
 

 

                  EDO UNIVERSITY IYAMHO  
                  Department of Microbiology      
                        MCB 315 Introductory Virology 
 
 
Instructor: Ezeanya Chinyere, email: ezeanya.chinyere@edouniversity.edu.ng 

Lectures: Tuesdays, 8am – 10am, NLT4, Faculty of Science building 

Lectures: Wednesdays, 10am-11am, NLT 3, Faculty of Science building 

Office hours: Mondays, 12noon to 1pm (just before class), Office: Room 7, Faculty building 

 

Description: This course is intended to give the students the basic and fundamental knowledge of 

the field of virology. This course covers introductory topics such as: History of virology, General 

characteristics of plant, animal and bacterial viruses; Viral structure and morphology; Cultivation 

of viruses; Viral replication; Viral detection and cytopathic effects; Virus classification; Viral 

assay and Purification. 

Prerequisites: Students should be accustomed with basic concepts of microbiology (e.g., different 

types of microorganism and their diversity) and basic properties of viruses (e.g., obligate 

intracellular parasitic nature). Students are also expected to be familiar with basic concepts of 

imperative viral taxonomy. 

 

Assignments: There will be 5 homework assignments throughout the course in addition to 2 Tests 

and a Final Examination. Home works are due on the due date and submitted electronically. Home 

works are organized and structured as trainings and are meant to serve as studying material for the 

students. There will also be 3 class exercises in groups. The goal of class exercises is to have the 

students’ tryout with very technical aspects of the course.  

 

Grading: We will assign 10% of this class grade to home works, 20% for the mid-term test and 

70% for the final exam. The Final exam is all-encompassing. 

 

 INTRODUCTORY VIROLOGY by EZEANYA.C. Chinyere is licensed under a Creative 

Commons Attribution-NonCommercial-ShareAlike 4.0 International License 

 



 

 

Textbook: The recommended textbooks for this class are as stated:  

 

Title: Basic Medical Microbiology 

Authors: Patrick Murray 

Publisher: Elsevier, 1st edition 

ISBN-9780323478533 

Year: 2017 

 

Title: Medical Microbiology 

Authors: Dr Patrick R. Murray, Dr Ker S. Rosenthal, Dr Michael A. Pfaller 

Edition: 7th edition 

 

Title: Microbiology: An Application Based Approach 

Author: Michael J. Pelczar, ECS Chan and Noel R. Krieg 

 

Lectures: Below is a description of the contents.  

 

History of Virology 

Virology is the branch of microbiology that deals with the study of viruses. Viruses are the smallest 

obligate intracellular parasites ranging in size from 20nm to 300nm in diameter. Louis Pasteur was 

the first to describe the virus. Proceeding his discovery in 1892, Dimitri Ivanowski provided the 

first confirmation of viruses. He detected that leaf extract of infected plant could induce tobacco 

mosaic disease. Other scientists that made significant contribution in the early studies of viruses 

include: Martinus Beijerinck (1898-1900); about the same time, Freidrich Loeffler and Paul Frosch 

(1898-1900) and Felix d’Herelle.  

 

General characteristics of viruses 

There are basic characteristics of viruses which are somewhat similar among different viruses. The 

general characteristics are: Viruses are much smaller than bacteria ranging in size; 20-300nm; have 



 

 

only one nucleic acid, either DNA or RNA surrounded by a protein capsid; lack cellular 

organization; they are obligate parasites; they are metabolically inactive and can be crystallized. 

Reactions to Physical and Chemical agents 

Viruses are stable under certain physical and chemical conditions. Such conditions include: Heat 

and Cold; Stabilization of viruses by salts; pH; Radiation; Ether Susceptibility; Detergents; 

Formaldehyde; Photodynamic inactivation and antibiotics and other antibacterial agents. Viruses 

can further be inactivated by steam under pressure; dry heat; ethylene oxide; sodium hypochlorite, 

formaldehyde and intra-red irradiation. 

HEAT AND COLD 

Different viruses demonstrates varying stability under heat and cold. For example; Icosahedral 

viruses are more stable than enveloped viruses that are heat-labile. 

STABILIZATION OF VIRUSES BY SALTS 

Several viruses can be stabilize under certain salt concentration mostly at 1 mol/L. Examples of 

salts that can be used to stabilize viruses are: Magnesium chloride which is used to stabilize 

picornaviruses and Magnesium sulphate which is used to stabilize paramyxoviruses. 

pH 

Viruses are mostly inactivated in an alkaline environment. However, they all are mostly stable in 

pH ranging from 5.0 to 8.5. There are some exceptions like the enteroviruses are extremely stable 

in an acidic environment. 

RADIATION 

Most viruses are readily inactivated by different kinds of radiation such as ultraviolet and other 

high-energy particles. 

ETHER SUSCEPTIBILITY 

An easy method for differentiation of naked and envelope viruses is via ether susceptibility. 

DETERGENTS 



 

 

The viral envelope and lipid content of viral membranes are readily solubilize by different types 

of detergents. There are two main types of detergents: Anionic and Nonionic detergents. 

FORMALDEHYDE 

Viral infectivity is readily destroyed by formaldehyde as it reacts with the viral nucleic acid. The 

tendency to destroy viral infectivity with formaldehyde is comparable among single stranded and 

double stranded viruses. For example; single stranded viruses are more readily destroyed by 

formaldehyde than double stranded viruses. 

PHOTODYNAMIC INACTIVATION 

There are certain stains that have high degree of penetration among certain viruses. They include: 

Neutral red, Proflavine, Toluidine blue etc. 

ANTIBIOTICS AND OTHER ANTIBACTERIAL AGENTS 

Antibiotics and other antibacterial agents have no influence on viruses. 

 

Viral structure and morphology 

Viruses are known to have simple structure. The structure of the virus entails: Virion (The intact 

virus unit); Capsid (Protein coat surrounding the nucleic acid core of the virion); Capsomeres 

(Comprises of a number of subunits); Nucleo-capsid (Arrangement of the nucleic acid and capsid); 

Envelope (Loose membrane surrounding the nucleocapsid). Viral morphology is of three basic 

symmetry: Spherical (Eg; Lentivirus); Helical (Eg; Tobacco Mosaic virus) and Complex (Eg; 

Poxvirus). 

Cultivation of viruses 

Viruses can be grown in whole animal which is still been employed in the studies of viruses; other 

methods of cultivation includes cell culture and in embroynated egg (fertile egg) under controlled 

conditions. Cell culture are of three main types: Primary cultures which undergo a limited number 

of passages; Secondary cultures derived from the primary culture which permits up to 50 passages 

and the Continuous cell lines which permits infinite passages. 



 

 

WHOLE ANIMAL MODE OF VIRAL CULTIVATION 

Viruses are cultivated in experimental animals such as mice, guinea pig, monkeys and rabbits. 

Criteria for choosing a whole animal prior to cultivation: 

1. There should be susceptibility of the animal cells to the viral particles. 

2. Reflection of the outcome of viral growth either microscopically or macroscopically. 

3. Results on passage should demonstrate consistency. 

Routes of Inoculation in animal: 

There are four main routes of inoculation when working with whole animal. They are: 

1. Intracerebral: inoculation within the cerebrum 

2. Subcutaneous: inoculation underneath the skin 

3. Inter-peritoneal: inoculation via the peritoneum. 

4. Intranasal: inoculation via the nasal openings. 

Advantages 

1. Practicability in identification, disease process and medical signs. 

2. Principal isolation method for most viruses. 

3. Experimental animals like mice offer an unswerving platform to research viruses. 

Disadvantages 

1. Poses challenges in maintenance. 

2. It is expensive. 

3. Not suitable for vaccine development. 

EMBRYONATED EGG MODE OF VIRAL CULTIVATION 



 

 

Good pasture and Burnet (1931) were the first to initially employ this method in the cultivation of 

virus. It was the primary method for isolation, identification of viruses and maintenance of stock 

culture. 

Viruses can be cultivated via certain routes of an embrayonated egg. The routes are: chorioallantoic 

membrane, allantoic cavity, amniotic sac and yolk sac. 

 

Chorioallantoic Membrane (CAM): 

This inoculation route is suitable for cultivating viruses like: Herpes simplex virus, Poxvirus, 

Rous Sacroma virus. 

Allantoic cavity: 

This inoculation route is suitable for cultivating viruses like: Influenza virus, Newcastle disease 

virus. This route supports production of vaccine for influenza virus, yellow fever, rabies.  

Amniotic sac: 

This inoculation route is suitable for cultivating viruses like: Influenza virus and Mumps. 

Yolk sac: 



 

 

This is the easiest route widely explored in egg inoculation for viruses and even for some 

obligate intracellular bacteria like Chlamydia. This inoculation route is suitable for cultivating 

viruses like: Herpes simplex virus. 

Advantages of Inoculation into embryonated egg 

1. Best substrate which promotes viral growth and replication. 

2. It is a cheaper method when compared to the use of whole animals most especially in the 

area of maintenance. 

3. Requires fewer man-power.  

4. Availability of embryonated eggs. 

5. Suitable for vaccine production. 

Disadvantages of Inoculation into embryonated egg 

1. It is highly susceptible to contamination as embrayonated egg supports the growth of other 

microorganisms and a wide range of viruses. 

 

 

CELL CULTURE MODE OF VIRAL CULTIVATION 

Cell culture is typically employed in the identification and cultivation of viruses. Cell culture is 

the process by which freshly harvested host cells are grown under controlled conditions such as 

treatment with trypsin.  

TYPES OF CELL CULTURE 

1. Primary cell culture 

1. These are normal cells derived from either animal or human cells. 

2. They are able to grow only for limited time and cannot be maintained in serial culture. 

3. They are used for the primary isolation of viruses and production of vaccine. 



 

 

Examples:  

1. Monkey kidney primary cell culture. 

2. Human amnion primary cell culture. 

2. Secondary cell culture 

1. They are diploid cell lines and contain the same number of chromosomes as the parent 

cells. 

2. They support limited usage. 

3. They can be passage for approximately 50 times. 

Examples:  

1. Human embryonic lung cell. 

2. Rhesus embryo cell. 

3. Continuous cell lines 

1. They are derived from malignant cells. 

2. They supports indefinite number of passages. 

3. They survive prolonged storage most especially at -70°c. 

Examples of Continuous cell lines includes: 

1. HeLa cell lines (derived from human cervical cancer cells). 

2. HEP-2 cell lines (derived from human laryngeal carcinoma). 

3. Vero cell lines (derived from kidney epithelial cells of the African green monkey). 

4. BHK-21 cell lines (derived from baby hamster kidney cell). 

Advantages of cell culture 

1. It supports the cultivation of a wide range of viruses. 

2. High sensitivity and specificity. 



 

 

Disadvantage of cell culture 

1. Highly technical. 

Cytopathic effects 

Detection of growth of viruses on cell culture is observed in the changes of the cell culture 

morphology. CPE are changes in the morphology of cells: Lysis of the cells; Vacuolation; 

Formation of syncytia; Presence of inclusion bodies. 

Virus classification and Replication 

The widely acceptable mode of classification of viruses is the Baltimore Classification system 

which classifies viruses based on the type of genome and mode of replication. According to this 

system, viruses are divided into 7 classes: Group 1(double stranded DNA viruses); Group 2 (single 

stranded DNA viruses); Group 3 (double stranded RNA viruses); Group 4 (positive sense single 

stranded DNA viruses); Group 5 (negative sense single stranded DNA viruses); Group 6 (single 

stranded RNA Reverse transcriptase viruses) and Group 7 (double stranded DNA reverse 

transcriptase viruses).In viral replication, the sequence of viral replication involves: Absorption, 

Penetration, Uncoating, Biosynthesis and Assembly. The DNA viruses are known to have a 

replication site in the nucleus whereas the RNA viruses are known to have a replication site in the 

cytoplasm. 

Purification of Virus Particles 

Viruses are susceptible to purification due to: The exterior surface is made up of proteins; Virus 

of the same size, shape and density can be segmented in a centrifuge. The methods of viral 

purification are basically divided into 2 major methods: PHYSICAL METHODS (for example; 

Filtration, Precipitation, and Centrifugation); CHEMICAL METHODS (Column chromatography, 

Zone electrophoresis, Use of Specific antisera).The chemical methods is chiefly based on the 

chemical properties of the virus. Irrespective of the method employed, the aim of viral purification 

is the achievement of a pure virus particle as without it, certain studies (morphological and 

molecular) on the understudying virus will not be attained. 

 



 

 

Viral assay or Quantification of viruses 

Viral assay is a factorial of the infectivity and non-infectivity of the understudy virus. 

Consequently, the methods of quantification of viruses are based on the PHYSICAL METHODS 

(based on non-infectivity) and CHEMICAL METHODS (based on infectivity). In the physical 

methods, the methods of quantification are: Radio immuno-assays, Enzyme-linked Immuno-

absorbent assays. However, the limitations to these methods is the inability of the test to distinguish 

between infectious and non-infectious viral particles. In the same vein, the use of electron 

microscopy in the quantification of viral particles can be employed by direct counting against a 

standard viral particle. Nevertheless, the limitation is similar to the other previously mentioned 

physical methods as it is unable to distinguish between infectious and non-infectious viral 

particles. In chemical methods, the determination of animal death or infection or cytopathic effects 

at series of dilution is tagged the End-point and expressed as the 50% infectious dose (ID50). The 

Reed and Munch (1938); the first scientists to determine 50% end-point. Their method for 

determining the end-point will be explored in this course in comparison with other methods. The 

plaque assay is also widely employed in the assay of infectious viral particles. 

Viral Replication 

In viral replication, the sequence of viral replication involves: Absorption, Penetration, 

Uncoating, Biosynthesis and Assembly. The DNA viruses are known to have a replication site in 

the nucleus whereas the RNA viruses are known to have a replication site in the cytoplasm. 

According to the Baltimore classification system, viruses are classes into seven classes: Class 1 

to Class 7.  

In this lecture, we will examine the replication of a DNA and RNA viruses each. 

DNA Viruses (Case study: Adenovirus) 

As with all DNA viruses, Adenovirus replicates exclusively in the host nucleus. 



 

 

 

ATTACHMENT, PENERATION AND UNCOATING: 

The attachment, penetration and uncoating steps are initiated by three viral proteins: pre-terminal 

protein, DNA polymerase and DNA binding protein. 

BIOSYNTHESIS 

The DNA of this virus is transcribed asymmetrically to produce mRNA. New mRNA are 

synthesized prior to DNA replication. The DNA-dependent RNA polymerase transcribes the 

virus DNA and is connected to the core of the infecting virion. 

ASSEMBLY 

Assembly of the viral particle originates in the cytoplasm with development of capsomers, 

although absolute packaging is completed in the host nucleus. 

RNA Viruses  

RNA viruses replicate via RNA intermediates (requiring RNA-dependent RNA-polymerase). 

The site of replication in the host cell is the host cytoplasm which is typical to all RNA viruses. 

Viral proteins are exclusively formed proceeding the production of messenger RNA is available. 

RNA viruses exist as either, positive; negative single stranded RNA viruses or double stranded 

RNA viruses. 

Positive- single stranded RNA viruses 



 

 

Here, the viral RNA is similar as mRNA and acts as mRNA. Consequently, the mRNA can be 

translated instantaneously on initial infection of the host cell. 

Examples:  

 Poliovirus  

 Togaviruses 

 Flaviviruses 

Negative-single stranded RNA viruses 

The virion RNA is complementary in base sequence to the mRNA. The RNA is complementary 

to virion RNA and acts as the mRNA. RNA-dependent RNA-polymerase involved in replication 

is also packaged in the virion so as to serve in producing mRNAs on infection of host cell. 

Examples:  

 Influenza Virus (Orthomyxovirus) 

 Measles Virus, Mumps Virus, (Paramyxoviruses) 

 Rabies Virus (Rhabdovirus) 

Double-stranded RNA viruses 

The virion (genomic) RNA is double stranded and so cannot function as mRNA; thus these 

viruses also need to package an RNA polymerase to make their mRNA after infection of the host 

cell. 

Example: 

 Rotaviruses 
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