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PREFACE 
 

 These theoretical lectures and notes are prepared to be convenient for 

undergraduate students who attending Departments of Biology in Colleges of Science 

and Education in Kurdistan Region. The up-to-date references have been used to enrich 

these lectures in order to reach recent knowledge and essential information to students. 

Additionally, the newest textbooks in the field of virology have been exploited to get the 

latest understanding in viruses, their structures, taxonomy, replication, pathogenesis, 

diseases caused…etc.  

 It is hoped that these notes will be of value to the students 

 

                                                                                                                   

                                                                                                        Instructor 

                                                                                 Dr. kareem Kh. Hamad Kharabayee 
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OBJECTIVES  

 

 There are many targets behind teaching of students in the Department of Biology 

this syllabus. These notes embrace various aspects of virology which, in turn, provide 

required knowledge to the students of biology. The prepared lectures include taxonomy 

of viruses, general biological characters, replication, illustrations, immunoprophylaxis of 

viruses, pathogenicity…..etc. These pathological agents are threatening whole the 

continents in the world. Moreover, control of these agents is very hard due to absence of 

any treatment and also they are transmitted by many routes including arthropods. 

Furthermore, new strains are being generated annually, so it is useful if we do not say 

mandatory to students to get enough knowledge about epidemiology of viruses and their 

risks. 
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According to their hosts, viruses are divided into 4 groups: 

1- Animal viruses: include viruses of humans and animals. 

2- Plant viruses: include viruses of plants. 

3- Insect viruses: include viruses of insects and worms. 

4- Bacteriophages: include parasitized viruses on bacteria. 

 

General biological characters of viruses: 

1- They are minute obligate intracellular parasites replicate only in susceptible living 

cells. 

2- The adult virus (virion) is composed from a central core of nucleic acid (DNA or 

RNA, but not both) which is considered a genetic material of the virus. The viral genome 

is coated by a protein shell called Capsid.   

3- The nucleic acid, which represents the viral genome, contains a group of genes. 

4- Viruses don‟t possess organelleses such as ribosomes, protein transfer apparatus 

[transfer RNA (tRNA)], particular enzymes for metabolism, mitochondria and other 

components for free living. 

5- Viruses don‟t multiply by binary fission like other microorganisms, but multiply by a 

complex way called replication depending upon their nucleic acids.  

6- Viruses are biologically inactive (dormant), therefore neither affected by common 

antibiotics nor by acting factors on metabolism ways. It is noteworthy to mention that 

few antibiotics such as actinomycin and rifambicin can hinder biological synthesis of 

cells, and this in turn, hampers replication cycle of viruses. 

7- Most of viruses are deemed sensitive to Interferon. The infected cells with viruses can 

produce interferon. Interferon is not specific, so it protects other cells from viruses.  

8- Occurring of latent infections by some viruses due to fusion of their nucleic acids 

with the cell DNA which leads to the multiplication with each other for consequent 

generations until finding the suitable environment for separation. 

9- Electronic microscope (discovered in 1940) is used to distinguish viruses. 

10- Viruses are metabolically dead outside their hosts. 

11- Outside the nucleocapsid or nucleoprotein (nucleic acid +Capsid), some viruses have 

an envelope made of lipoprotein.  
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Symmetry of viruses: 

Symmetry: The shape of the Capsid or nucleocapsid after the arrangement of capsomers 

(constituted of 5 to 6 peptomers) is called symmetry. The studies have demonstrated that 

this aggregation between the nucleic acid and its capsid is controlled by the nucleic acid 

(contains genetic information) which inherits the morphological structure of the virus and 

replicated viruses (newly produced).     

 

The types of viral capsid symmetry: 

1- Helical symmetry 

a- straight (enveloped or naked) 

b- Non-straight (enveloped) 

2- Cubical symmetry: 

a- Enveloped 

b- Naked 

3- Complex symmetry 

4- Binal symmetry (cubical with helical) 

 ----------------------------------------------------------------------------------------------------------- 

Helical symmetry: 

This symmetry is seen in RNA viruses where the capsomers and the nucleic acid are 

coiled each other like helix or spiral. This symmetry might be straight or non-straight, or 

might be enveloped or naked. 

Cubical symmetry: 

Several viruses when seen by electron microscopy appear to be spherical shape. If they 

examined carefully, they are shown as hexagonal (6 angles) cubic and this type called 

icosahedron (cubical with 20 faces) 

Icosahedron: 20 triangle+12 vertices each one represents attachment of angles of 5 

triangles. The surface of each triangle is composed of capsomers. 

Complex symmetry: 

When viruses do not take the cubical and helical shapes, called complex symmetry 

(example: Pox viruses). Viruses in this symmetrical shape look like bricks. The middle 

part of the virus looks like a disc with bi-side concave typically similar to RBC. This 

middle part contains DNA. 

Binal symmetry: 

This type of symmetry is seen in Bacteriophages. For example, the Coliphage which 

infects E.coli takes this morphological structure where the head of the phage composed of 

polygonal cubical while cylindrical tail with helical symmetry.  

Classification and Nomenclature of Viruses 

 

The classification of viruses is important to place the viruses into a systematic ordered 

arrangement. In 1973 the International Committee for the Taxonomy of Viruses 

(ICTV) was established to find a taxonomic system for all viruses. The ICTV has 

discussed elaborately on virus taxonomy and the reports of the ICTV are the useful 

source of virus classification and nomenclature. According to the ICTV, there are 3 

orders, 69 families, 9 subfamilies, 243 genera and 1550 virus species of man, animals and 

plants. 
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The highest taxonomic group of viruses is the order and is named with suffix-virales. 

The orders proposed by the ICTV are: 

1- Mononegavirales 

2- Caudovirales 

3- Nidovirales 

Within each order there are families, which are named with a suffix-viridae (e.g. 

Paramyxoviridae). Subfamilies have suffix-virinae (e.g. Paramyxovirinae). Each of the 

families or subfamilies has different genera, which are named with a suffix-virus (e.g. 

Ebola virus, Lyssa virus, Nairo virus…etc.) and within genus there is one to several 

species. Although antigenic differences are widely used in identifying species, but the 

nucleic acid sequence studies are useful in species differentiation. The delineation of 

order based on common properties between several families and in outlining of families 

the criteria is based on common properties between several genera. 

Delineation of families depends on: 

1- Biochemical composition 

2- Replication strategy of the virus 

3- Genome organization and replication 

4- Morphology of virions 

5- Physical properties 

6- Properties of genome 

7- Properties of proteins, lipids and carbohydrates 

8- Antigenic and biological properties 

 

For subdivision of families into genera depends on common properties such as: 

1- Virus replication strategy 

2- Genome size organization 

3- Genome sequence homologies 

4- Vector transmission 

The subdivision of genus into species depends on common properties such as: 

1- Genome organization 

2- Genome sequence homologies 

3- Vector transmission 

4- Serological relationships 

5- Host range 

6- Pathogenicity 

7- Tissue tropism 

8- Geographical distribution 

In formal taxonomic usage, the first letters of virus family, subfamily and genus names 

are capitalized and are printed in italics. Species names are not capitalized unless they are 

derived from a place name and not italicized. Furthermore it was decided not to use 

Latinized binomial terms (e.g. Herpes virus varicellae). 

 

Physical and Chemical properties of viruses for classification purpose: 

Properties of the nucleic acid: 

1- Type of the nucleic acid (RNA or DNA) 

2- Location of the nucleic acid replication (nucleus or cytoplasm) 
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3- Diameter of the nucleic acid strand and its size (molecular weight) 

4- Shape of the nucleic acid strand (circular or non circular, segmented or non segmented, 

single stranded or double stranded) 

5- Presence or absence of Transcriptase enzyme. 

 

Properties of the capsid: 

1-Shape and size of the capsid  

2- Symmetry of the capsid with the nucleic acid (helical or cubical)  

3- The virus is naked or enveloped 

4- Aggregation site of the capsid components inside the infected cell and composition of 

the nucleocapsid (nucleoprotein) 

5- Whether the capsid or the virus affected by the fatty solvents 

6- Number of capsomers that composes the capsid 

 

 

Pathogenesis of viral infection 

 Pathogenesis can be defined as the process by which a virus can produce disease 

in the host and the ability of viruses to produce disease starting from entry into 

susceptible host, multiplication and production of harmful and some times lethal effects 

is called as pathogenicity. 

 On the other hand, Virulence is often used in evaluating the degree of 

pathogenicity or aggressiveness of viruses. The term virulence is always relative. 

Although all viruses are obligate parasites, many viruses are either non pathogenic or 

poorly pathogenic because they lack the ability to produce disease. 

 

Virulence Determinants: 

A virus to produce disease: 

1- It must enter into host by overcoming the natural barriers. 

2- Multiply in some cells of the host. 

3- Interfere with the action of the defence mechanisms of the host. 

4- Must cause damage to the tissues. 

5-Genetic basis 

A virus is fully virulent only when it possesses a full complement of virulence 

determinants. The components of the virus responsible for the above steps in disease 

production are the virulence determinants. A virulent virus becomes attenuated or 

avirulent when there is a loss of one or more of the virulence determinants. An intimate 

interaction between the virulence determinants and the host cell is necessary to produce 

disease. Some criteria of virulence markers have been identified to differentiate viruses of 

low or high virulence. For example, the formation of large plaque in the cell culture is the 

characteristic of more virulent strains of equine encephalitis virus, similarly more 

pseudorabies viruses are resistant to heat and urea. A virulent virus can be attenuated by 

passing repeatedly in a cell or by growing the virus in the cell system of unnatural host. 

 

Genetic basis for virulence determinants: 

 Genetic analysis of various animal viruses has showed that the gene segment 

responsible for polypeptide products is concerned in pathogenicity or virulence. Although 
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all gene segments of viruses are concerned to some extent in virulence, some genes have 

a greater influence than others and cooperation between gene products is important for 

full expression of the virulence determinants. 

 

Entry of viruses into host: 

 Viruses can enter into hosts by different ways. Most viruses enter by the 

respiratory and oral routes. Some viruses can enter via skin (cutaneous route), 

conjunctiva, urinary tract and genital tract (venereal pathogens during sexual intercourse). 

There are many viruses, which are arthropod borne, and the viruses enter into host by the 

bites of arthropods. Besides, a number of viruses can pass the placental barrier and infect 

the newborn in the mother‟s womb (uterus). 

1- Skin: Intact skin is a strong defence barrier of humans, so viruses cannot penetrate 

skin unless broken by cuts, abrasions or punctured. Insect bite also causes injury 

of skin and facilitated the entry of viruses. Bites by carnivora (family: Canidae) 

also cause hydrophobia (rabies virus) in humans. 

2- Respiratory tract: The respiratory tract of humans plays an important role in 

natural defence mechanism. The scavenging role of alveolar macrophages and the 

mucociliary blanket of the respiratory tract usually remove foreign particles enter 

through the respiratory tract. Some viruses can overcome the defence mechanism 

by different ways. For example, the influenza viruses adhere strongly to cilia of 

epithelial cells and sometimes clump them. Commensal microorganisms like 

fungi, bacteria and their products induce interferon and thus inhibit replication of 

some viruses. On the other hand, some microorganisms such as Mycoplasma 

favour the growth of viruses by damaging ciliated epithelium and preventing 

interferon production. 

3- Alimentary tract: The digestive system, which is the commonest route of entry of 

viruses, also possesses defence mechanism similar to the respiratory tract. These 

include: 

a- Mucociliary (Villi) action of the intestinal epithelium. 

b- Macrophages. 

c- High acidic PH. 

d- Proteolytic enzymes.  

e- Bile 

f- Local immunoglobulin particularly IgA. 

4- Urogenital tract: Most viruses unable to establish themselves probably because of 

lack of interaction with host cell receptors. Urethra is frequently flushed with 

sterile urine. The commensal lactobacilli in the genitalia (Vagina in females) also 

produce lactic acid, which can inhibit the labile viruses. But, some viruses like 

herpes virus can overcome the local defence mechanism. 

5- Conjunctiva: Most viruses are not able to enter through conjunctiva since 

secretions from the lachrymal and other glands and the continuous wiping effect 

of the eyelids protect conjunctiva. Besides, the local Ab prevents the entry of 

many viruses. But, viral infection is possible due to trauma. 
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Spread of viruses within host: 

 After entry of viruses they spread to different parts of the body. The common 

mechanism of spread of viruses are the lymph and blood system, breaching the blood 

tissue junction, moving mucous and lumen contents and nerves. The spread of viruses 

to other tissues depends on their ability to overcome the humoral (B- cells) and 

cellular (T-cells) defence mechanism. The efficacy of ingestion of virus particles by 

Reticulo Endothelial (RE) macrophages depends on the size of the virus particles. 

 Once virus reaches the blood stream usually via the lymphatics, it can localize in 

any part of the body. The presence of virus in the blood is called viraemia (is any 

viral infection depends on continuous introduction of virus into the blood from the 

infected tissues and impairment of the RE system, because viruses circulating in the 

blood are continuously removed by cells of there system.  

 On the other hand, the peripheral nerves play an important role in the spread of 

some important viruses (e.g. rabies virus, hepatitis B viruses…etc), which mostly 

cause infection of the central nervous system. Another mode of spread of viruses 

from mother to foetus is through placenta.  

 

Viral receptors and relationship to infectivity: 

 Viral infection depends on initial interaction between determinants on the surface 

of the virus and host cell receptor binding sites followed by the other stages. The 

presence or absence of specific cell surface receptors can influence the tissue tropism 

of viruses. 

Multiplication of viruses: 
 After entry of viruses, they multiply in their target sites by completing the 

different steps of virus replication such as attachment, penetration, uncoating, 

macromolecular synthesis, maturation, assembly and release. For multiplication of 

viruses, cooperation between virion components and host cell factors is required, this 

called replication factors (They are generally regarded as the cell surface receptors 

to which viruses attach or absorb). For example, the cell surface receptors for 

paramyxoviruses are N-acetyl neuraminic acid residues of glycoprotein.  

 

Interference with host defence mechanism: 

 Viruses have to overcome both non-specific and immunospecific defence 

mechanism of host to multiply, localize and produce disease.  

The non-specific defence mechanism includes: 

a- Humoral factors (mainly are complement components, lipid and non-lipid 

inhibitors). The complement components are present in serum, urine, milk and 

intestinal mucosa which destroy viruses.  

b- Cellular factors, particularly the polymorphonuclear (PMN) phagocytes, 

mononuclear (MN) phagocytes, natural killer (NK) cells play important role in 

eliminating many viral infections. 

c- Environmental factors such as PH, temperature and micronutrient. 
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Replication of Viruses (Viral multiplication) 

 
Viruses are intracellular parasites and they can replicate only inside the host cells 

with the help of host cell machinery. A thorough knowledge on the replication of viruses 

is important for understanding about the pathogenesis, immunity and chemotherapy. The 

complete cycle of replication although differs from virus to virus, but the main steps in 

the replication of viruses are same. The steps in replication of viruses are attachment or 

adsorption, penetration, uncoating and release of viral nucleic acid, transcription of viral 

nucleic acid to produce messenger RNA (mRNA), translation of mRNA into virus 

specific proteins, replication of viral nucleic acid, assembly of virus specific proteins and 

release of virions.  

 

The replication cycle can be summarized into 5 steps: 

1- Step of cell infection. This step comprises attachment, penetration and uncoating). 

 

2- Step of mRNA production. This step includes nucleic acid transcription to produce 

mRNA. 

 

3- Step of viral protein synthesis. This step embraces translation of mRNA to virus 

specific proteins. 

 

4- Step of genome replication. This step contains production of new viral nucleic acids 

(replication). 

 

5- Step of virus assembly and release of new virions. In this step, encapsidation and 

release of new viruses occur.  

    --------------------------------------------------------------------------------------------------------- 

 It is noteworthy to mention, that the routes of cell infection by viruses differ 

according to the cell types (animals, bacteria, and plants). The animal cells do not contain 

hard membrane, but the viral infection occurs easily by a method similar to phagocytosis 

through plasma membrane. The bacterial cell wall is more rigid, so the Bacteriophage 

DNA is injected inside bacterial cell cytoplasm through the cell wall. The walls of plant 

cells are very hard because they contain cellulose, thus plant viruses can not penetrate 

them, but they enter through scratched and injured places. 

 

1- Step of cell infection: 

A- Attachment (adsorption): 

 Although the attachment of viruses on the susceptible host cells requires the 

presence of specific receptors on the plasma membrane of the cell, but there are some 

enhancing factors which increase the opportunity of the attachment such as Electrostatic 

attraction (increases by Ca and Mg ions) and Brownian movement (increases by 

temperature). 

B- Penetration: 

 The penetration of viruses into susceptible cells may occur by endocytosis, fusion 

and translocation. 
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Attached viruses must penetrate the plasma membrane (composed of lipid layer and 

glycoprotein) of the cell, and the penetration depends on viruses (naked or enveloped). In 

case of the naked viruses, a part of the cell membrane will be invaginated and surround 

the virus just like phagocytosis that is done by macrophages; this process termed 

pinocytosis or viropexis. This process is increased by temperature, which in turn, 

increases fluidity of the plasma membrane. 

 The situation is different in enveloped viruses. These viruses acquire their 

envelopes from cell membranes (plasma membrane, cytoplasmic membrane, nuclear 

membrane) during their release. After adhesion of virus on the cell membrane, an 

translocation proteins present on both membranes occurs followed by fusion of both  

membranes  and the nucleic acid enters with its capsid into the cytoplasm directly and the 

phagosome will form which induces approach of lysosomes (contain lysosomal 

hydrolytic enzymes) and finally the phagolysosome is produced.   

C- Uncoating: 

 After uncoating there is an Eclipse period during which no infectious virus 

particles can be demonstrated even intracellularly. The period continues from uncoating 

until the first progeny virions are formed inside the infected cell. The period ranges from 

4 to 12 hours for DNA viruses and 2 to 10 hours for RNA viruses. The latent period 

continues until appearance of new virions outside the infected cell.  

 

2- Step of mRNA production (transcription): 

 For the production of virus specific proteins the viral genome must be transcribed 

into mRNA. In some RNA viruses, the RNA acts directly as mRNA where the viral 

genome translates to produce required proteins for virus replication. Such nucleic acid 

called positive strand. While, in negative strand RNA viruses, double strand RNA and 

DNA viruses, the mRNA will be produced by transcription from the infectious viral 

genome. 

 The transcription of all dsDNA viruses except poxviruses occurs in the nucleus of 

the infected cell and the cellular DNA dependent RNA polymerase I I performs the 

transcription process. The transcription of poxviruses occurs in cytoplasm and a virion 

associated DNA dependent RNA polymerase involves in transcription. In case of 

ssDNA viruses (e.g. parvoviruses) a complementary strand to form dsDNA is required to 

synthesize with the help of cellular transcriptase before the transcription in the nucleus of 

the infected cell. 

 Transcription of RNA viruses is more complicated than for DNA viruses. All 

RNA viruses that their genome does not work as mRNA, have activity of transcriptase. In 

case of single stranded (ss) positive sense RNA viruses the transcription of mRNA occurs 

directly. The single stranded negative sense RNA viruses transcribed by the production of 

full-length positive sense RNA strand that is used as a template by the virion associated- 

Transcriptase. In case of single stranded RNA viruses with segmented genomes, each 

segment is transcribed to yield mRNA. 

N.B: The retroviruses although have positive sense single stranded RNA, but cannot 

transcribed directly. These viruses reverse transcribed their nucleic acid into double 

stranded DNA by the virion-associated reverse transcriptase. The DNA is them integrated 

into the cellular DNA. From the integrated viral DNA transcription of RNA occurs via 

the cellular transcriptase. Transcription of double stranded RNA viruses (e.g. reoviruses), 



 13 

which have segmented genome occurs in the cytoplasm by a virion associated RNA 

dependent RNApolymerase. 

 

3- Step of viral protein synthesis (translation): 

  

 After transcription the viral mRNA bind to ribosomes and each translated into 

virus specific protein. The produced protein by-products from translation of mRNA are 

used as enzymes to synthesize virus nucleic acid and also these by-products will be a part 

of the capsid structure of new viruses. Also these enzymes are transferred to the essential 

cellular places by tRNA. 

 

4- Replication of viral nucleic acid: 

 During replication of DNA, separation of double helical strands (polynucleotide) 

occurs and each one serves a template to synthesize complementary series of 

polynucleotide. The nitrogen bases in each strand become disclosed, and in turn, act as 

locations for association of neighbor nucleotides. This process needs enzyme 

participation to form new accompaniment (match) strand. Binding of adenine- thymine, 

guanine-cytosine, cytosine-guanine, thymine-adenine occurs. The new strand becomes 

similar to the original stand which was separated from it. Two new strands will be 

formed. 

The replication of nucleic acid of RNA viruses is a phenomenon restricted to viruses 

since mammalian cells have no enzymic apparatus, which can replicate RNA molecule. A 

specific polymerase enzyme participates. 

5- Assembly and release: 

 Viruses differ in regarding assembly of produced new nucleic acids and proteins. 

DNA viruses aggregate in nucleus except poxviruses (cytoplasm). RNA viruses assembly 

is in cytoplasm. This period varies (6-8) hours or may be more in some viruses like 

orthomyxo and paramyxo because they acquire their envelopes from plasma membrane 

during budding. 

For releasing, viruses differ: 

a- Release to surrounding fluids of the cell or transfer to another cell by bridge (e.g. 

herpesviruses. 

b- Via cytoplasm paths (picorna, reo, toga). 

c- Liberation from cytoplasmic membranes or plasma membranes (rhabdo).  

d- Budding from plasma membrane (paramyxo and orthomyxo). 

N.B.  Two mechanisms (lysis and budding) are primarily involved for the release of 

mature virion from the infected cell.  

 Most of the nonenveloped viruses, which accumulate within the cytoplasm or 

nucleus of the infected cells, release by the lysis of the cell. The cell lysis varies with 

different viruses. For example, in case of picornavirus the cell lysis occurs shortly after 

the completion of viral replication and assembly of virions, whereas in case of 

parvoviruses the infected cells slowly degenerate and dies and release the virion. Most of 

the enveloped viruses are released by budding. Budding can be regarded as a non-

physiological form of exocytosis where the new virion buds off from the plasma 

membrane without causing much damage to the cell, but in case of some viruses (e.g. 

alphaherpesviruses) budding of the virion causes damage of cell.  
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Viral replication in living cells 
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Systematic Virology 

DNA viruses and important human viral diseases 

 

1- Adenoviridae 

 
The name adenovirus was given following the isolation of a virus from the human 

adenoids (Adeno from Latin word for glands) by Rowe and his colleagues in 

1953. The site of multiplication is nucleus of the infected cell. 

The family includes 4 genera: 

a- Mastadenovirus 

b- Atadenovirus 

c- Aviadenovirus 

d- Siaadenovirus 

 

Morphology: They are non -enveloped, double stranded, linear DNA viruses. 

The virions measure 80-100 nm in diameter, the capsid is composed of 252 

capsomers. The nucleocapsid is icosahedral in symmetry. 

Physico-chemical properties: Adenoviruses are stable at PH 6.0 and 9.5. They 

are stable at 4ºC for more than 70 days. They are resistant to chloroform, ether, 

bile salts and fluorocarbon, but disrupted by acetone. Chlorine at 1 part per 10 

million in water inactivates adenoviruses. 

Pathogenicity, antigenicity and immunity: 

All domestic animal species and human beings are susceptible to adenoviruses. 

Adenoviruses normally cause upper respiratory tract infections, but some may 

cause conjunctivitis and bronchopneumonia. Many adenovirus serotypes are 

capable of inducing the development of malignant tumors when inoculated into 

newborn hamsters, but no human cancers have been recorded. 

Three major antigens can be directly related to the capsid structure; 

a- Hexon (most important to identify all types of adenoviruses by complement 

fixation test). 

b- Penton (important for haemagglutination inhibition test). 

c- Fiber antigen (its importance not known). 

Although humoral immunity (mediated Ab) plays important role in adenoviruses 

infection, but the Abs produced in response to adenoviruses infections are not 

able to completely eliminate the viruses and some of adenoviral infection leads to 

long period of latency. 
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Diseases caused by the virus: 

1- Acute febrile respiratory disease in children 

2- Acute respiratory disease 

3- Acute pharyngoconjunctival fever 

4- Epidemic keratoconjunctivitis 

 

2- Asfarviridae 
This recently proposed family includes only one genus Asfivirus which causes 

African swine fever. Member of the family is a double stranded DNA virus, 

virion size measures 200-220 nm in diameter, Nucleoprotein core is surrounded 

by an icosahedral sheet and possesses an outer envelope.  

 

3- Circoviridae 
There are 2 genera; Circovirus includes porcine Circovirus while Gyrovirus 

embraces an important avian pathogen (the chicken anaemia virus). Members of 

the family are the smallest DNA viruses. Morphologically, they are non- 

enveloped. The single stranded, non segmented DNA of the viruses has circular 

genome. They have ability to resist inactivation by exposure to heating at 56ºC for 

1 hour, PH3, lipid solvents and 5% solutions of many commercial disinfectants. 

But the viruses can be inactivated by heating at 100 ºC for 15 minutes and 

exposure to 1% glutaraldehyde, 0.4% beta propiolactone, 1% iodine and 1% 

hypochlorite solution. 



 17 

4- Herpesviridae 
The word herpes derived from Greek word herpein, which means to creep (due to 

transmission of viruses from infected cells to adjacent cells through bridges 

between cells without release the cells). The family has been divided into 3 

subfamilies: 

a- Alphaherpesvirinae (Genera: Mardivirus, Simplexvirus and Varicellovirus) 

b- Betaherpesvirinae (Genus: Muromegalovirus) 

c- Gammaherpesvirinae (Genus: Rhadinovirus) 

More than 70 viruses of vertebrate are within the family. 

Morphology: They are enveloped, icosahedral viruses and the virion measures 

120-200 nm in diameter. The genome of the viruses is dsDNA, which is linear. 

The capsid is surrounded by an amorphous coat called the tegument and outside 

the coat is the typical lipid bilayer envelope with glycoprotein peplomers (8 nm 

long). 

Majority of the viral particles are glycoproteins of which at least 5 are located in 

peplomers and remaining are tegument associated. 

 

 

 
 

Physico-chemical properties: Herpesviruses are sensitive to ether and other lipid 

solvents. They are labile to heat, desiccation and acidic PH. The virus can be 

preserved well in -70 ºC containing serum and DMSO (dimethyl sulphoxide). 

 

Pathogenicity: Herpesviruses can infect a wide variety of animal species, birds 

and human beings.  

Diseases caused by herpesviruses: 

1- Herpes simplex (Fever Blister) 

A recurrent viral infection characterized by the appearance on the skin or mucous 

membranes of single or multiple clusters of small vesicles, filled with clear fluid. 

The virus is called herpesvirus hominis (HVH). There are 2 HVH strains: 

a- Type 1: Commonly causes herpes labials and keratitis. The lesions may 

appear anywhere on the skin or mucosa, but are most frequent about the 

mouth, on the lips, on the conjunctiva and cornea. Localized infections 

ordinarily occur more frequently in childhood, but may be delayed until adult 
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life. Emotional stress, sunlight, febrile illness, certain foods and drugs play a 

role in recurrence of the disease. 

b- Type 2: It is usually genital and is ordinarly transmitted venereally (sexual 

intercourse). 

2- Chickenpox (Varicella):  

This acute disease is caused by herpes virus named Varicella-Zoster virus. The 

lesions are macules, papules, vesicles, and crusting. It occurs during childhood. 

3- Herpes Zoster (shingles; Acute Posterior Ganglionitis) 

The causative agent is Varicella-Zoster virus. It is reactivated form of 

Chickenpox (Varicella). It may be activated by local lesions involving the 

posterior root ganglia, by systemic disease or immunosuppressive therapy. It may 

occur at any age. Inflammatory changes occur in the sensory root ganglia. The 

disease characterized by chills, fever, malaise, gastrointestinal disturbance may be 

present for 3 or 4 days before distinctive features of the disease develop. Lesions 

include vesicles on an erythematous base appear, following the cutaneous 

distribution of one or more posterior root ganglia. The associated pain may be 

severe. Zoster may be generalized. If dissemination occurs may persist for 2 

weeks. 

 

5- Parvoviridae 
 The name of the virus derived from a Latin word Parvus, which means small. 

There are 2 subfamilies: 

A- Parvovirinae 

It includes 2 genera: 

1- Parvovirus 

2- Dependovirus 

B- Densovirinae 

The members of this subfamily are insect viruses. 

Morphology and physicochemical properties: 

Members of this family are small viruses like Circoviridae. The circular genome of the 

virus is linear, single stranded with (-) or (+) sense. The nucleocapsid has an icosahedral 

symmetry. They are nonenveloped and major structural proteins said VP1and VP2 have 

been identified. 

Members of this family are stable at PH3-Ph9. They are relatively heat stable, resistant at 

70ºC for 60 minutes and can be preserved well in 50% glycerol. 

Antigenic properties and diseases: 

Haemagglutinin is present and involved in production of specific haemagglutination 

inhibition antibodies. Members of Parvovirinae cause severe diseases in dogs and other 

domestic animals in addition to chicken and goose. Human parvovirus B 19, which 

discovered in 1980, causes respiratory infections in children of primary schools. Adults 

may be susceptible.  

 



 19 

 
 

 

 

6- Poxviridae 
 The word, pox derived from the term “pock”, which means pustular eruption 

observed originally on skin of humans with small pox (Synonym: Variola).  

The family is divided into 2 subfamilies:  

A- Chordopoxvirinae: It includes viruses of humans and animals. 

B- Entomopoxvirinae: It includes merely viruses of insects.  

Small pox was known in Egypt in 3000 B.C. Traces of small pox on the skin of an 

Egyptian mummy was found by Ruffert (researcher). In 1798, the British physician, Dr. 

Edward Jenner first successfully immunized human against small pox by using material 

from cow pox. 

Morphology: 

Poxviruses are the most complex and largest DNA viruses. They are usually described 

as brick shaped. The genome of the viruses is double stranded and linear. The size of 

virion varies from 250-350 nm in length and 200-250 nm in width. The virus has dumb-

bell (shape of irons for lifting weights) shaped core and 2 lateral bodies of unknown 

nature. The core contains the viral DNA together with proteins. The core proteins include 

a transcriptase and several other early proteins. The nucleocapsid of the viruses does 

conform to either of the two types (e.g. helical and icosahedral) symmetry, hence the 

nucleocapsid symmetry is called as „complex‟. The pox viruses posses outer envelope, 

which contains cellular lipids and virus specified polypeptides. Few viral proteins of the 

virus have specific functions particularly they act as enzymes [e.g. DNA polymerase 
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(transcriptase), DNA ligase, and thymidine kinase] involved in nucleic acid synthesis and 

virion structural components.  

 

 
 

 

 

Physicochemical properties: 

 Poxviruses are resistant to ambient (surround) temperature and able to survive for 

many months in dried scabs. They can be stored at -70ºC for many years. In dry state, the 

viruses can withstand 100 ºC for 5-10 minutes, but in moist state they are inactivated at 

60ºC for 10 minutes. Poxviruses are resistant to common disinfectants, but they can be 

inactivated by 50% alcohol or 0.01% KMNO4 solution within 1 hr. Most of the 

poxviruses are sensitive to ether. 

Antigenic properties:  

 Poxviruses posses numerous antigens (Ag) such as: 

A- LS Ag is found in extracts of infected cells. This Ag is present on the surface of the 

virus particles.   L: Labile       S: Stable 

B- NP (nucleoprotein) Ag: It is located mostly in the core of the viruses. 

Pathogenicity; 

 Poxviruses are pathogenic for animals, birds and humans. The infection results in 

production of localized cutaneous lesions, but some times become generalized 

(viraemia…..leads to… widespread cutaneous lesions. Poxvirus infections are essentially 
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pustular and some times resulting marked hyperplasia of the dermis with the formation of 

nodules and scabs. 

Stages: vesicle…pustule…crust (found on skin and places such as mucous membrane of 

mouth, pharynx, larynx, labia majora and minora of vagina, urethral meatus (duct) and 

rectum.  

Immunity: 

One attack confers permanent immunity. Humoral and cellular immunities play role in 

poxvirus infections. 

 

7- Papillomaviridae 
 Papillomaviruses, which are earlier under the family Papovaviridae has been 

reclassified and placed in the family Papillomaviridae. The family includes only one 

genus, papillomavirus. Papillomaviruses are nonenveloped ds DNA viruses. The DNA is 

circular. The nucleocapsid has an icosahedral symmetry. Papillomaviruses are 

thermostable and withstand heating for 30 minutes at 56- 65 ºC. Members of the family 

survive well in 50% glycerol and lyophilization. The viruses are acid stable and resistant 

to lipid solvents. They have limited cell tropism and difficult to grow in cell cultures. 

Papillomaviruses usually produce cutaneous papillomas, which results due to hyperplasia 

of cells. Warts and Verrucas in humans caused by this virus are common, contagious, 

benign epithelial tumors. Warts are small rough lumps on the skin most commonly occur 

on hand and feet. Verrucas are warts that occur on the soles of the feet but they may look 

flatter Treatment is freezing with liquid nitrogen or solid CO2. Anal and Genital 

papillomas are also common.  

 

 

 

 
 

Warts on hands 
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Verrucas 

 

8- Polyomaviridae 
 The name polyoma derived from a Greek word, poly means many and oma 

means tumors. Polyomaviruses included earlier under the family Papovaviridae have 

been placed in the new family Polyomaviridae.  They are small nonenveloped viruses. 

The infection develops during T-lymphocyte deficiency due to latency stage. There are 

strong evidences to cause tumors in rodents particularly mice, hamsters, and rats, 

monkeys and human.  

 

 
There are 3 genera: 

1-Avipolyomavirus 

2- Orthopolyomavirus 

3- Wukipolyomavirus  

 

9- Hepadnaviridae 
 The family includes 2 genera: 

A- Orthohepadnavirus 

This genus contains hepatitis B virus of humans and wild animal species. 

B- Avihepadnavirus 

Members of the family are enveloped viruses and their genome is ds, circular DNA. The 

replication of hepadnaviruses DNA is unique.  
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First step: Replication is the conversion of the asymmetric DNA to covalently closed 

circle DNA. 

Second step: Transcription of the closed circle DNA by host transcriptase to generate an 

RNA template (the pregenome). 

Third step: Synthesis of the first minus-stranded DNA by copying the pregenomic RNA 

by the reverse transcriptase. 

Fourth step: Synthesis of the second plus stranded DNA occurs by copying the first 

DNA strand using an oligomer of viral DNA as primer.  

Hepatitis B Virus (HBV) 
It causes liver cancer (Hepatocellular carcinoma), mortality rate is about 1-2%, 

transfer by blood and sexually. They have different antigens (HBe "envelope", HBs 

"surface", and HBc "core"). 
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RNA viruses and important viral diseases 

 

1- Arteriviridae 
 The family, which includes the single important genus Arterivirus, was earlier 

placed in the family Togaviridae. 

Morphology:  
The family possesses ss, (+) sense, linear RNA. The capsid of the viruses has icosahedral 

symmetry and surrounding the capsid is the lipid envelope, which have short surface 

projections (spikes) of 5 nm in length.  

Physico-chemical properties: 

Members of the family are relatively thermolabile (heat stable). Heating at 56 ºC for 30 

minutes destroys infectivity of the virus. They are sensitive to lipid solvents and 

disinfectants. Haemagglutinating property of the viruses has not been reported. 

Diseases caused by Arterivirus: 

Probably there is one zoonotic disease caused by Arterivirus which may be transmitted 

from porcine (particularly sows) to humans via direct or indirect contact but air borne 

transmission is also possible. The ailment is Porcine Reproductive and Respiratory 

Syndrome (PRRS). The symptoms vary form mild to severe respiratory illness.   

 

2- Calciviridae 
  The family derives its name from the cup shaped (calix, cup) surface structures. 

The family includes 2 genera: 

A- Vesivirus 

B- Lagovirus 

C- Narovirus 

D- Sapovirus 

Morphology:  
Calciviruses are nonenveloped, spherical viruses. The genome is linear, (+) sense, ss 

RNA. The capsid has icosahedral symmetry.  

Physico-chemical properties: 

Calciviruses are relatively heat resistant and survives at 56 ºC for 1 hour. They are stable 

at PH5, but unstable at PH3. Calciviruses are resistant to ether, chloroform, deoxycholate, 

but can be inactivated by 2% NAOH and disinfectants. The main disease caused by this 

group is Feline Calcivirus of genus Vesivirus). 

 

Diseases caused: 

 Acute gastroenteritis: The genera, Narovirus and Sapovirus have been implicated. 

Symptoms can include vomiting and diarrhea. Transmission occurs via food and water. 

 

3- Coronaviridae 
The family derives its name because of the large number of club shaped peplomers on the 

surface of the viruses, which give the virus particles a crown (Latin word: corona means 

crown) like appearance. The family consists of 2 genera: 

A- Coronavirus 

B- Torovirus 
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Morphology: 

Coronaviruses are enveloped with linear, (+) sense, ss RNA. The RNA of the viruses is 

infectious. The capsid is helical. The envelope of the viruses contains widely spaced 

club-shaped peplomers. Lipid containing envelope of the viruses possesses 2 

glycoproteins (an internal matrix glycoprotein and a typical peplomers). 

 

 
 

 

 

 

Physico-chemical properties: 

Coronaviruses are moderately heat labile and may survive for 1-2 days at room 

temperature, but do not survive at 37 ºC for 36 hr. The viruses are stable at PH3 to PH8. 

They are sensitive to bile salts and other lipid solvents. Inactivation of the viruses occurs 

within a few minute at room temperature in 1% formalin, 1% cresol, 70% alcohol and 

1/10000 potassium permanganate. 

Host susceptibility: 

Regarding host susceptibility, Domestic animals are prone to Coronaviruses, but recently 

the disease has become epidemic among human beings.  

 

 

Diseases caused by Coronaviruses: 

1- Severe Acute Respiratory Syndrome (SARS) 

The involved principal animal is most likely civet cats (a slender carnivorous mammal 

with a spotted coat and well-developed anal glands, native to Africa and Asia). The 

disease is distributed in China and Southeast Asia. The probable means of spread to 

humans include direct contact (suspected) and person to person. The clinical 

manifestations in humans include fever, myalgia, headache, diarrhea, pneumonia and 

fatality rate reaches 10%.   
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2- Middle East Respiratory Syndrome Coronavirus (MERs-CoV) 

The strain of Coronavirus that causes MERs was first identified in Saudia Arabia in 2012. 

Some researchers believe that the virus transmits from camels to humans? 

 
 

 

4- Picornaviridae 
 The term pico was used to denote small, therefore the word, Picornaviruses 

referred to small RNA viruses and the name picorna was introduced in 1962.  

The family includes 7 genera: 

a- Enterovirus 

b- Rhinovirus 

c- Aphthovirus 

d- Cardiovirus 

e- Hepatovirus 

f- Erbovirus 

g- Teschovirus 

 

Morphology: 

 The members of the family are nonenveloped, icosahedral RNA viruses. The genome of 

the viruses is (+) sense, single stranded and linear. The members of the family possess 4 

major polypeptides viz. VP1 to VP4 and minor polypeptides (these polypeptides are 

immunogenic). The ss RNA of the virus with about 8000 nucleotides serves directly as 

the RNA (mRNA) for protein synthesis.  

Physico-chemical properties: 

The most important differences between the physico-chemical properties of the genera 

are in their sensitivity to PH. Members of the genera Enterovirus, Cardiovirus and 

Hepatovirus are stable in acid condition PH5 or lower and Aphthoviruses are unstable at 

below PH7. Picornaviruses are resistant to lipid solvents and bile salts. They are relatively 

resistant to heat, desiccation and low temperature. Caustic soda is the most commonly 

used disinfectant for the Aphthoviruses.  

5- Rhabdoviridae 
 The family name derived from Greek word, rhabdus which means rod. The 

family comprises more than 100 viruses of vertebrates, invertebrates and plants. The 

three genera of the family are: 

a- Vesiculovirus 

b- Lyssavirus 

c- Ephemerovirus 

 

Morphology: 

Members of the family are bullet shaped, enveloped with linear, negative sense, ss RNA. 

Helical nucleocapsid of the viruses is surrounded by a lipid bilayer envelope. Spike 

(haemagglutinin) measuring 5 to 10 nm lengths are present in the envelope. Most of the 

members contain 5 proteins designated as L (large), G (glycoprotein), N (nucleoprotein), 

NS (non structural) and M (matrix). Virions bud from plasma membranes or cytoplasm. 
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Beside the proteins, nucleocapsid of the viruses contains RNA dependent RNA 

polymerase enzyme and is infectious. Members of the family produce morphologically 

distinct defective interfering (DI) particles. The DI particles have a smaller RNA with 

deletion mutation in their genome. 

 
 

The most outstanding characteristic of the rhabdovirus is the bullet-shaped 

virion.  Such a shape is caused by a lipid envelope, embedded with 

glycoprotein peplomers, surrounding a helically nucleocapsid.  The virions 

tend to be approximately 70 nm wide and 170 nm long.  Matrix proteins are 

under the lipoprotein envelope. 
Definition of defective interfering (DI) particles:  They are naturally occurring mutants 

of viruses. DI particles are generally noninfectious and replication defective, but they can 

interfere with the replication of homologous parental virus. 

Defective virus: Virus, which can not replicate self, but can replicate in the presence of a 

helper virus. 

Physico-chemical properties: 

Members of the family are rapidly inactivated at 56 ºC within few minutes, unstable at 

PH3, stable at PH5-10, sensitive to lipid solvent, rapidly inactivated by U.V and X 

irradiations. Infectivity of the viruses greatly reduce by detergents mostly quarternary 

ammonium compounds, soap and Proteolytic enzymes. 

Immunity: 
Humoral immunity (Ab production by B- lymphocytes) plays important role in recovery 

of infections caused by members of the family. Role of solid immunity (T- lymphocytes) 

is not clear. Members of the family are potent inducers of interferon. 

 

Human diseases caused by the genus, Lyssavirus: 

a- Rabies (synonym: hydrophobia) disease 

History and distribution: 

The word rabies comes from the Sanskrit (ancient Indian language) word, Rabhas which 

means to do violence. It is one of the oldest zoonotic diseases known to mankind. In 

India, the disease was reported to be existed 5 thousands years ago. Reference existed 

about human deaths from the bites of mad (rabid) dogs in the Babylonian legal codes in 
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2300 B.C. Denocritus described the disease in dogs and domestic animals in 500 B.C. In 

1804, Zinke first demonstrated the infectious nature of saliva from rabid dogs and latter 

developed the disease by inoculating the saliva into healthy dogs. Lewis Pasteur and his 

co-workers have showed that the agent could be modified by passage in rabbit brain and 

this leads to the historical development of vaccine (immunogen) against Rabies. Negri 

demonstrated presence of intracytoplasmic inclusion bodies (Negri bodies) in brain 

tissues of rabid dogs. Rabies has almost world wide prevalence except Australia, New 

Zealand, Singapore, U.K, Hong Kong, and many small isolated islands. 

 

Susceptible hosts, Pathogenicity, clinical symptoms and immunization:   

All warm blooded animals including humans are susceptible to Rabies virus infection. 

Birds can also be infected by the virus. In South America, vampire bats are carriers of the 

Rabies virus which enable them to transmit the virus to humans during biting.  

Entry of the virus in animals mostly occurs through bite injury under natural condition. 

The initial cycle of viral replication takes place in the muscle cells or epithelial cells in 

the lower layers of the epidermis before the neural invasion begins. After that the virus 

reaches the peripheral nerves where further replication occurs and then move 

centripetally along the exoplasm of nerves to the central nervous system (CNS). 

Extensive replication of the virus occurs within the brain and terminally the neurons in all 

parts may be infected. Certain factors are reported to play role in pathogenesis and course 

of the disease. These factors are summarized as under: 

1- Distance of bite 

2- Degree of wound 

3- Virulence of the virus 

4- Concentration of the virus 

5- Host immune response 

The clinical symptoms in dogs can be described in 3 phases: 

1- Prodromal phase: Normally begins 2-3 days before the onset of typical clinical 

signs which characterized by a change in behaviour of the infected animal. 

2- Furious phase: Develops by the third days. The animal becomes irritable, restless 

and nervous and starts to bite human and other animals. 

3- Dumb or paralytic phase: The dog unable to eat or drink. Paralysis of the 

pharyngeal muscles often causes the dog to emit a choking sound. The animal 

becomes comatose and dies within 2-4 days after the onset of the paralytic phase. 

 

Prevention and control: 

Human beings could be protected from Rabies by; 

1- Prophylactic vaccination of domestic dogs. 

2- Destruction of stray dogs. 

3- Public education 

4- Immunization of individuals who are in contact with dogs. 

 

 

 

 

 



 29 

6- Orthomyxoviridae 
  The family name derives from the words ortho means true and Greek „myxa‟ 

means mucus. The family includes the genera: 

A- Influenzavirus A 

B- Influenzavirus B 

C- Influenzavirus C 

Each genus has a type species. 

Morphology: 

 Members of the family are highly pleomorphic, mostly spherical/ovoid. The 

genome of the viruses is (-) sense, ss RNA with 8 segments (Influenza C has 7 segments) 

held together by nucleoprotein. The virions are surrounded by a lipid bilayer from which 

rod shaped haemagglutination (H) and mushroom shaped neuraminidase (N) peplomers 

project out. Beneath the envelope there is a matrix protein and within the envelope matrix 

protein coat there is the nucleoprotein (NP) with helical symmetry. In each virus particle 

there is about 100 haemagglutinin spikes of 14 nm in length.  

Each haemagglutinin spike has a hydrophobic tip by which it is inserted in the 

virus envelope. Like the haemagglutinin spikes, the neuraminidase spikes also have 

hydrophobic tip and a hydrophobic end towards the head, which contains the enzymically 

active site and antigenic determinants. Haemagglutinins are responsible for their ability to 

agglutinate erythrocytes and to attach and penetrate host cells and the neuraminidase 

appears to be involved in the release of newly formed virus from host cells. Members of 

the genus Influenza C have only one type of glycoprotein peplomers consisting of 

multifunctional haemagglutinin enterase molecule (HE). Defective interfering particle 

occurs in the members of the family. 
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Physico-chemical properties: 

 Orthomyxoviruses usually inactivated at 56 ºC for 30 minutes. They are unstable 

at room temperature and at PH3. They are stable at-70 ºC and Ph7 to PH8. In infected 

tissues, the viruses can retain infectivity for months in 50% phosphate buffer glycerol 

saline when stored at 4 ºC. They are sensitive to ether and other lipid solvents and can be 

inactivated by formalin, phenol, soaps, detergent and oxidizing agents. 

Antigenic properties: 

 The major antigenic components of the Orthomyxoviruses are the two 

antigenically variable envelope proteins viz. H and N and the two major internal 

proteins and matrix protein. The H is the major antigenic component of the viruses and 

it constitutes 29-32% of the total protein of the virus particles. The Ab of this Ag is 

effective in neutralizing virus infectivity and is the major part of immune response to the 

Orthomyxovirus infections. Both H and N antigens carry the subtype antigens (e.g. H1 to 

H5 and N1 to N9) and used in classification of the Influenzaviruses A. 

Antigenic drift: 

 It is the minor change in the H and N proteins usually due to point mutations 

within a subtype of Influenzavirus A resulting the production of strains each antigenically 

slightly different from its predecessor. 

Antigenic shift; 

 The major antigenic changes in subtype of Influenzavirus A are called antigenic 

shift. Antigenic shift involves the acquisition of a gene for a completely new H or N 

antigen or both H and N antigens by genomic segment reassortment. 

 

Host susceptibility: 

 A wide variety of mammals including humans, horse, pigs, ferrets and birds are 

susceptible. 

Pathogenicity: 

 Influenzavirus A is known to infect different species of animals, birds and 

humans. The Influenzaviruses B and C infect only humans. However, there are reports 

about the recovery of Influenzavirus C from pigs in China. Influenzavirus A infection in 

pigs follows a similar pattern and resembles the disease in human influenza. After entry 

of the viruses by the respiratory tract, localization occurs in the cilia of the mucosal cells 

of the upper part of respiratory tract. This is followed by viraemia and subsequent spread 

of the viruses throughout the respiratory tract. Extensive damage of the respiratory 

mucosa results detachment of infected mucosal cells. There will be emphysema,   

necrosis and pneumonia in lungs. 

Immunity: 

 Influenza A infection results in production of both humoral and cell mediated 

immune (solid) responses.  

Porcine Influenza (Swine Flu; Avian Flu; Hong kong Flu): 

 The disease was first observed in USA during 1918, but it was reported in Europe 

in 1950. It was suggested that pigs in the USA are the major reservoir of Influenzavirus 

subtype (H1N1). The causative agent of the disease is Influenzaviruses of pigs 

particularly the subtypes H1N1 and H3N2. Pigs of all ages are susceptible. The swine 

Influenzavirus could be transmitted to humans and turkey from infected pigs via aerosol 

and direct contact with infected animals. 
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Avian Influenza A: 

 This disease is caused by Avian Influenza A (H5N1) virus. This virus is subtype 

of Influenza viruses. It was found in March 2013 in China. The main sources of human 

infections are poultry. 

Human Influenza (Flu, Grip): 

 A specific acute viral respiratory disease characterized by fever, coryza, cough, 

headache, malaise, and inflamed respiratory mucous membranes. It usually occurs as an 

epidemic in the winter, affecting several members of a family and many persons in a 

locale. Prostration, haemorrhagic bronchitis, pneumonia, and sometimes death occur in 

severe cases.  

 

 

7- Paramyxoviridae: 
 The family is divided into 2 subfamilies viz. 

A- Paramyxovirinae: contains 5 genera 

1- Respirovirus 

2- Rubulavirus 

3- Morbillivirus 

4- Avulavirus 

5- Henipavirus 

B- Pneumovirinae: contains 2 genera 

1- Pneumovirus 

2- Metapneumovirus 

 

 

Morphology: 

 Members of the family contain (-) sense, ss, linear RNA. The virions are 

pleomorphic (spherical or filamentous). Nucleocapsid symmetry of the viruses is helical. 

The viruses have lipid containing bilayer envelope with glycoprotein surface spikes or 

peplomers. The genes encodes for 10 to 12 proteins and the important proteins are 

haemagglutinin (H), haemagglutinin-neuraminidase (HN), glycoprotein (G), fusion 

protein (F), nucleoprotein (NP), matrix protein (M) and genomic RNA associated 

transcriptase (L for large protein and P for phospho protein). 

 



 32 

 
 

 

 

 

Physico-chemical properties: 

 Members of the family are sensitive to heat (56 ºC), low PH (Ph3) and lipid 

solvents. Various disinfectants such as lysol, cresol and sodium hydroxide can readily 

destroy the viral infectivity.  

The diseases caused by this family include Mumps (Epidemic Parotitis), Parainfluenza 

virus diseases, Respiratory Syncytial Virus, Measles (Rubeola) and Newcastle disease (a 

zoonotic disease). 

Diseases caused by the genera of this family: 

1- Genus: Rubulavirus: 

It causes mumps (Parotitis) or inflammation of the parotid gland. The clinical 

manifestations comprise Parotitis in about 50% either unilateral bilateral, which develops 

an average of 16 to 18 days after exposure. Swelling can also be seen in the 

submandibular and sublingual gland in a small percentage. Non-specific symptoms 

include myalgia, anorexia, malaise, and headache. The virus replicates in the upper 

respiratory tract and is spread through direct contact with respiratory secretions or saliva. 

 

2- Genus: Morbillivirus 

The virus causes Measles (synonyms: Rubeolla or red measles….etc.). It is a systemic 

infection starting in the respiratory epithelium of the nasopharynx. Measles may lead to 

severe complication and can cause death. Symptoms include fever (38.3ºC), malaise, 

cough, coryza (inflammation of the nasal mucous membrane), conjunctivitis, Koplik 

spots (white and granular lesions in the buccal mucosa) and macropapular rash [is a 
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type of rash characterized by flat, red area on the skin that is covered with small 

confluent (disseminated) bumps (minute projections) appears on the head, neck and 

behind the ears. The rash then spreads to the rest of the body and persists for 3-5 days 

before fading. Anorexia and dyspnea are also observed.  

Common complications include otitis media, bronchitis, pneumonia, and 

lymphadenopathy, encephalitis and diarrhea. Infants, pregnant women, 

immunocompromised and malnourished patients are at greater risk of developing 

complications. 

 

3- Avulavirus: 

Basically, this virus causes avian pneumoencephalitis (New Castle Disease) in chicken, 

but occasionally exposure to New Castle virus leads to self-limiting conjunctivitis in 

humans. 

 

4- Genus: Henipavirus: 

There are 2 viruses in this genus: 

 

A- Nipahvirus  

   It was identified in 1999 when it caused an outbreak of neurological and respiratory 

disease on pig farms in peninsular Malaysia, resulting in 105 human deaths and the 

culling of one million pigs. Symptoms of infection include respiratory illness and 

encephalitic disorders. The principal source of the virus is pteropoid fruit bats (flying fox) 

including Pteropoid (P.) vampyrus and P. hypomelanus. Bats transmit the virus to pigs 

and from pigs it will be transmitted to humans.  

B- Hendravirus 

Naturally occurring disease caused by Hendravirus has been reported only in horses and 

humans. The virus was discovered in September 1994 when it caused the deaths of 14 

horses and their trainer in Hendra, a suburb of Brisbane in Queensland, Australia. The 

disease is transmitted from horses to humans. The symptoms include respiratory and 

neurological signs which lead to renal failure occasionally.  

5- Genus: Metapneumovirus: 

The virus was isolated for the first time in 2001 in the Netherlands. It may cause mild 

respiratory infection. However, small children, elderly and immunocompromised 

individuals are at risk of severe disease and hospitalization.  

 

8- Togaviridae 
 The name of the family derived from the Latin word „toga‟ means cloak or 

mantle.  

Morphology: 

 Togaviruses are spherical, enveloped with linear, positive sense, ss RNA genome. 

The capsid has icosahedral symmetry. Three structural proteins of which 2 are envelope 

glycoproteins (E1 and E2) contain epitopes for neutralizing antibodies and the other is 

non glycosylated capsid protein. The cloak or mantle indicates the lipid viral envelope. 
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Physico-chemical properties: 

 Togaviruses are unstable at room temperature, inactivated at 56 ºC for 30 minutes, 

but can survive for a month at -20 ºC. They are best preserved at -70 ºC in medium 

containing rabbit serum albumin. The viruses can be readily inactivated by formalin. 

Host susceptibility: 

 Majority of Togaviruses are arthropod borne. Wild animals or birds act as 

reservoir of most of the viruses. Domestic animal species particularly horses and human 

are usually the dead end hosts.  

 

 

 

The family includes two genera: 

A- Alphavirus 
This genus contains 3 zoonotic diseases: 

1- Eastern Equine Encephalomyelitis (EEE) 

 The disease is caused by Eastern Equine Encephalomyelitis Virus. Wild birds, 

domestic fowl, horses, mules and donkeys are deemed principal animals involved in 

transmission. The disease is distributed in Western hemisphere. The probable means of 

spread to humans are via mosquito (Culiseta melanura and Aedes spp) bites.  

The clinical manifestations in humans comprise nonspecific febrile illness to encephalitis 

which may be severe and accompanied by seizure; neurologic sequelae occur in 30-50% 

of encephalitis cases. 

2- Western Equine Encephalomyelitis (WEE) 

 The causative agent is Western Equine Encephalomyelitis Virus. Wild birds, 

domestic fowl, horses, mules and donkeys, bats, reptiles and amphibians are reckoned 

principal animals involved in spread of the virus. The disease is prevalent in Western and 

Central USA, Canada and South America. The probable means of spread is mosquito 

(Culex tarsalis in USA, other Culex and Aedes spp outside USA).  

The clinical symptoms in humans include febrile illness to encephalitis; worse in infants 

and children in whom neurologic sequelae are more likely. 
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3- Venezuelan Equine Encephalomyelitis (VEE) 

 The etiological viral agent is called Venezuelan Equine Encephalomyelitis Virus. 

The principal animals involved are rodents and equids. The disease is common in 

Western hemisphere. The viruses are transmitted to humans via mosquito (Monsonia, 

Aedes and Culex spp) bites.  

The clinical manifestations in humans: most have nonspecific febrile illnesses; <5% 

progress to encephalitis with mortality rate of 20%. 

4- Ross River Fever 

 The causative agent is Ross River Virus. The involved animals are undetermined. 

The disease is rampant in Australia and South Pacific Islands. The probable means of 

spread to humans are through mosquito (Culex sp and Aedes spp) bites. The clinical 

manifestations in humans include fever, arthralgia, rash and purpura on lower extremities. 

5- Sindbis Virus Disease  

 The causative agent is Sindbis Virus. Birds are principal involved animals. The 

infectious virus rarely found in Eastern hemisphere. The probable means of spread to 

humans are through mosquito (Culex spp) bites. The clinical symptoms in humans are 

fever, arthritis, rash that may become haemorrhagic and prominent myalgia.  

B- Rubivirus 
This genus contains the Rubella (German measles or three-day measles) virus of 

humans. 

The “rubella” was derived from Latin, meaning Little red. The disease was first described 

by German physicians in the mid-eighteen century. Infection of the mother by rubella 

virus during pregnancy can be serious.  

 

If the mother is infected within the first 20 weeks of pregnancy, the child may be 

born with Congenital Rubella Syndrome (CRS), which entails (involves) a range of 

serious incurable (untreatable) illness. Miscarriage (abortion) occurs in up to 20% of 

cases.  

Acquired (not congenital) rubella is transmitted via airborne droplet emission from the 

upper respiratory tract of active cases. The virus may also be present in the urine, feces 

and on the skin. The name Rubella (German measles) is some times confused with 

Rubeolla, an alternative name for measles in English-speaking countries; the diseases are 

unrelated. 

Clinical symptoms include rash (A rash is a noticeable change in the texture or color of 

the skin) on the face which spreads to the trunk, limbs and back and usually fades after 3 

days. Swelling of lymph nodes are also found with fever (38ºC). The syndrome (CRS) 

follows intrauterine infection by the rubella virus comprises cardiac, cerebral, ophthalmic 

and auditory defects. 

 

  

 

 

 

 

 

 



 36 

 9- Bunyaviridae 
 The family name derived from the place called Bunyamwere in Uganda 

(Continent of Africa) from where a virus species was first isolated. The family contains 

more than 200 viruses in 5 genera: 

A- Orthobunyavirus (arthropod borne viruses) 

B- Nairovirus            (arthropod borne viruses) 

C- Phlebovirus          (arthropod borne viruses) 

D- Hantavirus           (non-arthropod borne viruses) 

E- Tospovirus           (contains plant viruses) 

 

Morphology: 

 Members of the family are spherical, pleomorphic, and enveloped viruses having 

linear, ss, (-) sense RNA genome. The genome of the viruses has 3 segments: 

1- Large (L) 

2- Medium (M) 

3- Small (S) 

Although most of the members of the family have negative (-) sense genome, but some 

viruses of the genus Phlebovirus have positive (+) sense. The envelope of the viruses has 

surface spikes of 5-10 nm long. Four major proteins available: two are envelope 

glycoproteins (G1 and G2), a nucleoprotein (N) and a nucleocapsid protein (L). 

 

 
 

 

Physico-chemical properties: 

 Members of the family are sensitive to lipid solvents and detergents. The viruses 

are moderately heat labile and inactivated at 60 ºC for 1 hr. they can be well preserved at 

-70 ºC and lyophilization. 
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Antigenic properties: 

 The viruses within a genus are antigenically related, but viruses of one genus are 

not antigenically related to viruses of another genus. Different antigenic groups of the 

genera have been identified.  The genera Orthobunyavirus, Nairovirus, and Phlebovirus 

each have 18, 7, and 8 antigenic groups respectively. The envelope glycoproteins (G1 and 

G2) of the viruses are antigenically dominant and Ab against the proteins can be detected 

by Virus Neutralization Test (VNT) and Haemagglutination Inhibition Test (HI). 

 

Pathogenicity: 

 Most of the viruses of the family are arthropod borne and entry of the viruses into 

the susceptible hosts occurs by the bite of the arthropod vectors. Members of the family 

vary in their virulence and there is evidence that the virulence of the viruses is under the 

control of genes of the medium sized segment of their genome. Infection by the members 

of the family varies from mild to severe disease. The salient manifestations of the 

diseases caused by these family members are haemorrhage, high fever, abortions and 

might be other clinical symptoms such as encephalitis.  

 

Zoonotic diseases caused by the members of this family: 

A- Rift Valley Fever (Genus: Phlebovirus) 

 Historically, the disease has been described as an epidemic zoonotic disease of 

East and South Africa and first described in Kenya in 1930. In 1977, outbreaks of the 

disease have been recorded in Egypt and in 1987 in Senegal River Valley and also in 

Gulf countries. The virus is transmitted by many species of Culex and Aedes mosquitoes. 

The mosquitoes receive the virus while taking blood of the viraemic sheep, goats, camel 

and cattle. 

 The mosquitoes are also transovarially infected with the virus and capable to 

transmitting the virus. Spread of the virus can also occur mechanically by arthropods 

such as tabanid flies and also through animal products such as handling with fresh meat 

of animals. The clinical symptoms include biphasic illness (up and down of symptoms 

especially fever), bradycardia (decrease of heart beats) and haemorrhage. 

B- Crimean-Congo Haemorrhagic Fever (Genus: Nairovirus) 

 The principal animals involved in this dangerous zoonotic disease are cattle, 

rodents, sheep, goats, hares (are mammals that resemble large rabbits)  and birds. The 

disease is rampant in Africa, Middle East, central Asia and Eastern Europe. The probable 

means of spread to humans comprise tick (Hyalomma and Boophilus spp) bites and 

occupational risk among animal workers. The clinical manifestations in humans include 

fever, headache, pharyngitis, abdominal symptoms, petechial rash and haemorrhage; very 

severe in pregnant women. 

C- Hantaviral diseases (Genus: Hantavirus) 

  Rodents (like Rattus spp and others) play a big role in transmission of these 

diseases to humans in Americas, Asia and Europe. Spread of viruses occurs via aerosols 

from rodents, excretions and secretions. The main diseases in this group are Hantaviral 

Pulmonary Syndrome and Haemorrhagic Fever with Renal Syndrome 
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10- Flaviviridae 
 Flaviviruses, which were earlier within the family Togaviridae are now placed in 

the new family. The family includes 3 genera:   
A- Pestivirus 

B- Flavivirus 

C- Hepacivirus (Hepatitis C virus) 

Morphology: 

 Morphologically, the members of the family are spherical, enveloped particles 

with ss, (+) sense, linear RNA in their genome. Capsid of the viruses has icosahedral 

symmetry. The lipid bilayer envelope of the viruses possesses glycoprotein spikes. Four 

structural proteins viz. a nucleocapsid protein, a membrane like protein and two envelope 

glycoproteins are present.  

 

 

Physico-chemical properties: 

 The viruses are unstable at room temperature, but persist in serum containing 

medium for several months at -20 ºC and in 0.75% bovine serum albumin containing 

medium at -60 ºC to -70 ºC. They show variable resistance to trypsin and are sensitive to 

lipid solvents like ether, chloroform and deoxycholate. Treatment with formalin or beta-

propiolactone reduces infectivity without loss of antigenicity. 

 
Antigenic properties: 

 Members of the family exhibit serological differences. Such differences can be 

used to classify and identify the viruses. Cross-reacting antibodies develop against some 

members of the family. The envelope glycoprotein is immunogenic and contains epitopes 

for neutralizing antibodies. The antibodies to nucleocapsid protein can be detected by 

Complement Fixation Test (CFT). 

Pathogenicity: 

 Members of the family are pathogenic to different species of animals and humans 

as well. The members of the genus Flavivirus produce some of zoonotic diseases 

transmitted by arthropod vectors. Encephalitis is one of the important clinical 

manifestations due to Flaviviruses infection. 
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A- Pestivirus: causes diseases in cattle and pigs. 

 

B- Flavivirus 

1- Japanese B Encephalitis 

 The disease is of significant public health importance and was first recorded in 

Japan in 1924. Occurrence of the disease in epidemic form has been reported in many 

South East Asian countries. Most of the domestic animals like pigs, cattle, goats, sheep 

and horses are susceptible. Swamp (marsh) dwelling birds particularly herons act as 

natural reservoir. Pigs usually act as natural amplifier of the virus and humans are the 

dead end host. 

 The virus is primarily transmitted by natural vectors i.e. mosquitoes (Culex 

triaeniorhyneus). The mosquitoes, which breeds in fresh water and irrigated rice fields 

usually maintain the virus by feeding the birds or pigs and then spread to other animals 

and humans. Diagnosis of the disease depends on detection of virus specific antibodies in 

paired serum samples using HI and ELISA. 

2- Kyasanur Forest Disease 

 The causative agent is Kyasanur Forest Virus and the principal animals involved 

include rodents and monkeys. The disease is endemic in India and transmission to 

humans occurs through the tick (Haemaphysalis sp) bites. The clinical symptoms in 

humans are fever, rash, bradycardia; course may be biphasic with remission followed by 

meningoencephalitis. 

 

 

3- Omsk Haemorrhagic Fever 

 The etiological agent is Omsk Haemorrhagic Fever Virus and the principal 

animals involved are rodents and muskrats. The disease is prevalent in Omsk and 

transmitted to humans through tick [Dermacentor (D.) spp] bites; direct contact with D. 

marginatus. The clinical manifestations in humans include biphasic illness with 

encephalitis occurring in second phase; sequelae (pathological conditions resulting from 

diseases), including deafness, relatively common.   

4- Yellow Fever  

 The viral cause called Yellow Fever Virus and the principal animals involved are 

monkeys and baboons. The disease is distributed in Tropical America and Africa. The 

probable means (vectors) of spread to humans are mosquito (Aedes aegypti in urban 

cycles, Haemagogus spp in jungle cycles in South America, Aedes spp in jungle cycles 

in Africa) bites. The clinical features in humans include fever, myalgia, prostration, 

progressing to jaundice, bradycardia; liver and renal failure in 20-50%; often fatal with 

haemorrhagic manifestations. 

5- Wesselsbron Fever 

 The etiological virus called Wesselsbron Virus and the principal animal involved 

is sheep. The disease has been rooted in Southern Africa and South East Asia. The 

probable means (vectors) of spread to humans are mosquito (Aedes, Mansonia and Culex 

spp) bites. The clinical symptoms include fever, myalgia and hyperesthesia (is a 

condition that involves an abnormal increase in sensitivity to stimuli of the sense) of skin 

with or without maculopapular rash; self-limiting. 
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6- West Nile Fever 

 The disease is caused by West Nile Virus and the principal animals involved 

comprise wild birds, horses and other mammals. The disease is common in Eastern and 

Western hemisphere. The probable means of spread to humans are mosquito (primarily 

Culex spp) bites, blood transfusion, tissue transplant, (rarely) and may be milkborne.  

 

 

7- Murray Valley Encephalitis 

 The causative agent is Murray Valley Encephalitis Virus. Wild birds are principal 

animals involved. The disease is common in Australia. The virus is transmitted via 

mosquito (Culex sp) bites. The clinical manifestations in humans include asymptomatic 

infection in 99% when disease occurs it can be severe encephalitis with neurologic 

sequelae. 

 

 

8- St. Louis Encephalitis 

 The etiological agent is St. Louis Encephalitis Virus. The principal animals 

involved are wild birds and domestic fowl. The infection is prevalent in Western 

hemisphere. The virus is transmitted via mosquito (Culex spp) bites. The clinical 

manifestations in humans include encephalitis with cerebellar signs, hepatitis, and dysuria 

(more severe in elderly). 

9- Central European Tickborne Encephalitis 

 The disease is caused by Central European Tickborne Encephalitis Virus. The 

principal animals involved in the disease are rodents, hedgehogs, birds, goats and sheep. 

The infection is prevalent in Europe. The probable means of spread to humans are Ixodes 

tick bites and may be milkborne. The clinical manifestations in humans include biphasic 

illness with encephalitis occurring in second febrile phase and paralysis or 

neuropsychiatric symptoms may develop.   

10- Far Eastern Tickborne Encephalitis (Russian Spring-Summer Encephalitis) 

 The causative agent is Far Eastern (Russian Spring-Summer Encephalitis) Virus. 

Birds, small mammals and sheep are principally involved. The disease is distributed in 

Asia and rarely in Europe. The probable means of spread to humans are Ixodes tick bites. 

The clinical symptoms in humans are similar to Central European Tickborne 

Encephalitis; flaccid paralysis of shoulders and arms may be seen; fatality rate 20-25%; 

neurologic sequelae in 30-60% of survivors. 

11- Louping ill 

 The disease is caused by Louping ill Virus. Sheep, goats, grouse and small 

rodents are principally involved. The disease is common in Great Britain. The infectious 

agent is transmitted via tick (Ixodes ricinus) bites. The clinical symptoms in humans 

comprise biphasic illness with meningoencephalitis in second phase; relatively mild 

compared with Central European Tickborne Encephalitis, which it resembles. 

12- Dengue fever (Breakbone fever) 

It is a mosquito-borne tropical disease caused by the dengue virus. Symptoms include 

fever, headache, muscle pain, joint pain, and a characteristic skin rash that is similar to 

measles. In a small proportion of cases the ailment develops into the life-threatening 

dengue hemorrhagic fever, resulting in bleeding, low levels of blood platelets and blood 
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plasma leakage, or into dengue shock syndrome, where dangerously low blood pressure 

occurs. 

The disease is transmitted by several species of mosquito within genus Aedes, especially 

Aedes aegypti. No vaccine is available yet. 

 

 
 

 
 
C- Hepacivirus includes Hepatitis C virus (HCV) 

 

Hepatitis C is a liver disease caused by the HCV. In about three quarters of people, the 

infection becomes chronic. Chronic infection can lead to severe liver damage (liver 

cirrhosis), liver cancer and liver failure. Treatment might be available, but no vaccine 

exists to prevent infection. 

Hepatitis C is transmitted when the blood of someone carrying the virus gets into the 

bloodstream of an uninfected person. The most common ways comprise using needles 

and equipment that have already been used by some one else and blood transfusion. 

Less common ways include: 

1- Sharing or borrowing personal items, such as razors, toothbrushes or nail clippers. 

2- Reusing medical equipments. 

3- Using tattoo and acupuncture. 

4- Condomless sex where blood is present (e.g., during menstruation or rough anal sex). 

5- Vertical transmission during pregnancy or delivery. 
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The envelope contains two glycoproteins, E1 and E2. 

11- Reoviridae 
 The family name „reo‟ derived originally from the terms respiratory-enteric-

orphan, which includes a group of viruses recovered from respiratory and gastrointestinal 

tracts of human.  

Morphology: 

 The unique feature of the members of the family is the presence of segmented, ds 

RNA in their genome. The number of segments varies from 10 to 11. The viruses are 

non-enveloped, spherical. All members of the genera possess inner and outer capsid. 

Physico-chemical properties: 

 The threshold of heat liability of members of the family varies from 55-70 ºC. The 

members are resistant to lipid solvents and sodium deoxycholate.  

 

 

 

12- Retroviridae 
 The name retro is derived from the Latin word retro means „backward‟. The 

unique feature of the viruses of the family is the presence of reverse transcriptase 

enzyme. The family contains 2 subfamilies: 

A- Orthoretrovirinae (embraces 6 genera): 

1- Alpharetrovirus 

2- Betaretrovirus 

3- Gammaretrovirus 

4- Deltaretrovirus 

5- Epsilonretrovirus 

6- Lentivirus 

B- Spumaretrovirinae contains one genus: Spumavirus (spuma means foam). 

 

 

Morphology: 

 The members of the family are enveloped, spherical viruses with linear, (+) sense, 

ss RNA genome. The helical nucleoprotein complex includes about 30 molecules of 
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reverse transcriptase. The envelope of the viruses contains a lipid bilayer and 

glycoprotein spikes. The RNA of non defective (capable to replicate) retroviruses 

contains 3 genes viz. gag, pol and env genes. Each of the genes encodes for 2 or more 

proteins. The gag gene encodes the virion core protein, the pol gene encodes the reverse 

transcriptase and the env gene encodes the envelope glycoproteins. The retroviruses 

having the oncogenic (tumorogenic) properties contain a fourth gene the viral oncogene 

(v-onc).  

 Presence of the v-onc gene usually associated with deletion of some of the base 

sequences of the env gene because of which the v-onc gene containing retroviruses are 

unable to synthesize a complete envelope and are therefore replication defective. These 

replication defective or defective retroviruses require the help of a non defective or 

replication competent virus for their replication and such defective retroviruses usually 

carry the outer envelope coat of the helper virus. This exchange of envelope coats among 

viruses is called as Phenotyping mixing. 

 

Reverse transcriptase enzyme: 

 Reverse transcriptase (RNA dependent DNA polymerase) presents in all members 

of the family which plays the most important function of reverse transcription of the viral 

RNA into DNA. This enzyme is comparatively a small protein and it has at least 3 

different activities: 

1- It makes a DNA complementary to viral RNA. 

2- It has a nuclease activity (called Ribonuclease H) that digests only the RNA strand of 

the DNA/RNA hybrids. 

3- It makes the DNA stand double stranded for integration with the host cell DNA (as 

Provirus). 

Physico-chemical properties: 

 Lipid solvents and detergents inactivate members of the family. Viruses are 

sensitive to heating at 56 ºC for 30 minutes, but are resistant to UV light and X 

irradiation. 

 

Pathogenicity: 

 Members of the family differ from all other RNA viruses because of their ability 

of reverse transcription of the RNA to DNA, which can become incorporated into the 

host‟s cell genome and this event can lead to genetic transformation of the host cells 

leading to malignant tumors or leukemia. The lentiviruses (Latin word means „slow‟) 

cause disease after long incubation period and are associated with chronic encephalitis, 

pneumonitis, arthritis, haemolytic anaemia and immune deficiencies (for example: 

Acquired Immune Deficiency Syndrome in human)  in different species of animals and 

human.  

Immunity: 

 Antibodies against some of the viruses of the family develop in the infected hosts. 

But the antibodies seldom play important role to eliminate the viruses because of the 

persistence nature. Integration of the retroviral genome in the form of provirus into the 

host cell DNA is the important mechanism of viral persistence. 
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Diseases caused by viruses of this family in human being: 

Name of disease: Acquired Immune Deficiency Syndrome (AIDS) 

Family name: Retroviridae 

Subfamily: Orthoretrovirinae 

Genus: Lentivirus 

Name of virus: Human Immunodeficiency Virus (HIV) 

 
 

 

Retroviridae/Lentivirus/ HIV virus 

 

 

 

13- Birnaviridae 
 The family includes 3 genera: 

1- Avibirnavirus 

2- Aquabirnavirus 

3- Entomobirnavirus  

 

Morphology: 

 Members of the family are nonenveloped, ds, and linear RNA viruses. The capsid 

of the birnaviruses possesses 92 capsomers and has an icosahedral symmetry. The 

genome of the viruses is bi or trisegmented. Four structural proteins (VP1, VP2, VP3 and 

VP4) have been recognized. 

Physico-chemical properties: 

 The viruses are relatively heat stable and withstand 60 ºC for 1 hr. Viruses are 

stable in acid environment of PH3 and in alkaline environment of PH9. They are resistant 

to ether and chloroform. 
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14- Astroviridae 
 Astroviruses are named because of the star like appearance of the capsid of the 

viruses. The family compromises only one genus, Astrovirus.   

Morphology: 

 Astroviruses are nonenveloped with single stranded (ss), linear, (+) sense RNA. 

The nucleocapsid has icosahedral symmetry. 

Physico-chemical properties: 

 Astroviruses are highly stable at acidic condition and resistant to PH3; withstand 

60 ºC for 5 minutes and sensitive to sodium hydroxide. 

 

15- Bornaviridae 
 The family contains only one genus, Bornavirus and a species, Borna Disease 

Virus. The name Borna came from the Borna town in Saxony, Germany where an 

epidemic disease of horses was first reported in 1895. The viral etiology of the disease 

was established in 1925. 

Morphology: 

 The member of the family is an enveloped RNA virus. The RNA is ss, (-) sense 

and linear. The nucleocapsid has a helical symmetry. The envelope possesses surface 

projections of 7 nm long. 5- 7 structural proteins have been detected. 

 

 

Pathogenicity: 

 Experimental infection of tree shrew (a primate) with the virus showed only 

aberrant behaviour and reduced reactions towards environmental stimuli. Presence of the 

viral antibodies in human patient with specific behavioural dysfunction suggested that the 

virus might have entered into human beings from tree shrew or from infected horses. 

 

16- Filoviridae 
 The family name derived from the Latin word „filum’ means thread like. The 

family contains 2 genera: 

A- Marburgvirus 

B- Ebolavirus   

 Each genus has one species. Ebolaviruses have 4 subtypes viz. Zaire, Sudan, 

Ivory Coast and Reston. Filoviruses are important because of the zoonotic importance.  

Morphology: 

 Members of the family are highly pleomorphic (long filamentous form or 

branched form or circular form), enveloped and possess linear, ss, (-) sense RNA. 

Filoviruses RNA is the largest of all negative sense RNA viruses. These viruses contain 7 

proteins viz. NP (nucleoprotein), VP30 and VP 35 (parts of nucleocapsid), VP24 and 

VP40 (membrane associated glycoproteins), GP (glycoproteins) and L protein (RNA 

polymerase). 

Physico-chemical properties: 

 Filoviruses are stable at room temperature, but sensitive to UV and gamma 

irradiation, detergents and common disinfectants. 

Host susceptibility: 
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 Monkeys particularly rhesus, cynomolgus, African green monkeys and baboons 

are susceptible. Rodents, bats and human beings are naturally susceptible. Experimentally 

guinea pigs and hamsters can be infected. Spread of the viruses to human beings possibly 

occurs from the monkeys through contact or inhalation of aerosols.  

Pathogenicity: 

 In human, the viruses (Marburg and Ebola viruses) cause severe haemorrhage 

fever characterized by widespread haemorrhage, uncontrolled bleeding from 

venepuncture sites and melena apart from the rise of temperature. 

 

17- Arenaviridae 
 The family name derived from the Latin word „arena’ means sand. There is one 

genus called Arenavirus. Morphologically, the viruses of this family are pleomorphic, 

some of them are spherical and others are oval. Their bi-layer lipid membranes are dense 

which carry spikes (peplomers) on the surface.  

Diseases caused by viruses of this family: 

A- Lassa Fever 

 The causative agent is Lassa Virus and the principal animals involved are wild 

rodents. The disease is endemic in Africa continent. The probable means of spread to 

humans include rodent excretions, secretions or tissues and person to person. The clinical 

manifestations in humans embrace gradual onset of myalgia, fever, severe swelling of 

head and neck, pleural/pericardial effusions and haemorrhagic syndrome less common. 

There is evidence that monkeys get the virus as well. 

 

B- New World Haemorrhagic Fever (HF) 

 The etiological agent is Arenavirus and the disease is rampant in Americas. The 

probable means of spread to humans comprise rodent excretions, secretions or tissues and 

person to person. The clinical symptoms in humans include gradual onset of myalgia, 

fever, petechial haemorrhage, bleeding and CNS symptoms. 

C- The other diseases include Argentinean HF (Junin virus), Bolivian HF (Machupo 

virus), Brazilian HF (Sabia virus) and Venezuelan HF (Guanarito virus). 

 

 

BACTERIOPHAGES 
  

 Bacteriophages are viruses, which can pass through bacteria retaining filters and 

infect bacteria. The term, „phages‟ was used when viruses infecting blue-green algae, 

fungi and other microorganisms had been isolated. The factually meaning of 

bacteriophages is the eaters of bacteria. The interaction of phages and bacteria can be 

studied by adding few drops of concentrated phages into petridish containing nutrient 

agar medium and seeded with bacteria. After 12 -24 hrs of incubation, the specific phages 

will cause lysis of the bacteria as result areas free from bacterial colonies could be 

observed. The observations of the activity of phages were made by F. Twort in 1915 and 

F. d‟Herelle in 1917. 

Morphology: 

 The shape of most phages looks like tadpole (frog larvae) or spermatozoa. 

Electron microscopy has revealed 5 fundamentally different forms (viz. Groups A-E) of 
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bacteriophages. Group A phages consists of a head (65-95 nm) and a long, thick rigid tail 

(25-100 nm) with a contractile sheath and terminal tail fibers. All the fibers are attached 

to the base plate at the distal end and a thin disc or collar adjacent to the head. All 

members of this group contain double stranded (ds) DNA. Group B phages are similar to 

the group A phages, but they lack a contractile sheath and possess flexible tail. They also 

possess ds DNA. Group C phages are tailless and spherical in shape and contain single 

stranded (ss) DNA. Group D phages are similar to group C phages, but possess ss RNA. 

Group E phages are long, filamentous without head and possess ss nucleic acid usually 

DNA. Groups A and B phages showed both icosahedral and helical (binal) symmetry, 

groups C and D showed only icosahedral symmetry and the group E phages showed 

helical symmetry. All phage groups possess DNA except group D possesses RNA. 

 
 

 

 

Chemical composition: 

 Bacteriophages possess nucleic acid mostly composed of ds DNA or ss DNA and 

ss RNA. Besides the nucleic acid, phages contain protein and small amount of lipids. The 

protein content is 50-60 % and the lipid is 1.7-2.6%. There may be 4- 40 genes in 

different phages. About 63 genes have been identified in T4 phages. Out of which, 20 

genes are involved in the tail formation, 5 genes in the formation of tail fibers, 16 genes 

in DNA replication, 2 genes each in DNA packing and internal proteins formation, 14 

genes in head and 3 genes in sealing. 
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Resistance to physical and chemical agents: 
 Phages withstand high pressure, resistant to the action of radiant energy and 

maintain their activity in PH ranging from 2.5-8.5. In sealed ampoules, phages do not 

lose their activity for 5-6 and even 12-13 years and can be preserved for long periods in 

glycerin. Phages are inactivated at boiling temperature, acids, UV rays and chemical 

disinfectants. They withstand the action of thymol, chloroform, cyanide, fluoride and 

dinitrophenol. 

Classification: 

 Bacteriophages are classified based on morphology, chemical structure, type of 

nucleic acid and their interaction with the bacterial cell.. Each phage has its own host in 

which it lives as a parasite and reproduces. Staphylococci have 40 phage types and E. coli 

organisms have 50 phage types. 

Replication: 

 The reproduction cycle of phages begins when a susceptible bacterium is exposed 

to free active phages. At first, adsorption of phages occurs on the surface of the 

susceptible bacterial cell because of the interaction of amino groups of proteins localized 

at the margin of the phage tail and the negatively charged carboxyl groups on the surface 

of the bacterial cell. The adsorption depends on numbers of factors (composition and 

viscosity of medium, temperature). The presence of Ca and Mg stimulates the process of 

adsorption. After adsorption, there is penetration and entry of the phage nucleic acid. 

The penetration is facilitated by the action of lysosome -like enzyme present in the phage 

tail. In most instances, the sheath of the tail contracts and nucleic acid inside the head is 

injected into the cytoplasm of the bacterium. Some times several phage particles 

adsorbed on the surface of a single bacterial cell. In such cases leakage through the 

damaged wall may be so severe that the bacterium is immediately lysed and the 

phenomenon is termed as “lysis from without”.  

 After penetration there is an eclipse phase. During this phase early enzymes and 

other substances are formed for synthesis of new phage DNA. There is a latent period 

during which the synthesis of nucleic acid of new phage particles and phage proteins 

takes place. Spontaneous assembly of the protein occurs around the nucleic acid and 

several hundreds of new vegetative phages are formed. This stage is called assembly and 

maturation. Progeny phage particles are released by lysis of the host cell. The whole 

cycle of phage replication is usually completed within 30-90 minutes.  The replication of 

phages by this process is called as lytic or vegetative cycle and the phages involved in 

this process are called as virulent phages. The examples of virulent phages are T even 

(T2, T4) and T odd (T5 and T7) phages. 

Lysogeny: 

 In certain circumstances some phages do not undergo lytic cycle of development. 

Instead, the phage DNA is integrated into the host bacterial cell. These phages are usually 

called as temperate phages (e.g. P22, F1-F11 and mu) and the state of integration of 

Phage DNA into the bacterial cell DNA is called „Lysogeny‟. The infected bacterial cell, 

which is termed lysogenic, can reproduce normally and the phage nucleic acid is 

transmitted from the progeny bacterial cells. But, after an indeterminate number of the 

bacterial divisions, the phage genome becomes detached from the bacterial chromosome 

by the process called induction. So, the detached phage genome can enter a lytic cycle 
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leading to the lysis of the bacterial cell. The induction can be done by treatment of the 

lysogenic bacterial cell with mitomycin C or UV irradiation. 

Distribution: 

 Bacteriophages are widely distributed in nature. They are present in intestine of 

humans, animals and birds. Polluted (sewage) water contains the phages in abundance. 

Practical applications: 

 1- In diagnosis of bacterial diseases and identify the source of infection. 

            2- For typing of bacteria such as Staphylococci and Salmonella….etc. 

            3- Used as a model in genetic research. 

            4- Used in prophylaxis and treatment of bacterial diseases. 

 

PRIONS AND VIROIDS 

PRIONS 
 

 Prions are described as proteinaceous infectious material devoid nucleic acid. 

Prions exhibit properties which distinguish them from both viruses and viroids. In 1982, 

Prusiner introduced the term prion to this protein infectious particle. Prion protein (PrP) 

has a relative molecular mass of about 27-30 kd and is primarily a sialoglycoprotein. PrP 

is composed of 145 amino acids. PrP polymerizes into rods possessing the characteristics 

of amyloid (amyloid is a generic term referring to any typically homogenous and very 

translucent glycoprotein). The amyloid kills thalamus neurons through apoptosis (a 

programmed series of events that lead to cell death).  

 Probably most mammalian species develop prion diseases. The unique feature of 

all the prion diseases is their neuropathology primarily in the gray matter of the CNS 

producing neuronal loss, gliosis and characteristics of spongiform charge. Additionally 

amyloid plaques are observed in many of these conditions. The mechanism by which 

prions reach the CNS is an important issue. Although the prion diseases are neurological 

conditions, critical events in their pathogenesis take place in restricted sites out of the 

nervous system, especially in peripheral lymphoid organs. 

Some of the most important features of prion are as follows: 

1- Prion is highly resistant to heat inactivation. Heating even at 600 ºC does not cause 

complete inactivation. 

2- Prion is resistant to high concentration of formaldehyde or glutaraldehyde and most 

other antiviral and antiseptic substances such as ultraviolet, ionizing radiation and to 

ultrasonication. 

3- Prion is resistant to all nucleases (sorts of enzymes). 

4- Prion induces no immune reaction. 

5- A very long incubation period (several years) required to induce disease by prions. 

Diseases caused by prions: 

 There are different forms of prion diseases in animals or humans. The prion 

diseases of animals are Scrapie in sheep and goats, Bovine spongiform Encephalopathy 

in cattle (BSE), Transmissible Mink Encephalopathy (TME) and Chronic Wasting 

disease in deer and elk.  The diseases of humans are Kuru, Creutzfeldt - Jakob disease 

(CJD), Gerstmann-Straussler Syndrome (GSS), Alpers Syndrome, and Fatal Familial 

Insomnia (FFI). The prion diseases are often called spongiform encephalopathies because 

of the characteristics spongiform changes in the brain.  
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VIROIDS 

 

 Viroids are infectious agents composed of a simple piece of circular stranded 

RNA, which has some double stranded region. Diener, T.O. in 1967, proposed the term 

viroids. There are more than 6 viroid species of grossly different nucleotide sequence are 

known. Viroids are primarily plant pathogens. The only human disease known to be 

caused by a viroid is hepatitis D. 

Some of the differentiation points between Prion and Viroid taking the example of Potato 

Spindle Tuber Viroid and Scrapie are given below: 

 

 

 

 

Prion Viroid 

Proteinaceous material Single Stranded RNA 

Animal and Human pathogen Plant pathogen 

Resistant to all nucleases Sensitive to RNAse, but resistant to DNAse 

Sensitive to proteinase and trypsin Resistant to proteinase and trypsin 

Sensitive to urea and Sodium dodecyl 

sulphate (SDS) 

Resistant to urea and SDS 

Sensitive to phenol Resistant to phenol 

Common cold 

Synonym: Nasopharyngitis (Inflammation of nose and throat), Rhinopharyngitis, 

Acute coryza, Head cold or Cold. 

Organs infected: mainly upper respiratory tract (nose and throat) but lower respiratory 

tract could be also involved which leads to pneumonia and secondary infection with 

pathogenic bacteria. 

Causative agents:  

As common cold is a viral infection of the upper respiratory tract. The most commonly 

implicated viruses include Coronavirus, rhinovirus, Picornavirus, Adenovirus, human 

Parainfluenza viruses, Enterovirus, Metapneumovirus and human respiratory Syncytial 

virus. 

Clinical symptoms: 

The typical symptoms of a cold include cough (50% of infected), runny nose, nasal 

congestion and sore throat (40%). Some times cold accompanied by muscle ache (50%), 

fatigue, headache and loss of appetite. In adults, a fever is generally not present but it is 

common in infants and young children. The cough is usually mild as compared to that 

accompanying influenza. While cough and fever indicate a higher likelihood of 

influenza in adults. A great similarity exists between common cold and influenza.  

The color of the sputum or nasal secretion may vary from clear to yellow to green and 

does not indicate the virus causing the infection. 

Progression: 

A cold usually begins with fatigue, feeling of being chilled, sneezing and headache, 

followed in 2 days by a runny nose and cough. Symptoms begin within 16 hours of 

exposure. Symptoms usually resolve in 7 -10 days but some can last for up to 3 weeks. 

The average duration of cough is 18 days and in some cases people develop 
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N.B: Extra details and notes will be provided in the class. 

The main references: 

1- A textbook of Virology and Viral Diseases, by Dilip K. Sharma, 2009. 

2- The Merck Manual, 9
th

 edition, 1998 

 

N.B.  You find at the end some samples of questions (theoretical and practical). 

   

 

   

  
 


