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Outline

◦ Structure of viruses 

◦ Classification of viruses 
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Objectives 

◦ To learn about nucleocapsid

◦ To get knowledge about viral envelope and spike

◦ To get information about classification of viruses based on

1. Genetic material 

2. Capsid structure

3. Envelope presence

4. Host range

o  To get familiarity with Baltimore and ICTV classification systems 
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Viral structure

oA virus consists of genetic material (either DNA or RNA) enclosed in a protein coat.

oThis protein coat is called the capsid.

oSome viruses also have an outer lipid envelope derived from the host cell's membrane.
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Viral genome 

o  Viral genome is either DNA or RNA. Viral genome may be linear or circular, single stranded or double 

stranded, and segmented or non-segmented.

o  Viral genome characteristics are used as one criterion for viral classification.

o  Viral-specific enzymes, other proteins within the virion (virus), or both may be associated with the 

genome.
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Viral capsid

o  A capsid is a protein coat or shell that surrounds the genetic material of a virus.

oCapsid is composed of structural units called capsomers, which are aggregates of 

viral-specific polypeptides.

 Capsid serves four functions:

1. Protects the viral genome.

2. Is the site of receptors necessary for naked viruses to initiate infection

3. Stimulates antibody production.

4. Is the site of antigenic determinants important in some serologic tests.
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Nucleocapsid

oAll virions contain a nucleocapsid which is composed of nucleic acid (DNA or RNA) and a protein 

coat (capsid) 

o some viruses consist only of a nucleocapsid, others have additional components (Envelopes).
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Viral envelope 

oMany viruses are bound by an outer, flexible, membranous layer called the viral envelope that 

surrounds the nucleocapsid of enveloped viruses and is composed of viral specific glycoproteins and 

host-cell-derived lipids and lipoproteins. 

oAnimal virus envelopes (lipids and carbohydrates) usually arise from host cell plasma or nuclear 

membranes.

oEnvelope proteins, which are virally encoded, may project from the envelope surface as spikes.
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Viral spike

The spike of a virus, often referred to as viral spike 

protein or simply spike protein, is a specialized protein 

on the surface of certain viruses, particularly enveloped 

viruses. It plays a crucial role in the virus's ability to 

infect host cells. The spike protein is responsible for 

attaching to specific receptors on the surface of host 

cells, facilitating the virus's entry into the cell.
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Importance of viral envelope proteins

1. It contains molecules that are necessary for enveloped viruses to initiate infection.

2. May have enzymatic or other activity.

3. Act as a stimulus for antibody production.

4. Serve as antigens in serologic tests; therefore, they have role in identification
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Classification of viruses

oA major branch of virology is virus classification.

oVirus classification is the process of naming viruses and placing them into a taxonomic system similar 

to the classification systems used for cellular organisms. Therefore, classification identifies and groups 

viruses according to their similarities in order to describe the diversity of viruses.
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Classification of viruses

Viruses are classified based on several key characteristics, which help researchers and scientists 

understand their diversity and evolutionary relationships. 

The main characteristics used to classify viruses include

1. Genetic material (Nucleic acid)

2. Capsid structure

3. Envelope presence

4. Host range
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Classification of viruses based on genetic material

Genetic material (Nucleic acid): This is one of the fundamental 

criteria for classification:

1. DNA Viruses: These viruses have a DNA genome. DNA 

viruses can be further classified based on the nature of their 

genome (single-stranded or double-stranded) and linear or 

circular configuration.

2. RNA Viruses: These viruses have an RNA genome. Like 

DNA viruses, RNA viruses can be classified based on similar 

criteria
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Classification of viruses based on genetic material
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Classification of viruses based on capsid structure 

Capsid Structure: The capsid is the protein coat that surrounds the viral genetic material. Capsid structure 

is an important classification criterion:

1. Helical

2. Icosahedral

3. Complex
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Helical capsids

o  Shaped like hollow tubes with protein walls 
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Icosahedral capsids

o  An icosahedron is a regular polyhedron with 20 equilateral faces
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Capsids of complex symmetry

o  Viruses with a combination of icosahedral and helical features

oSome viruses do not fit into the category of having helical or icosahedral capsids. For example: 

Poxviruses (largest animal virus).

oBacteriophages have binal symmetry, head resembles icosahedral, and tail is helical. 
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Pox virus

Bacteriophage



Classification of viruses based on the presence of envelope

Envelope is a lipid membrane derived from the host cell's membrane. Viruses can be classified based on 

the presence or absence of envelope into

1. Non enveloped (naked) viruses

2. Enveloped virus
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Classification of viruses based on host range

Host Range: Viruses can infect specific host organisms, and this specificity is an important classification 

criterion. Viral host range can be classified as:

1. Specific: Some viruses target a particular species, organ, or cell type.

2. Broad: Others can infect a wide range of hosts or cell types.

What is tropism?

Tropism: The capability of a virus to infect a distinct group of cells in the host. For many viruses, 

tropism is determined by the availability of virus receptors on the surface of a host cell.
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Classification systems

There are two main classification systems in use 

1. Baltimore classification system.

2. International Committee on Taxonomy of Viruses (ICTV) classification
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Baltimore classification

According to the Baltimore classification, viruses are divided into seven groups (classes ) based on the 

way of synthesizing their mRNAs:

1. dsDNA viruses "double strand DNA".

2. ssDNA viruses "single strand DNA".

3. dsRNA viruses "double strand RNA".

4. (+) sense ssRNA viruses (codes directly for protein).

5. (-) sense ssRNA viruses.

6. RNA reverse transcribing viruses.

7. DNA reverse transcribing viruses.

Overall, DNA viruses are in groups I and II, RNA viruses

 are in groups III, IV, and V, and reverse transcribing viruses 

are in groups VI and VII. 
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Baltimore classification
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The following characteristics are considered in the Baltimore classification:

1. Whether the genome is composed of DNA or RNA

2. Genome strandedness (either single- or double-stranded)

3. For single-stranded genome, whether it is positive or negative sense



International Committee on Taxonomy of Viruses (ICTV)
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The 2019 version of the ICTV taxonomy encompasses 15 ranks

1. Species 

2. Subgenus

3. Genus

4. Subfamily

5. Family

6. Suborder

7. Order

8. Subclass

9. Class

10. Subphylum

11. Phylum

12. Subkingdom

13. Kingdom

14. Subrealm

15. Realm 
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