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Introduction to Module 2

The purpose of this section is to introduce you to Module 2: Screening
for HIV and Other Infectious Agents which focuses on developing an
effective screening programme to detect infectious agents in donated
blood.

LEARNING OBJECTIVES

When you have completed this section, you should be able to:
1 Explain the purpose of Module 2.

2 ldentify a personal ‘supporter’ who can assist you
throughout your work on this module.

3 Assess your current knowledge, skills and experience in
relation to the objectives of this module.

4 Make arealistic Study Plan for your work on this module.




SECTION 1

1.1 THE DISTANCE LEARNING PROGRAMME

.Module 2: Screening for HIV and Other Infectious Agents is part of the
distance learning programme, Safe Blood and Blood Products, developed
by the World Health Organization’s Global Programme on AIDS (WHO/
GPA). This programme has been designed to provide access to training
for staff working in blood transfusion services, hospital blood banks and
public health laboratories who have limited opportunities to attend
conventional training courses.

The other modules in this series are:

m Introductory Module: Guidelines and Principles for Safe
Blood Transfusion Practice

B Module 1: Safe Blood Donation
B Module 3: Blood Group Serology.

You should already be familiar with the way in which this distance
learning programme operates from your work on the Introductory Module.
If you have not yet read it, it is essential to do so before studying this
module so that you understand how the programme is organized. In
particular, make sure that you read Section 1 which explains the role of
your trainer and supporter and how to use the learning materials,
especially Section 1.2 on pages 4-8 which describes the following
features of the modules: '

module objectives
sections

learning objectives
activities

action list and action plan
summary
self-assessment
progress check

glossary

appendices

offprints.

Using Module 2

You should find this module useful if you work in a blood transfusion
service laboratory, hospital blood bank or public health laboratory and
are involved in any aspect of screening blood for transfusion-transmissible
infections.

You may also find Module 2 of interest if you are a member of the medical
or technical laboratory staff, such as a medical superintendent or a
senior technologist, and are responsible for training or supervising staff
who are involved in any aspect of screening blood. In this case, the
module will offer basic refresher and updating material for your own use
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as well as acomprehensive resource that you can integrate into your own
training programmes.

Module 2 contains some material which is quite complex, so you may find
it hard to understand everything at first. Don’t worry about this. Take as
much time as you need to read through each section and mark anything
that you find difficult. Then go back to those parts and re-read them until
you can understand them. If you still find them complicated or are unable
to complete any of the activities, seek help from your trainer, your
supporter or another senior colleague. Don't be afraid to ask for
assistance since what you are learning is extremely important and will
directly benefit the centre in which you work.

Some sections may contain material which is already familiar to you. If
s0, read them through as a means of revision and to make sure that your
knowledge is completely up to date. There have been many recent
developments in laboratory practice, particularly in relation to screening
for anti-HIV, and it is important that you are fully aware of them. However,
some sections, particularly Sections 3, 4 and 8, contain a great deal of
information which is primarily provided as reference material. It is not
necessary to memorise all the details.

There may also be some parts of the module that are not relevant to your
own work. For example, Chagas' disease, which is described in Section
8, does not occur in many parts of the world. Even if you do not need to
know about it in detail, you may still find it interesting to read about it and
compare it with the diseases that are prevalent in your country.

1.2 BEFORE YOU BEG‘N THIS MODULE

You should already have completed the Introductory Module and may
also have worked through other modules in this distance learning
programme. During this period, you should have been in regular contact
with your trainer. You should aiready have had an opportunity to discuss
the work you will be undertaking on Module 2, but if this has not yet been
possible, contact your trainer before you begin this module.

When you started working through the Introductory Module, you were
askedto identify someone, ideally your supervisor, who would act as your
personal ‘supporter’. Hopefully, you were able to find someone who was
willing to meet with you regularly to discuss your progress and provide
assistance and support, particuiarly when you were developing and
implementing your Action Plan. You now need to choose a supporter for
your work on this module — perhaps the same person or another senior
colleague who has specialist experience in screening for HIV and other
infectious agents.

ACTIVITY 1

Think about the people with whom you work, particularly your
supervisor and other senior colleagues, who could support you while
you are working through Module 2. Identify one person whom you
think would be willing to spend some time talking to you periodically
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about your work on this module and helping you with any problems
that you might face. Remember that it is important to choose
someone who is prepared to discuss your ideas about ways of
improving the service and to assist you in planning and implementing
any changes that you identify as being needed as a result of your
work on this module.

Check that the person you have identified is prepared to help you. If
you have chosen a different supporter from the person you selected
for your work on other modules, explain how the learning programme
operates and what the role of the supporter involves. Show this
module to your supporter so that he or she becomes familiar with its
content and approach. When you are preparing your Study Plan,
arrange regular meetings to discuss your progress.

If you have any difficulty in finding a suitable supporter in your

. workplace, talk to your trainer who will help to find someone to

support you.

Even though your supporter will be your main source of assistance, you
will also find it helpful to discuss your work on this module with your
colleagues, particularly those who are involved in your iaboratory’s
screening programme. '

1.3 MODULE 2: SCREENING FOR HIV AND OTHER INFECTIOUS
AGENTS

With the rapid spread of the AIDS pandemic, there is an urgent need to
ensure the safety of all blood and blood products. Module 1: Safe Blood
Donation addresses the first step in reducing the risk of transmission of
HIV through blood, which is to select low-risk donors and screen them
thoroughly before they donate blood. Voluntary non-remunerated donors
who give blood on a regular basis are more likely to be free from
transfusion-transmissible infections than family or replacement donors,
or commercial donors.

Even with the most careful screening of donors, however, some donors
will prove to be seropositive for HIV or other infectious agents and
rigorous screening of all donated blood is required to ensure the safety
of the blood supply. This module sets out to strengthen your own
knowledge and skills in screening blood for infectious agents.

Section 1: Introduction to Module 2 outlines the contents of the module
and contains activities that are designed to help you to prepare for your
work on it.

Section 2: .Infection and Infectious Agents looks at four types of
infectious agent and the transmission of these agents by blood transfusion.
It also provides an introduction to the basic immunology of infection and
to screening for infectious agents, such as HIV.

Section 3: The Human Immunodeficiency Viruses examines HIV infection
and the consequences of infection. It describes the structural features
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of HIV and the basic stages of infection and considers routes of
transmission and the prevention of its spread. It will provide you with
background information which you can use for reference purposes.

Section 4: Principles of HIV Screening Assays focuses on the possible
approaches to screening for HIV antibody and HIV antigen and explains
the principles behind the different types of assay.

Section 5: Selecting Anti-HIV Screening Assays will help you to select the
most suitable type of screening assay for your particular circumstances.
It explains the importance of sensitivity and specificity and considers a
number of factors to take into account when developing a screening
programme.

Section 6: Using Anti-HIV Screening Assays deals with the performance
of screening assays, including handling screening results, confirmatory
testing, recording and storing test results and safety procedures in
handling positive donations, assay components and waste.

Section 7: Quality Assurance emphasizes the importance of quality
assurance in the maintenance of an effective screening programme, and
covers quality systems, standard operating procedures, laboratory
worksheets and audit trails.

Section 8: Screening for Other Transmissible Infectious Agents describes
the basic features of infection with hepatitis B virus, non-A, non-B
hepatitis/hepatitis C virus, syphilis, malaria and Chagas’ disease, and
explains their significance for blood transfusion practice.

Section 9: Action Planis the final section in which you are asked to review
allthe ideas you have included in your Action List and to prepare an Action
Plan as a basis for improving working practices in your laboratory. You will
find the Action List for Module 2 on page 114.

1.4 MODULE OBJECTIVES

There are seven overall objectives for this module which specify what you
should be able to do as a result of reading the text, answering the self-
assessment questions, completing the activities and preparing your
individual Action Plan.

When you have finished working through Module 2, you should be able
to achieve the following objectives:

Section 2
Explain the role of microorganisms as infectious agents in
human disease and their significance for blood transfusion.

Section 3
Describe HIV infection and the significance of infection for
blood transfusion practice.

Section 4 :

Outline the principles of the diagnostic assays most commonly
usedto detect anti-HIV and HIV-Ag and the differences between
them.
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Section 5
- Select the most suitable type of anti-HIV screening assay for
use in your own laboratory.

Section 6
Develop an effective anti-HIV screening programme and maintain
accurate records of the screening results.

Section 7
Help to develop an appropriate quality system for your laboratory
to maintain an effective screening programme.

Section 8

Recognize the basic features of other infectious agents and
- their significance for blood transfusion practice.

Some sections of the module may not be directly relevant to your work.
Before starting work on this module, therefore, you should identify any
sections that cover tasks that you do not currently perform. Discuss
them with your trainer before you draw up your Study Plan. You may
decide to work through every section and attempt all the activities;
alternatively, you may agree that you should only complete the sections
that relate directly to your work and simply read the remainder.

¢

ACTIVITY 2 '

Before you begin work on Section 2, you will find it helpful to assess
your current level of knowledge, skill and experience in relation to the
module objectives and decide what you want to achieve by working
through the module. Look carefully at the module objectives and, for
- each one, decide whether you have:

1 - A high level of -knowledge, skill and experience

2 - A reasonably good level of knowledge, skill and experience
3 - Some knowledge, skill and experience

4 - Little or no knowledge, skill or experience

The objectives are repeated in the table on page 7. Note down your
rating (1, 2, 3 or 4) for each objective and add any comments you
wish to make. Note any objectives that relate to areas of work that
you do not undertake.

You have now identified the areas which will be mostly revision for you
and the areas to which you need to pay particular attention. The
objectives are designed to help you to assess your own progress. When
you reach the end of the module, you will be asked to look back at them
to check whether you feel that you have achieved them. The most
important question to ask yourself then is whether you feel that you can
do your job better as aresult of your work on this module. If you feel that
you would like to improve your knowledge, understanding and skills
further, think carefully about the topics you would like to learn more
 about. Then talk to your supporter, supervisor or trainer about how you
can achieve this.
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Rating
Module objective (1to4) Comments

Section 2

Explain the role of microorganisms as
infectious agents in human disease and their
significance for blood transfusion.

Section 3
Describe HIV infection and the significance
of infection for blood transfusion.

Section 4

Outline the principles of the diagnostic
assays most commonly used to detect anti-
HIV and HIV-Ag and the differences between
them.

Section 5

Select the most suitable type of anti-HIV
screening assay for use in your own
laboratory.

Section 6

Develop an effective anti-HIV screening
programme and maintain accurate records of
the screening results.

Section 7

Help to develop an appropriate quality
system for your laboratory to maintain an
effective screening programme.

Section 8

Recognize the basic features of other
infectious agents and their significance for
blood transfusion practice.

1.5 PLANNING YOUR STUDY

Since you should already have completed the Introductory Module and,
perhaps, other modules, you should be able to make a reasonable
estimate of the amount of time that you will need to spend on Module 2.
The activities are likely to be time-consuming, but remember that you will
be able to complete most of them during the course of your normal work.

ACTIVITY 3

Look quickly at the other sections in this module to get an idea of the
content, level and approach and to assess how much of the material
is likely to be new to you. Also look at some of the activities to
assess the kind of work that will be involved.
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STUDY PLAN

Section

Rating
(1-4)

Planned completion
dates

Meeting dates

with trainer

with supporter

Sectlon 2
Infection and Infectious
Agents

Section 3
The Human
Immunodeficiency Viruses

Section 4
Principles of HIV
Screening Assays

Sectlon §
Selecting Anti-HIV
Screening Assays

Section 6
Using Anti-HIV Screening
Assays

Section 7
Quality Assurance

Section 8

Screening for Other
Transmissible Infectious
Agents

Sectlon 9
Action Plan

— Notes
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Try to estimate how much time you will need to study each section,
including answering the self-assessment questions and completing
the activities. Remember that you will also need to allocate time to
meet with your supporter and trainer and to prepare your Action Plan.
Then talk to your supervisor about the amount of time you could be
allocated each week, or each month, for your work on Module 2.

Now fill in the Study Plan on page 8. Copy the ratings of your
knowledge, skills and experience from Activity 2 as they are an
indication of how much time you will need to spend on each section.
Then add the dates by which you plan to complete each section,
taking into account your current knowledge, skills and experience in
relation to each module objective and the time you are likely to have
available for study. When you have arranged dates for meetings or
other contact with your trainer and supporter, add these to your Study
Plan.

SUMMARY

1 Module 2 focuses on the screening of donated blood for
anti-HIV and other transfusion-transmissible infections.

2 You should identify a personal supporter to provide
ongoing support while you work through this module.

3 Before starting work on Module 2, you should review your
knowledge, skills and experience inrelation to the module
objectives.

4 A realistic Study Plan will help you to organize your work
on this module.

PROGRESS CHECK

Before moving on to Section 2, spend a few minutes thinking
about whether you have achieved the learning objectives for
Section 1. These were to:

1 Explain the purpose of Module 2.

2 Identify a personal ‘supporter’ who can assist you
throughout your work on this module.

3 Assess your current knowledge, skills and experience in
relation to the obiectives of this module.

4 Make arealistic Study Plan for your work on this module.

if you feel confident that you have understood everything, turn
to Section 2. If you feel that you need more information about
Module 2 or the learning programme as a whole, contact your
trainer to discuss anything you are unsure about or talk to your
supporter.




pathogenic
microorganism:
Any disease-causing
microorganism.

Infection and Infectious
Agents

The purpose of this section is:

W to review the various types of infectious agent

B to examine the features of certain infectious agents that
enable transmission by blood transfusion

B to h‘élp you to understand the role of transfusion-
transmitted infections in modern blood banking

- W to review the basic immunology of infection.

Simple descriptions of the four main types of pathogenic microorganism
are given, but if you are already familiar with these infectious agents,
simply use this part of the section to revise your knowledge.

LEARNING OBJECTIVES

When you have completed this section, you should be able to:

1 Identify examples of the four main types of infectious
agent.

2 Understandtheterm ‘latency’, as applied toviral infections,
and its significance in blood transfusion practice.

3 lIdentify infectious agents which can be transmitted by
blood transfusion.

4 Use your knowledge of immunology to predict likely
markers of infection at stages following infection.




INFECTION AND INFECTIOUS AGENTS

prion: A virus-like agent that
causes disease. Its
structure remains uncertain,
but appears to consist of
protein.

nucleic acid: A complex
organic compound found in
living cells that consists of
chains of nucleotides. There
are two types: DNA (deoxy-
ribonucleic acid) and RNA
(ribonucleic acid).

virion: A virus particle.

Figure 1: Diagrammatic
representation of a virus
particle

2.1 INFECTIOUS AGENTS
There are four main types of infectious agent known. They are:

B viruses
B Dbacteria
B protozoa
m  fungi.

Only the first three types of infectious agent — viruses, bacteria and
protozoa — have been reported to be transmitted by blood transfusion.
Serious fungal infections usually make people too ill to be accepted as
blood donors. Of the other three types, viruses are the agents that are
most commonly transmitted by transfusion. Although the transmission
of bacterial and protozoal agents can occur, the extent of this varies from
country to country.

Recently, a new form of infectious agent — the prion — has been
demonstrated to exist. Prions are unique because they do not contain
any nucleic acid, but appear to consist only of protein. Work is still being
undertaken to find out how they replicate without their own nucleic acid.
At present, it seems that all the infections thought to be due to prions
affect the nervous system and brain tissue. At this time, there is no
evidence to suggest that they are transmitted by blood transfusion.

Viruses

Viruses are the simplest forms of life that are known (see Figure 1). They
infect all forms of life. Viruses are not cellular. They lack certain
components needed to live and grow on their own and depend on the host
cell that they infect to provide these missing components.

Following infection of a suitable host cell, the virus alters the normal
functions in the cell. The viral nucleic acid instructs the cell to make new
virus particles, called virions. These are then released to infect other
cells. Proteins present in the viral coat and the viral core are recognized
by the immune response of the organism.

Viral nucleic
acid

Capsid
(viral core)

Enveiope
{virai coat)
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latency: The property of
infectious agents, generally
viruses, to remain hidden in
a previously-infected
individual and in an inactive
state for an extended
period of time — often the
lifetime of the individual.
Although the individual may
be immune to the agent,
specific antibody can be
detected and reactivation of
the agent may occur at any
time.

nucleus: Part of the cell
that contains the cell’'s
DNA. The nucleus functions
as the control centre of the
cell.

Figure 2: Diagrammatic
representation of a
bacterium

. Bacterial =

Some examples of common viruses are:

M hepatitis A virus

B hepatitis B virus

B human immunodeficiency virus (HIV)
B measles virus

W Varicella zoster (chicken pox) virus.

Some viruses have the property of latency. This is the ability of a virus
to join its own nucleic acid with the nucleic acid of the host cell without
taking complete control of the cell as a virus would normally do. Latency
usually occurs after an active infection when the individual has recovered
and immunity is building up. The viral nucleic acid exists in an inactive
formthat does not seem to harm the host cell. When the host cell divides,
the cell nucleic acid is copied, together with the viral nucleic acid. In this
way, the viral nucleic acid becomes part of the cell nucleic acid and is
copied every time the cell divides.

Latency is usually indefinite and without any harmful effects on the host
cell. However, at any time, the latent nucleic acid could become active
and take over the cell functions, resulting in an active infection. This is
called a reactivated infection (recrudescence), which is caused by the
reactivation of virus aiready present in the individual.

Bacteria

Bacteria are individual distinct cells which possess cell walls, but which
have a very simple structure and lack a true nucleus (see Figure 2).

Cell
organelles

Nucleus

/

Flagella

\

cellwall

Cytoplasmic
membrane

Cytoplasm

Many bacteria are coated in a capsule formed from simple sugars bound
together in long complex chains. These capsules are often important in
the immune response against the bacterium because they carry the
antigens against which the response is mainly directed.

Examples of common bacteria and bacterial infections are:

W Treponema pallidum: syphilis
W Vibrio cholerae: cholera

B Clostridium tetanii: tetanus.

Most bacteria are not of medical importance. Few bacteria can actually
survive or grow in animals or humans. Often the bacteria are already
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toxin: Any poisonous
compound, usually produced
by living organisms.

unicellular: Single cell.

eukaryote: An organism in
which the genetic material
of the cell is contained
within a distinct nucleus.

organelle: A permanent

. structure within a cell with
characteristic morphology
which is specialized to
perform a specific function
in the cell activities.

cytoplasmic: Referring to
the cytoplasm, the jellylike
material surrounding the
nucleus of the cell.

spore: A minute
reproductive cell of fungi
and some plants. A
protective state which some
bacteria are able to assume
in adverse conditions.

Figure 3: Diagrammatic
representation of a protozoan

present on the external surfaces of the body without causing any adverse
effects. Damage to the tissues can subsequently lead to infection.
Following infection, the disease process is often caused by the production
and release of toxins by the bacteria.

Protozoa

Protozoa are unicellular organisms. They are classified as eukaryotes.
They have a well-defined cellular structure with a clear nucleus and other
organelles. A typical cell is enclosed by a cytoplasmic membrane. This
may be covered in an outer cytoplasmic layer (see Figure 3). Proteins
present in the membranes are recognized by the immune response
against the organism.

Examples of common protozoal infections are:

B Plasmodium species: malaria
B Trypanosoma species: sleeping sickness.

They have various mechanisms that allow free movement. They exist in
a wide variety of shapes and sizes, ranging from 5 um to 2mm in
diameter. Some may even change shape as they move.

Protozoa are mainly aquatic, living in soil, ponds, rivers and lakes,
although some live only as parasites in animals. They can cause disease
in humans, especially in tropical areas where conditions are best suited
for their survival. The infection of humans with protozoa can occur in a
number of ways. Often an intermediary is involved, usually through
injection by an insect vector. However, a number of other protozoa are
transmitted by ingestion of contaminated food or water, or by direct
contact through the skin.

Nucleus Flagelium

Cytoplésm

Celi organelles
Cell membrane 9

Fungi

Fungi are organisms unrelated to bacteria that usually grow in the form
of branched filaments which are called mycelia. These forms, known as
moulds, often produce both sexual and asexual spores. Fungi that do not
form mycelia, but remain as single cells and reproduce by budding, are
known as yeasts (see Figure 4 on page 14).

Most fungi break down organic materials and wastes. Only a few of the
many different species of fungi cause disease in humans.

Common examples of fungi and fungal infections are:

Tinea: ringworm infections of the skin
Candida: candidiasis

Histoplasma: histoplasmosis.
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Figure 4: Diagrammatic
representation of fungi

@ )
Budding yeast cells Mycelia - branched filamentous fungi
ACTIVITY 4

What types of infectious agent are prevalent in your particular
locality? List as many as possible, including examples from each of
the following four groups:

B viruses
B bacteria
® protozoa
B fungi.
Identify the nbrmal routes of transmission of each of these agents.

Indicate the agents you think are likely to be transmitted by blood
transfusion.

Keep this list as you will need it again for Activity 5.

transfusion-transmissible
infection: An infection that
is potentially capable of
being transmitted by blood
transfusion.

transfusion-transmitted
infection: An infection that
has been transmitted by
blood transfusion.

2.2 TRANSMISSION OF INFECTIOUS AGENTS BY BLOOD
TRANSFUSION

In order to be transmitted by blood transfusion, an infectious agent must
be present, in some form, in the donated blood. Each blood transfusion
service or blood bank laboratory should therefore screen for evidence of
infection by the specific infectious agents that are present in the
population in which it finds its donors.

There are three basic conditions that will determine whether an infectious
agent is likely to be transmitted by transfusion.

1 The agent must be capable of using the bloodstream as
a means of entry into its host, the patient.

2 The infected donor must be essentially free of any
noticeable signs and symptoms of disease — otherwise
they would have been identified during donor screening
and the donor would have been excluded or deferred.

3 The agent must exist naturally for a period of time, either
free in the plasma or present in a cellular component in
the bloodstream of an infected donor.

Any infectious agent meeting all these conditions can be transmitted by
blood transfusion. However, whether transmission actually occurs or not
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antigen: Any substance
recognized as foreign by the
body which stimulates the
immune system to mount a
response against it.

antibody: A protective
protein produced by the
immune response of an
individual to stimulation by a
foreign protein. It plays a
role in the defence against
pathogens, often by
neutralization or by
identifying the pathogen as
foreign and to be eliminated.

depends on a number of other factors, particularly on the immune status
of the patient and the amount of infectious agent transfused.

Although blood transfusion can be an efficient route of transmission of
an infectious agent, it is important to remember that, under normal
circumstances, it is not the primary route of infection of any infectious
agent. This is because no matter how infectious any individual agent may
be, most people do not have a blood transfusion during their lifetime. Any
agent that depends solely on transfusion for transmission will therefore
not persist in the population.

It is known that the transmission of certain infectious agents through
blood transfusion can, and does, occur, however, and that it can be an
important route of infection. The key point to remember here is that
transmission can be avoided in most cases by the design and use of
suitable screening programmes.

ACTIVITY 5

Look back at your answers to Activity 4 where you identified the
infectious agents that you think could be transmitted by transfusion.

From the information that you now have, would you make any
changes to your list of agents that can be transmitted by transfusion?
If so, amend your list and check it with your supervisor or another
senior member of staff.

2.3 THE BASIC IMMUNOLOGY OF INFECTION

Human immunology is concerned with the study of how the body
responds to foreign proteins and the mechanisms by which the body
protects itself from attack by infectious agents.

The main function of the immune system is to protect our bodies from
attack by the many infectious agents that we all meet during our lives.
It consists of two parts:

B adetection system that recognizes foreign proteins in the
body

B a number of different mechanisms that prevent the
growth of the infectious agent in the body.

Importantly, the immune response is specific.

Unfortunately, however, these systems are not perfect and they may fail
or take some time to respond. When this happens, it can sometimes
result in infection by an infectious agent and can also lead to damage to
the body which is caused by components of the immune system itself.

Foreign substances that enter the body and induce the immune response
are called antigens (Ag). One possible response to these antigens is the
production of a protein called an antibody (Ab). Another possible
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lymphoid cell: A cell of the
lymphatic system.

gammaglobulin: The class
of serum proteins that
includes antibody
molecules.

immunoglobulin: An
antibody molecule
synthesized by plasma cells
in response to an antigen.

Figure 5: Diagrammatic
representation of an IgG
antibody molecule

response is the activation of cells that kill infected cells by direct contact
or by activating other cellkilling mechanisms, or by both means.

Antibody response

Antibodies are molecules that are made up of proteins and carbohydrates.
They are produced by lymphoid cells in response to stimulation by
antigen. They are specific to a particular antigen and they bind to the
antigen to enable the organism to eliminate it. They belong to a group of
human serum proteins known as gammaglobulins, and are known as
immunoglobulins.

The basic unit structure of an antibody molecule consists of two types
of peptide chains. One type has an approximate molecular weight of
50,000 and is termed the ‘heavy chain’. The other type has an
approximate molecular weight of 25,000 and is termed the ‘light chain’.
Each antibody molecule consists of two heavy chains in a ‘Y’ shape and
two light chains attached to the arms of the ‘Y’, as shown in Figure 5,
although different immunoglobulins may consist of multiples of the basic
unit. Chemical bonds hold the molecule together.

Antigen binding sites

Light chain

Hinge region of
heavy chain

Heavy chain

There are five types of immunoglobulin (Ig): IgG, 1gM, IgA, IgD and IgE. The
differences between these five types are due to differences in the
composition and structure of the heavy chains.

IgG accounts for approximately 73% of the total human immunoglobulin.
it is the major antibody produced in the immune response and usually
persists for long periods after the initial antibody response. IgG comprises
a single basic unit (see Figure 5).

~ 1gM accounts for about 8% of the total human immunoglobulin and is the

first antibody produced by the immune response, although it persists for
only a short time until the IgG level increases. IgM comprises five basic

units linked via the ends of the heavy chains (see Figure 6).

IgA accounts for about 18% of the total human immunoglobulin. It is the
major immunoglobulin in secretions and at mucous membranes where
it protects the external body surfaces. IgA comprises two basic units
linked via the ends of the heavy chains and a specific protein called the
‘)’ chain (see Figure 7).
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Figure 6: Diagrammatic
representation of an IigM
antibody molecule

Figure 7: Diagrammatic
representation of an IgA
antibody molecule

lymphocyte: A type of
circulating mononuclear
white blood cell. It plays a
role in both the cellular and

- humoral immune responses.

mast cell: A cell found in
loose connective tissue
running alongside blood
vessels that produces a
number of bioactive
substances, e.g. histamine,
heparin.

basophil: A type of white
blood cell that contains
many cytoplasmic granules
which contain bioactive
substances.

bioactive: Biologically
active.

histamine: A substance
found in many cell types,
especially mast cells and
basophils, that is released
when vessels are injured.

hypersensitivity:
Overreaction to an allergen
that resuits in pathological
changes in tissues.

macrophage: A phagocytic
cell type found in the
bloodstream as well as
tissues. It ingests bacteria
and cell debris.

IgM

J chain

IgD and IgE together account for only about 1% of the total human
immunoglobulin and are very specialized. IgD is found on the surface of .
lymphocytes where it acts as a surface receptor. IgE is associated with
allergic reactions and is found on the surface of certain types of cells
known as mast cells and basophils where it can trigger the release of
certain bioactive substances such as histamine. In this module, we
shall concentrate on IgG and IgM.

Cellular response

The cellular immune response is a separate, but not an alternative, part
of the immune system that responds to the same antigens that induce
an antibody response. It happens at the same time as the antibody.
response. The cellular response basically involves two groups of .
lymphocytes: )

m Tcells
B large granular lymphocytes (LGL).

The T cells include Td cells, which are involved with delayedtype
hypersensitivity, and Tc cells which specifically kill infected celis. Td
cells are activated following exposure to specific antigen on the surface
of macrophages and secrete biologically active substances that activate
many other cell types involved in the immune response. Tc cells are
activated following direct exposure to infected cells and Kill the cells
directly by releasing lysins to destroy the infected cells.

LGL cells include natural killer cells (NK cells) which lyse infected cells
but do not appear to recognize specific antigens. They also include Killer
cells (K cells) which lyse infected cells but only recognize those cells
coated with IgG. Both of these cell types act in a similar manner to Tc
cells.
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phagocytosis: The process
by which cells ingest solid
matter, especially cell debris
and pathogens.

One cell type plays a central role in the immune response, both in the
antibody response and the cellular response. These cells are
macrophages. Macrophages phagocytose infectious material and infected
cells. They destroy the infectious agent and also present it to other cells
of the immune system, both T cells for the celiular response and B cells
for the antibody response. The results of the cellular response are not
used for blood screening purposes.

2.4 INTRODUCTION TO SCREENING FOR INFECTIOUS AGENTS

The extent and range of the screening performed on the blood supply
varies greatly from country to country. Sometimes this is simply because
of differences in the countries’ needs, but it is sometimes due to
financial constraints. As a result, the effectiveness of screening
programmes also varies.

Whatever level of service is provided, however, the main purpose of
screening blood is to ensure that the available blood supply is as free as
possible from infectious agents by detecting any that may be present
before the blood is issued for transfusion.

Blood transfusion is an ideal route for the transmission of certain
infectious agents from the donor to the recipient of the blood. The risk
can, however, be reduced in the following ways:

1 The careful selection of donors to ensure that, wherever
possible, blood is not collected from people who are likely
to be carriers of infectious agents. Module 1: Safe Blood
Donation shows that building a panel of regular voluntary
non-remunerated donors is the first step towards ensuring
a safe and adequate supply of blood. In countries where
much of the blood is collected from family or family
replacement donors or from commercial or professional
donors, the risk of transfusion-transmitted infection is
higher.

2 The direct screening of the donated blood for evidence of
the presence of infectious agents.

3 The removal of specific components of blood thought to
harbour infectious agents: for example, by the filtration of
blood to remove white blood cells.

4 The physical inactivation of any contaminating agents
that may be present: for example, by heat treatment of
Factor VIl concentrates (used in the treatment of
haemophilia A) during production.

Not all infectious agents can be detected directly in donated blood. Blood
is often screened for evidence of previous infection by looking for the
presence of specific antibody raised against the infectious agent. In
some cases, this can mean that the blood is not infectious. In other cases,
it can mean that the blood could still transmit the infectious agent.

As we have already mentioned, some organisms possess the property
of latency. In these situations, whilst antibody has been produced and
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dormant: An inactive period
in the life-cycle of organisms
in which growth slows or
ceases.

markers of infection:
The detectable signs of
infection appearing in the
bloodstream during, or
following, infection.

immunity: The state of
being resistant to infection
by infectious agents due to
previous exposure to the
agent, with resultant
production of a protecting
immune response.

acute infection has resolved, the organism remains in a dormant state
within host cells. Although dormant, the agent is capable of reappearing
and producing an acute infection at any time. The transfusion of blood
cells containing latent organism could, therefore, lead to the transmission
of infection.

Markers of infection

Markers of infection are the detectable signs of infection appearing in the
bloodstream during, or following, infection. These can be detected by the
presence of the agent itself but, more commonly, by the presence of
specific antibodies against the infectious agent produced by the immune
system as a result of the infection.

Clearly, it is only by understanding which markers of infection are
produced by an infectious agent that screening for the correct marker can
be introduced.

ACTIVITY 6

Think about the following situation. A donor is infected with an
infectious agent that can be transmitted by blood transfusion. The
donor has an acute infection, but with no symptoms, that lasts for
one month. After this period, immunity to the agent develops and the
agent is destroyed and cleared from the body. The natural immunity
lasts for at least one year.

What markers of infection are most likely to be found in donations
taken at the following periods after the donor was first infected?

B 2 weeks
B 4 weeks
B 6 weeks
W 8 weeks
m 18 months.

If this infectious agent was only likely to be transmitted during the
period of acute infection, would it be better to screen donors for the
agent itself or for antibody produced against the agent?

Write down your answers and then check them with the answers
given in the Activity Checklists and Answers on page 119.

You should recognize that it would be better to screen donors for the
agent itself, rather than for antibody. In this case, the presence of
antibody only indicates immunity — not an infectious state.

In the case of hepatitis B, screening for a protein known as surface
antigen (HBsAg) (see page 97) is used to detect HBV infection. In the
case of HIV, the presence of the antibody to HIV is used to screen
donated blood for HIV infection.
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With HBV infection, the virus causes the shedding of large amounts of
surface antigen into the bloodstream during acute infection. This can
persist for long periods. The detection of this HBsAg is therefore used to
identify infected donors. The presence of antibody to HBsAg (HBsAD)
indicates immunity following infection and protects against further
infections.

With HIV infection, although there is a period during which only viral
antigen can be detected, this period is very short, possibly no more than
afew days in some cases. Detection of viral antigen is therefore generally
not a suitable approach. The presence of antibody to HIV (anti-HIV) is the
primary approach used to identify infected donors. The virus is still
present in white blood cells in the unit of blood and the antibody does not
protect against reinfection. The presence of antibody therefore identifies
donors carrying the virus.

SUMMARY

1 There are four main types of infectious agent:
M viruses
B bacteria
W protozoa
m fungi.
Only the first three typeé can be transmitted by blood

transfusion. Viruses are the most commonly transmitted
infectious agents.

2 Infectious agents can only be transmitted by blood
transfusion if they are present in the donated blood. A
screening programme should therefore screen for
infectious agents present in the donor population.

3 Blood transfusion can be a significant, but not the
primary, route of transmission of infectious agents.

4 The immune response to infectious agents consists of
two parts:

B the antibody response
H the cellular response.

5 Screening tests must detect the different markers of
infection that different infectious agents produce.

SELF-ASSESSMENT '

1 What does the term ‘latency’ mean?

2 What are the three conditions required for transmission of
infectious agents by blood transfusion?

3 Why do you think that blood transfusion cannot be the
primary route of infection of an infectious agent?
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4 What are antigens and antibodies?
5 Name the five types of immunoglobulin.

6 What is the main reason for screening blood for the
presence of infectious agents?

7 What are the four main ways of minimizing the risk of
transmission of infectious agents by blood transfusion?

8 In some cases, the presence of antibody as a result of a
previous infection may indicate that the blood is still
infectious. Why is this the case?

PROGRESS CHECK

Before moving on to Section 3, spend a few minutes thinking
about whether you have achieved the learning objectives for
Section 2. These were to:

1 Recognize examples of the four types of infectious agent.

2 Understandtheterm ‘latency’, as applied to viralinfections,
and its significance in biood transfusion practice.

3 ldentify infectious agents which can be transmitted by
blood transfusion.

4 Use your knowledge of immunology to predict likely
markers of infection at stages following infection.

If you feel confident that you have understood everything in
this section, turn to Section 3.

If you feel that you need to spend more time on this section,
go back to the parts that are most unfamiliar or that you find
difficult. You may find it helpful to talk to other people, such
as your supporter or other senior colleagues, if there is
anything you are still not sure about.




The Human
Immunodeficiency Viruses

The purpose of this section is to help you to understand HIV infection and
the consequences of infection. You will study various aspects of the
human immunodeficiency viruses, including:

m their history

their-physical characteristics
their epidemiology

clinical infection

the prevention of transmission

their role as the causative agents of AIDS.

LEARNING OBJECTIVES

When you have completed this section, you should be able to:
1 - Identify the structural features of HIV.

2 Identify the basic stages of HIV infection and the entry of
the virus into susceptible cells.

3 Describe the most common clinical course of HIV infection
and its progression to AIDS in your country.

4 Describe the measures that are being taken to reduce the
transmission of HIV infection in your country.
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morphology: The study of
the shape or form of
organisms.

envelope: An extemal
protein coat that surrounds
the viral capsid. Not all
viruses are enveloped.

crossreactivity: When an
antibody not only recognizes
its own antigen, but aiso
other antigens that have
certain similarities.

RNA (ribonucleic acid): A
complex chemical found in
the cytoplasm and
concerned with protein
synthesis. In some viruses,
it is the hereditary material.

DNA (deoxyribonucleic
acid): The genetic material
of most living organisms
which determines hereditary
characteristics by the
control of protein synthesis.

reverse transcriptase: A
naturally-occurring enzyme
which transiates RNA into
DNA.

retrovirus: A virus family
that is characterised by RNA
as the nucleic acid, a
unique morphology, the
presence of a unique
enzyme (reverse
transcriptase) and latency.

3.1 THE BACKGROUND TO HIV INFECTION

HIV is the primary cause of AIDS. Although the way in which HIV infection
causes AIDS is not yet clear, it is known to damage part of the immune
system. This can lead to serious infections by agents that would normally
be easily overcome by the immune system.

HIV was first isolated from the cells of an infected patient in 1983 (HIV-
1). The virus was subsequently identified as the causative agent of AIDS.
In 1986 a second type of HIV, HIV-2, was identified in certain areas of
West Africa. HIV-2 appears to cause the same diseases as HIV-1, but
may be less pathogenic. It is morphologically similar to HIV-1. The two
types can be distinguished by the presence or absence of an antibody
that is specific to HIV-2. Although cross-reactivity occurs between the
core protein of both viruses, the envelope proteins are different.

Cross-reactivity

Cross-reactivity occurs when an antibody recognizes not only its own
antigen but also other antigens that have certain similarities. In the case
of HIV, this means that an individual infected with HIV-1 would produce
antibodies that recognize both core and envelope proteins of HIV-1 and
core proteins of HIV-2. Similarly, an individual infected with HIV-2 would
produce antibodies that recognize both core and envelope proteins of
HIV-2 and core proteins of HIV-1.

3.2 THE STRUCTURE OF HIV
There are two types of nucleic acid:

B ribonucleic acid (RNA)
B deoxyribonucleic acid (DNA).

DNA is usually double-stranded. It is the genetic material passed to
daughter cells when a cell divides. It is DNA that is responsible for the
transmission of hereditary characteristics from parents to children.

The nucleic acidin the HIV virus is RNA. There is no DNA present. Instead,
the virus uses the machinery of the human cells that it enters to convert
its RNA to DNA so that the virus can replicate or integrate itself in the
cell’s DNA.

The viral RNA is condensed in a cylindrical core together with two closely-
associated structural proteins and an important enzyme cailed RNA-
dependent DNA polymerase. This is more commonly known as reverse
transcriptase. This enzyme is found in all retroviruses as it is needed to
copy the viral RNA into DNA.

The way that viral and other such proteins are described is based on their
molecular weight (measured in daltons) and on whether they are proteins
or glycoproteins. The two proteins associated with the RNA of HIV are
7000 daltons (7kDa) and 9000 daltons (9kDa). These are abbreviated
to p7 and p9 respectively. The reverse transcriptase enzyme is a 66 kDa
protein, which is abbreviatedto p66. Glycoproteins are similarly abbreviated
to ‘gp’. We shall now use this notation throughout this module.
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capsid: The inner protein
core of a virus particle
which contains the nucleic
acid. It is made up of
identical protein sub-units.

Figure 8: Electron
micrograph of HIV infection
of CD4 lymphocytes

The core is totally enclosed in a cone-shaped shell of p24 protein. This
is called the major core protein and appears to be the same in both HIV-
1 and HIV-2. The whole unit is called the viral capsid.

The capsid is itself covered by two layers. The first of these is a shell of
p17 matrix protein to which proteins that project from the surface of the
virus particle are attached. This is covered by a lipid bilayer. Projecting
through the lipid are many transmembrane proteins. These proteins,
gp41, are attached to the p17 matrix and themselves attach the gp120
envelope proteins. These appear as small projections on the surface of
the virus particle. It is the structure of these small projections and their
attaching proteins that appears to be the major difference between HIV-
1 and HIV-2. The corresponding HIV-2 proteins are gp110/130 and gp36
respectively. Antibodies to these two specific sets of proteins do not
cross-react. :

The entire virus particle is called the virion. This is the infectious particle
that is secreted and transmitted between individuals. The complete
virion is 100-120 pm in diameter. '

Look at Figures 8 and 9. Figure 8 shows an electron microscope image
of HIV-1, grown in lymphocyte cell culture. The virus particles with their
cone-shaped core can be clearly seen although, in this example, the cells
were producing so much virus that there are many defective forms with
no nucleic acid. Figure 9, on page 25, is a detailed diagram of the virus,
showing the main structural features.
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Figure 9: The structure of HIV

ACTIVITY 7

You will see that, in Figure 9, the structural features labelled 1-10
are not named. From what you have just read, try to identify them and
fill in the appropriate spaces. Check your answers with those given in
the Activity Checklists and Answers on pages 119-120.

3.3 ENTRY OF HIV INTO CELLS

HIV enters susceptible cells by binding to a receptor — a protein called
CD4 - on the cell surface. CD4 is found on the surface of a number of
different cells within the immune system:

m the T cells that help to stimulate the immune response
B the T helper cells (Th cells)

H the macrophages which engulf virus particles in many
parts of the body.

Following fusion of the virion to the cell membrane, the uncovered capsid
passes into the cytoplasm of the cell. Within the cytoplasm, the RNA is
copied to double-stranded DNA by the reverse transcriptase enzyme
present in the capsid using raw materials from within the cytoplasm. The

integration: The joining of DNA then passes into the nucleus of the cell and integrates into the

foreign nucleic acid into the cellular DNA. Once in the cell, the DNA remains latent.
genome of an organism.

The final stage of infection occurs when the virus starts to replicate.
Large quantities of infectious virus (virions) are produced. As the virus
emerges (buds) from the cell, it is packaged in the cell membrane to
produce the completed virus particles. These virions are then released
and can infect other cells. Figure 10 on page 26 shows the entry of HIV
into a susceptible cell. Note that the labels on Figure 10 have not yet

been completed.
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Figure 10: Diagram of HIV
entry into a susceptible cell

genome: The complete
genetic structure of an
organism.

opportunistic infection:
Uncontrolled infection of a
normmally present, but
controllable, infectious
agent.

Permissive
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To summarize, HIV is a retrovirus and integrates into the host cell
genome. The virus consists of a number of structural proteins, but p24
and gp41 are'the most immunogenic and are therefore most important
in virus serology. HIV primarily infects and destroys celis of the immune
system, mainly infecting CD4 positive cells.

ACTIVITY 8

Look at Figure 10. From reading the text, complete the diagram by
naming each stage that occurs when HIV infects a cell. Check your
answers with those given in the Activity Checklists and Answers on
page 120.

3.4 THE CLINICAL PRESENTATION OF HIV INFECTION AND AIDS

Initially it was thought that infection with HIV only led to AIDS. It then
became clear that HIV infection could lead to a number of different
conditions of varying severity, although it usually (and finally) results in
AIDS. :

In individuals suffering from AIDS, the main cause of illness is the
occurrence of secondary infectious diseases, the opportunistic
infections. These opportunistic infections are uncontrolled infections
of normally present, but controllable, infectious agents. Common infections
include:

B pneumonia caused by Pneumocystis carinii

m tuberculosis due to Mycobacterium tuberculosis or
Mycobacterium avium/intracellularis

m chronic cryptosporidiosis
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prevalence: The proportion
of a specific population that
are infected with the
infectious agent at any
particular time.

B toxoplasmosis

B viral infections, such as cytomegalovirus.

Secondary cancers such as Kaposi's sarcoma and non-Hodgkins'
lymphoma are other conditions sometimes found in AIDS patients.
These cancers are usually aggressive and do not respond very well to
standard chemotherapy. Kaposi’s sarcoma, as originally described, was
a benign malignancy found in elderly men which had no adverse affect
on the individual. However, the Kaposi's sarcoma found mainly in AIDS
patients in Africais afast-growing, and usually fatal, malignancy. In many
parts of the world, patients with developing ARC (AIDS Related Complex)
or AIDS present simply with severe diarrhoea. The presence of
opportunistic infections or secondary cancers is only determined following
clinical and laboratory investigation.

ACTIVITY 9

Try to find out the following information about HIV infection and AIDS
in your country:

W the prevalence of HIV infection and the number of AIDS
cases

B the most common clinical course of HIV infection and its
progression to AIDS

B the average time taken for AIDS to manifest following the
initial infection

B the main opportunistic infections found in AIDS patients,
apart from Pneumocystis carinii. Are these opportunistic
infections found in all areas of your country or are there local
variations?

B the incidence of Kaposi's sarcoma in your region or country
about 25 years ago and today. Compare the two figures and
relate them to the current prevalence of AIDS in your
population.

You may need to consult your Ministry of Health, a larger public health
laboratory or a specialized AIDS counselior in order to obtain this
information.

This information should give you an approximate picture of the situation
in your country. It is important to find out this information so that you can
understand the extent of the problem before attempting to set up or
improve a screening programme for donated blood.

3.5 LABORATORY DIAGNOSIS OF HIV INFECTION

Before HIV was identified, AIDS was diagnosed by itsclinical appearance. . .
Any laboratory tests that were used were surrogate tests. All of these - - -
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surrogate testing: Testing
for a marker of infection
which is thought to indicate
the presence of an
infectious agent, but which
is not a specific marker of
infection by that agent.

seroconversion: A change
in serostatus of an
individual.

‘window period': The period
between infection and the
development of detectable
antigen or antibodies.

initial tests measured the results of HIV infection rather than specifically
detecting either viral antigen or antibody against the virus.

Surrogate testing is testing for a marker of infection which is thought to
indicate the presence of an infectious agent, but which is not a specific
marker of infection by that agent. For example, a specific assay now
exists for antibody to the hepatitis C virus (anti-HCV) as a cause of non-
A, non-B hepatitis (NANB). In some countries, before it was introduced,
testing for anti-HBC (hepatitis B core antibody) and measuring ALT levels
(alanine aminotransferase, a measure of liver damage) were used to
detect those donors thought most likely to transmit NANB hepatitis.

The production of specific tests for HIV has helped us to understand both
HIV infection and AIDS. The finding of anti-HIV in patients with previously
unexplained immunodeficiency is diagnostic of AIDS.

The presence of anti-HIV in an asymptomatic individual (an individual
without symptoms) means that the individual has been exposed to the
virus. It is accepted that, in almost all cases, the virus will still be present
in the individual. Seroconversion (a change in serostatus) in sequential
samples means that the infection has been recent. The absence of
antibody, or the lack of seroconversion following possible exposure to
the virus, means that it is highly unlikely that the individual has been
infected.

Some research papers report that antibodies are present as early as 14
days after infection, while others indicate that they may not be present
until 28 days or more after infection. The antibodies produced are
directed against both core and envelope proteins. The most important
antibodies are specifically anti-p24 (core) and anti-gp41 (envelope).

'Although antibodies to other virion proteins are produced, the presence

of these two antibodies has been found to provide the best confirmation
of infection. It has also been found to be the best means of monitoring
the progress of infection.

Following infection and prior to the production of antibodies, there is a
‘window period’ of varying length during which the infection establishes.
Following a period during which no markers can be detected, viral antigen
(p24, gp41) can be detected. The length of time that antigen can be
detected is very short, often no more than 1-2 weeks. Although detection
of HIV antigen would theoretically provide evidence of infection at an
earlier stage, there are very few commercial antigen assays and they are
not very sensitive. However, in some instances where antigen assays
have been used, HIV antigen has been detected at a stage when anti-HIV
had just appeared. At present, therefore, it appears that HIV antigen
assays may have limited value in blood transfusion practice. However,
it is possible that their value may grow with an increasing prevalence of
HIV in the donor population.

Figure 11 on page 28 shows the events following infection by HIV. Soon
after antigen has appeared, antibody emerges corresponding with a
decrease in free antigen. The levels of antibodies to p24 and gp41 peak
and remain constant throughout the stages of persistent asymptomatic
infection and PGL (persistent generalized lymphodenopathy). It is not
clear whether p24 antigen production stops completely. Using detergent
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Figure 11: Serological profile
following HIV infection
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treatment of serum samples, p24 antigen complexed to anti-p24 has
been detected in some patients previously considered to possess only
anti-p24. it is possible that p24 production never ceases completely, but
that the circulating antibody complexes with all the circulating antigen as
it is produced.

As ARC develops, the level of anti-p24 falls and detectable p24 antigen
appears. At this stage, anti-gp41 and p24 antigen are detectable. This
situation is the prelude to the development of full-blown AIDS.

3.6 EPIDEMIOLOGY OF HIV INFECTION

The first population groups identified as having HIV infection and AIDS
were homosexual men in the USA and, shortly after, injecting drug users.
HIV infection and AIDS were subsequently found in heterosexual and
bisexual individuals who had sexual contact with individuals in the first
two groups. At the same time, infection was found in certain ethnic
groups and individuals from Haiti and Central Africa.

The next group found to be infected with HIV and to be developing AIDS
were patients with haemophilia and other transfused patients. Finally,
infants born to infected mothers were found to be infected and also to
be developing AIDS.

Whilst the number of HIV infected individuals and AIDS sufferers has
increased dramatically, the groups of individuals at risk of infection have
remainedthe same and in approximately the same proportions. However,
the risk factors for HIV infection and AIDS vary from country to country.
In the countries of the developed world, for example, currently the
majority of infected individuals are male; this is a result of transmission
being mainly through homosexual activity. In much of Africa, however, the
equal prevalence of HIV and AIDS in both sexes, together with the lower
incidence of injecting drug use and homosexuality, seems to indicate a
different route of infection. It is thought that transmission is mainly by
vaginal intercourse. Mother-tochild transmission and, to a lesser extent,
ritual scarification have also been proposed as routes of transmission.

Bloodtransfusionis therefore apotentially significant route of transmission
in all countries, although the risk may be reduced by the screening of
donors and the donated blood.
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An important factor to be taken into account when considering the
prevalence of both HIV infection and AIDS is that, for many reasons, there
is considerable under-reporting in many parts of the world.

ACTIVITY 10

Make a list of any reasons for possible under-reporting of HIV
infection and AIDS in your country. Consider the following reasons:

B economic: your country may be unable to afford to test

W political: your country may be unwilling to test because any
action subsequently required may overload its health care
system

M practical: it may not be possible to set up a suitable sample
collection programme that is sufficiently representative of
the population

W technical: the expe.rtise may not exist in your country to be
able to perform widescale testing with any reliability

W cultural; individuals may be unwilling to be tested.

Note that all these reasons interrelate.

3.7 TRANSMISSION OF HIV INFECTION

The modes of transmission of HIV infection are now well-established.
Whilst virus can be isolated from many body secretions, infection is
transmitted in only a limited number of ways.

There are three principal modes of transmission of HIV infection:

1 Unprotected penetrative sexual contact with an infected
person, either between men or between men and women.

2 inoculation of infected blood, either by blood transfusion
or as the result of the use of contaminated needles,
syringes or knives used, for example, in injecting drug
use, ritual scarification or tattooing.

3 From an infected mother to her child, in the uterus, during
birth or by breastfeeding.

M ACTIVITY 11

Which of these three routes is the main route of transmission in your
country and why?

The transmission of HIV by sexual contact is an extremely important
route. In Africa, the effects of heterosexual transmission can be clearly
seen and are increasing as women who become infected pass on their
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infection to any children they have. Thus, infection of the population
increases from two sides:

B in adults (horizontal transmission)

B in infants (vertical transmission).
In this way, HIV can spread very quickly in a population.

As you will remember from Section 2, blood transfusion can be a
significant route of infection. The efficiency of the transmission of HIV
through blood transfusion is estimated to be more than 90%. WHO
reports that the viral dose in HIV transmission through blood is so large
that one HIV-positive transfusion leads to death, on the average, after
twoyears in children and after three to five years in adults. Nevertheless,
the extent to which blood transfusion is an actual route of transmission
depends on the prevalence of infected individuals in the population and
on the effectiveness of the screening programme used. In a population
with a low prevalence of infected individuals and a good screening
programme, transmission by blood transfusion should be extremely rare;
transfusion would therefore not be a significant route of transmission.
In a population with a high prevalence of infected individuals and with a
poor or non-existent screening programme, transmission by blood
transfusion is likely to be relatively common and would be an important
route of infection in the population.

The following activity should help you to understand the potential
significance of transfusion-transmitted HIV infection.

ACTIVITY 12

A recently-married, previously healthy, HIV negative young man has an
accident and is taken to hospital. There he receives a transfusion of
two units of whole blood and recovers normally. HIV testing is not
performed on donated blood at the hospital and one of the units was
anti-HIV positive. What are the likely consequences of this situation,
both short-term and long-term?

Check your answer with that given in the Activity Checklists and
Answers on pages 121-122.

This activity highlights the importance of testing as it is clear that blood
transfusion can spread HIV infection very widely if blood is not
systematically screened.

While we are looking at the routes by which infection is transmitted, we
should clarify that there are a number of potential infection routes that
are not implicated in the transmission of HIV or AIDS.

1 There is no evidence that non-sexual social or domestic
contact leads to the transmission of infection. Indeed, the
virus itself is not very stable and can easily be destroyed
by environmental conditions.
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2 Thereis no evidence that infection is spread by any insect
vector in Africa or any other part of the world. Importantly,
there is no evidence that HIV replicates in any arthropods;
in fact, the evidence appears to be against any such
transmission.

If insect transmission did occur, a higher incidence of HIV
infection in otherwise low-risk individuals should be seen
in areas with a high incidence of insect-borne infection,
such as malaria. This is not the case.

3 There is no evidence that health care workers have a
greater risk of infection than any other individual with no
other specific risk factors. If the correct safety procedures
for handling pathological material are applied at all times,
and good laboratory practice is followed, any risks are
minimized.

3.8 PREVENTING THE SPREAD OF HIV INFECTION

Preventing the transmission of viral diseases has been a problem for
mankind for hundreds, if not thousands, of years; epidemics of different
kinds have swept across the world at various times in history. In order
to find effective ways of preventing the further spread of an infection, it
is crucial to identify the routes of transmission.

The prevention of the spread of HIV infection essentially relies on two
approaches that are closely interlinked and that are both related to the
provision of a safe blood supply:

B education to enable people to avoid situations in which
there is a risk of transmission occurring

m the physical prevention of infection.

Let us now look at some ways in which the transmission of HIV infection
can be prevented or reduced.

Sexual transmission

The sexual transmission of HIV infection can be dramatically reduced by
the avoidance of unsafe sexual practices, the use of condoms and a
reduction in the number of sexual partners. These measures have been
shown to be very effective in slowing the spread of infection among
homosexual men. Among heterosexual contacts, the simple use of
condoms has helped to reduce infection rates.

Transmission by injecting drug use

Transmission amongst injecting drug users can be reduced by the use
of disposable syringes and needles and through schemes where used
syringes are exchanged for new ones. Unfortunately, this approach is
rarely feasible or practical. Whilst disposable syringes can be made
freely available in some countries, in others they cannot even be provided
for clinical use because of their cost. Furthermore, as the use of
injectable drugs is illegal in most countries, injecting drug users are
generally reluctant to come forward to obtain clean equipment.




THE HUMAN IMMUNODEFICIENCY VIRUSES

Transmission by blood transfusion

Transmission by blood transfusion, or the infusion of blood products, can
also be avoided. The first approach to the prevention of transmission by
transfusion is the selection of donors who are at low risk for transfusion-
transmissible infections. Remember that a safe donor makes a safer
donation.

Module 1 focuses in detail on safe blood donation and, in particular, on
the importance of:

M identifying low-risk donor groups

B avoiding unsuitable blood donors

B recruiting voluntary non-remunerated blood donors
[ |

promoting self-exclusion by individuals at risk through an
effective donor education programme

effective donor screening through:

B predonation counselling, including an assessment of
risk factors and an opportunity for self-exclusion or
confidential unit exclusion

B a brief medical history, including possible signs and
symptoms related to transfusion-transmissible
infections

B a basic health check, including a brief examination of
the arm for needle marks

M promoting regular voluntary non-remunerated blood
donation.

Self-exclusion is probably the most effective approach in preventing
transmission, but is dependent on the education of potential donors
about risk behaviour. It is particularly important to encourage self-
exclusion by people such as prostitutes, homosexual and bisexual men,
injecting drug users, those who have any unprotected sexual contact
other than with areguiar partner, and the sexual contacts of any of these
people.

Ultimately, however, screening tests for anti-HIV are needed to enable
infected donors to be identified and the donated blood to be discarded.
We shall look at this in more detail in Section 4.

ACTIVITY 13

Briefly list the various approaches that have been taken in your
country to reduce the spread of HIV infection and its transmission by
blood transfusion.

' Find out what advice is given in your country about the transmission
of HIV by sexual routes. Are condoms widely available? If so, have
they been effective or are people generally reluctant to use them?




