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LEARNING UNIT 0  

FOREWORD 

Welcome to the Department of Life and Consumer Sciences and, particularly, the field of 
biomedical science. It is our aim to provide you with a firm foundation in virology. We trust that 
this course will add significant value to you as a student in terms of developing your professional 
career. The purpose of this guide is to provide you with information needed to make meaningful 
progress in the Virology module. This module is a 12-credit course, which means that you need 
at least 120 notional hours to successfully complete the module. We would like to take this 
opportunity to wish you success with your academic year. 

MODULE DESCRIPTION 

Virology is a branch of microbiology that focuses mainly on the study of viruses and subviral 
entities and their classification. This module will be useful to biology students interested in 
studying virus infection and control. You will be introduced to the structure of viruses, strategies 
used by viruses when infecting a cell, host defences upon viral infection, strategies developed to 
prevent virus infection, topics involving HIV/AIDS, serology and practical methods used in the 
detection of viruses. 

 

PURPOSE OF THE MODULE 

Students credited with this module will be able to 

 understand the basics of virology 

 gain insight into the structure and classification of viruses, molecular events that occur inside 
a virus-infected cell, immune responses to virus infection and developments regarding virus 
diagnoses and vaccines  

 display both oral and written communication skills regarding microbiology 

 demonstrate practical proficiency in essential virology techniques 

 apply concepts of virology in basic research  

 

SUCCESS IN DISTANCE LEARNING  

Distance learning is an education system where there is no face-to-face interaction. The success 
of distance learning depends on the candidates’ self-dedication towards a specific module. There 
are “formal” and “informal” assignments that you may use to assess your level of understanding 
of the module contents. In each learning unit, there are self-study questions and other questions 
that have to be discussed in discussion forums on the myUnisa site. You are urged to participate 
in these discussion forums. Please contact your lecturer for assistance when you encounter 
difficulties, but ensure that you have studied the relevant chapter before you do so.  

 

TEXTBOOK 

There is no prescribed textbook for BMI3705. Please note that this is a study guide; it is meant to 
guide you on specific topics in virology. Since you are a final-year student, you are expected to 
source supplementary material for each of the topics. Do not rely only on this guide.  

 

PLAGIARISM 

We cannot place enough emphasis on the seriousness of plagiarism. Please do not commit 
plagiarism – it is a form of THEFT. If plagiarism is detected, lecturers cannot determine if you 



vi 
 

 
 

have learnt the subject material, and consequently it is very difficult to assign a mark. In this case, 
the assessor must ask the question: “Who is being assessed: the student who prepared the 
assignment or the author of the plagiarised text? Ideally, you, as a student, should understand 
and learn the subject matter and write an assignment answer on this material in your own words. 
If, for whatever reason, this is difficult for you to achieve, we recommend that you answer the 
question by 

 writing down subject material from the text 
 remembering to place this quote within inverted commas 
 ending the quote by supplying a correct reference to the author of the quoted material 
 providing a few sentences in your own words that indicate that you have reflected on this 

material 

Note: The latter step indicates that you have read the subject material, that you understand it 
and that you can place the answer in an academic, personal, social or research context. 
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LEARNING UNIT 1: STRUCTURE AND CLASSIFICATION OF VIRUSES 

 

1.1 INTRODUCTION 

 

Have you ever wondered how viruses came into existence, how they can affect our daily lives, 

why we need a flu vaccine every year, why a cure for HIV infection has not been discovered to 

date, or if viruses have any beneficial aspects? In this learning unit, we will explore what viruses 

are, how they were discovered and how they differ considerably from other microorganisms. We 

will further explore the taxonomic classification of viruses by means of two classification systems, 

and the morphological aspects of viruses. At the end of the learning unit, there are questions to 

test your knowledge of the specific aspects dealt with in the unit.    

1.2 LEARNING OUTCOMES 

 

After you have successfully completed this unit, you should be able to 

 describe how viruses were discovered 
 describe the architecture of a virus 
 differentiate viruses from other microorganisms 
 understand the classification systems used for viruses 

 

1.3  CONTENTS 

 

1.3.1 Discovery of viruses  

 
Learning objectives 

 Describe how viruses were discovered. 

 Give examples of the earliest scientists who contributed to the discovery of viruses. 

 

The word “virus” comes from the Latin word that simply means “slimy fluid”. Viruses were 

discovered in the 1800s by two scientists, Dimitri Ivanovsky and Martinus Beijerinck. In 1886, 

German scientist Adolf Eduard Meyer concluded that tobacco mosaic virus was transmitted by a 

bacterium. He believed that that the mosaic disease could be transmitted from infected plants to 

healthy plants by rubbing a liquid extract using a filter paper. However, his assumptions were 

wrong. In 1892, Dimitri Ivanovsky was able to filter viruses using a candle filter that retains 

bacteria. He then showed that the extract from the infectious tobacco plant remained infectious, 

but he concluded that it was due to a toxin because it appeared to be soluble. In the same year, 

Martinus Beijerinck made similar observations and named the agent of mosaic disease 

“contagious living fluid” or “filterable agents” because he was convinced the infectious agent was 

of a liquid nature. The agent of mosaic disease is now known as the tobacco mosaic virus (TMV). 

The foot-and-mouth disease virus was the second virus to be identified; it was identified from 

farms and animals in 1898 by Friedrich Loeffler and Paul Frosch. In 1898, G. Sanarelli described 

the smallpox virus, and the myxoma virus in rabbits.  
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Bacteriophages (viruses that parasitise bacteria) were discovered by Frederick Twort in 1915 in 

England and later (1917) by Félix d’Herelle in France. They observed that broth cultures of certain 

bacteria of the intestinal group (dysentery organisms) were dissolved by the addition of a bacteria-

free filtrate of certain sewage specimens. The clear broth filter was again added to a fresh culture 

of the susceptible bacteria, which cleared bacteria. This is known as the Twort-d’Herelle 

phenomenon. d’Herelle (1917) termed the viruses that destroy bacteria “bacteriophages”, which 

literally means “bacteria eaters” (Greek: phage – to eat). These viruses are also known as phages. 

Several other viruses have been identified to date.  

 

Sources 

 http://jvi.asm.org/content/66/8/4629.full.pdf+html (One hundred years of animal virology) 

 https://rybicki.wordpress.com/2012/02/06/a-short-history-of-the-discovery-of-viruses-

part-1/ (A short history of the discovery of viruses – Part 1) 

 

Activity 1.1 

 Name other scientists who made contributions to the discovery of viruses. 

 What were the discoveries they made? 

 

1.3.2 General classification of viruses 

 

Viruses are obligate intracellular parasites with a simple acellular organisation and pattern of 

reproduction. Virus protein building blocks are assembled according to general principles of virus 

architecture to form a tight shell, or capsid, inside which the genome lodges. The nucleic acid 

(either DNA or RNA) carries the blueprint for the replication of progeny (new viral particles) virions 

and is contained within a protective shell of protein units. The nucleic acid-associated protein, 

called nucleoprotein, together with the genome, forms the nucleocapsid.  

 

These structures exist extracellularly or intracellularly. Outside a living cell, they are considered 

inert (lifeless) since they are unable to replicate (one exception: because they contain few 

enzymes, if any). Upon invasion of the host cell, they direct the host cell machinery to synthesise 

new intact infectious virus particles (virions). In addition, they are non-motile; therefore, they are 

entirely dependent on external physical factors for chance movement, and spread to infect other 

susceptible cells (plants, animals, bacteria, fungi, archaea and other microorganisms). Viruses 

have both non-structural (e.g. nucleic acid polymerases) and structural proteins. Among the 

proteins encoded by the viral genome are the capsid proteins known as the protomers. Although 

viruses may code for some of their structural proteins, they still depend on specialised host cells 

for propagation, that is, the host cells provide the complex metabolic and biosynthetic machinery 

of eukaryotes and prokaryotes. 

 

Viruses may be classified according to the types of cells they infect (host range); the size and 

structure of the genome; their chemical composition; their mode of replication; the site of capsid 

assembly; and the site of envelopment (in enveloped viruses). 

http://jvi.asm.org/content/66/8/4629.full.pdf+html
https://rybicki.wordpress.com/2012/02/06/a-short-history-of-the-discovery-of-viruses-part-1/
https://rybicki.wordpress.com/2012/02/06/a-short-history-of-the-discovery-of-viruses-part-1/
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1.3.2.1  Viral hosts 

Viral hosts refer to a range of host cells that viruses can infect. Host range is determined by 

specific attachment sites on the host cells and cellular factors that are important for viral 

replication. Attachment sites may include cell walls, fimbriae, flagella and plasma membrane 

proteins. There are viruses of the eukaryotes (these infect humans, animals, fungi and protists) 

and viruses of the prokaryotes (bacteria, archaea and other microorganisms). Viruses that infect 

bacteria are known as bacteriophages (figure 1.1) or phages. NB: Viruses infect only specific 

types of cells in one host species. 

1.3.2.2  Size 

Viruses cannot be seen by the naked eye, that is to say, they are submicroscopic. They are 

usually smaller than bacteria, excluding the mycoplasmas and chlamydia. They require a 

scanning electron microscope or an atomic force microscope to be seen. They may range from 5 

nm to 300 nm/400 nm in diameter (i.e. from the smallest viruses that are a little larger than 

ribosomes to those that are virtually visible under a light microscope). However, some 

paramyxoviruses and the mimivirus can be up to 14 000 nm long. In addition, other viruses such 

as the pandoravirus, which is as big as eukaryotic cells, continue to be discovered. 

Interesting reads: 

 Newly found pandoraviruses hint at a fourth branch of life – Newly found pandoraviruses 

hint at a fourth branch of life viruses101 Learn Science at Scitable 

 Pandoravirus: Missing link discovered between viruses and cells – 

https://www.sciencedaily.com/releases/2013/10/131014102357.htm 

 

1.3.2.3  Viral structure  

As indicated in section 1.3.2, a virus has a simple architecture. It is comprised of a capsid and a 

nucleic acid. This is known as the nucleocapsid. The protein coat functions to protect the viral 

genome against nucleases, and is made up of protein subunits called capsomeres. The capsid 

attaches the virion to specific receptors on the surface of host cells during infection. Some viruses 

contain an extra layer known as an envelope (referred to as “enveloped viruses”), whereas others 

are referred to as naked viruses (which contain the nucleocapsid only). 

https://www.sciencedaily.com/releases/2013/10/131014102357.htm
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Figure 1.1: Diagram of a typical tailed bacteriophage structure (https://en.wikipedia.org/wiki/ 

Bacteriophage) 

1.3.2.4 Nucleic acid, chemical composition and mode of replication 

The genome structure of viruses consists of a nucleic acid – either DNA or RNA associated with 

proteins encoded by the nucleic acid. An exception is the genome of the cytomegalovirus, which 

may consist of both DNA and RNA. The nucleic acid of viruses may be single (ss) or double 

stranded (ds), linear or circular. The genomic RNA strand of single-stranded RNA viruses is called 

SENSE (positive sense or plus sense), which in orientation can serve as mRNA, and ANTISENSE 

(negative sense, minus sense) if a complementary strand synthesised by a viral RNA 

transcriptase serves as mRNA. The entire genome may occupy either one nucleic acid molecule 

(monopartite) or have several nucleic acid segments (multipartite). The different types of genome 

necessitate different replication strategies.  

 

Activity 1.2  

 Define an obligate intracellular parasite. 

 Draw the basic viral structure. 

 Name two scientists who contributed to the discovery of viruses. 

 Give the properties of viruses and how they differ from other organisms. 

 Give examples of viruses with the following: ss / ds genomes, 7 linear / circular genomes, 

monopartite / multipartite genomes, -/+ sense  

 Does Koch’s postulates apply to viruses?  

 

Activity 1.3 

The following questions must be discussed on the myUnisa site. Please present your 

answers in the discussion forum: 
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 Is it possible for bacteriophages to infect eukaryotic cells?  
 

 Why do you think SIV is not pathogenic in its natural host? Explain your view in one 
paragraph, then post your answer on the discussion forum. Please ensure that you 
respond to at least one post by another student.  
 

 Bacteriophages are referred to as “bacteria-eating viruses”. Briefly describe how they were 
discovered and state the advances made thus far with reference to their role in medicine. 
 

1.4  VIRAL TAXONOMY 

 

Learning objectives 

 

 Distinguish the Baltimore classification of virus grouping from the taxonomy of viruses 

proposed by the International Committee on Taxonomy of Viruses. 

 Differentiate the Baltimore groups of viruses. 

 

Two main schemes are used to classify viruses, namely, the International Committee on 

Taxonomy of Viruses (ICTV) system and the Baltimore classification system, which places viruses 

into one of seven groups. As of 2012, the ICTV has described over 2 000 virus species and placed 

them in 6 orders, 96 families, 22 subfamilies and 420 genera. The following properties are 

considered in this classification: nucleic acid type, presence or absence of envelope, capsid 

symmetry and dimensions of the virion and the capsid.  

 

1.4.1 The International Committee on Taxonomy of Viruses 

This system is the official authority for viral classification; however, viruses are mostly grouped 

using the Baltimore classification system devised by David Baltimore, which focuses mostly on 

the viral genome and the processes used to synthesise viral mRNA. Using the ICTV classification 

system, viruses are classified into groups of viruses in the following various taxa (the taxon 

suffixes are given in italics): 

o Order (-virales): Caudovirales, Herpesvirales, Ligamenvirales, Mononegavirales, 

Nidovirales, Picornavirales and Tymovirales 

 Family (-viridae): Family taxon is the most useful and members of the same family all 

have a similar virion morphology, genome structure and mode of replication, e.g. 

Poxviridae 

 Subfamily (-virinae) 

o Genus (-virus)  

 Species names take the form of (disease) virus 

1.4.2 Baltimore classification 

This classification system places viruses into seven groups, depending on a combination of their 

nucleic acid (DNA or RNA), strandedness (ss or ds), sense or antisense, and method of 

replication.  
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The groups are as follows:  

 Group I: dsDNA viruses (e.g. adenoviruses, herpesviruses, poxviruses) 

 Group II: ssDNA viruses (sense) DNA (e.g. parvoviruses) 

 Group III: dsRNA viruses (e.g. reoviruses) 

 Group IV: (+) ssRNA viruses (+ strand or sense) RNA (e.g. 
picornaviruses, togaviruses) 

 Group V: (−) ssRNA viruses (− strand or antisense) RNA (e.g. orthomyxoviruses, 
rhabdoviruses) 

 Group VI: ssRNA-RT viruses (+ strand or sense) RNA with DNA intermediate in life cycle 
(e.g. retroviruses) 

 Group VII: dsDNA-RT viruses (e.g. hepadnaviruses) 
 

1.5 SUMMARY 

 

We briefly looked at how viruses were discovered and learnt of the earliest scientists who made 

contributions through their discoveries. Moreover, we now have a general idea of what viruses 

are and of their basic morphology, what type of cells they infect and how they are classified based 

on the ICTV and the Baltimore classification systems. In the next learning unit, we will discuss the 

general replication of eukaryotic and prokaryotic viruses.  

 

 

 

 

 

 

 

 

 

 

 

 

DNA in eukaryotes is replicated and 

translated in the nucleus, whereas 

proteins are synthesised in the cytoplasm. 

mRNAs in the eukaryotes are capped and 

have poly(A) tails. 

http://en.wikipedia.org/wiki/Adenovirus
http://en.wikipedia.org/wiki/Herpesvirus
http://en.wikipedia.org/wiki/Poxvirus
http://en.wikipedia.org/wiki/SsDNA_virus
http://en.wikipedia.org/wiki/Parvovirus
http://en.wikipedia.org/wiki/DsRNA_virus
http://en.wikipedia.org/wiki/Reovirus
http://en.wikipedia.org/wiki/Positive-sense_ssRNA_virus
http://en.wikipedia.org/wiki/Picornavirus
http://en.wikipedia.org/wiki/Togavirus
http://en.wikipedia.org/wiki/Negative-sense_ssRNA_virus
http://en.wikipedia.org/wiki/Orthomyxovirus
http://en.wikipedia.org/wiki/Rhabdovirus
http://en.wikipedia.org/wiki/SsRNA-RT_virus
http://en.wikipedia.org/wiki/Retrovirus
http://en.wikipedia.org/wiki/DsDNA-RT_virus
http://en.wikipedia.org/wiki/Hepadnavirus
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LEARNING UNIT 2: VIRAL REPLICATION  

 

2.1 INTRODUCTION 

 
Every living organism has to reproduce in order to survive. Have you ever wondered how viruses 
replicate? In essence, viruses are collections of genetic information directed toward one end: their 
own replication. They are the ultimate and prototypical example of “selfish genes”. The viral 
genome contains the “blueprints” for virus replication enciphered in the genetic code, and must 
be decoded by the molecular machinery of the cell that it infects to achieve this end. Viruses are 
therefore obligate intracellular parasites that are dependent on the metabolic and genetic 
functions of living cells. In this section, we will discuss the replication cycles of eukaryotic and 
prokaryotic viruses, as well as how they differ. We will also compare the replication of viruses 
based on the different types of genomes as classified using the Baltimore system of virus 
classification.  
 

2.2 LEARNING OUTCOMES 

 
After you have successfully completed this unit, you should be able to 
 

 outline the replication strategies of viruses 

 compare the lytic and lysogenic cycles of bacteriophages 

 describe the role of genetic material in viral replication 
 

2.3 GENERAL REPLICATION OF VIRUSES  

 
Learning objectives 

 Illustrate the replication strategies of viruses. 

 Outline the basic steps of viral replication. 

 Differentiate the replication strategies of viruses as classified using the Baltimore classification 

system. 

 
The replication of viruses varies greatly between viruses and depends on the genome type. For 
a virus to replicate, it must first infect a susceptible host to synthesise all the essential components 
required to make many more, new virions. Components are assembled and packaged into new 
virions, which may continue to infect new host cells. Virus infection may induce either profound 
or subtle changes in the cell so that viral genes are replicated and viral proteins are expressed, 
resulting in the formation of new viruses. The infection of a cell with a single virus particle results 
in the synthesis of more than one (in several powers of 10) infectious virus. This is known as a 
productive infection. The actual number of infectious viruses produced in an infected cell is known 
as the burst size (the number depends on several factors, including the type of cell infected and 
the nature of the virus). Infection with many viruses leads a cell to become a virus-making machine 
for the replication of new viruses. This may lead to a state of coexistence between the cell and 
the infecting virus. New viruses or their genomes may persist for as long as the life of the host, 
either being produced constantly or being carried as passengers within the host genome with little 
or no evidence of viral gene expression. The new virions can continue to infect new hosts. In the 
next subsection, we will look at the basic viral replication steps. Before going through each step, 
go to https://www.youtube.com/watch?v=uIut0oVWCEg and see how viruses replicate.  

https://www.youtube.com/watch?v=uIut0oVWCEg
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2.3.1 Attachment or adsorption 

The initial encounter between a virus and a host cell is mediated through viral surface 
components, either membrane glycoproteins or sites on a viral capsid binding to glycolipid and/or 
glycoprotein attachment factors. Viruses have reactive sites on their surface that interact with 
specific receptors on suitable host cells. This reaction is usually passive (i.e. it does not require 
energy) and the specificity of the reaction between a viral protein and a host receptor defines and 
limits the host species and the type of cell that is infected (although transfected nucleic acid can 
bypass this limitation and extend the host range). Damage to these binding sites (e.g. by 
disinfectants or heat) or blocking by specific antibodies (neutralising antibodies) can render virions 
non-infectious. Examples may include the following: CD4 on T cells – HIV, ICAM on upper 
respiratory epithelial cells – rhinovirus, immunoglobulin-like receptors – poliovirus, dendritic cell-
specific intercellular adhesion molecule-3-grabbing nonintegrin – phleboviruses. Some of the 
receptors used by viruses during infection are indicated in figure 2.1.  

 

 

Figure 2.1: Illustration of receptors used by viruses during viral infection 

2.3.2 Penetration or entry 

After adsorption, the coat of enveloped viruses may fuse with the host cell membrane and release 
the virus nucleocapsid into the host cytoplasm. Other viruses may enter the cell by a process of 
endocytosis, which involves invagination of the cell membrane to form vesicles in the cell 
cytoplasm (common in herpesviruses and paramyxoviruses). Some viruses enter the cell by a 
process of endocytosis, which involves invagination of the cell membrane to form vesicles in the 
cell cytoplasm. This is known as receptor-mediated endocytosis and it occurs in influenza viruses 
and adenoviruses. The different types of endocytosis are illustrated in figure 2.2.  
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Figure 2.2: The different types of endocytosis (https://en.wikipedia.org/wiki/Endocytosis#/media/ 
File:Endocytosis types.svg) 

2.3.3 Uncoating 

Uncoating refers to the release of the viral genome from its protective capsid to enable the nucleic 
acid to be transported into the cell before being transcribed and translated to form new progeny 
virions.  

2.3.4 Genomic activation/synthesis of nucleic acid protein 

Messenger RNA (mRNA) is transcribed from viral DNA (or formed directly from the genome of 
some RNA viruses) and codes for viral proteins that are translated by the host cell. Early proteins 
are usually non-structural (e.g. DNA or RNA polymerases) and later proteins such as capsid 
proteins, that is, the building blocks of the virion are structural. Nucleic acid replication produces 
new viral genomes for incorporation into progeny virions. In general, DNA viruses replicate mainly 
in the nucleus and RNA viruses replicate mainly in the cytoplasm, but there are exceptions such 
as poxviruses, which contain DNA but replicate in the cytoplasm of the host cell. How this process 
unfolds, depends on the virus causing the infection and the type of viral genome. 

2.3.5 Assembly and maturation 

The assembly of viral nucleocapsids may take place in the nucleus (e.g. herpesviruses and 
adenoviruses); in the cytoplasm (e.g. the poliovirus); or at the cell surface (e.g. “budding” viruses 
such as influenza). The accumulation of virions at sites of assembly may form “inclusions” that 
are visible in stained cells with a light microscope. 

https://en.wikipedia.org/wiki/Endocytosis#/media/ File:Endocytosis types.svg
https://en.wikipedia.org/wiki/Endocytosis#/media/ File:Endocytosis types.svg
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2.3.6 Release  

The release of new infectious virions is the final stage of replication. This may occur through 
budding from the cell surface, which occurs with many enveloped viruses. In this case, capsid 
proteins and nucleic acid condense directly adjacent to the cell membrane, and viral-coded 
envelope proteins are introduced into the cell membrane and concentrate near capsid 
aggregates. The membrane surrounding the nucleocapsid then bulges out and becomes “nipped 
off” to form the new enveloped virion. Some viruses utilise the cellular secretory pathway to exit 
the cell. Virus particles enclosed within Golgi-derived vesicles are released to the outside of the 
cell when the transport vesicle fuses with the cell membrane. Disintegration or lysis of the infected 
cell can also result in the release of intact infectious virions. The diagram in figure 2.3 depicts a 
replication cycle of an influenza virus. 

 

Figure 2.3: A diagram of influenza viral cell invasion and replication (user: YK Times – redrawn 
from w:Image:Virusreplication.png using Adobe Illustrator, CC BY-SA 3.0, 
https://commons.wikimedia.org/wiki/File:Virus_Replication.svg) 
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Activity 2.1 

 Explain the differences in the replication strategies of  

 dsDNA viruses and ssDNA viruses 

 (+)ssRNA viruses and (−)ssRNA viruses 

 Give examples of enzymes employed by viruses during the replication process. 

 Describe how attachment of viruses to target cells is mediated. 

 Outline the basic steps of viral replication and explain the events that occur at each 

step. 

 

2.4 REPLICATION OF BACTERIOPHAGES 

 

Bacteriophages or phages are viruses that infect bacteria. They can either be virulent (lytic 

bacteriophages) or temperate (temperate bacteriophages).  

2.4.1 Lytic life cycle 

Bacteriophages replicating through the lytic cycle (e.g. T4 coliphages) are so named because 

they lyse the host bacterium as a normal part of their life cycle. They are also referred to as virulent 

phages. They begin multiplying upon infection of host cells, which is followed by release from the 

host cell by lysis of the host cell. The lytic cycle consists of the following replication steps:  

2.4.1.1 Attachment or adsorption 

The attachment site on the phage adsorbs to receptor sites on the host bacterium. Most 

bacteriophages adsorb to the bacterial cell wall, although some are able to adsorb to flagella or 

pili. Specific strains of bacteriophages can only adsorb to specific strains of host bacteria. This is 

known as viral specificity.  

2.4.1.2 Penetration 

In the case of a phage that adsorbs to a bacterial cell wall, a phage enzyme (lysozyme) drills a 

hole in the bacterial wall and the phage injects its genome into the bacterial cytoplasm. Some 

phages accomplish this by contracting a sheath, which drives a hollow tube into the bacterium. 

This begins the eclipse period. The genome of phages that adsorb to flagella or pili enters through 

these hollow organelles. 

2.4.1.3 Replication 

Enzymes coded by the phage genome shut down the bacterium’s macromolecular (protein, RNA, 

DNA) synthesis. The phage replicates its genome and uses the bacterium’s metabolic machinery 

to synthesise phage enzymes and phage structural components. 

2.4.1.4 Maturation and release  

Phage DNA and capsids are assembled into complete viruses. Usually, a phage-coded lysozyme 

breaks down the bacterial peptidoglycan, causing osmotic lysis, and newly synthesised or intact 

bacteriophages are released.  

http://en.wikipedia.org/wiki/SsDNA_virus
http://en.wikipedia.org/wiki/Positive-sense_ssRNA_virus
http://en.wikipedia.org/wiki/Negative-sense_ssRNA_virus
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2.4.2 Lysogenic life cycle of temperate bacteriophages 

Bacteriophages capable of a lysogenic life cycle are termed temperate phages. When a 

temperate phage infects a bacterium, it can either replicate by means of a lytic life cycle, thereby 

causing lysis of the host bacterium, or it can incorporate its DNA into the bacterium’s DNA and 

become a non-infectious phage (i.e. it does not destroy the host cell). The latter stage is known 

as the lysogenic stage/cycle, and the relationship between the temperate phage and its host is 

known as lysogeny.  

The cycle begins with the phage adsorbing to the host bacterium or lysogen/lysogenic bacterium 

and injecting its genome as in the lytic life cycle. However, the phage does not shut down the host 

cell. Instead, the phage inserts or integrates into the host bacterium’s DNA. At this stage, the virus 

is called a prophage. Expression of the phage genes controlling phage replication is blocked by 

a repressor protein, and the phage DNA replicates as part of the bacterium’s DNA so that every 

daughter bacterium now contains the prophage.  

The daughter cells can continue to replicate with the prophage present, or the prophage can exit 

the bacterial chromosome to initiate the lytic cycle. The number of viruses infecting the bacterium 

and the physiological state of the bacterium appear to determine whether the temperate phage 

enters the lytic cycle or becomes a prophage. Spontaneous induction occurs in about one out of 

every million, to one out of every billion bacteria containing a prophage. The phage genes are 

activated and new phages are produced as in the lytic life cycle. To get a clear understanding of 

how lytic and lysogenic bacteriophages replicate, visit the following links:  

 

https://www.youtube.com/watch?v=hFwA0aBX5bE  

https://www.youtube.com/watch?v=YzuKtDGxWgc  

 

Activity 2.2  

 Differentiate between temperate and virulent phages. 

 Describe the role of bacteriophages in therapy. 

The following questions must be discussed on the myUnisa site. Please present your 

answers in the discussion forum:  

 State reasons why the replication strategy of hepadnaviruses differs from that of 

retroviruses, although both strategies use reverse transcriptase. 

 Describe how phages may enter the state of lysogeny.  

 Describe the beneficial aspects of bacteriophages. 

 

 

 

https://www.youtube.com/watch?v=hFwA0aBX5bE
https://www.youtube.com/watch?v=YzuKtDGxWgc
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2.5 SUMMARY 

 

In this learning unit, we discussed the general replication cycle of prokaryotic and eukaryotic 

viruses in terms of host recognition, entry genome activation, assembly and release of newly 

formed viral particles. Based on the Baltimore classification system (learning unit 1), we have 

seen how nucleic acid proteins of specific viral genomes may be synthesised. Lastly, we 

compared the replication of lytic and lysogenic phages. In learning unit 3 we will look at how viral 

infection brings about changes in host cells, how those changes may be detected and how viruses 

are cultured.   
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LEARNING UNIT 3: EFFECTS OF VIRUSES ON HOST CELLS 

 

3.1 INTRODUCTION 

 

Many viruses inhibit host RNA, DNA or protein synthesis (or any combination of these). The range 

of structural and biochemical effects that viruses have on the host cell is extensive. Some viruses 

have cytocidal effects, whereby the host cell is lysed (cytolytic effect), eventually resulting in the 

death of the host cell. Such cells are referred to as permissive because they support viral 

replication and they usually produce infectious virus progeny.  

In contrast, some viruses may establish persistent infections lasting many years. In persistent 

infections and in some transforming infections, viral nucleic acid may remain in specific host cells 

indefinitely; virus progeny may or may not be produced. The presence of the virus often gives rise 

to macroscopic or microscopic changes. These changes may affect the morphology and the 

physiology of the host cell and the sequential biosynthetic events in the host cell. These changes 

are more readily observed in cell culture where cells can be sampled frequently in the course of 

infection. Any detectable change in the host cell due to infection is known as a cytopathic effect 

(CPE). CPE may include stopping of mitosis/cell division, cell lysis, formation of inclusion bodies, 

cell fusion, antigenic changes, chromosomal changes and transformation of cells.  

3.2 LEARNING OUTCOMES 

 
After you have successfully completed this unit, you should be able to 

 

 understand the changes brought about by viruses on their host cells 

 interpret the in vivo and in vitro methods used for the identification of viruses 

 differentiate between methods used for the quantification of viruses 

 

3.3 CULTIVATION, DETECTION AND QUANTIFICATION OF VIRUSES  

 

Viruses cannot be grown in standard microbiological culture such as broth and agar. They need 

to be cultured in the presence of a suitable host such as prokaryotic cells (easiest to grow in the 

lab), plants and animals because they are unable to reproduce independently of living cells. In 

learning unit 1 we looked at the general structure/properties of viruses and how Chamberland 

filters with pores small enough to retain bacteria made it possible for the TMV to be discovered. 

In this section, we will discuss the different methods that are used for the isolation, cultivation and 

quantification of viruses. For isolation and cultivation, animals, plants, chicken embryos and tissue 

culture are used. For detection, identification and diagnosis, there are several methods that can 

be used, including tissue culture methods, physical methods, serological methods, immunological 

methods and various methods in molecular biology. 
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3.3.1  Isolation and cultivation of viruses 

3.3.1.1 Culturing viruses in bacteria 

Viruses are grown in cultures maintained either in liquid broth or on agar plates. Bacteria and 

phages are mixed with warm nutrient agar and the mixture is poured on a thin layer on the surface 

of an agar plate. Bacterial cells infected by phages are lysed and release new phages that infect 

the nearby bacterial cells. For lytic bacteriophages, lysing of the bacterial hosts is readily observed 

when a clear zone called a plaque is detected. The uninfected bacterial cells grow and reproduce 

normally.  

3.3.1.2 Cell culture  

Cell culture involves culturing cells derived from multicellular eukaryotes, especially animal cells, 

by aseptically removing pieces of tissue. It is a useful method of cultivating clinical samples 

suspected of harbouring viruses. It helps with the detection, identification and characterisation of 

viruses in the laboratory. Cell lines are convenient for virus research because cell material is 

continuously available. A disadvantage of this method is that the procedure is expensive. 

Moreover, it is a time-consuming method of cultivating viruses, whereby cells are grown under 

controlled conditions outside their natural environment.  

3.3.1.3 Use of whole organs or parts of organs of animals 

In some instances, whole organs or pieces of animal organs may be used for successful 

replication of viruses. This method involves a less-controlled laboratory environment because 

parts of animals are used. Animals used include monkeys, rabbits, guinea pigs, rats, hamsters 

and mice. The first procedure of this kind involved the live inoculation of human volunteers against 

yellow fever. 

3.3.1.4 Culturing viruses in embryonated chicken eggs 

This is an inexpensive method to culture viruses. The cells within chicken eggs are used to culture 

different types of viruses for clinical isolation and identification, vaccine production and basic 

research studies. Viruses can be replicated in various locations within a chicken egg, including 

the chorioallantoic membrane, the amniotic cavity and the yolk sac, mainly because many viruses 

have tissue tropism and should be introduced to a specific site for growth. Influenza viruses are 

cultured using this method.  

 

3.4 DETECTION, IDENTIFICATION AND DIAGNOSIS OF VIRUSES 

 

3.4.1 Physical methods  

These methods include the following: X-ray crystallography, electron microscopy (under electron 

microscopy, there are transmission electron microscopy (TEM), scanning electron microscopy 

(SEM) and scanning transmission electron microscopy (STEM)) and ultracentrifugation (an 

example is the purification of viruses to isolate virus particles on the basis of size and density). 
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3.4.2 Serological and immunological methods  

Immunological techniques are used to diagnose viral diseases. This is done by demonstrating an 

antigen-antibody reaction to reveal evidence of virus infection. Virus infection can be shown by 

the following means:  

 Serology – the development of an antibody to the virus at the time of or just after symptoms 

of disease 

 The presence of the virus in the blood or tissues of the patient – examples are 

haemagglutination assay, haemagglutination inhibition assay, hemadsorption, virus 

neutralisation, complement fixation, immunofluorescence, immunoblotting and enzyme-

linked immunosorbent assay (ELISA) 

3.4.3 Molecular methods  

The research area undergoing the most growth is that of molecular methods and techniques, 

particularly in relation to virology. Molecular methods do not rely on the presence of a live virus 

as in the case of virus isolation procedures. These methods detect a piece of the viral genome, 

making them more sensitive for the detection of viruses. Molecular techniques are similar across 

disciplines. Therefore, techniques used in the study of viruses are similar to those used in other 

areas of microbiology such as bacteriology (bacteria), mycology (fungus), nucleic acid detection 

methods, in situ hybridisation, polymerase chain reaction, RT-PCR and gene sequencing.  

Sources  

 https://bio.libretexts.org/TextMaps/Map%3A_Microbiology_(OpenStax)/06%3A_Acellular

_Pathogens/6.3%3A_Isolation%2C_Culture%2C_and_Identification_of_Viruses  

 http://virology-microbiology-b.blogspot.co.za/2009/01/methods-of-study-of-viruses.html 

(All about viruses: Methods of study of viruses) 

 Wiedbrauk, D.L., and Farkas, D.H. (eds). (1995). Molecular methods for virus detection. 

San Diego: Academic Press.  

 http://virology-online.com/general/Tests.htm 

 

Activity 3.1 

 What are cytopathic effects and how are they characterised? 

 Differentiate between cytocidal and persistent infections. Give examples of viruses in each 

category. 

 Define “apoptosis”. 

 Compare in vivo and in vitro techniques used to cultivate viruses. 

 Name three assays designed to identify the presence of antibodies in a patient’s serum. 

 

The following questions must be discussed on the myUnisa site. Please present your 

answers in the discussions forum: 

 How can we identify viruses that produce little or no cytopathic effects? 

 What are the benefits of molecular assays? 

 

http://virology-microbiology-b.blogspot.co.za/2009/01/methods-of-study-of-viruses.html
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3.5 SUMMARY 

In this learning unit, we looked at the different changes in infected host cells that are brought 

about by the presence of a virus. In addition, we explored the different methods that may be 

employed to detect, identify and quantify viruses. These methods may be of importance when 

diagnosing infectious diseases. In learning unit 4 we will describe the mode of action of antiviral 

agents and discuss why these agents are of importance in each step of the virus replication cycle. 

We will also explore the advances made in the development of viral vaccines. 
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LEARNING UNIT 4: TREATMENT OF VIRAL DISEASES AND ADVANCES IN VIRAL 

VACCINES  

 

4.1 INTRODUCTION 

 

Do viruses respond to antibiotics? Has there been a viral disease that was cured by medical 

treatment? Several viral diseases have been difficult to successfully treat with antiviral drugs, and 

remain a challenge to public health. In addition, viruses use host-cell metabolic reactions and, 

therefore, they tend to be anti-cell agents. An alternative approach of stimulating the host’s 

immune responses is through the use of vaccines. These biological preparations provide 

immunity against a given disease and have been used since the olden days to lessen the severity 

and death-related burdens of some of the infectious diseases. Nevertheless, antiviral drugs are 

used to treat only a few viral diseases. 

 

 4.2 LEARNING OUTCOMES 

 
After you have successfully completed this unit, you should be able to 
 
 understand what antiviral agents are  

 describe the mode of action of antiviral agents 

 differentiate between the vaccine types 

 understand the advancements made in the development of vaccines 

 

 4.3 ANTIVIRAL AGENTS  

 

Antiviral agents interfere with a virus-specific function, because either the function is unique to 

the virus or the similar host function is much less susceptible to the drug. In addition, they interfere 

with a cellular function so that the virus cannot replicate (hoping this will only kill the virus-infected 

cells), and this can be done by restricting drug activation to infected cells or by identifying an 

enzyme unique to the virus so that the drug is not toxic to cells. Antiviral agents should also be 

able to minimise the virus load in the infected individual, and prevent or decrease the spread of 

the virus to new hosts (e.g. HIV from mother to foetus) and its damage to an infected host.  

The following stages of intracellular viral growth may be potential targets for antiviral 

activity, particularly against HIV:  

 attachment to host cell 

 uncoating (amantadine and rimantidine)  

 synthesis of viral mRNA (interferon)  

 transcription of genome to new RNA or DNA (nucleoside analogues) 

 mRNA transcription, processing and translation (interferon) 

 maturation of new virus proteins (protease inhibitors) 

 assembly of the components to form a complete virus  
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The following are examples of antiviral drugs currently used against certain viral diseases: 

 Analogues that inhibit crucial viral enzymes: Examples are 

- AZT and acyclovir, which specifically inhibit the replication of the genomes of HIV and 

herpesviruses respectively 

- protease inhibitors, which inhibit HIV proteases that are required to form a functional 

virion 

- ribavirin, which blocks the genome formation of several viruses 

 The use of agents that block infection: Examples are 

- amantadine, which blocks influenza penetration and uncoating 

- monoclonal antibodies, which bind virus particles in the blood, thereby inactivating them, 

and marks them for destruction by immune cells 

- GE soluble receptors, which bind virions in the blood/serum and prevent them from 

reaching the cell-bound receptors; since all viruses require specific receptors, any virus 

can be treated this way, as long as the receptor is known, cloned and produced in large 

quantities 

 The use of agents that stimulate or enhance the efficacy of the host’s immune system: 

Examples are 

- interferons (IL-2), which kill viruses and activate T killer cells 

- cytokines that stimulate killer T cell production and cytokines that stimulate antibody 

production 

 

Activity 4.1  

 With the aid of examples, discuss the mode of action of antiviral agents. 

 What is combination drug therapy? Giving appropriate examples, critically analyse the 

rationale for combination drug therapy.  

 

4.4 VACCINES 

 

4.4.1 History of vaccines 

Variolation was the concept first used by Edward Jenner in the 1800s when a person was 

inoculated with material taken from a patient with smallpox in the hope that a mild, but protective 

infection would result, followed by long-lasting protection against reinfection. This was a way of 

boosting the immune system through the stimulation of the natural production of antibodies that 

combat diseases. However, in some patients (~3%), fatal smallpox ensued, and variolation could 

not meet the safety criteria. Jenner realised that the use of the analogue of smallpox, which is 

cowpox (vaccinia), would provide long-lasting immunity in humans, without the risk of a 

significance of disease. Thus, the term “vaccination” was coined and it refers to the use of 

biological preparations that stimulate the immune system to provide adaptive immunity or active 

acquired immunity. Louis Pasteur honoured Jenner by proposing the use of the word vaccination 

to cover the new protective inoculations developed for other infectious agents.  

4.4.2 Requirements of an effective vaccine 

The requirements of a successful vaccine depend on the nature of the infective microorganism. 

For extracellular organisms, antibodies provide the most important adaptive mechanism of host 
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defence. For the control of intracellular organisms, an effective CD8 T-lymphocyte response is 

essential to target and kill the infected cell. The ideal vaccine provides host defence at the point 

of entry of the infectious agents, and mucosal immunity should be stimulated against viruses that 

enter through the mucosal surfaces. For effective protection against some viruses, the presence 

of pre-existing antibodies is of importance at the time of exposure. These pre-existing antibodies 

are also required to protect against some intracellular pathogens such as the poliomyelitis virus, 

which infects critical host cells within a short period after it has entered the body. These viruses 

are not easily controlled by T lymphocytes once intracellular infection has been established. An 

effective vaccine should be able to generate antibodies and T cells that are directed at the correct 

epitopes of the infectious agent; it must be safe; it must be able to provide immunity in a high 

proportion of the population; it must be able to generate long-lived immunological memory; and it 

must be cost-effective in order to provide herd immunity. 

 

4.4.3 Types of vaccines 

There are different types of vaccines used to reduce disease while retaining the ability to induce 

a beneficial immune response. They include the following:  

 Inactivated or killed vaccines: These vaccines comprise inactivated microorganisms that 

have been treated with chemicals, heat, radiation or antibiotics to ensure they are unable to 

replicate. Inactivated or killed vaccines are now in use for influenza, cholera, bubonic plaque, 

polio, hepatitis A and rabies. 

 

 Live attenuated vaccines: These vaccines comprise live attenuated viruses cultivated under 

conditions that reduce their virulence. They elicit a greater number of relevant effector 

mechanisms, including cytotoxic CD8 T cells. Most of these vaccines are prepared from 

viruses and some from bacteria. Attenuated vaccines now in use are for yellow fever, 

measles, rubella and mumps. The advantage of these vaccines is that they provoke a long-

lasting immune response. Moreover, they rarely mutate to a virulent form and, as such, they 

are preferred for adults. However, they may not be safe for use in immunocompromised 

individuals because they may behave as virulent opportunistic pathogens. 

 

 Subunit or conjugate vaccines: A protein subunit is prepared from a fragment of an 

organism, which can induce an immune response. Some subunits are created via genetic 

engineering to create recombinant vaccines. Subunit or conjugate vaccines are now in use 

for the hepatitis B vaccine, which is comprised of only surface proteins of the hepatitis B virus 

extracted from the blood serum of chronically infected patients; the human papillomavirus 

vaccine that is prepared from the major capsid protein; and the influenza vaccine that is 

prepared from haemagglutinin and neuraminidase subunits of the virus.  

 

Sources 

 United States Center for Disease Control and Prevention. (2011). A CDC framework for 

preventing infectious diseases. Accessed 11 September 2012. “Vaccines are our most 

effective and cost-saving tools for disease prevention, preventing untold suffering and 

saving tens of thousands of lives and billions of dollars in healthcare costs each year.” 
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 American Medical Association. (2000). Vaccines and infectious diseases: Putting risk into 

perspective. Accessed 11 September 2012. “Vaccines are the most effective public health 

tool ever created.” 

 Public Health Agency of Canada. Vaccine-preventable diseases. Accessed 11 September 

2012. “Vaccines still provide the most effective, longest-lasting method of preventing 

infectious diseases in all age groups.” 

 United States National Institute of Allergy and Infectious Diseases (NIAID). NIAID 

Biodefense Research Agenda for Category B and C Priority Pathogens. Accessed 11 

September 2012. “Vaccines are the most effective method of protecting the public against 

infectious diseases.” 

 Baxby, D. (1999). “Edward Jenner’s inquiry; a bicentenary analysis”. Vaccine 17(4):301–

7. PMID 9987167. doi:10.1016/s0264-410x(98)00207-2. 

 Pasteur, L. (1881). “Address on the Germ Theory”. Lancet 118(3024):271–2. doi: 

10.1016/s0140-6736(02)35739-8. 

Activity 4.2 

 What is variolation and how does it differ from vaccination? 

 State the different countries and individuals who introduced variolation and vaccination. 

 Differentiate between the following vaccines and state what type of immunity they offer: 

attenuated vaccines, killed vaccines and whole vaccines. 

 List the different antiviral drugs currently used and state their mode of action, taking into 

consideration the different targets of antiviral therapy. 

 How can monoclonal antibodies be used as antiviral agents? 

 Describe how interferons may be successfully used in therapy. 

The following questions must be discussed on the myUnisa site. Please present your 

answers in the discussion forum:  

 Ethically, one may not use individuals as experimental animals without their consent. Do you 

think Jenner’s variolation method was ethical? Justify your answer. 

 Is the variolation method still used? 

 What advances have been made in vaccine development? 

 

4.5 SUMMARY 

 

In this learning unit, we looked at the different targets of antiviral therapy and advances made in 

vaccine development. We also discussed the different types of vaccines and the qualities of good 

vaccines. In learning unit 5 we will look at host responses to viral infections.  
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LEARNING UNIT 5: HOST RESPONSES TO VIRAL INFECTIONS  

 

5.1 INTRODUCTION 

 

Have you ever asked yourself why individuals develop a fever, muscle pain, a runny nose, 

inflammation and so on when they are ill? In most cases, when there is an influenza outbreak, 

infected individuals complain of a sore throat, a runny nose or fever, or they sneeze. What really 

is the cause of all these symptoms? Do all these symptoms develop because of the infecting 

agent, or because the body is just reacting to the presence of the infectious agent? In this section, 

we will see how hosts respond when there is a viral infection.  

 

5.2 LEARNING OUTCOMES 

 
After you have successfully completed this unit, you should be able to 
 

 understand how hosts respond to viral infections 

 distinguish between the vast array of host defence mechanisms that assist in protecting a 

host against a viral infection  

 understand the immunopathological consequences of immune responses to viral infections 

 

5.3 INTERFERONS 

 

When host cells are infected with viruses, the infection induces the production of proteins known 

as interferons. Interferons are groups of signalling proteins that are made and released by 

mammalian host cells in response to viral infections. They were discovered in 1957 and were so 

named because they were found to interfere with viral replication by protecting uninfected 

neighbouring cells. The different types of interferons include interferon-α (IFN-α), interferon-β 

(IFN-β) and interferon-λ (IFN-λ). IFN-α and IFN-β are directly induced by viral infection and are 

referred to as type 1 interferons. They are considered part of the innate defences. IFN-β is a type 

2 interferon, which plays a role in the adaptive immune response to intracellular pathogens and 

is produced later during the infection course.  

There are 18 different IFN-α genes that code for 14 different functional proteins and they are all 

clustered in chromosome 9 close to the IFN-β gene. There is only one gene for IFN-β and one for 

IFN-λ. The IFN-λ gene is on chromosome 12. The presence of a double-stranded RNA, which is 

not found in mammalian cells, is thought to induce the production of type 1 interferons. The 

interferons need to interact with surface receptors known as interferon receptors on both the 

infected and nearby non-infected cells for them to be able to exert their biological effects. The 

interferon receptors are coupled to a Janus-family tyrosine kinase pathway so they can signal. 

After that, they act by rapidly and transiently inducing or upregulating some cellular genes while 

downregulating others, thereby inhibiting viral replication and activating host defence 

mechanisms.  
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Interferons are formed in response to live virus, inactivated virus and viral nucleic acids. They are 

produced in large quantities by cells infected with viruses of low virulence, but small quantities 

are produced against highly virulent viruses. Highly virulent viruses inhibit cell protein synthesis 

before interferons can be produced. INF-α is produced by leukocytes, INF-β is produced by 

fibroblasts and IFN-λ is produced by immune lymphocytes.  

 

5.4  ROLE OF INTERFERONS IN VIRAL INFECTIONS 

 

 Interferons enhance the specific immune response by increasing the expression of MHC 

class I molecules on the surface of infected cells to recognise and kill infected cells. 

 They prevent the infection of new cells. 

 They alter the expression of cell surface molecules and the secretion of cellular proteins. 

 They enhance or inhibit effector cell functions. 

 

Activity 5.1 

 Draw a schematic diagram depicting the mechanism of interferon synthesis upon viral 

infection. 

 Name the stages of the viral life cycle that may be inhibited by interferons. 

 Describe mechanisms by which some viruses have evolved resistance to interferons 

 Describe the importance of acquired immunity and humoral immunity in providing 

immunity against viral infections. 

 

Sources 

 Greenwood, D., Slack, R., Peutherer, J., and Barer, M. (2007). Medical microbiology: A 

guide to microbial infections: Pathogenesis, immunity, laboratory diagnosis and control. 

17th edition. Philadelphia, USA: Churchill Livingstone.  

 Janeway, Jr. C.A., Travers, P., Walport, M., and Shlomchik, M.J. (2005). Immunobiology: 

The immune system in health and disease. 6th edition. New York, USA: Garland Science 

Publishing.  

  



24 
 

 
 

LEARNING UNIT 6: DNA VIRUSES AND RNA VIRUSES 

 

6.1 INTRODUCTION 

 

In this learning unit, we will look at the different DNA and RNA viruses in terms of their replication 

strategies, how they evade the immune system of the host and their resulting diseases. When a 

virus encounters a target host, the place of primary replication is where replication occurs after 

the virus has gained initial entry into the host. This frequently determines whether the infection is 

localised at the site of entry, or spreads to become a systemic infection. Apart from direct cell-to-

cell contact, the virus may spread via the blood stream and the central nervous system. 

Secondary replication takes place at susceptible organs/tissues following systemic spread and 

this may lead to persistent, latent or chronic infections.  

In the case of persistent infections, some viruses have evolved the ability to remain in specific 

cells for long periods. These infections include latent, chronic and slow virus infections. The type 

of persistent infection usually influences the extent of cellular changes. Latent infections are 

characterised by restricted expression of the episomal or integrated virus genome. Here, the viral 

genomic product(s) are associated with few, if any, changes in the latently infected cell. In the 

case of chronic infections, the cellular effects of chronic infection are usually the same as those 

of acute cytocidal infections, except that production of progeny may be slower, intermittent or 

limited to a few cells. The long-term cellular changes may result in severe disease or immune 

suppression, or may trigger immune responses to damaged or undamaged cells or tissues. Lastly, 

in the case of slow infection, the virus–cell interaction is characterised by a prolonged incubation 

period, without significant morphological and physiological changes of infected cells. A slow 

progression of cellular injury may take years, and it is usually followed by extensive cellular injury 

and disease. 

 

6.2 LEARNING OUTCOMES  

 
After you have successfully completed this unit, you should be able to 

 

 differentiate between the viral diseases caused by DNA and RNA viruses 

 summarise the transmission modes of DNA and RNA viruses 

 understand the treatment options of specific viral diseases  

  

6.3 GROUP I: dsDNA VIRUSES 

 

These are viruses with a double-stranded DNA (dsDNA). Examples include viruses of the 

Adenoviridae family, Papillomaviridae, Polyomaviridae, Herpesviridae and Poxviridae. 

6.3.1 Adenoviruses 

These viruses are associated with mild upper respiratory tract infections and viral gastroenteritis 

and conjunctivitis. They can cause serious diseases in immunocompromised patients. They 

mostly infect mucosal surfaces (respiratory tract, eye and gut). The virion is a 70–75 nm 
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icosahedron with a single piece of double-stranded DNA. The virus attaches to susceptible cells 

via the apical fibres. The DNA is released in the nucleus and that is where the replication process 

is initiated. The early proteins are incorporated in the nucleus, whereas the late proteins are 

produced in the cytoplasm and they are mostly structural. These proteins are later transported 

back to the nucleus where the newly synthesised viral particles are assembled. The resulting 

assembled viral particles are released through cell lysis, which leads to the death of the infected 

cell.  

6.3.2 Papillomaviruses  

This is a family of small non-enveloped circular dsDNA viruses. Depending on the type of infecting 

strain, infection by papillomaviruses may be asymptomatic or appear with small benign tumours. 

The genome is divided into an early region with two large (E1 and E2) and several smaller (E4–

E7) open reading frames and a late region with two large genes (the icosahedral capsid proteins), 

namely, L1, which is a major capsid, and L2, which is a minor capsid protein. The genome of 

human papillomaviruses is 8 kb and encodes 7 to 8 early genes. Papillomaviruses depend on 

epithelial differentiation for the completion of their life cycle.  

6.3.2.1  Classification of human papillomavirus by genus (Bernard SU, 2005) 

 Alpha HPV: Examples include  

-  HPV-2, HPV-27 and HPV-57; these types commonly cause common warts on the skin 

and genitals, and in children 

-  HPV-18, HPV-39, HPV-45 and HPV-59; these types cause mucosal lesions, are high 

risk and are more frequent in adenocarcinomas 

-  HPV-16, HPV-31, HPV-33, HPV-35, HPV-52, HPV-58 and HPV-67; these types cause 

mucosal lesions, are high risk and are more frequent in squamous carcinomas 

-  HPV-6, HPV-11, HPV-13, HPV-44 and HPV-74; these types cause benign and malignant 

lesions in immunocompromised patients  

 Beta HPV: Examples are HPV-5 and HPV-8; these types are responsible for benign lesions 

in immunocompromised patients 

 Gamma HPV: Examples are HPV-4 and HPV-65; these types are responsible for cutaneous 

benign lesions 

 Mu HPV: Examples are HPV-1 and HPV-63; these types are responsible for benign tumours 

of cutaneous epithelia and are frequently seen on feet 

 

6.3.2.2  Transmission 

More than 40 types are transmitted through sexual contact and affect the genital area and the 

anus. Risk factors are early sexual encounters, multiple partners and poor immune function. 

Transmission occurs merely through skin-to-skin contact. These viruses are occasionally 

transmitted from mother to child during childbirth. The replication of papillomaviruses exclusively 

occurs in the keratinocytes that form the outermost layer of the skin and in some mucosal surfaces 

such as the inside of cheeks and vaginal walls.  

6.3.2.3  Replication 

The virus enters the keratinocyte stem cells of host cells through small wounds on the skin or a 

mucosal surface. Attachment of the L1 protein capsid and sulfated sugars on the cell surface is 
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mediated by the alpha-6 beta-4 integrin receptor whereby the virus is transported to the 

endosome. The capsid protein L2 disrupts the membrane of the endosome, thereby allowing the 

viral genome to escape with the L2 to the cell nucleus. Increased expression of these late proteins 

is associated with an increase in the number of viral copies. The release of new viral copies occurs 

through desquamation as a stealthy, non-inflammatory release mechanism. The E1 and E2 early 

proteins are expressed, and play a role in replication and maintenance of the viral DNA as a 

circular non-integrated extrachromosomal closed circular DNA known as an episome. The E6 and 

E7 late proteins aid in growth promotion by inactivating the tumour suppressor proteins p53 and 

pRb. As such, the keratinocyte stem cells in the epithelial basement layer are able to maintain the 

virus genomes for decades.  

6.3.2.4 Diagnostic and preventive measures 

For diagnosis of HPV, a vaginal procedure known as a Papanicolaou smear is prepared. The 

results are positive if perinuclear cytoplasmic vacuolisation and nuclear enlargement are evident 

in epithelial cells of the cervix or the vagina. HPV does not grow in routine tissue culture; therefore, 

immunoassays may be used to detect viral antigens. For viral-specific DNA from cervical swabs 

or cervical tissue, PCR and nucleic acid hybridisation can be used. Treatment options may include 

the use of podophyllin, trichloroacetic acid, podophyllotoxin and 5-fluorouracil. Warts may be 

removed through laser and freezing with liquid nitrogen. Cervical and anal lesions may be treated 

with electrocautery. Condom use is advised to prevent transmission and regular cervical Pap 

smears and vaccines may prevent HPV-6, HPV-11, HPV-16 and HPV-18. 

6.3.3 Herpesviruses 

This is a large group of dsDNA viruses that cause diseases in humans. They have a unique four-

layered structure: a core, which contains the large, double-stranded DNA genome, is enclosed 

by an icosapentahedral capsid that is composed of capsomers. The capsid is surrounded by an 

amorphous protein coat called the tegument. It is encased in a glycoprotein-bearing lipid bilayer 

envelope. There are eight herpesviruses that are known and they include: herpes simplex virus 

(HSV) type 1 and type 2, varicella-zoster virus, cytomegalovirus, Epstein-Barr virus (EBV), human 

herpesvirus 7 and human herpesvirus 8 (Kaposi sarcoma virus). Herpesviruses are able to remain 

latent in the body of an infected individual for long periods of time (i.e. they are able to establish 

a latent infection within specific tissues), becoming active under stressful conditions.  

Herpes simplex viruses cause fever blisters (HSV-1) and genital herpes (HSV-2) and can remain 

latent in the neurons of the sensory ganglia where they are able to emerge periodically. The 

Epstein-Barr virus is tumorigenic and causes clinical forms of cancer. It is also responsible for 

non-malignant general malaise called non-infectious mononucleosis in humans. The varicella-

zoster virus is responsible for causing chickenpox and shingles and, similar to the herpesviruses, 

lodges in the sensory ganglia.  

6.3.3.1 Diagnosis, treatment and control of herpesviruses 

Cytomegalovirus retinitis is diagnosed clinically, whereas in the case of other herpesviruses, 

identification is done through the isolation of viruses by the culture method and the detection of 

viral genes using PCR. HSV-1 and HSV-2 may be treated with acyclovir, valaciclovir and 

famciclovir. Ganciclovir is used for the cytomegalovirus retinitis b virus and there is no treatment 
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for EBV, HHV-6, HHV-7 and HHV-8. Vaccines may be used against the varicella-zoster virus, 

HSV-1, HSV-2 and the cytomegalovirus. 

6.4 GROUP II: ssDNA VIRUSES 

 

These are viruses with a single-stranded DNA (ssDNA). Examples include viruses of the 

Parvoviridae family and the Allenoviridae family. 

6.5 GROUP III: dsRNA VIRUSES 

 

These viruses have double-stranded RNA genomes and are called reoviruses. An example is 

rotavirus, which is the most common cause of diarrhoea in infants. Some reoviruses are 

responsible for respiratory tract infections, while other reoviruses infect plants.  

6.5.1 Morphology 

Reoviruses consist of non-enveloped nucleocapsids with a double shell of icosahedral symmetry. 

The capsid is 60–80 nm in diameter. Virions contain virus-encoded enzymes necessary to 

synthesise viral mRNA and new RNA genomes.  

6.5.2 Replication of reoviruses 

Reoviruses contain 10 to 12 segments of linear dsDNA molecules. Replication takes place in the 

cytoplasm (no host enzymes are required because there are virus-encoded enzymes for 

synthesis of viral mRNA and new RNA genomes). After a host has been infected with a reovirus, 

the virus binds to a cellular receptor protein. The virus then enters the cell and is transported to 

the lysosomes, where it normally has to be destroyed. The virus utilises RNA-dependent RNA 

polymerase during transcription to make plus sense mRNA from the negative strand (the negative 

strand is used as a template). The mRNA is then capped and methylated by viral enzymes and 

then translated. The segmented genome allows for possible reassortment in reoviruses. We will 

only discuss rotavirus as an example in this section.  

6.5.3 Rotavirus 

Rotavirus consists of 11 unique double-helix segments of dsRNA that are numbered 1 to 11 by 

decreasing size. Their RNA is surrounded by a three-layered icosahedral protein capsid that is 

non-enveloped. There are six structural viral proteins (VPs) named VP1, VP2, VP3, VP4, VP6 

and VP7, and six non-structural proteins (NSPs) that are only produced in cells infected by 

rotavirus and are called NSP1, NSP2, NSP3, NSP4, NSP5 and NSP6. The virus is transmitted 

faeco-orally and is more common in infants under the age of two, the elderly and 

immunocompromised patients.  

The virus causes gastroenteritis, where the cells that line the small intestines are infected and 

damaged. The resulting infection is characterised by nausea, vomiting, watery diarrhoea and low-

grade fever. Incubation lasts for two days before the above-mentioned symptoms will appear. 

Subsequent infection with rotavirus is typically mild or asymptomatic due to protection from the 

immune system. Replication occurs in the gut where the virus infects the enterocytes and the 

microvilli, which leads to structural changes in the epithelium. The triple protein coat of the virus 
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makes it resistant to the acidic pH of the stomach and the digestive enzymes. The virus enters 

through receptor-mediated endocytosis, forming a vesicle known as an endosome.  

Diagnosis is made by identification of the virus from the stool of an infected individual/child using 

enzyme immunoassay. Electron microscopy, PCR and reverse transcription polymerase chain 

reaction (RT-PCR) are also used. Treatment involves management of the symptoms, oral 

rehydration therapy and the use of probiotics to reduce the duration of diarrhoea. A vaccine known 

as Rotarix, which is a combination of up to five strains of rotavirus from both human and animal 

sources, is usually given to children between the ages of 6 and 24 weeks for them to develop 

immunity against the virus.  

Activity 6.1  

 Give other examples of reoviruses and explain their transmission mode and how they 

differ in terms of morphology.  

 How many types/species of rotavirus are known and which types are responsible for 

human infections? 

 Describe the role of viral proteins and non-structural proteins in rotavirus infection. 

 

6.6  GROUP IV: +ssRNA VIRUSES  

 

These viruses have positive-sense single-stranded RNA genomes. Their genetic material can 

function as both the genome and the mRNA, which can be translated directly into protein by host 

ribosomes. They all encode RNA-dependent RNA polymerase, which synthesises RNA from an 

RNA template. Examples include viruses of the families Astroviridae (astroviruses), Caliciviridae 

(caliciviruses), Coronaviridae (coronaviruses), Flaviviridae (hepatitis C virus, yellow fever virus, 

West Nile virus, dengue fever virus and Zika virus), Picornaviridae (enterovirus and rhinovirus), 

Leviviridae and Togaviridae. 

6.7  GROUP V: -ssRNA VIRUSES 

 

These viruses have negative-sense single-stranded RNA genomes. They require conversion of 

the positive strand genome into a negative-strand intermediate from which new positive strands 

are synthesised. Negative-sense RNA viruses are able to suppress innate immune responses of 

the host cells. Example of -ssRNA viruses include those of the following families: Arenaviridae 

(Lassa virus and lymhocytic choriomeningitis virus), Bornaviridae (Borna disease virus), 

Bunyaviridae (hantavirus), Filoviridae (Ebola virus and Marburg virus), Orthomyxoviridae 

(influenza virus), Paramyxoviridae (mumps, measles, human respiratory syncytial virus and 

parainfluenza), and Rhabdoviridae (rabies virus). The families consisting of non-segmented 

genomes are the Rhabdoviridae, Filoviridae and Bornaviridae, whereas Orthomyxoviridae, 

Bunyaviridae and Arenaviridae are segmented. They consist of six to eight, three or two negative-

sense RNA segments. Segmented viruses initiate infection by binding to host cell receptors 

through a viral surface glycoprotein. This fusion allows release of viral ribonucleoprotein 

complexes into the cytoplasm. The newly synthesised ribonucleoprotein complexes are 
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assembled with the structural proteins at the plasma membrane, which is followed by the release 

of newly synthesised viruses.  

6.8  GROUP VI: ssRNA-RT 

 

An example of ssRNA-RT viruses is the human immunodeficiency virus, which will be discussed 

in detail in learning unit 7 under “Various topics on HIV/AIDS”.  

6.9  GROUP VII: dsDNA-RT 

 

Viruses in this group are not considered DNA viruses but are referred to as reverse transcribing 

viruses because they replicate through an RNA intermediate. Families that fall in this group are 

hepadnaviruses and Caulimoviridae. An example of hepadnavirus is the hepatitis B virus, which 

is a blood-borne pathogen that infects the liver. It is transmitted parenterally and causes acute 

and chronic infection of the liver.  

6.9.1 Structure and genome of hepatitis B virus 

The hepatitis B virus virion has a diameter of 42 nm and has a 27 nm nucleocapsid covered with 

an enveloped surface protein (HBsAg) derived from the host cell. There is also a 22 nm particle 

that is composed of the major surface protein in both glycosylated and non-glycosylated form. 

The nucleocapsid consists of the viral genome surrounded by the core antigen (HBcAg). The 

genome contains DNA, which is partially double stranded with one incomplete strand. The virions 

of hepatitis B are small, irregular and rod-shaped particles of approximately 3–4 kb, making it one 

of the smallest known viruses. Upon infection, the virus enters the cytoplasm, and the viral DNA 

polymerase carried in the virion completes replication of this molecule. The polymerase contains 

reverse transcriptase activities and also functions as a protein primer for synthesis of one of the 

DNA strands.  

6.9.2 Diagnosis 

Serologic tests may be used to detect the hepatitis B virus from serum samples. 

Radioimmunoassays or enzyme immunoassays may be used to detect the hepatitis B surface 

antigen during the late stage of the incubation period. IgG persists for many years and usually 

provides evidence of past infection, whereas IgM is detectable in serum after the onset of clinical 

symptoms, but it declines slowly after recovery.  

Activity 6.2 

 Discuss HPV and cancer. 

 Describe how hepadnaviruses replicate and why they are classified under Group VII 

according to the Baltimore classification system of viruses. 

 Why are hepatitis viruses classified in different virus families? 

 What advances have been made in combating infections caused by the Ebola and Zika 

viruses? 
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Sources 

An important read: Human virology, 3rd edition, written by an emeritus professor of virology, 

Leslie Collier. 

Madigan, M.T., Martinko, J.M., Dunlap, P.V., and Clark, D.P. (2009) Brock biology of 

microorganisms. 12th edition. San Francisco: Pearson Benjamin Cummings.  

Baron, S. (ed.). (1996). Medical microbiology. 4th edition.  Galveston, TX: University of Texas 
Medical Branch.  

6.10 SUMMARY 

 

In this learning unit, we looked at the different viral diseases caused by DNA and RNA viruses, 

we summarised some of the transmission modes and replication strategies and, lastly, we 

explored the treatment options and preventive measures for such infections. In the last learning 

unit, we will discuss various topics relating to HIV/AIDS.  
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LEARNING UNIT 7: VARIOUS TOPICS ON HIV/AIDS 

 

7.1 INTRODUCTION 

 

The human immunodeficiency virus (HIV) is a virus that infects the T lymphocytes (T helper cells), 

which are vital for proper functioning of the immune system. The virus leads to acquired 

immunodeficiency syndrome (AIDS). It is classified under Group VII (ssRNA-RT) using the 

Baltimore classification system of virus classification. It is a retrovirus and retroviruses contain an 

RNA genome replicated through a DNA intermediate (these viruses transfer information backward 

from DNA to RNA, hence the word “retro”). The enzyme reverse transcriptase is the most 

important enzyme used to convert DNA to RNA.  

 

7.2 LEARNING OUTCOMES 

 
After you have successfully completed this unit, you should be able to 
 

 critically assess the reports on HIV/AIDS from the early 1980s  

 outline the immune responses upon HIV infection  

 compare the validity of the initial test developed to detect HIV with the validity of the tests 

that are used currently  

 evaluate the diagnostic methods and the developments with regard to HIV vaccine 

development 

 

7.3 HISTORY OF HIV/AIDS 

 

The human immunodeficiency virus, the etiological agent of AIDS, is mainly transmitted between 

humans through bodily fluids during sexual contact. Other modes of transmission include 

parenteral transmission and perinatal transmission. AIDS was discovered in 1981 by the United 

States Center for Disease Control and Prevention, although its appearance dates back to the 

1930s or ’40s, where it may have entered humans from non-human primates infected with the 

simian immunodeficiency virus (SIVsm), which infects chimpanzees (CDC, 1981). Clusters of 

Pneumocystis jiroveci (formerly known as Pneumocystis carinii) were found in five homosexuals 

in Los Angeles. However, phylogenetic studies revealed that non-human primates are said to be 

occasionally infected by lentiviruses that are related to HIV, but they do not get AIDS.  

The lentiviruses that infect non-human primates are said to evolve in their own hosts before they 

enter the human population. SIV is a blood-borne pathogen also present in cells of mucous 

epithelium, so humans could have been exposed to it through scratches, bites and wounds while 

hunting or while being involved in other activities with apes or monkeys. The virus might have 

established infection in humans after crossing the primate–human barrier several times at 

sufficient levels enough to be transmissible. SIVsm from sooty mangabey monkeys (Cercocebus 

atys) is the most likely source of HIV-2, whereas SIVcpz from chimpanzees (Pan troglodytes 

troglodytes) is the source of HIV-1 (Gao et al., 1999).  
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The human immunodeficiency virus belongs to the Retroviridae family, genus lentivirus. 

Retroviruses are characterised by their ability to reverse transcribe RNA genomes into DNA 

before integration into the host chromosome cell nucleus. Depending on the subtype causing the 

infection, it might take approximately eight to ten years before clinical manifestations due to AIDS 

occur, though it takes some patients two to three years to succumb to AIDS. Lentiviruses are 

distinguished by their ability to infect non-dividing cells of the immune system, for example 

macrophages and resting T cells, and these cells are targets for HIV infection. HIV can lie dormant 

within these cells for many years, especially in resting (memory) CD4+ T4 lymphocytes. When 

these cells become reactivated, viral production occurs, which ultimately destroys the cells. 

7.4 HIV AND VIRAL GENETIC DIVERSITY  

 

Virus genetic variability results from high mutation rates, short generation time and large 

population size, and is classified into types, groups and subtypes based on genetic similarities. 

The two types are HIV-1 and HIV-2. HIV-1 is the most virulent type that is easily transmissible, 

unlike HIV-2, and is reported as the major cause of global pandemics of AIDS (Reeves and Doms, 

2002; Gilbert et al., 2003; Johnson et al., 2003). HIV-1 is divided into four distinct groups, namely, 

group M (major group), group O (outlier), group N (non-group M, non-group O or new) (Spira et 

al., 2003; Gupta et al., 2005) and group P, based on the differences on the envelope gene. HIV-

2 is divided in eight distinct groups (A–H). Only groups A and B are responsible for epidemics 

(Santiago et al., 2005). HIV-2 is largely confined to some West African countries, but also occurs 

in Angola, Mozambique, Brazil, India and limitedly in Europe. The other groups (C–H) are closely 

related to SIVsm strains from sooty mangabeys living in the same country where the human 

infection was found. Groups C and D were identified in two Liberian individuals, groups E and F 

were identified in two individuals from Sierra Leone and groups G and H were identified in two 

individuals from the Ivory Coast (Marx et al., 2001). 

HIV-1 group M strains are associated with the global pandemic, whereas groups N, O and P 

(Plantier, 2009) are common in West Africa. Group M strains have diverged to numerous genetic 

subtypes or clades designated A–D, F–H, J and K, circulating recombinant forms (CRFs), intra-

subtypes and unique recombinant forms (URFs). The CRFs have segments of the genome 

derived from more than one subtype. The amino acid distances among different subtypes of HIV-

1 group M reach 20–30% in the Env gene sequence (Spira et al., 2003) and 15% in the Gag gene 

sequence, although the latter is less divergent than envelope. In order to define a new subtype, 

subsubtype or CRF, a representative strain must be identified in at least three near full-length 

genomic sequences that are epidemiologically unlinked. Recombination has contributed to the 

diversification of HIV. HIV contains two copies of positive-sense, linear RNA per virion 

(Tscherning-Casper et al., 2000). The former subtype E variant, which is a recombinant of clades 

A and E, is such an example. CRFs of subtypes E and I are CRF01_AE and CRF04cpx 

respectively; CRF02_AG is a recombinant of subtypes A and G, and CRF03_ AB is a recombinant 

of clades A and B. 

The highest genetic diversity of HIV is in Africa, especially Central Africa, where HIV is thought to 

have originated. Currently, HIV is characterised by circulation of numerous genotypes of the virus, 

with subtype C accounting for 90% of infections worldwide. HIV-1 subtype C was first identified in 
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1980 in Ethiopia, South Africa and Malawi. It then spread to other Southern African countries 

(Salminen et al., 1996; McCormack, 2002) and then to Europe, Asia and Brazil. The prevalence 

of subtype C increased during the early 1990s with a >80% frequency. Prevalence rates of HIV-

1 subtypes circulating in African countries such as Namibia, Lesotho and Swaziland are low, but 

HIV-1C remains the predominant subtype.  

 

7.5 STRUCTURE AND GENOME OF HIV  

 

HIV differs in structure from other retroviruses. It is approximately 120 nm in diameter, is 

enveloped and roughly spherical. It consists of two copies of positive-sense single-stranded linear 

RNA. The integrated form of HIV is 9,8 kilobases in length, with both ends of the gene flanked by 

a repeated sequence known as long terminal repeats (LTRs). The genes are located in the central 

region of proviral DNA and encode at least nine proteins that are classified into three functional 

groups: major proteins [(group-associated antigen (gag), polymerase (pol), and envelope (env)], 

regulatory proteins (Tat and Rev) and accessory proteins [viral infectivity factor (Vif), viral protein 

r (Vpr), viral protein u (Vpu) and negative factor (Nef)] (Costin, 2007).  

The gag gene gives rise to the 55 kilodalton (kDa) Gag precursor protein called p55. Membrane-

associated Gag polyprotein recruits two copies of the viral genomic RNA along with other viral 

and cellular proteins, triggering budding of the viral particle from the surface of an infected cell. 

After budding, p55 is cleaved by the virus-encoded protease during the process of viral maturation 

into four smaller proteins designated as MA (matrix [p17]), CA (capsid [p24]), NC (nucleocapsid 

[p9]) and p6 (Tripathi and Agrawal, 2007). The matrix polypeptide is derived from the N-terminal, 

myristoylated end of p55. Most MA molecules remain attached to the inner surface of the virion 

lipid bilayer, stabilising the particle. A subset of MA is recruited inside the deeper layers of the 

virion where it becomes part of the complex that escorts the viral DNA to the nucleus. The matrix 

facilitates the nuclear transport of the viral genome because a karyophilic signal on MA is 

recognised by the cellular nuclear import machinery. This is why HIV is able to infect non-dividing 

cells, an unusual property for a retrovirus. p24 is the capsid protein that forms the conical core of 

viral particles. The nucleocapsid region of Gag is specifically responsible for recognising the 

packaging signal of HIV. The packaging signal consists of four stem loop structures located near 

the 5' end of the viral RNA, and is sufficient to mediate the incorporation of a heterologous RNA 

into HIV-1 virions. The nucleocapsid binds to the packaging signal through interactions mediated 

by two zinc-finger motifs. It is also responsible for facilitating reverse transcription. The p6 

polypeptide region mediates interactions between p55 Gag and the accessory protein Vpr, 

leading to the incorporation of Vpr into assembling virions. The p6 region also contains a late 

domain, which is required for the efficient release of budding virions from an infected cell (Braaten 

and Luban, 2001). 

7.5.1 Gag-Pol precursor, protease and reverse transcriptase 

Viral protease (PR), reverse transcriptase (RT), RNase H, and integrase (IN) are expressed within 

the context of a Gag-Pol precursor. The Gag-Pol precursor is generated by a ribosomal 

frameshifting event triggered by a cis-acting RNA motif. The virally encoded protease cleaves the 

Gag and Pol polypeptide and further digests it to separate the protease (p10), RT (50), RNase H 

(p15) and integrase (p31) activities. However, roughly 50% of the RT protein remains linked to 
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RNase H as a single polypeptide (p65). HIV-1 protease is required for cleavage of the Gag-Pol 

precursor during virion maturation (Purohit et al., 2007).  

HIV protease protein exists as a homodimer, with each subunit made up of 99 amino acids. 

Protease cleaves newly synthesised polyproteins to generate the mature protein components of 

an infectious HIV virion. Without effective HIV PR, HIV virions remain uninfectious. The pol gene 

encodes reverse transcriptase and has RNA-dependent DNA polymerase activities. During 

reverse transcription, a polymerase makes a double-stranded DNA copy of the dimer of single-

stranded genomic RNA present in the virion. RNase H removes the original RNA template from 

the first DNA strand, allowing synthesis of a complementary DNA strand (Purohit et al., 2007). 

The predominant functional species of the polymerase is a heterodimer of p66; p51 HIV 

polymerase lacks proofreading activity and the replication is error prone and introduces several 

point mutations into new copies of the viral genome (Jonckheere et al., 2000).  

RNase H displays the DNA polymerase activity and RNase H activity responsible for degradation 

of the RNA strand of the RNA:DNA hybrid formed during the synthesis of the minus strand that 

uses RNA (+) as a template. The initial step for the (-) strand DNA synthesis is the hybridisation 

of a host-derived tRNA to the primer binding site (PBS) near the 5' end of the HIV genome. The 

subsequent RNA-dependent DNA synthesis proceeds until the RT reaches the 5' end of the RNA 

genome, leading to a (-) DNA strong stop. This process exposes the repeat (R) sequence at the 

3' end of the (-) strand DNA, which can be thus hybridised to the R sequence at the 3' end of the 

(+) strand RNA, allowing a strand translocation that can take place either intermolecularly or 

intramolecularly. RNase H activity is absolutely required for strand transfer and, in fact, mutations 

that selectively abolish its function stop strand transfer and accumulate (-) strand strong-stop 

DNA. After the first strand transfer, the polymerisation of (-) strand DNA continues until 

conclusion, while the RNase H degrades the (+) strand RNA (Esposito et al., 2007).  

7.5.2 Integrase 

Integrase protein is a 32 kDa protein that recognises specific sequences in the long terminal 

repeat elements of the viral complementary DNA. It is composed of three functional domains 

known as the N-terminal HH-CC zinc-binding domain, a catalytic core domain and the C-terminal 

DNA-binding domain. These domains are responsible for mediating the insertion of HIV proviral 

DNA into the genomic DNA of infected cells (Cherepanov, 2010). The endonuclease activity trims 

two nucleotides from each 3' end of linear viral DNA duplex to expose the invariant CA 

dinucleotides at both 3' ends of the viral DNA. A double-stranded endonuclease activity cleaves 

the host at the integration site. After that, a ligase activity generates a single covalent linkage at 

each end of the proviral DNA. The integrated provirus then serves as a template for transcription 

of the viral genome and propagation of the virus. 

7.5.3 Envelope 

The 160 kDa Env protein (gp160) is expressed from a singly spliced mRNA and is cleaved by 

host enzymes to generate a transmembrane glycoprotein (gp41) and a surface glycoprotein 

(gp120). Gp120 mediates interaction between HIV and CD4 receptors, whereas gp41 contains 

the fusion sequence (Mavoungou et al., 2005). 
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7.5.4 Regulatory proteins 

The Tat protein is a transcriptional transactivator essential for HIV-1 replication. It is a small 

nuclear protein consisting of 86 to 101 amino acids, depending on the viral strain. It is encoded 

by two separate exons that are expressed by early fully spliced mRNA or late incompletely spliced 

HIV mRNAs. Tat binds to the transactivation response element (TAR) located at the 5' terminus 

of HIV RNAs.  

The regulator of expression of virions (Rev) is a 19 kDa sequence-specific RNA binding protein 

produced from fully spliced mRNAs. Rev binding to Rev response element (RRE) regulates 

expression of HIV proteins by controlling the export rate from the nucleus to the cytoplasm of 

unspliced or singly spliced RNAs. In the absence of Rev, only multiply spliced viral RNA species 

will accumulate in the cytoplasm (Suhasini and Reddy, 2009). 

The negative factor (Nef) protein is a 27 kDa protein encoded by a single exon that extends into 

the 3' LTR. Nef acts post-translationally to decrease the cell-surface expression of CD4, the 

primary receptor for HIV, and therefore increases the rate of CD4 endocytosis and lysosomal 

degradation. CD4 downregulation inhibits Env incorporation and virion budding. Nef also 

downregulates the cell surface expression of class I MHC, although to a lesser degree, and this 

decreases the efficiency of the killing of HIV-infected cells by cytotoxic T cells. Other functions of 

Nef include interaction with cell-signalling pathways and enhancement of the production of 

chemokines by infected cells, which regulates cellular activation (Peterlin, 2005). 

7.5.5 Accessory proteins  

Viral protein r (Vpr) is incorporated into viral particles and this is mediated through specific 

interactions with the carboxyl-terminal region of p55 Gag, which corresponds to p6 proteolytically 

processed protein. Vpr facilitates HIV infection by facilitating the nuclear localisation of the pre-

integration complex. It also acts as a nucleocytoplasmic transport factor by directly tethering the 

viral genome to the nuclear pore.  

Viral protein u (Vpu), a 16 kDa polypeptide, is an integral membrane phosphoprotein. It is 

expressed from the mRNA that also encodes Env. It is translated from this mRNA at levels tenfold 

lower than those of Env because the Vpu translation initiation codon is not efficient. The functions 

of Vpu are the down-modulation of CD4 and the enhancement of virion release. 

Virion infectivity factor (vif), a 23 kDa polypeptide of 192 amino acids, is localised in the cytoplasm 

of infected cells. This protein increases the infectivity of HIV particles in primary cells and in vivo. 

It also suppresses the antiretroviral cellular enzyme APOBEC3G and induces its degradation. 

The C terminal domain of Vif mediates its interaction with Gag and is vital for viability of the virus. 

Vif-defective particles, though defective in their ability to synthesise proviral DNA, can attach and 

penetrate susceptible cells (Goncalves et al., 2002). 
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7.6 HIV LIFE CYCLE 

 

7.6.1 HIV entry into cells 

Entry of HIV into cells is mediated by the 160 kDa viral envelope protein, which is cleaved into 

two subunits (the surface unit, gp120, and the transmembrane unit, gp41) during intracellular 

migration. The HIV-1 envelope glycoproteins gp120 and gp41 are non-covalently associated and 

form trimers on the surface of the virus particle. Viral entry into target cells is initiated by the 

consecutive interaction of the soluble unit gp120 with CD4 T cells, which are primary receptors of 

HIV. After binding, the envelope proteins undergo conformational change that exposes a binding 

site for chemokine receptors, either CCR5 or CXCR4. HIV gp41 transmembrane and coreceptors 

mediate virus–cell membrane fusion.  

7.6.2 Reverse transcription and integration  

Reverse transcription is mediated by reverse transcriptase, which converts the single-stranded 

RNA to double-stranded DNA to form a DNA:RNA hybrid. It also is a DNA-dependent DNA 

polymerase that synthesises the second strand of DNA of the double helix DNA once the RNA 

has been reverse transcribed, and degraded via its RNase H activity into single-stranded cDNA. 

RNase H removes the original RNA template from the first DNA strand, allowing synthesis of a 

complementary DNA strand. During integration, HIV DNA is inserted into the cell’s DNA by the 

integrase enzyme and the provirus remains inactive for several years, producing few or no new 

copies of HIV. Protein products that result from transcription and translation of the viral genome 

are processed by the viral protease, which generates a new batch of proteins that will form the 

new virion (Basavapathruni and Anderson, 2007).  

7.6.3 Virus assembly, budding and maturation 

Packets of material for a new virus come together and the budding process takes place when the 

immature virus pushes out of the infected cell. Thereafter, the new virus matures: raw materials 

are cut by the protease enzyme and assembled into a functioning virus. The newly formed HIV 

glycoproteins are necessary for the virus to bind CD4 and coreceptors. The new copies of HIV 

can now move on to infect other cells. The life cycle of HIV is illustrated in figure 7.1.  



37 
 

 
 

 

Figure 7.1: The HIV replication cycle (https://en.wikipedia.org/wiki/HIV; accessed: 20/09/2017) 

 

7.7 IMMUNE RESPONSES UPON HIV INFECTION 

 

Upon infection with HIV, cytolytic T cell responses, mainly the CD8+ T cell responses, are 

associated temporally with an increase in HIV plasma levels. Binding of the CD8 T+ cells to viral 

peptides presented by human leukocyte antigens (HLAs) on the surface of the infected cells can 

trigger a cytolytic response, leading to destruction of the target cell. The events that occur upon 

initial infection with HIV and the subsequent occurrence of disease are depicted in figure 7.2.  
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Figure 7.2: A generalised graph of the relationship between HIV copies (viral load) and CD4 

counts over the average course of untreated HIV infection; any particular individual’s disease 

course may vary considerably (https://en.wikipedia.org/wiki/HIV; accessed: 20/09/2017) 

 

Activity 7.1  

 Describe the life cycle of HIV.  

 Are you able to identify HIV major enzymes in figure 7.2, and what is the role of each 

enzyme? 

 Describe and validate the current diagnostic tools used to detect HIV. 

 List the different drugs that are used for the treatment of HIV/AIDS. 

 

The following questions must be discussed on the myUnisa site. Please present your 

answers in the discussions forum:  

 What advances have been made in HIV therapy? 

 Is there a vaccine that is currently used against HIV? 

 Discuss reports of individuals who claim they have been cured of HIV/AIDS. 

 Are there individuals who have been cured of HIV/AIDS as far as you know? 
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7.8 SUMMARY 

 
In this learning unit, we discussed various topics relating to HIV/AIDS. We looked at the 

morphology and the replication cycle of HIV and the functions of the major enzymes.  

8 CONCLUSION 

 

Reflect on the learning outcomes in each learning unit. Are you confident that you have 

successfully achieved each of them? Revise the scope of work covered in the learning units using 

the additional study material that you have sourced. Most importantly, you need to participate in 

the discussion forum by posing questions and making valuable contributions. We look forward to 

meeting you on the online discussion forum.  


