of transmission from the source to the new host. (10 marks)
	An example of an endogenous source of contamination is Escherichia coli in the colon. This in an endogenous source of contamination because the source of the pathogen is inside the human body (p144). Displacing the pathogen from its habitat in the large intestines can lead to an infection of another part of the body. Escherichia coli is transferred from the colon to the bladder through stool. E. coli enters the urinary tract through stool and is most common in women than in men. This is because women have a shorter urinary tract than men and their urethra is close to the anus. Therefore, the bacteria have an easy access to the urinary tract, where they can get access to the bladder and lead to the development of urinary tract infection.  




4.2 Name one exogenous source of contamination and discuss the mode of transmission from the source to the new host. (10 marks)
	An example of an exogenous source of contamination is in a hospital environment. For example, when a person is admitted in the hospital with Ebola, the virus is introduced in the hospital environment, where there is a probability of spreading. Ebola virus can be transmitted through direct contact with the blood or body fluids from an infected person, and exposure to objects that have been contaminated with blood or fluids from an infected person. When a nurse is administering treatment, s/he can be exposed to the fluids, especially when they fail to wear personal protective equipment. The nurse can then transmit the virus to other patients, which can cause a ripple effect throughout the hospital. 





5. Appropriateness of Augmentin as the antibacterial agent prescribed to Mary (Total: 15 marks) 
5.1 Given the colonizing organism was Staphylococcus aureus, discuss why Augmentin is an appropriate prescription? (6 marks)
	
Augmentin is the appropriate prescription because of its ability to treat different bacterial infections. Although Staphylococcus aureus was treated using penicillin in the past, the bacteria have become resistant to the antibiotic because of their ability to produce enzyme penicillinase. Augmentin is appropriate because it will minimize the possible attack sites, which are possessed by procaryotic cells (p.267). Also, it is a broad-spectrum antimicrobial agent, implying that it can get rid of other pathogens entering the body through the open wound.





5.2 Describe the added benefits that Augmentin provides, with reference to the role of the major ingredients in Augmentin. (9 marks)
	                   
 One of the advantages is that it can be used to treat different infections. As a broad-spectrum antimicrobial agent, the drug can be used to cure bacterial infections in different areas, including respiratory tract infections, bacterial sinusitis, animal and human bites, skin infection, UTIs, and chronic pulmonary disease. Another benefit is that the drug can be used alone or can be combined with other medications. Augmentin is beneficial over other antibiotics because it contains clavulanate, which helps in the treatment of resistant bacterial infections.  Clavulanate plays a major role by preventing bacteria from destroying amoxicillin, which gives the drug a higher chance of inhibiting bacterial multiplication (Australian Prescriber, 1998).                 



6. Presentation (Total: 20 marks) 
6.1 Referencing in-text and in reference list conforms to APA 7th ed. Referencing style.
6.2 Critique supported by relevant literature as prescribed.
6.3 Correct sentence structure, paragraph, grammatical construction, spelling, punctuation, and coherent presentation.
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Using the supplied template (to be accessed from the Assessment tab in the Unit's vUWS site), answer the following
questions:

=
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Explain why a booster tetanus injection was given to Mary. (10 Marks)

Describe the physiological basis of the three wound observations. Relate your response to the case study. (20
Marks)

Explain how Mary's fever developed and discuss two benefits of fever. (15 Marks)

Name one endogenous and one exogenous possible source of contamination of the wound by Staphylococcus
aureus and explain how the organism was transmitted to the wound from each source. (20 Marks)

Explain why Augmentin was one of the appropriate drugs given to Mary. (15 Marks)
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Due: Week 9, Monday 13th Sept 2021 at 23:59 (midnight)
Submission: Refer to Section 2.5 of the LG - General Submission Requirements
Format: Case study.

Length: 1200 words

Curriculum Mode:

Word count:

— There is a word limit of 1200 words. Use your computer to total the number of words used in your assignment.
However, do not include the reference list at the end of your assignment in the word count. In-text citations
will be included in the additional 10% word count. If you exceed the word limit by more than 10% the marker
will stop marking at 1200 words plus 10%.

Aim of assessment:

— The aim of this assessment is to increase students’ understanding of how microorganisms can cause health
breakdown, and the role of relevant pharmacological interventions in the recovery processes. Students will
explore various modes of transmission, relevant characteristics of pathogens, and the importance of breaking
the chain of infection. This assessment facilitates the development of the following skills: a critical appraisal of
the nurse’s role in infection control, literature searching, and academic writing and referencing.

Details:

— A minimum of five of the references provided as resources, must be used and cited in this case study.
— You must use the supplied template (to be accessed from the Assessment 2 tab in the Unit's vUWS site),
to answer the questions that follow the case study below:

Case Study:

Mary, aged 50 years, was digging manure into her rose garden when she sustained a deep 4 cm cut to her right calf.
She was brought into the medical centre, her wound cleaned and sutured. She was also given a tetanus booster
injection and sent home. She returned to the medical centre 48 hours later complaining of pain and feeling febrile.
She had a Temperature of 38.2° C with a Blood Pressure of 120/80 mmHg.

On inspection of her wound, the following observations were made:

1. Wound edges red and hot to touch
2. Surrounding tissues swollen
3. Purulent and odorous discharge

A wound swab was taken for culture and sensitivity. The report of the culture found the colonizing organism to be
Staphylococcus aureus which was sensitive to Amoxicillin. Mary was prescribed Augmentin, 250mg every eight hours
for five days.
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Figure 21.2 Phagocytosis.

another to a component of gram-negative bacteria such as Sal-
monella. A variety of cells have TLRs, including macrophages
and cells of certain boundary tissues such as the epithelial cells
lining the gastrointestinal and respiratory tracts. These pattern
recognition receptors allow the cells to recognize invaders and
sound a chemical “alarm” that initates inflammation (which we
will discuss shortly).

Phagocytes

Pathogens that get through the skin or mucosae into the under-

Iying connective tissue are confronted by phagocytes (phago =

eat). Neutrophils, the most abundant type of white blood cell,

become phagocytic on encountering infectious material in the

tissues: However, the most voracious phagocyles are macro-

phages (“big eaters”). Macrophages derive from white biood

cellscalléd monocytes that leave the bloodstrea, enter the tis-

sues, and develop into macrophages.

« Free macrophages wander throughout the issue spaces in
search of cellular debris o “foreign invaders.”

« Fixed macrophages, such as stellate macrophages in the
liver, are permanent esidents of particular organs

Phagocyt

A phagocyte engulfs particulate matter much the way an amoeba
ingests a food particle. Receptors on its flowing cytoplasmic
extensions bind o the particle. The particle is then pulled inside,
enclosed within a membrane-lined vesicle (Figure 21.2a). The
resulting phagosome then fuses with a Iysosome to form a
‘phagolysosome (steps (D-(3)in Figure 21.2b).
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(6) Events of phagocytosis.

Neutrophils and macrophages generally kill ingested prey
by acidifying the phagolysosome and digesting its contents
with Iysosomal enzymes. However, some pathogens such as
the wberculosis bacillus and certain parasites are resistant to
Iysosomal enzymes and can even multiply within the phago-
Iysosome. In this case, other immune cells called helper T cells
release chemicals that stimulate the macrophage. This activates
additional enzymes that produce a lethal respiratory burst
‘The respiratory burst promotes killing of pathogens by:
Liberating a deluge of highly destructive free radicals
(«p.118)
Producing oxidizing chemicals (hydrogen peroxide and a
substance identical to household bleach)
Increasing the phagolysosome’s pH and osmolarity, which acti-
Vates other protein-digesting enzymes that digest the invader
Neutrophils also pierce the pathogen’s membrane by using
defensins, the antimicrobial peptides we mentioned earlier.
Phagocytic attempts are not always successful. I order for a
phagocyte to ingest a pathogen, the phagocyte must first adhere
1o that pathogen, a feat made possible by recognizing the patho-
gen’s carbohydrate “signature.” Many bacteria have external
capsules that conceal their carbohydrate signatures, allowing
them to elude capture because phagocytes cannot bind to them.
‘Our immune systems get around this problem by coating path-
ogens with opsonins. Opsonins are complement proteins (dis-
cussed shortly) or antibodies. Both provide “handles” to which
phagocyte receptors can bind. Any pathogen can be coated with
‘opsonins, a process called opsonization (“to make tasty”), which
greatly accelerates phagocytosis of that pathogen.
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‘When phagocytes are unable to ingest their targets (because
of size, for example), they can release their toxic chemicals into
the extracellular fluid. Whether killing ingested or extracellular
targets, neutrophils rapidly destroy themselves in the process.
In contrast, macrophages are more robust and can survive to
kill another day.

Natural Killer (NK) Cells

Natural killer (NK) cells, which “police” the body in blood
and lymph, are a unique group of defensive cells that can kill
cancer cells and virus-infected body cells before the adaptive
immune system is activated. NK cells are part of a small group
of large granular lymphocytes.

Unlike lymphocytes of the adaptive immune system, which
only recognize and react against specific infected or tumor

ells, NK cells are far less picky. They can eliminate a variety
of infected or cancerous cells by detecting general abnormal
ties such as the lack of “self” cell-surface proteins called MHC,
described on pp. 823-824. The name “natural” killer cells
reflects their nonspecificty.

NK cells are not phagocytic. They kill by directly contacting
the target cell, inducing it to undergo apoptosis (programmed
cell death). This is the same method used by cytotoxic T cells
(described on p. 839). NK cells also secrete potent chemicals
that enhance the inflammatory response.

Inflammation: Tissue Response to Injury
Inflammation is a nonspecific response to any tissue inju
Causes include physical trauma, intense heat, imitating chemi-
cals, or infection. Inflammation has several beneficial effects:
« Tt prevents the spread of damaging agents to nearby tissues.
+ Ttdisposes of cell debris and pathogens.
« Tualerts the adaptive immune system.
« Itsets the stage for repair

How can you tell i inflammation is present? There are four
candinal signs (distinguishing indicators) of acute (short term)
inflammation: redness, heat (inflam = set on fire), swelling, and

Table 212
CHEMICAL
Histamine

Inflammatory Chemicals
SOURCE

pain. Some authorities consider impaired function to be a fifth
cardinal sign. For instance, movement in an inlamed joint may
be hampered temporarily, forcing it to rest, which aids healing
Inflammations are so common that many have specific names.
Each name begins with the organ or tissue affected and ends
with -its (such as tonsilits, appendicitis, and tendonitis).

Inflammatory Chemical Release

‘The inflammatory process begins with a chemical “alarm”™—

flood of inflammatory chemicals released into the extracellu-
lar fluid. Tnflammatory chemicals are released by injured or
stressed tissue cells, and immune cell. For example, mast cells
(4p. 161), a key component of the inflammatory response.
release the potent inflammatory chemical histamine (his tah-
mén). Inflammatory chemicals can also be formed from chemi-
cals circulating in the blood (Table 21.2)

Other inflammatory chemicals include Kinins (ki'ninz),
prostaglandins (pros"tah-glan'dinz), and cytokines (a group of
chemical mediators of immune responses that we will discuss
later in the chapter). If pathogens provoked the inflammation, a
‘group of plasma proteins known as complement is activated to
form potent inflammatory chemicals.

All inflammatory chemicals dilate local arterioles and
make local capillaries leakier. Many also attract phagocytes to
the injured area. (We will see the importance of these effects
next.) In addition, some have individual inflammatory roles,
such as mobilizing lymphocytes and other elements of adaptive
immunity.

and Vascular

Vasodilation of local arterioles causes local hyperemia
(increased blood flow). Hyperemia brings more cells and chem-
icals of the immune system to the injured area. It accounts for
two of the cardinal signs of inflammation: the redness and heat
of an inflamed region

Inflammatory chemicals also increase the permeability of
local capillaries and venules. Consequently, exudate—fluid
containing clotting factors and antibodies—seeps from the

HYSIOLOGICAL EFFECTS.
Promotes vasodilation of loca arteioles,

Kinins (bradykinin and others)

Prostaglanins (4p. 80)

Complement
Cytokines

Granules of mast cels and basophils (4p. 685).
Released in response to mechanical injury, presence
of certain microorganisms, and chemicals released
by neutrophil.

A plasma protein, kininogen, isspit by the enzyme
Kallikrein found in plasma, urine,safiva, and in
ysosomes of neutrophik and other types of cells
Spliting releases active kinin peptides.

Fatty acid molecles produced from arachidonic acid
found in allcell membranes; generated by enzymes
of neutrophis, basophils, mast cells, and others.
See Table 213 (p. 822).

See Table 21.7 (p. 837).

increasing blood flow to njured area. Increases.
permeabilty of loca capilares, promoting
formation of exudate.

Same a for histamine. Also induce chemotaxis
of leukocytes and prompt neutrophils to
release lysosomal enzymes, thereby enhancing
generation of more kinins. Induce pain.

Same as for histamine. Alo induce neutrophil
chemotaxi. Induce pain. (Some prostaglandins,
are antinflammatory)
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blood into the tissue spaces. This influx
of protein-rich fluids into the tissue spaces
sweeps foreign material into the lymphatic
vessels so it can be processed in the lymph
nodes. It also delivers important proteins
such as complement and clotting factors
1o the interstitial luid. The clotting factors
form a gel-like fibrin mesh (a clot; 4p. 690)
that acts as a scaffold for permanent repair.
‘The mesh also isolates the injured area and
prevents bacteria and other harmful agents
from spreading. Walling off the injured
area is such an important defense strategy
that some bacteria (such as Streptococcus)
have evolved enzymes that break down the
clot, allowing them to invade surrounding
tissues.

‘The increased tissue fluid causes the
local swelling (edema) that presses on
adjacent nerve endings, contributing to a
sensation of pain. Pain also results from
the release of bacterial toxins, and the sen-
sitizing effects of released prostaglandins

@ chemotaxis.

Neutrophils

follow chemical

wail

Caplllary wall

and kinins. (Aspirin and some other anti-
inflammatory drugs reduce pain by inhibit-
ing prostaglandin synthesis.)

@ Leukocytosis.
Neutrophils enter
blood from bone
marrow.
Phagocyte Mobilization
Soon after inflammation begins, phagocytes
flood the damaged area. Neutrophils lead,
followed by macrophages. Figure 21.3
illustrates the four steps in which phagocytes are mobilized to
infiltrate the injured site
(@ Leukocytosis. Injured cells release chemicals called
leukocytosis-inducing factors. In response, neutrophils
enter blood from red bone marrow and within a few hours,
the number of neutrophils in blood increases four- to five-
fold. This leukoeytosis, the increase in white blood cells
(WBCs), s characteristic of inflammation.

rgination. refers to the of
phagocytes clinging (o the inner walls (margins) of the
capillaries and postcapillary venules. Inflamed

@ Margination. (® piapedesis.

Neutrophilscling Neutrophils flatten

o capillary wall and squeeze out of
capillaries.

igure 21.3 Phagocyte mobilization.

o the site of injury. Within an hour after the inflammatory
response has begun, neutrophils have collected at the site and
are devouring any foreign material present.

As the body’s counterattack continues, monocytes follow
neutrophils into the injured area. Monocytes are fairly poor
phagocytes, but within 12 hours of leaving the blood and
entering the tissues, they swell and develop large numbers of
Iysosomes, becoming macrophages with insatiable appetites.
‘These late-arriving macrophages replace the neutrophils on the
battlefield.

Macrophages are the central actors in the final disposal of cell

cells sprout cell adhesion molecules (CAMs, 4 p. 113) that
signal “this is the place.” As neutrophils encounter these
CAMs, they bind briefly. This causes them to slow and
roll along the inner surface of the blood vessel so they can
be activated by inflammatory chemicals. Once activated,
neutrophils sprout additional CAMs on their own plasma

This allows the neutrophils to bind 1
cells tightly, creating an initial foothold.

(@ Diapedesis. Continued chemical signaling prompts the
neutrophils to flatten and squeeze between the endothelial
cells of the capillary walls—a process called diapedesis.
Chemotaxis. Inflammatory chemicals act s homing devices,
or more precisely chemotactic agents. Neutrophils and
other WBCs migrate up the gradient of chemotactic agents

debris as acute inf subsides, and they pr at
sites of chronic inflammation. The ultimate goal of an inflamma-
tory response is to clear the injured area of pathogens, dead tissue
cells, and any other debris so that tissue can be repaired. Once
this is accomplished, healing usually occurs quickly.

The inflammatory response is summarized in Figure 21.4.

HOMEOSTATIC
& IMBALANGE 311
Tn severely infected areas, the battle takes a considerable toll
on both sides, and creamy yellow pus (a mixture of dead or
dying neutrophils, broken-down tissue cells, and living and dead
pathogens) may accumulate in the wound. If the inflammatory
mechanism fais to clear the area of debris, collagen fibers may
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Figure 21.4 Events of acute inflammation. The four carcinal signs are shown in red
bores, as s impaired function, which i some cases constitutes  fifth cardinal sign.

belaid down, which walls off the sac of pus, forming an abscess.
‘The abscess may need to be surgically drained before healing
can occur.

‘Some bacteria, such as twberculosis bacill, resist digestion
by the macrophages that engulf them. They escape the effects
of prescription antibiotics by remaining snugly enclosed within
their macrophage hosts. In such cases, granulomas form.
‘These tumorlike growths contain a central region of infected

macrophages surrounded by uninfected macropl
outer fibrous capsule.

A person may harbor pathogens walled off it
for years without displaying any symptoms. Ho
person’s resistance to infection is ever compromis
ria may be activated and break free, leading to cl
symptoms.
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activity. Pus formation is typically induced by bacteria,
but not by viruses. This can sometimes be helpful in
distinguishing between bacterial and viral infections.
Certain bacteria (e.g. staphylococci, gonococci) are
particularly strong attracters of neutrophils and are
termed pyogenic, or pus-forming, bacteria. When the sac
of pus is walled off by a layer of fibrin, an abscess is
formed (see Figure 9.12). This is the body’ attempt to
Tocalise the infection and seal offthe potentially damaging
enzymes and other toxic substances that are released
from neutrophils as they die. The pus remains locked up
in the abscess. Thus, physical drainage of abscesses is ofien
necessary before healing can occur.

Wound repair

‘Wound repair s a complex process, involving a variety of
cells, cytokines and other substances. Classically, wound
repair is divided into three phases—inflammation,
proliferation and remodelling The processes within each

CHAPTER 9 THE BODY'S DEFENCE SYSTEMS 195

Forinwal

An abscess is a sac of pus contained within a wall
of fibrin

of these phases vary according to the nature of the
wound and the amount of damage that has been caused.
‘The most favourable outcome is a complete removal of
microorganisms and tissue debris and a return of the
tissue to normal structure and function.

As stated earlier, in the latter stages of the acute
inflammatory response, monocytes migrate into the wound
and transform into macrophages. Apart from their
phagocytic role, macrophages also secrete a wide array of
factors involved in tissue clearance and repair. While
inflammation is critical for wound repair, prolonged or
intense inflammation can cause frther injury to tissues
Failure of an inflamed wound to progress to the prolfera-
tion phase resuls in chronic inflammation (see below).

‘The proliferative phase begins towards the end of the
inflammatory phase, when various substances are
produced within the wound space to form a temporary
wound matrix. Fibroblasts migrate into the arca and begin
secreting collagen. Granulation tissue (comprising
fibroblasts, collagen, new capillaries and ground substance)
grows into the wound from surrounding healthy tissuc

In surface wounds, a process of re-epithelalisation
occurs soon afier injury. Re-cpithelialisation relies on
the migration of epithelial cellsinto the wound. Epithelial
migeation and proliferation continue until the wound is
covered and an intact epithelial barrier i re-established.

Fibroblasts continue producing new collagen, while
tissue proteases digest it. However, there is a net increase
in collagen over time. This formation and breakdown of
collagen is a remodelling process, during which the
collagen is progressivly re-formed into a more organised
structure with increased strength.

The most favourable outcome is the restoration of
the tissue’s original structure and physiological function
by regeneration. This occurs if the destroyed tissuc is
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capable of regeneration, if the damage is minor, and if
there are no other complications. If the tisue is incapable
of regeneration (e.g. nerve tissue) or is extensively
damaged, or ifthe clean-up s incomplete (e.g.in abscess
formation), it i replaced by scar tissue (fibrous connective
tissue),in a process called ibrosis Scar tissue is comprised
mainly of collagen. It fill in the wound space, but it does
not have the physiological functions of the original tissuc.

Chronic inflammation

Chronic inflammation occurs if the acute inflammatory
response is unsuccessful in eliminating the forcign
material from the tisues. For example, if particles (e.g
glass, dirt) and/or bacteria persist in 2 wound, the
inflammatory response may continue beyond two weeks,
Pus may be formed continuously, sometimes for months
or even years. Large numbers of lymphocytes and
macrophages are involved in chronic inflammation, in
contrast to acute responses in which neutrophils
predominate. Effective wound repair can also be
compromised by other factors,such as poor blood supply.
diabetes, malnutrition, or advanced age, which may result
in the development of a chronic wound. Chronic wounds
generally involve the skin and are commonly called skin
ulcers. Pressure sores are a type of skin ulcer.

Chronic inflammation can also oceur as a distinct
process from the outset, in the absence of acute
inflammation. Cerain microbes, such as the bacteria that
cause tuberculosis and leprosy, induce chronic
inflammation because of their resistance to intracellular
digestion by phagocytes. Therefore, these organisms are
not eliminated by phagocytes, and hence stimulate a
persistent inflammatory response. Other agents that
typically evoke chronic inflammation are low-grade

tants such as tal, silica and asbestos, These substances
persist in tissues but do not penetrate or spread.

Fever

Fever, a higher-than-normal body temperature, is 2
systemic response to infection, and often accompanies
severe or generalised inflammation. It is also considered
t0 be a component of the second line of defence of the
innate immune system. Body temperature is regulated by
a cluster of neurons in the hypothalamus, considered to
be the body’s thermostat. Normaly,the thermostat s set
at approximately 37°C. Fever occurs when the set-point
of the thermostat is raised to a higher temperature.
Pyrogens are chemical substances tht produce fever.
They are referred to s exogenous pyrogens if they
come from outside the body, and endogenous pyrogens if
they are formed inside the body. Exogenous pyrogens
are, in the main, components of microorganisms. The
best characterised of these is the lipopolysaccharide
(endotoxin—sce Chapter 10) of the cell wall of Gram-
negative bacteria. Endogenous pyrogens are released
from macrophages and neutrophils during inflammation
or in response to the presence of exogenous pyrogens.
‘The best-known endogenous pyrogens are interleukin-1
(IL-1) and tumour necrosis factor (TNF). These are the
substances that actually alter the set-point in_the
hypothalamus. This processis summarised in Figure 9.13.
A person experiencing a fever due to infection may
experience cyclical periods of feverishness (fecling hot)
and chills(feeling cold). This occurs because the resetting
of the body temperature set-point by pyrogens can be
unstable, with the set-point fluctuating over time. Thus, if
a person has a body temperature of 39°C, but their sct-
point is suddenly reset to 40°C, they will actually shiver
and feel cold—that is, experience chills—even though
they have a higher-than-normal body temperature. The

Bacteial endotoxin

(popoysaccharder
ot EEa compones;

A granuloma is a type of chronic infl
produced in response to certain microorganisms, such as
the bacteria that cause tuberculosis and syphilis
Granulomas are formed in these infections because the
macrophages are unable to climinate the organisms.
Granulomas typically consist of a mass of different types
of cells arranged in fairly discrete layers, completely
walled off (encapsulated) by fibrous deposits of collagen.
At the centre of this cellular structure are macrophages
clumped in a mass, or coalesced together to form multi-
nucleated cells. Around these giant cells is a layer of
epithelioid cells (modified macrophages) and then a layer
of lymphocytes. This mass of cells represents the body'’s
attempt to surround and isolate the foreign agent.
Granulomas are sometimes given special names, such as
“gummas’in syphilis and ‘tubercles’ in tuberculoss.

In the past, surgical gloves were dusted with talc
powder so they would slip on easil; but it was found that
particles of alc often entered the surgical field and caused
granulomas to develop there afier surgery. Gloves are now
dusted with an absorbent starch to avoid this problem.

L1, TN 1L6 from
macrophages, neutrophil:
Temperaturs-rogulating contra
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Increase in body temperature
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The production of fever
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cytokine can result in disorders related to prolonged
inflammation, such as rheumatoid arthritis.

Vasodilation and increased vascular
permeability

Many of the inflammatory mediators cause dilation of
the arterioles in the area of damage. This causes more
blood to flow into the area, accounting for the redness
and warmth of inflamed tissue.

Some mediators increase the permeability of local
capillaries and post-capillary venules by causing the
endothelial cells o these vessels to retract, creating a small
space between the cells. As a result, plasma fiuid and
proteins are able to leak from the bloodstream into the
tissue spaces. This fluid is called an exudate. An
accumulation of exudate in tissue causes oedema, or
swelling. The pain that is usually associated with
inflammation is due to compression of nerve endings by
this swelling, as well as o the direct effects of some
inflammatory mediators on pain receptors. Depending on
the site of injury, swelling and pain may cause temporary
loss of fanction of a body part (c.g.in a join), and this is
sometimes regarded as the ifthsign of acute inflammation.

The purpose of local vasodilation and increased
vascular permeability is to provide the injured site with
blood-borne substances that are involved in tissue repair.
The plasma fluid that enters injured tissue also contains
oxygen, nutrients for the repair process, and important
proteins like antibodies, complement and clotting
proteins. As described later i this chapter, the antibodies
and complement in plasma fluid are substances that help
to eliminate foreign organisms. In some infections, the
clotting proteins form a fibrin barrier around the site to
isolate the injured area and prevent the spread of bacteria
or other harmful agents into surrounding tissucs.

Although inflammation is an important defence
mechanism, there are situations where it can actually
harm the body. For example, the swelling and pain
associated with rheumatoid arthritis cause severe

discomfort because an excessive degree of inflammation
oceurs. The role of inflanmation in the production of
disease is discussed later in this chapter.

Phagocyte migration

During inflammation there is an influx of phagocytic
cells into the injured tissue. Neutrophils arrive first and,
later, macrophages infiltrate the site. Activated mediators
from plasma and injured cells stmulate the release of
extra neutrophils from the bone marrow into the blood,
and then their atiraction to the site of injury. In severe
infections, the number of neutrophils in the blood may
increase four or five times within several hours. A
significant increase in the number of neutrophils in
blood is called neutrophilia, which is a characteristic
sign of severe bacterial infection.

Some of the inflammatory mediators, such as
complement factors, prostaglandins and kinins, act as
chemotactic agents for phagocytes, attracting them to the
site of the injury. During inflanmation, the blood flow in
the region of the injury slows and neutrophils begin to
stick to the inner walls of the capillaries—known s
margination (sec Figure 9.11). The neutrophils then
squeeze between the endothelial cels of the capilary walls
(a process called diapedesis) and move into the tissue
spaces,where they can devour dead or damaged tissue cells
and any foreign partcles or microbes that are present.

Late in the inflammatory response, monocytes from the
bloodstream enter the area, eplacing the neutrophils. After
entering the tissues, the monocytes swell and develop large
‘numbers of lysosomes, to become mature, highly active
‘macrophages. They are responsible for the fina clearing of
cell debris and foreign matter from the injured area

In sites of bacterial infection, pus may accumulate in
the wound. Pus is a thick, creamy-coloured fluid
comprising a mixture of dead and dying neutrophils,
tisue debris and remaining pathogens. Neutrophils are
the major component of pus because many dic in siw,
having expended themselves in voracious phagocytic
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significant increase in the mumber of neutrophils in
blood is called neutrophilia, which is 3 characterisic
sign of severe bacterial infection.

Some of the inflammatory medistors, such 15

s duc to of nerve cndings by
this sweling, as well 35 to the direct cffcts of some
inflammatory mediators on pain receptors. Depending on
the sit of injury, swelling and pain may cause temporary
loss of funcion of a body part (e, in 2 joint), and this s

factors, and kinins, act a5
chemotactic sgents for phagocyte, atracting thern to the
sit of the injury. During influnmtion, the blood flow in
the region of the injury slows and newtrophils begin to
stick to the inner walls of the capillries—known 35

Sometimes regarded asthe fifth sign of e
‘The purpose of local vasodilation and incresed.
vascular permesbility is to provide the injured site with
blood-borne substances that are involved in tisue repair.
The plasm fuid that enters injured tissue also contsins
oxygen, nutrients for the repair process, and important
proteins like antibodies, complement and clotting
proteins.As deseribed lter in this chapeer,the antibodies
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body’s temperature-sensing mechanisms have detected a
body temperature that is lower than the set-point. In
contrast, if the set-point is suddenly dropped, the person
will feel hot, or feverish.

The clinical approach to the management of fever has
changed in recent years. In the past, antipyretic (fever-
reducing) drugs and physical measures (e.g. tepid baths) were
routinely used to reduce fever. Now, it is common practice
to allow a slight to moderate fever to run its course. Although
high fevers (above 40°C) are dangerous because of the
possibility of damage to nerve cells and convulsions, mild or
moderate fever may have some benefits for the body. The
rate of cell division of bacteria is slowed at temperatures
above 37°C. Also, bacteria require iron and zinc for growth,
but during fever the liver and spleen sequester these nutrients,

available. A small increase in body
temperature may also increase the metabolic rate and activity
of defence cells, such as lymphocytes and phagocytes, and is
also thought to speed up repair processes.

It is accepted, however, that high fever, or fever in
patients with cardiovascular disease, seizures or respiratory
disorders, should be treated immediately. Antipyretic
drugs such as aspirin appear to reduce fever by restoring
the temperature set-point in the hypothalamus to normal.

Complement

The complement system, or simply complement,
comprises a complex system of plasma proteins that are
present in the blood in an inactive state. The major
components are designated as factors C1 to C9 and
factors B, D and properdin. It is an enzymatic cascade
system, like the blood coagulation system. When it is
activated, the complement system:

+ enhances phagocytosis

 induces inflammation

«  directly lyses (breaks down) foreign cells.

=
CASE HISTORY 9.1

Fever

Charlotte, a 15-year-old female, is taken by her mother
to the local medical clinic with symptoms of fever, chills
and a burning sensation when urinating. The doctor
examines her, notes her temperature to be 39°C, and
suspects that she has cystitis. The doctor prescribes her
a course of ciprofloxacin.
Questions

Why is Charlotte experiencing a fever with this

infection?

Explain why Charlotte is also experiencing chills.

What is ciprofloxacin?

Explain why the doctor didn't prescribe anything

for her fever.
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Complement enhances the action of many innate
and adaptive defences, and is in turn enhanced by some
adaptive defences. Hence, it is a major interface between
the innate and adaptive defence systems.

Complement can be activated by one of three
pathways (outlined in Figure 9.14). The classical
pathway is initiated by the binding of antibodies to
antigen. Complement proteins are activated and bound
to a receptor on antibody molecules in a step called
complement fixation. The alternate (properdin)
pathway is initiated by an interaction between properdin
and factors B and D, with the polysaccharides that
are present in the cell walls of many microorganisms. The
third pathway is the lectin pathway. Lectins are
carbohydrate-binding proteins found in serum that
are able to bind to a wide range of microorganisms. This
complex causes activation of the complement system as
shown in Figure 9.14. Together, these three pathways
enable the complement system to clear or destroy a wide
range of microorganisms and foreign molecules.

In all three pathways the complement proteins are
activated in a particular sequence, with each protein
activating the next one in the sequence. All pathways
lead to the cleavage of C3 into two fragments (C3a and
C3b). These fragments are responsible for the induction
of three different processes that result in the destruction
of foreign cells and substances. They are lysis (cell
breakage), opsonisation (enhancement of phagocytosis)
and inflammation.

The complement proteins are able to destroy foreign
cells by damaging their cell membranes. This cytolysis is
initiated by the C3b fragment and other components
which activate the C5 to C9 sequence of reactions. The
activated proteins produced from these reactions form a
complex which is inserted into the foreign cell membrane
(see Figure 9.15). This membrane attack complex acts
as a trans-membrane channel which allows the leakage
of fluid and electrolytes out of the cell and, ultimately, its
destruction. Complement-mediated cytolysis is
important in protection against microorganisms, and is
also the basis for other reactions, such as transfusion
reaction following transfusion of incompatible blood,
transplant rejection and some autoimmune diseases.

The C3b fragment can also bind to the surface of
microorganisms, and then bind with specific C3b
receptors on phagocytes. By binding to both the microbe
and the phagocyte, the C3b effectively holds the
microorganism against the surface of the phagocyte
(see Figure 9.16), thereby promoting the phagocyte’s
ability to ingest the organism. This enhancement of
phagocyte activity is termed opsonisation, and C3b is
called an opsonin.

C3a (the other cleavage product of C3) and C5a (the
cleavage product of C5) are anaphylatoxins—that is, they
bind to mast cells, basophils and platelets, triggering the
release of histamine and other substances (see Figure 9.14).
As mentioned earlier in this chapter, histamine is one of the
major inducers of inflammation. C5a also contributes to
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environment, such as the nasal passages The organisms that
populate the axillae metabolise the chemicals in sweat,
producing breakdown products with a distinctive odour
(body odour). Most commercial deodorants act
by inhibiting the metabolic action of the bacteria or by
drying the skin surface so that the bacteria cannot multiply.

Normal microbiota of the
respiratory tract

The upper respiratory tract has a rich population of
resident microbiota, including streptococci,staphylococci,
diphtheroids and Gram-negative cocci. Staphylococcs
aureus s found mainly in the nasal passages. a- and
B-haemolytic streptococci and Haemophilus influenzac are
frequently found in the throat. Sireptococcus pneumoniae
‘may be present, and is often responsible for middle ear
infections (otitis media). Other organisms that may
be present include Neisseria meningitidis, Moraxclla
(Branhamella) catarrhalis and Candida albicans.

‘The bronchial tubes and lungs are relatively free of
organisms in healthy individuals

Normal microbiota of the

gastrointestinal system
The gastrointestinal system consists essentially of a long
tube extending from the mouth to the anus. Varying

Staphylococeus aureus
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Branhamela catarrhalis
Haemophis influenza
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conditions of oxygen tension, availability of nutrients and
PH occur along this system, and this i reflected in the
different microbial populations that exist in cach region.

‘The mouth contains a distinctive population of oral
bacteria,the mucous membranes of the mouth supporting
as many as 10" bacteria per gram wet weight of tissue.
These bacteria are usually present as commensals, but can
also be responsible for discases in the mouth. The viridans
group of streptococci are common members of the
microbiota of the upper respiratory tract. They include
the acrobes Streptococcus mutans and Streptococcs sanguis
which can contribute to dental decay (caries) by secreting
glucan,a sticky polysaccharide that attaches to the enamel
of the tooth surface. Plaque consists of a film of bacterial
cells anchored in a matrix of glycoproteins and
polysaccharides that the organisms have sccreted. This
matrix provides a stable environment in which other oral
bacteria thrive and metabolise sugars, producing acid that
contributes to dental decay (see Figure 7.4).

Other bacteria, including Lacobaclus, Fusobacterium
and Adinomyces which prefer an anacrobic environment,
thrive on the gums or in crevices between the tecth
Sometimes these organisms are responsible for an
infection of the gums known as gingiviti

The pH of the stomach is acid due to the secretion of
hydrochloric acid, and inhibits the growth of most
microorganisms. A few acid-tolerant lactobacilli may be
present in the gastric mucosa. Helicobacter pylori, 2
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Dental plaque
Source: Davd ScharfScence Photo Lirary

bacterium that has been shown to be involved in the
occurrence of gastric ulcers, can also tolerate  this
environment, but is not considered part of the normal
‘microbiota. The upper part of the ileum (duodenum) is
slightly alkaline and is aso relatively free of bacteria. The
Tower intestine, the caccum and colon, harbours  large
population of bacteria (approximately 10'? bacteria per
gram of intestinal contents) which can comprise up to
30 per cent of the faccal volume.

The predominant microbiota are anaerobes or
facultative anacrobes,such as Escherichia colf, Klebsiella and
Enterobacter, but strict anacrobes, such as Bacteoides, are
also present in large numbers (see Table 7.1).The presence
of E. coli in water samples is often used as a tes for faccal
contamination. Bacteria in the colon are of benefit to the
host by digesting waste material and converting it to

facces, s well as producing vitamins K and B and short-
chain fatty acids (SCFA), which are important in
‘maintaining the health of the colon. Anaerobic conditions
in the colon result in the formation of gas (fatus) and
various breakdown products with a strong, distinctive
odour. Recent nucleic acid studies have revealed the
existence in the large intestine of many new families of
bacteria that had not been previously identified. It is also
possible that viruses that can specifically attack various
bacteria also live in the gastrointestinal system.

Normal microbiota of the
genitourinary tract

The major components of the urinary system—the
Kidneys,bladder and upper part of the urethra—are usually
sterile. The lower portion of the urethra, especially in
females, may harbour microorganisms  that are
representative of those present on the skin, vagina or colon.
‘They are usually lushed out regularly by the flow of urine,
but if they persist can cause urinary tract infections,

‘The composition of the normal microbiota of the
vagina illustrates how the microbiota change depending
on age and physiological conditions. Before puberty,
the pH of the vagina is about 7 and the main inhabitants
are staphylococci, streptococci, diphtheroids and some
coliforms. After puberty, the hormone oestrogen
stimulates the secretion of glycogen by the vagina
Fermentation of glycogen is carried out by lactobacilli
with the production of acid, which lowers the pH to
about 5. This acidic pH is protective, inhibiting the
growth of many other organisms and establishing
conditions suitable for fertlisation. If the lactobacill of
the vagina are destroyed by prolonged antibiotic therapy,

Representative examples of normal human body microbiota®

Propionibacterium acnes, taphylococcus aureus, 5. epidermidis, Corynebacterium xerosis, Candida

5pp.(reast)

Staphylococcus aureus, . epidermidss diphtheroids

Upper respiratory tract_Staphylococcus aureus, S epidermidis,diphtheroids (mainy in nose)

Noselthroat
Micrococcus spp.

Streptococcus prieumoniae, Haemophits influenzoe, Neisseria in throat, Moraxela spp.,

Gastrointestinal system

Mouth Streptococcus spp., Lactobacils, usobacterium, Actinomyces, Bacteroides,Veilonello, Candida
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Stomach Lactobacilus

Large intestine

More than 300 species, including Bacteroides, Enterococcus, Enterobacter,Escherichia col Poteus,

Klebsello, Bifidobacterium, Candida (yeast), Costridium perfringens

Genital tract
Trichomonas vaginas (protozoan)

Urinary tract!

Lactobacillus, Streptococcus, Corynebacterium, diphtheroids,Staphylococcus, Candida (yeast),

Staphylococus, Streptococcus,Proteus, Enterococcus,Lactobacills, Kebsiela
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damaged or disadvantaged in some way. Most infections
caused by microorganisms result in some degree of
damage to the host cells. Parasitism, therefore,
encompasses a wide range of relationships, from those in
which the host s only sightly harmed to those in which
it i killed. The most ‘successful’ parasites are those that
maintain their own life processes without killing their
host, which is their source of nourishment. Many bacteria
are commensals and are usually only considered to be in
a parasitic relationship when they cause an infection.
However, other microorganisms, such as the viruses and
some protozoa and helminths, are true parasies in that
they are unable to live outside their host and so always
cause an infection and produce some degree of damage.

As will become apparent in the following scctions
the relationship between the microorganisms and their
human host i complex and continually changing, due to
alterations in the physiological and nutritional states of
both. This relationship determines whether a clinically
identifiable infection or discase will occur

MICROORGANISMS OF THE
HUMAN BODY: NORMAL

MICROBIOTA (FLORA)

Before discussing the process of infection and disease, we
should examine the human body s a habitat for

especially bacteria,resides on the human body. These are
alled the normal microbiota of the body.

The human foctus develops in a sterile environment in
the uterus, and at birth the neonate is free of
‘microorganisms. However, within days, even hours of
birth, 2 population of microorganisms, mainly bacteria,
akes up residence on the various body surfaces. They are
derived from the baby’ immediate environment, usually
the birth canal of the mother,the hands of the people who
care for the infant the surfaces in the hospital nursery and
other part of the hospital environment. Because of the
different organisms to which they are exposed, babies who
are bottle-fed tend to have different bacteria in the large
intestine from those who are breast-fed.

For the rest of their lives, humans are constantly
exposed to a changing population of microorganisms.
Some of these take up permanent residence on the skin
and on the mucosal surfaces of the upper respiratory
tract, mouth, gastrointestinal system and genital tract.
They are called normal or resident microbiota (flora).
Others (some of which may be pathogens) establish
themselves briefly in suiable areas (e.g. nose and throat)
and are said to colonise these surfaces. They are not
permanent residents and, afier some time, are excluded
from the site by competition with the normal microbiota
or by the host’s immune defence mechanisms. Other
microorganisms are transient and may be carried for a
bricftime on hands or other skin surfaces (ce Figure 7.2);

ganisms. Mic are found
in the environment, and a rich population of microbes,

they are usually tobe and can
be removed by physical means such as handwashing

‘CHAPTER 7 HOST-MICROBE INTERACTIONS AND PRINCIPLES OF DISEASE 141

Coloured scanning electron micrograph showing
Escherichia coli (purple) and Candida albicans
(green) contaminants on a human finger
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‘The human body provides an excellent shelrer and
source of nourishment for microbes, The various areas of
the body have different conditions of temperature,
moisture, pH, nutrients and oxygen, so that different
species can select the most suitable environment in which
to reside. Most body surfaces (internal and external) that
are exposed to the environment can, and do, harbour
‘microorganisms The bloodstream and the internal organs,
however, are usually mainained in a sterie state by the
various body defence mechanisms. When microorganisms
enter these sites and persist, a state of disease exist.

The normal microbiota have a number of useful and
protective effects They occupy sites in the body and create
an environment which inhibits colonisation by other
organisms, so that harmful organisms cannot become
established and cause an infection. Once established in a
suitable area, they can modify their environment—they
may alter the pH (e.g. lactobacill in the vagina lower
the pH to 5, which inhibits the growth of other bacteria
and fungi), excrete chemicals with antibacterial activity
(e:g. bacteriocins and organic acids in the large intestine),
o produce vitamins that are of bencfit to the hos.

‘The value of the normal microbiota to the human
hostis apparent when their numbers are reduced by long-
term broad spectrum antibiotic therapy. A frequent side
effect of such therapy is an overgrowth of undesirable
‘organisms; for example, Clostridium diffcile may fourish in
the large intestine, causing diarrhoca and pseudo-
‘membranous colitis. Vaginitis, or thrush, is caused by
growth of Candida albcans i the vagina f the lactobacill
are destroyed. Cessation of antibiotic therapy usually
allows the normal microbiota to become re-cstablished.

‘The microbes that live on the human body are
relatvely stable, but can be influenced by factors such as
age, nutritional status, exposure to antibiotic therapy, or a

change in environment, such as a_prolonged stay in
hospital. Studies have shown that afier a patient enters
hospital, the composition of the microbial population
alters very rapidly. The normal microbiota are replaced,
and the patient is colonised with hospital strains that are
generally resistant to antibiotics. Infection with these
hospital srains has serious implications for the patient, as
they are usually more difficult to treat. Normal body
microbiota can also be the cause of infections if the
delicate balance becween host and microbe s upset (see
“Opportunistic infections'on page 146)

Normal microbiota: types
of organisms

By far the most predominant microorganisms found on
the human body are bacteria (see Figure 7.3). They can
be easily identified by standard laboratory techniques,
and their role in maintaining the human ccosystem has
been accepted for some time. The yeast Candida is the
major fungal inhabitant, and there are a few protozoa
that appear to live in harmony with the human host
(e.g. Tiichomonas intestnalis, Entamocbha ol

Because viruses are always thought of as discase-
producing, they are not generally considered part of the
normal microbiota. However, it may be that some viruses
are able to reside in the human body without producing
discase symptoms unless there is a change in the immune
status of the host. Some of these are known to persist in
a latent form, such as members of the herpes family—
herpes simplex virus, Epstein-Barr virus (EBV) and
cytomegalovirus (CMV)—but there may be others not
yet idenified (see Chapter 5).

Normal microbiota of the skin
The skin harboursa diverse population of microorganisms.
Bacteria reside in or on the dead layers of skin, obtaining
nutrients from the secretions of the scbaccous glands and
hair folicles There are two distinct cutancous populations:
contaminants and resident microbiota. The contami-
nants, or transient organisms, cling to the skin surfaces
but do not usually replicate there, They include any
organisms that the body (especially the hands) may have
come into contact with during normal daily activiies
Contaminants are greatly influenced by the personal
hygiene of the individual. For health workers, the
organisms carried on the hands are important in the
transmission of disease

The resident microbiota of the skin usually live in
warm, moist areas of the body such as the axllae (rmpit)
and groin, in deep crevices in the skin layers, in hair
follicles and in sweat glands. There are relatively few
organisms present on the exposed, dry arcas of the skin
surfice. The organisms usually present include species of
Staphyloccs, Corebacterium, Proionibacteium and some
fangi. Staphylococaus epidermidis is found mainly on drier
areas of the skin, whereas S. aureus prefers 2 moist
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or the pH is altered by hormonal or physiological
disturbances, an overgrowth of other organisms
frequently ensues (e.g. Candida albicans, causing thrush).

INFECTION AND DISEASE

Up to now we have been considering the microorganisms
that live on the human body as a normal part of our
environment. However, a delicate balance exists between a
state of health and disease. Under certain conditions, many
of the normal microbiota, as well as organisms from the
external environment, have the potential to cause disease.

The first step is for potential pathogens to become
established or colonise the human body. They then have an
opportunity to penetrate the host defences, invade the
tissues, multiply and set up an infection. When the results
of the infection produce clinical symptoms, a disease results.

Disease is defined as any harmful alteration to the
physiological or metabolic state of the host. An infectious
disease occurs when this alteration is caused by a
microorganism or its products, such as toxins (see
Chapter 10). Any organism capable of causing disease is
called a pathogen. The microorganisms responsible for
the infection may come from anywhere in the environment
or from the human body itself.

Endogenous and exogenous
infections

Depending on the source of the causative organism, an
infectious disease can be classified as endogenous or
exogenous.

Endogenous infections occur when the source of
the pathogen is the human host itself. Thus, diseases
caused by normal microbiota are endogenous. These
organisms usually cause the infection when they are
displaced from their normal habitat to a susceptible body
site. For example, skin bacteria such as Staphylococcus
epidermidis are a major cause of infection in surgical
wounds and intravenous lines. Nasal carriers of S. aureus
can transfer bacteria from the nose to an open wound or
sore. Cells of Escherichia coli may be carried from the
colon to the bladder and cause a urinary tract infection.
Latent viral infections may be reactivated when the host
immune defences are reduced.

Congenital infections are a type of endogenous
disease that occur in the foetus when the source of the
pathogen is the mother. Sometimes, the pathogen crosses
the placenta during pregnancy and produces congenital
defects, such as occur with rubella, syphilis, cytomegalo-
virus and toxoplasmosis. If the mother is a carrier of a
blood-borne virus, the baby may become infected late in
pregnancy or at the time of birth, as occurs with hepatitis
B and HIV. Group B streptococci may also infect the
baby during passage through the birth canal. Sometimes,
the foetus is infected in utero by organisms from the
vagina (e.g. Mycoplasma). These have been implicated as a
cause of premature labour.

Exogenous infections are caused by organisms from
the external environment. They may be acquired by
cross-infection from patients in the hospital environment,
or from people in the wider community. Most infectious
diseases are acquired in the community and are transferred
from person to person by various routes (see Chapter 8).
If the infectious disease is treated at home, the pathogen
remains in the community. Sometimes the disease requires
hospitalisation, and so the pathogen is introduced into the
hospital environment, where it may spread.

Exogenous infections acquired during a patient’s stay
in hospital are called healthcare-associated infections
(HCAIs).They were previously called hospital-associated
infections (HAIs) or nosocomial infections (see Chap-
ter 13). It is not always possible to distinguish between an
HCAI and one that is acquired in the community.
Infections due to pathogens acquired in hospital are often
life-threatening, as the hospital environment harbours a
large population of antibiotic-resistant organisms, and
hospitalised patients are frequently very susceptible. The
major risks to patients are from medical or surgical
procedures, or from contact with contaminated surfaces or
the hands or clothing of health workers. When such
infections can be largely attributed to invasive medical
procedures, they are termed iatrogenic.

THE DISEASE PROCESS

Pathogenicity and virulence

Pathogenicity is defined as the capacity to produce
disease. This capacity depends on certain characteristics
of the organism, including the ability to:

¢ gain entry to the host

¢ attach to the host tissues and multiply

« evade the host defences

¢ damage tissue and produce disease symptoms.

The degree of pathogenicity or virulence of different
types of microorganisms ranges from mild to serious or
even fatal. Some diseases are not as serious as others, and
this depends on the type of pathogen involved. For
example, the cold virus is a pathogen, but the disease it
causes is usually only mild, whereas infection with the
influenza A virus is much more serious. An infection with
the rabies virus is nearly always fatal without treatment.

Differences in pathogenicity and virulence are also
related to the strain of the organism and its relative ability
to infect and cause disease.

Virulence depends on a number of factors, such as
how easily the organism is able to invade the host cell
and produce damage. The external structures of bacteria
and viruses are important for attachment; for example,
the cilia on the surface of E. coli attach to the lining of
the urinary tract, resisting mechanical ‘washing’ by flow
of urine, and causing infection. As discussed in Chapter 5,
the specific outer structure of a virus is essential for its
attachment to the host cell. Some organisms are able to
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INTRODUCTION

“The discovery of antiotics and the development of a range of
antimicrobial drugs greaty reduced the incdence of morbidty
and mortality from infectious diseases in the 20th century.
Today, most peope Iving in the developed nations assume that
their doctor can prescribe a pil that willcure most nfectons.
So when someone dies from an infectious disease or contracts
a serious infection n hospita s often seen as due 0 faiure
in the health system.

However,antimicrobial drugs o treat nfectons have only
been availble since the middie of the last century, and their
usefulness i currently being threatened by the emergence of
resisant strains of many pathogens.Some of the most serous are
themult-resstant strain of Staphyococcus aureus and tubeross
and the carbapenem-resistan trains of Enterobacteriaceae:

The World Health Organization (WHO) has called for a
bl strategy o overcome the problem of ncreasing resistance
o antimicrobalcrugs.In Australia 2 number of committees are
working together to develop 2 National Antimicrobal Resisance
Strategy to combat the threat of resitance and provide national
guideines. One of the infiaives i the ntroduction i hospals of

THE ORIGINS OF
CHEMOTHERAPY

For centuries, extracts from plants and herbs have been
used to treat illness. We now know that some of these
preparations contain valuable therapeutic drugs. For
example: aspirin was first extracted from the bark of the
willow tree; morphine is derived from the seeds of the
opium poppy; quinine, used against malaria, comes from
the bark of the chinchona tree; and digialis, used in the
treatment of heart disease, was first extracted from
foxglove leaves. The anti-fever properties of the ging hao
plant (Artemisia annua) were first described in China in
3408c. This plant s also known as the annual or sweet
‘wormwood.The active ingredient of ging hao was isolated
by Chinese scientists in 1971. Known as artemisinin, it is
today a very potent and effective antimalarial drug,
especially in combination with other medicines
Ancient Chinese culture has traditionally used
combinations of herbs to treat llness The mouldy soybean
preparation that was placed on infected wounds probably
contained small amounts of an antibiotic such as penicillin.
Plant extracts were used in a variety of ways—as medicinal
teas, as inhalants, or as poultices placed on wounds or
inflammation. Many of these treatments were successful,
but the mechanism by which they effected a ‘cure’ was,
and sill is, largely unknown. These alternative remedies
are becoming increasingly popular in Australia, but many
of them have not been subjected to rigorous clinical trials.
It is important for health professionals to be aware of the

the concept of ‘antimicrobial stewardship’ (see page 289)
Antimicrobal resistance is discussed lter i this chapter:

It is important for heaith professionals to understand how
antibiotics were discovered, used and misused, 5o that we can
protect the future of these valuable therapeutic agents,

In Chapter |, we described how the work of Robert Koch
and other scientists resulted in the isolation and identification
of the organisms responsible for most of the known infectious
diseases of bacterial origin At that time there were no methods
available o cure patients suffering from these infections.
Various physical and chemical methods that kiled or inactivated
microorganisms were used to control the spread of infection
(see Chapter | 1). However, the chemical disinfectants used to
kil bacteria on skin, wounds and tissues were relatively non-
specifl in their action. The treatment of infectious diseases,
therefore, relied mainly on supportive methods that allevated
the symptoms. Thus, despite all the scientific advances in
knowiedge of the causes of infection, at the beginning of the
20th century onethird of all chidren died from an infectious
disease before the age of five.

regulations regarding the licensing and prescribing of
therapeutic drugs. Any product for which therapeutic
clims are made must be entered in the Australian
Register of Therapeutic Goods (ARTG) before it can be
supplied in Australia

The magic bullet
The idea of finding a chemical substance that could
specifically kill the microbes responsible for an infection
without damaging the host cells (i.c. a ‘magic bullet)
was proposed by the chemist PAut. ExLiCH in 1908. It
was known that arsenic was toxic to many bacteria, but
it was also toxic to humans. Ehlich set about trying to
synthesise an organic compound containing arsenic that
would rein the antimicrobial properties but would be
less toxic to humans. The compound he prepared was
called salvarsan and was found to be cffective against
spirochaetes—in particular, the bacterium responsible
for the sexually transmissible discase syphilis, Treponema
pallidum. At that time, syphilis was very common. It was
incurable, and in later stages had very unpleasant
symptoms that were usually fatal. Salvarsan was a great
improvement on the use of mercury compounds, which
had been the only treatment available at that time. It is
no longer used, having been replaced by antibioti
Ehrlich’s work opened up a whole new approach to
the treatment of discase. Chemists tried to repeat his
success with salvarsan by synthesising various chemical
compounds, but most of them were found to be too
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toxic for human use. However, the new science of
chemotherapy had been created.

Chemotherapy involves the introduction of a
specific chemical compound, or drug, into the body in
order to elicit a particular desired response, preferably
‘without causing harm to the patient. It includes the use
of drugs to kill or inhibit microorganisms, as well as
drugs used to treat other diseases such as cancer.

Sulfa drugs

Inspired by Ehrlich's synthesis of salvarsan, another
chemist, GERARD DoMAGK in Germany, tested a dye
called prontosi for its ability to kill streptococci. He
found that it was active in animal tissues, where it was
converted to a compound called sulfanilamide, a potent
inhibitor of bacterial replication. The discovery of
sulfanilamide led to the synthesis of a large number of
similar drugs, collectively named sulfonamides, or sulfa
drugs. These sulfa drugs exhibit activity against a variety
of pathogens. However, many organisms have been found
to develop resistance to them, and they frequently cause
side effects such as skin rashes.

There are now few specific indications for the clinical
use of sulfonamides alone. They are used mainly in
combination for the treatment and prophylaxis of
Pueumocysis jiroveci priumonia and malaria, and for the
topical treatment of severe burns, or when no other
suitable drugs are available.

The discovery of antibiotics

A breakthrough in the treatment of infections came with
the discovery of antibiotics. In 1928, at about the same
time the sulfa drugs were being developed, an English
doctor, ALEXANDER FLENING, et a culture of Staphyloaxaus
aureus on an agar plate in the Lboratory for a few days. He
noticed that the growth of the bacteria had been inhibited
in the area of the plate that had been contaminated by a
common blue/green mould. He correctly deduced that
the mould had produced a chemical that difused through
the agar and killed the bacteria. He called the chemical
penicillin, from the name of the mould Peniciliun.

Surprisingly, he did not realise the therapeutic value of
his discovery, and it was not until the outbreak of
World War Il thatinterest n the compound as a reatment
for serious infections was revived.

At that time, an Australian physician, Howarp Fionsy,
was working at Oxford University and became interested
in penicillin as  chemotherapeutic agent. In collboration
with the chemist Esevsr Cra, he vas largely responsible
forthe project that resuled in the isoltion and purifcation
of penicillin, and the clinical trials that were necesary to
establish it as a ‘miracle cure’. With the backing of the
United States government,they undertook the production
of large quantites of penicillin that were used successully
to treat nfections in soldiers wounded in the war.

The dramatic results obtained with penicillin
encouraged scientiss to look for other microorganisms

g electron micrograph of a Streptomyces sp.

‘which produces the antibiotic actinomycin,
showing aerial mycelium with straight chains of
spores
Source: Dr D Ipek Kurthoke and Professor Romano Loce, Uivrsiy
of Min, ey
that produced substances that might also have anti-
‘microbial activity

The term antibiotic was coined to describe a
compound produced by a microorganism that in small amounts
can kil or inhibit another microorganism. Antibiotics are
natural products of certain microorganisms, inc]
some fungi, actinomycetes and bacteria, many of w
are found in soil. More than half the antibiotics in use are
produced by different species of filamentous soil bacteria
belonging to the genus Streptomyces (sce Figure 12.1).
Although many antimicrobials are derived from natural
sources, a_number of them have been chemically
modified in order to improve their antimicrobial
properties and are therefore called ‘semi-synthetic’.

THE DEVELOPMENT OF
ANTIMICROBIAL DRUGS

Selective toxicity

The principle of selective toxicity is fandamental to the
successful development, production and use of any
chemotherapeutic agent. It requires that the drug is able
to kill or inhibit the microorganism responsible for the
disease without causing damage to the host cells. It is
relatively easy to find chemicals that can kill
‘microorganisms—it s not so casy to find ones that can
do so without harming the human host. In order to find
a suitable drug, it is necessary to identify a reaction or
structure that is unique to the target microorganism but
‘which does not occur in, or is not essential to, the host
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© Microorganisms can be removed from the air by the use
of high-efficiency particulate air (HEPA) filters.
Phenolic disinfectants are widely used, as they retain some
activityin the presence of organic materil and are
inexpensive and stable.
Chlorine, in the form of sodium hypochlorite (common
bleach),is an effective disinfectant that is active against a
range of microorganisms.

Study questions

What s pasteurisation? Wh i i used on milk!
What is a ‘high-risk’ (critcal) icem of equipment? Give
some examples.

What is 2 ‘semi-cridcal icem of equipment! Give some
examples.

Why do instruments need to be cleaned before being
treated with disinfectant!

‘What decontamination procedures should be followed
for frequently touched surfaces?

Whenis a disinfectant necessary for cleaning of
environmenl surfaces in 2 hospital?

‘What s the difference becween sterisation and
disinfection?

Ethylalcohol and isopropyl alcohol are antbacterial
chemicals used in handrubs for the quick and effective
disifection of the hands.

Glutaraldehyde is used to disinfect delicate heat-sensicive
instruments co a high level.

Antiseptics are chemical disinfectants that are mild
enough to use on ski.

How do gamma rays have a steriising effect?
‘What types of materials are sterilsed by fitration?
‘What are the disadvantages of sterilsation with echylene
oxide?

‘What are the advantages of hydrogen peroxide plasma
a5 a sterilsing agent?

‘What is an antiseptic?

‘What is a HEPA fiter and what is it used for?

‘What are the advantages and disadvantages of phenolic
disinfectants?

‘Whatis the value of bleach as a disnfectant?

‘What antiseptics are the most effective for skin
disinfection?

‘What are the advantages of moist heat sterilsation over
dry heat sterilisation?

‘What are the commonly used autoclaving times and
temperatures?

Test your understanding

| Distinguish between the terms ‘decontamination’,
‘disinfection’ and ‘sanitsation.
Discuss the diferences between a critcalitem and a.
non-critical item, and the differences in the disinfection/
sterilisation processes required prior to their use.
Why s bolling instruments at 100°C not considered to
be amethod of serilsation?

4 Why is sterilsation regarded as an ‘absolute’ process?

What is used to blood
spils?
List owo chemicals that are used as preservatives.

Describe how fileration is used to prevent infections in
the healthcare environment.

‘What factors determine the efficiency of the disinfecting
process?

Why is chiorine used extensively for disinfection?

‘What are the major disadvantages of chemical
disinfection?

‘Why is it important not to reuse disposable equipment!

Antimicrobial therapy

CHAPTER FOCUS
Describe the discovery and development of antimicrobial drugs
What are the principles underlying the effective use of antimicrobial drugs!
What are the major types of antimicrobial drugs?
How do antimicrobials kil or inhibit the growth of, microbial cells?
What guidelines are used when prescribing antimicrobial drugs?
What are the responsibilties of the nurse in the administration of
antimicrobial therapy?
How do microorganisms become resistant to antimicrobial drugs?
What are the consequences of the development of resistance to
antimicrobial drugs!
What strategies can be used to minimise the emergence and spread
of resistant microorganisms?
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cell. The drug must be able to alter or damage the
microorganism in such a way as to either prevent
replication, or cause the death of the microbial cell. The
principle of selective toxicity, therefore, exploits any
differences in structure or metabolism between the
microbial cell and the host cell.

Procaryotic (bacterial) cells have a number of unique
characteristics that provide possible sites of attack (see
Chapter 3). It is more difficult to identify points of
difference in eucaryotic microorganisms, because they
have more structural and functional similarities to human
cells. It is even more difficult to design antiviral drugs,
because viral replication involves taking over the host
(human) cell, so any compound that interferes with viral
replication is also likely to damage the host cell.
Sometimes, a drug will be considered to be selectively
toxic because of the greater affinity of the drug for the
microbial enzyme than for the host cell enzyme.

Activity of antimicrobial drugs

So far we have described the discovery of two different
kinds of compounds that affect microbial growth.
Antibiotics such as penicillin are naturally occurring
substances, whereas the sulfa drugs are completely synthetic.
Attempts by scientists to find effective antimicrobial agents
have resulted in the production of a range of naturally
occurring, synthetic and semi-synthetic drugs, with varying
activity against the different types of microorganisms.

The term antimicrobial is used to describe a
compound that is able to kill, or inhibit the growth of,
a microorganism. Strictly speaking, antibiotics are a
particular type of naturally occurring antimicrobial
compound, but in practice the terms ‘antibiotic’ and
‘antimicrobial’ are used interchangeably. Thus, an
‘antibiotic sensitivity test’ performed in a diagnostic
microbiology laboratory should correctly be called an
‘antimicrobial sensitivity test’, because it tests the
susceptibility of a particular microorganism to a range of
compounds, some of which are naturally occurring, but
some of which may be chemically modified antibiotics,
semi-synthetic (e.g. amoxycillin) or completely synthetic
(e.g. sulfa drugs and quinolones).

‘We can further separate antimicrobial drugs into
groups depending on the type of organism they are
active against. Thus, antibacterials are active against
bacteria, antivirals against viruses, antifungals against
fungi, and antiprotozoals against protozoa. The reason
that drugs tend to be active against only one type of
organism (e.g. antibacterials do not kill viruses) is related
to their mechanism of action. To selectively kill or inhibit
the microorganism, the drug must attack or interfere
with a structure or a step in a metabolic or replicative
process that is unique to the organism and preferably not
present in the host cell. Since different types of
microorganisms have different cellular components and
metabolic processes, the drugs that are most effective
against one type of organism may not affect another type.
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Compounds that are active against a number of different
microorganisms are called broad spectrum antimicrobial
agents, while those with a limited range of activity are
called narrow spectrum antimicrobial agents. Some
agents are able to kill microorganisms and are identified by
the addition of the suffix -cidal; for example, penicillin is
bactericidal. Others inhibit the replication of the organism
without killing it and have the ending -static; for example,
tetracycline is bacteriostatic.

These properties refer to the drug’s mechanism of
action. In general, drugs that are bactericidal result in
irreversible damage to a cell (e.g. the formation of an
unstable cell wall) so that the cell is no longer viable. In
contrast, agents that are bacteriostatic interfere with
metabolism or the synthesis of a compound, such as an
enzyme.This prevents replication but does not necessarily
cause the death of the cell. Their effect is therefore
reversed once they are removed from the cell. Even
though they do not kill the cell, bacteriostatic agents are
useful because they prevent further replication of the
pathogen and allow the host’s own immune system time
to mount its defences against the infection. Wherever
possible, it is preferable to use a bactericidal agent,
especially for immunocompromised patients whose own
defences are not able to complete the task of eliminating
the pathogens from the body.

The effectiveness of antimicrobial therapy is being
threatened by the development of resistance to many of
the drugs that are currently in use. This can take many
forms, and is discussed later in this chapter.

Therapeutic Guidelines—Antibiotic, published by
Therapeutic Guidelines Ltd, lists the antimicrobial drugs
that are approved for use in Australia, and describes in
detail the recommendations for the management of
infections in various body systems. The guidelines are
updated regularly, and students are referred to the latest
edition for specific details of prescribing practice. A
description of the general principles of antimicrobial
therapy is given below. Students should be aware of the
nomenclature used for drugs. The generic name is the
chemical name of the compound. Different drug
companies may market the same compound under
different names—the trade name. For example, the
sulfa drug cotrimoxazole consists of a mixture of
sulfamethoxazole and trimethoprim (chemical names),
and is marketed as Bactrim® or Septrim® by different
drug companies.

ANTIBACTERIAL DRUGS

Procaryotic organisms (bacteria) are free-living single-
celled organisms with several unique characteristics
which distinguish them from their host cells.

There are four main target sites for selective
antibacterial action (see Figure 12.2):

1. synthesis of the bacterial cell wall
2. protein synthesis
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Antiviral drugs

VIRUS OR DISEASE  ANTIVIRAL DRUG
Herpes simplex virus  Aciclovir, idoxuridine (topical)
(HSV) Fanciclovir, valaciclovir (oral)
Varicella zoster virus Aciclovir (IV, oral)
(vVzv)
Cytomegalovirus Ganciclovir
(CMV) Valganciclovir
Foscarnet
HIVIAIDS Combination therapy of drugs
selected from:
B nucleoside analogue reverse
transcriptase inhibitors
(NRTT)
B non-nucleoside reverse
transcriptase inhibitor NNRTI
B protease inhibitor
B integrase inhibitor
B entry inhibitor (fusion or
CCRS) (seeTable 19.6)
Respiratory syncytial Ribavirin
virus (RSV)
Influenza A Amantadine
Influenza A and B Zanamivir
Oseltamavir
Hairy cell leukaemia Interferon

Interferon, entecavir, adefovir,
tenofovir, lamivudine

Chronic hepatitis B

Chronic hepatitis C Interferon, ribavirin, zidovudine

as well as HSV and VZV.The mechanism of inhibition is
similar to aciclovir, but the drug is more toxic so its use is
limited to serious cases of CMV, such as CMV retinitis in
AIDS patients. Neutropenia occurs in 25 per cent of
patients together with some degree of renal impairment.
It is not well absorbed when taken orally.

Valganciclovir is absorbed well when taken orally,
and is hydrolysed in the body to ganciclovir. Foscarnet
is a pyrophosphate nucleotide derivative that does not
require phosphorylation by host or viral enzymes. It has
been used as an alternative to ganciclovir for CMV
infections, as well as for herpes and varicella zoster, but is
more toxic and may cause renal failure.

Adefovir, entecavir, lamivudine and tenofovir are
used to treat hepatitis B. Tenofovir is a potent analogue of
adenosine, and behaves in the same way as the guanosine
analogues, by inhibiting DNA polymerase and preventing
viral replication. Lamivudine is a cytosine analogue and,
like tenofovir, is also used in the treatment of HIV.

Ribavirin, a synthetic analogue of guanosine, has a
potentiating effect when used with other antivirals. Its
main use is in combination with peg-interferon-a for
the treatment of hepatitis C, and for severe cases of
respiratory syncytial virus (RSV) infection in hospitalised
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children. It has a number of side effects and is teratogenic
and embryogenic, so is contraindicated in pregnant
women and their partners.

Antiretroviral drugs

Retroviruses are a particular group of viruses responsible
for a number of serious diseases, including adult T cell
leukaemia and AIDS. They have also been linked to the
development of cancers in various animal species. In the
search for suitable drugs to treat infections caused by these
viruses, scientists have been able to make use of the viruses’
unique method of replication (see Figure 12.10).
Retroviruses contain RNA, and the first step in the
replicative process involves the synthesis of DNA from the
RNA genome by a specific viral enzyme, an RNA-
dependent DNA polymerase called reverse transcriptase.
The DNA ‘provirus’ is then inserted into the host cell
DNA and subsequently directs the synthesis of new viral
RNA and protein. There are six main classes of
antiretroviral drugs, discussed below.

Nucleoside analogue reverse
transcriptase inhibitors (NRTls)

The reverse transcriptase enzyme, which does not occur
in human cells, provides a target for antiviral drugs.Various
analogues of the nucleosides that are used to synthesise
DNA have been tested for their ability to bind to reverse
transcriptase, to produce inactive viral DNA. Of these,
zidovudine (AZT), an analogue of thymine, was the first
to be licensed for the treatment of HIV infection.
However, although the drug has a high affinity for viral
reverse transcriptase, it is also incorporated to some extent
into host cell DNA by human DNA polymerase. This
leads to occasional depression of bone marrow function
and may cause inhibition of mitochondrial DNA
synthesis, leading to myopathy. Unpleasant side effects of
treatment include nausea, myalgia and headaches.

A number of other nucleoside analogues have been
developed. All the analogues block the transcription of
viral RNA into DNA by combining with and inhibiting
the enzyme, reverse transcriptase, leading to termination
of the synthesis of the DNA chain. The action of these
drugs is virustatic—that is, when the drug is removed,
viral replication can resume.

Non-nucleoside inhibitors (NNRTIs)

A second class of antiretroviral agents are the non-
nucleoside reverse transcriptase inhibitors. They stop HIV
production by binding directly on to reverse transcriptase,
preventing the conversion of RNA to DNA. Although
they act at the same site as the nucleoside analogues, they
exert their effect in a completely different way.

Protease inhibitors (Pls)

Protease inhibitors are a group of compounds that act on
HIV protease and interfere with the correct formation of




