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 المحاضرة األولى

Lecture 1 ( Virology and Vaccines)  

 

Viruses: are the smallest infectious agents (ranging from 

about 20 nm to 300 nm in diameter) and contain only one kind 

of nucleic acid (RNA or DNA) as their genome. The nucleic 

acid is encased in a protein shell, which may be surrounded 

by a lipid-containing membrane. 

The entire infectious unit is termed a virion . Viruses are inert in 

the extracellular environment; they replicate only in living cells, 

being parasites at the genetic level. The viral nucleic acid contains 

information necessary for programming the infected host cell to 

synthesize virus-specific macromolecules required for the 

production of viral progeny. During the replicative cycle, numerous 

copies of viral nucleic acid and coat proteins are produced. The 

coat proteins assemble together to form the capsid, which encases 

and stabilizes the viral nucleic acid against the extracellular 

environment and facilitates the attachment and penetration by the 

virus upon contact with new susceptible cells. The virus infection 

may have little or no effect on the host cell or may result in cell 

damage or death. Capsid: The protein shell, or coat, that encloses 

the nucleic acid genome. 

 

TERMS AND DEFINITIONS IN VIROLOGY 

 

Capsomeres: Morphologic units seen in the electron microscope 

on the surface of icosahedral virus particles. Capsomeres 

represent clusters of polypeptides, but the morphologic units do 

not necessarily correspond to the chemically defined structural 

units. 

Defective virus: A virus particle that is functionally deficient in 

some aspect of replication. 

Envelope: A lipid-containing membrane that surrounds some virus 

particles. It is acquired during viral maturation 



by a budding process through a cellular membrane. Virusencoded 

glycoproteins are exposed on the surface of the envelope. These 

projections are called peplomers. 

Nucleocapsid: The protein–nucleic acid complex representing the 

packaged form of the viral genome. The term is commonly used in 

cases in which the nucleocapsid is a substructure of a more 

complex virus particle. 

Structural units: The basic protein building blocks of the coat. 

They are usually a collection of more than one nonidentical protein 

subunit. The structural unit is often referred to as a protomer. 

Subunit: A single folded viral polypeptide chain. 

Virion: The complete virus particle. In some instances (eg, 

papillomaviruses, picornaviruses), the virion is identical with the 

nucleocapsid. In more complex virions (herpesviruses, 

orthomyxoviruses), this includes the nucleocapsid plus a 

surrounding envelope. This structure, the virion, serves to transfer 

the viral nucleic acid from one cell to another. 

Basis of Classification 

The following properties have been used as a basis for the 

classification of viruses. The amount of information available in 

each category is not the same for all viruses. The way in which 

viruses are characterized is changing rapidly. Genome sequencing 

is now often performed early in virus identification, and 

comparisons with databases obviate the need to obtain more 

classic data (eg, virion buoyant density). Genomic sequence 

data are advancing taxonomic criteria (eg, gene order) and may 

provide the basis for the identification of new virus families. 

1. Virion morphology, including size, shape, type of symmetry, 

presence or absence of peplomers, and presence or absence of 

membranes. 2. Virus genome properties, including type of 

nucleic acid (DNA or RNA), size of genome in kilobases (kb) or 

kilobase pairs (kbp), strandedness (single or double), whether 

 

 

linear or circular, sense (positive, negative, ambisense), segments 



  المحاضرة الثانية
 Lec: 2 

Virology and Vaccines  

Viral Replication  
Replication of virus is very complicated process; Viruses never reproduce by 

division. They are replicated by a process in which all components of virus are 

produced separately and are assembled into intact virons. For replication of virus 

host is necessary, Viruses are host specific, Host may be a bacteria, plant or an 

animal, Replication of viruses are studied for first time by experimenting on 

bacteriophage, There are 2 types of life cycle commonly seen in viruses  
I I. Lytic Cycle  

II II. Lysogenic Cycle  

 

General steps in in viral replication:  
1.Attachment  

2. Penetration (Entry)  

3. Uncoating  

4. Genome replication  

5. Assembly  

6. Maturation  

7. Release  

1. Attachment:  
when viruses want to attack a living host or cell, they use a very specific protein on the outer surface of 

its capsid or envelope that will allow its attachment to the surface of the host cell.  

• • Virus are host specific and enters into the host or target cell  

• • This event is electrostatic, does not require any cellular or metabolic energy  

• • Virus exhibits cellular tropism  

• • Virus has host range and it may be narrow or broad  

• • Rabies virus is an example for broad range virus  
2  

 



 

• • HIV is an example for broad range virus, Virus use receptors and antireceptors for 

attachment and entry into host cell.  

• • Cellular receptors and antireceptors are mostly protein but sometimes they may be 

glycoprotein, carbohydrates or lipids  

• • The presence of virus specific receptors is necessary  

• • For example HIV- CD4 receptor, Rabies-Acetylcholine, Phospholipids  

 

2) Penetration [entry]:  
• • the process of entering a host, through several mechanisms. Penetration is energy 

dependent process  

• • Virus may penetrate into host by:  

• 1- syringe-type mechanism  
 

Some viruses(bacteriophages) inject their genomes into the cell by using a needle and  
Syringe-type mechanism  

2- endocytosis. Other viruses (naked viruses) will actually trick the cell into engulfing the virus into the 

cell.  

 المحاضرة الثالثة
 

Lecture: 3 

  

( Virology and Vaccines)  

  

   

Immunity and antibody production against viruses 

Immunity to infectious agents like viruses is a separate branch of  

immunology distinct from immunity to tumors, self-molecules (antigens),  

or allergens. The mechanisms underlying the induction and regulation of  

the innate and adaptive immune response to viruses represent the same  

processes controlling immunity to tumor antigens, allergens, and self�constituents. (i) molecules and cells regulating the 

induction of the innate  

and adaptive response; (ii) expression of immune effector activity; (iii) 

regulation of the antiviral immune response; and (iv) systems analysis of  

the host response to infection and vaccination. 

  

Host immune response (Defense Mechanisms): The mechanisms  

available to the human organism for defense against 

viral infection can be classified in two groups. 

  

 

 

 

 

 

 



 

  المحاضرة الرابعة

 

Specific Immune Defenses: The specific, adaptive immune defenses  

include both the humoral system (antibody-producing B cells) and the  

cellular system (T helper cells and cytotoxic T lymphocytes). In general,  

viruses the antigens of which are expressed on the surface of the infected  

cells tend to induce a cellular immune response and viruses that do not  

change the antigenicity of their host cells tend to activate the humoral  

system. 

  

  

Humoral immunity: Antibodies can only attack viruses outside of their  

host cells, which mean that once an infection is established within an  

organ it can hardly be further influenced by antibodies, since the viruses  

spread directly from cell to cell. In principle, the humoral immune system  

is thus only capable of preventing a generalized infection, but only if the  

antibodies are present at an early stage (e.g., induced by a vaccination).  

Class IgG and IgM antibodiesare active in the bloodstream and class IgA  

is active on the mucosal surface. The effect of the antibodies on the viral  

particles (“neutralization”) is based on virus adsorption to the host cells  

by the antibodies attached to their surfaces. The neutralizing effect of  

antibodiesis strongest when they react with the receptor-binding sites on  

the capsids so as to block them, rendering the virus incapable of  

combining with the cellular receptors. 

  

Cellular immunity: This type of immune defense is far more important  

when it comes to fighting viral infections. T lymphocytes (killer cells)  

recognize virus-infected cells by the viral antigens on their surfaces and  

destroy them. The observation that patients with defective humoral  

immunity generally fare better with virus infections than those with a  

defective cellular response. 

  

Diagram of the components of the immune system 

 

The Different Ways Viruses Mutate 

If you've ever wondered why you need a flu shot every year, it's because  

viruses must constantly adapt to their environment. It's a normal process  

of evolution. One of the most famous examples of evolution due to viral  



mutation is the flu virus, or influenza. We'll focus in on the two major  

ways by which this virus can mutate, since it's the one that's most often in  

the news when it comes down to new viral mutations. 

  

Antigenic Drift 

The flu virus uses two main keys to get into, replicate within, and get out  

of the cells that make up your body. These keys are proteins on the  

surface of the influenza virus called hemagglutinin, or HA, and  

neuraminidase, or NA for short. 

  

These proteins act as antigens, or molecules that activate your immune  

system's defenses in order to protect you. When your immune system  

comes across these foreign antigens, it produces antibodies that help to  

kill whatever possesses these antigens, which in this case is the flu virus. 

  

However, gradual minor point mutations in the genes responsible for  

encoding the HA and NA proteins, called antigenic drift, may occur.  

These changes, again, are gradual and very small. However, they're large  

enough to cause your immune system to no longer recognize the HA and  

NA proteins on the new strain of influenza. 

  

When your body is exposed to a particular strain of flu, which has a  

specific set of HA and NA proteins, it develops very distinct defense  

mechanisms against that unique flu virus, meaning your body stops only  

that specific key from fitting into any lock in your body, thereby  

rendering the virus virtually inconsequential. 

  

  

  

Well, if all of a sudden a new flu virus with new HA and NA proteins  

waltzes in, your immune system won't recognize these new antigens very  

quickly because it was only trained to recognize the old set of keys. 

  

These new HA and NA proteins are like a new type of key that can get  

into and open your lock. This new key will compromise your lock and  

will lead you to come down with the flu, while your body's adaptive  

immune system tries to build little proteins, called antibodies, against this  

new viral strain. 

  



This is why you need that flu shot every year - so that you can boost your  

immune system against new viral strains of influenza! 
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 المحاضرة الخامسة
 

Virology and Vaccines  

Viral Genetics  
Viruses grow rapidly, there are usually a large number of progeny virions per cell. There is, therefore, more chance of 

mutations occurring over a short time period, Viruses undergo genetic change by several mechanisms.  

The nature of the viral genome (RNA or DNA; segmented or non-segmented) plays an important role in the genetics of the 

virus.  

Genetic Change in the Viral Genome:  
1. Random mutation  

2. Recombination  

3. Reassortment  

4. Gene amplification/reduction  

5. Quasispecies  

6. Defective interfering genomes  

7. Reactivation  

8. Phenotypic mixing  

 

Mutation  
Any change to the Nitrogen Bases in DNA are called mutations  

• Change the DNA  

• Changes the mRNA  

• May change protein  

• May change trait  
 
Types of mutation  

A-Single nucleotide replacement  

B-Insertion/deletion of nucleotides  
Insertions are mutations in which extra base pairs are inserted into a new place in the DNA  

Deletions are mutations in which a section of DNA is lost, or deleted  

C. Frameshift mutation:  
Since protein-coding DNA is divided into codons three bases long, insertions and deletions can alter a gene so that its message 

is no longer correctly parsed  

D. Inversion:  
DNA sequence of nucleotides is reversed. Inversions can occur among a few bases within a gene or among longer DNA 

sequences that contain several genes. 2  
 



Recombination  

• Classic recombination  

• Copy choice recombination  

• Site specific recombination  

• Intramolecular recombination  
 
 A. Classic recombination  
 

• Involves breaking of covalent bonds  

• Exchange of genetic information  

• Reforming of covalent bonds  

• Common in DNA viruses and Retroviruses  

• Coronaviruses  

• Picornaviruses  

 

 B. Copy choice recombination  
 

• A genetic recombination mechanism where the new DNA molecule comes about by replicating selected parts of each parental 

DNA molecule and by alternating between the two  

• Observed in Retroviruses  

• Rapidly shuffle the genetic information that is transmitted from parental to progeny genomes  

 

 C. Site specific recombination  

 • Site-specific recombination moves specialized nucleotide sequences, called mobile genetic elements, between 

nonhomologous sites within a genome  

 • The movement can occur between two different positions in a single chromosome, as well as between two different 

chromosome  

 • Mechanism of site specific recombination requires specialized recombination enzymes and specific DNA sites  

 1. Tranpositional SSR  

 2. Conservative SSR  
 

D. Intra molecular recombination  
• Involves the exchange of nucleotide sequences between different but closely related viruses during replication  

• Occurs mostly in dsDNA viruses because of template switching by viral DNA polymerase  

• Adeno, Hepadna, Polyomaviruses  

 

 

 

 

 

 

 

 

 

 
 

 



  

  المحاضرة السادسة
 

Viral Pathogenesis  
Viral Pathogenesis is the process of producing diseases by interaction of viral and host factors. Viral 

disease is a sum of the effects on the host of virus replication and of the immune response. The cellular 

response to that infection may range from cytopathology with accompanying cell death to hyperplasia or 

cancer to no apparent effect. Viral disease is some abnormality that results from viral infection of the 

host organism.  

Principles that relate to viral disease  

• • Many viral infections are subclinical (inapparent)  

• • The same disease may be produced by a variety of viruses.  

• • The same virus may produce a variety of diseases.  

• • The disease produced bears no relationship to viral morphology.  

• • The outcome in any particular case is determined by both viral and host factors and is influenced 

by the genetics of each.  

 

Patterns of Viral Infection:  
Viral infections can be:  

• • Acute (rapid and self-limiting): Characterized by rapid production of virions and elimination of 

infection. Virions can be missed and can spread to other tissues. This can then cause re-infection. Re-

infection is seen with chicken pox.  

• • Persistent (long term): Caused when host defenses are either modulated or completely bypassed. 

Virions are produced for months or even years. There are two variations of persistent infections: 

Chronic infection – the infection is eventually cleared. Latent infection – the infection lasts for life.  
2  

 



 

• • Latent (extreme versions of persistent infections): Three general characteristics: No large-scale 

production of virions, Reduced or absent immune response, Persistence of an intact viral genome so 

infections can reoccur, Latent viruses can be reactivated years after entry into host.  

 

• • Slow or transforming (complicated types of persistent infections): Slow infections are lethal. 

They are usually associated with brain infections. Signs may not be seen until years after the primary 

infection. Once signs and symptoms appear, death usually follows very quickly.  

 

Cellular Response to Viral Infection  
Cells can respond to virus infection in 3 different ways; -  

• • no apparent change  

• • CPE (cytopathic effect) and death (structural change in host cell)  

• • loss of growth control (transformation)  

 

Incubation periods vary for different viruses.  

• • Some are as short as days.  

• • Some are as long as years.  

 

Steps in Viral Pathogenesis:  
Specific steps involved in viral pathogenesis are the following:  

• • viral entry into the host and primary replication  

• • viral spread and cell tropism  

• • cellular injury and clinical illness  

• • Recovery from infection  

• • viral shedding  

 

A-Entry and Primary Replication  

Three requirements must be satisfied to ensure successful infection in an individual host: • Sufficient 

virus must be available to initiate infection • Cells at the site of infection must be accessible, susceptible, 

and permissive (easy) for the virus • Local host anti-viral defense systems must be absent or initially 

ineffective.   
 

 

 

 

 

 

 

 



 المحاضرة السابعة
 

Lecture: 7 ( Vaccines)  

Virology and Vaccines  

  

  

Vaccines: The word “vaccine” originates from the Latin Variolae vaccinae (cowpox), which Edward 

Jenner  

demonstrated in 1798 could prevent smallpox in humans. Today the term „vaccine‟ applies to all 

biological  

preparations, produced from living organisms, that enhance immunity against disease and either 

prevent  

(prophylactic vaccines) or, in some cases, treat disease (therapeutic vaccines). Vaccines are 

administered in  

liquid form, either by injection, by oral, or by intranasal routes. Vaccines are composed of either the 

entire  

disease-causing microorganism or some of its components. They may be constructed in several ways : 

 •From living organisms that have been weakened, usually from cultivation under sub-optimal 

conditions (also  

called attenuation), or from genetic modification, which has the effect of reducing their ability to cause 

disease; 

 •From whole organisms that have been inactivated by chemical, thermal or other means; 

 •From components of the disease-causing organism, such as specific proteins and polysaccharides, or 

nucleic  

acids; 

 •From inactivated toxins of toxin-producing bacteria; 
 

 

 



 المحاضرة الثامنة

Clinical Trials Phases in Production of Vaccines 

Regulation of vaccines: Regulatory issues related to a particular candidate vaccine should 

be considered early  

in the development process, since compliance with regulatory requirements is the basis 

for eventual approval. It  

is strongly recommended that dialogue with the appropriate national regulatory authority 

be established early  

on. The national regulatory authority should review the plans for development of the 

candidate vaccine and  

clarify requirements for carrying out clinical trials, as well as for marketing approval. The 

regulation of  

vaccines can be divided into three stages: developmental, licensure and postlicensure . 

The developmental  

stage consists of two parts, preclinical research and development, and clinical research 

and development. 

Preclinical testing Preclinical research and development are carried out in the laboratory 

using in vitro  

techniques or, when necessary, in vivo techniques in animals. The data from preclinical 

and laboratory research  

include details of the development and production of a vaccine together with reports of 

control testing, which  

should be adequate to justify subsequent clinical studies in humans. 

Phases of clinical development (I–III):Clinical trials in humans are classified into three 

phases: phase I, phase  



II and phase III and in certain countries formal regulatory approval is required to 

undertake any of these studies. 

This approval takes different forms in different countries (e.g. Investigational New Drug 

Application (IND) in  

the United States and Clinical Trial Certificate or Clinical Trial Exemption (CTX) in the 

United Kingdom). This 

proved successful for YFV. In Japan, an attenuated vaccine, the A/Okuda strain, was 

developed after 280 cycles  

of growth in eggs. In the United Kingdom at Wellcome Laboratories the A/Okuda strain 

was reassorted with an  

H3N2 strain (A/Finland/4/74) to create the WRL 105 vaccine. A second strategy was to 

select for resistance to  

guinea pig and horse serum in the growth medium. This was used in the generation of the 

attenuated A/PR8/34  

strain developed by SmithKline and French/RIT. The PR8 attenuated strain was reassorted 

with several  

different A-type virus HA and NA donors to create four independent vaccine strains, Alice, 

RIT 4025, RIT  

0404 ,and RIT 4199. Analysis of gene segments tracking with attenuated phenotype 

suggested that the genes for  

P3 (now called PB2), P1 (now called PB1), M and NS were all implicated in the attenuated 

phenotype. These  

viruses were tested in the clinic where they showed promising immunological 

performance in selected  

volunteers. This culminated in the licensure in the U.K., South Africa and a handful of other 

countries of a live  



influenza vaccine, NASOFLU, produced by SB in 1976. Concerns about possible over-

attenuation and an  

uncertain early pedigree, and more importantly a regulatory requirement for a clinical trial 

of each new  

reassortant, led to the eventual discontinuation of this line of work (W. Vandersmissen, 

SB, personal  

communication). The third strategy was to select influenza viruses that were either 

temperature-sensitive, cold�adapted, or both. The theory behind this strategy is that a 

virus with a limited ability to replicate only in the  

cooler upper part of the respiratory tract should be appropriately attenuated in humans. 

Much of the early work  

in this area occurred in the Soviet Union in the 1950s and 1960s and is not readily 

accessible in English.290,291  

Three groups have had major roles in this effort. During the 1970s and 1980s, the 

laboratory of Brian Murphy  

and Robert Chanock at the NIH developed a series of temperature-sensitive strains of 

influenza virus, most  

notably the ts-1E strains of A/Hong Kong/68 and the ts- 1A2 variant of A/Udorn/72. The ts-

1E strain were  

shown to be attenuated through mutations in the PB1 and NS genes298-300 while the ts-

1A2 strains had  

mutations in the PB2 and PA genes of the polymerase. Clinical studies of these two strains 

and reassortants  

based upon them were promising, with some advantage in favor of the double mutation in 

the polymerase genes  



of the ts-1A2 series299-302 and the occurrence of revertants of the ts-1E strains. In the 

1960s, Maassab and co�workers at the University of Michigan developed a strain of 

influenza virus that was both temperature-sensitive  

and cold-adapted, the A/Ann Arbor/6/60 strain. This virus was attenuated by successive 

passages in monkey  

kidney cells followed by a series of passages in embryonated eggs at decreasing 

temperatures.305-307 This  

virus, along with strain B/Maryland/1/59 (succeeded by B/Ann Arbor 1/66), was grown at 

25°C in embryonated 

eggs and thus is known as a “cold-adapted” strain; wild-type influenza virus does not grow 

at this temperature . 

The A/Ann Arbor/6/60 cold-adapted strain is the subject of an extensive literature. This 

strain is attenuated in  

ferrets and appeared to be genetically stable when recovered from humans. Comparison 

clinical studies of ts- 

1A2 vaccine and the cold adapted Ann Arbor vaccines favored further development of the 

latter strain. Single�gene 

  

reassortant studies showed that four genes (PA, PB1, PB2 and M) from the cold-adapted 

strain each  

contribute to the attenuated phenotype of the virus. Sequence analysis of the complete 

gene complement of the  

cold-adapted Ann Arbor strain showed clearly that all six of the non- HA/NA segments 

carried mutations with  

respect to the wild-type parent virus. Clinical studies of monovalent and trivalent vaccines 

based on the A/Ann  



Arbor/6/60 and B/Ann Arbor 1/66 in institutionalized patients showed good tolerability 

and protection from  

disease. As mentioned earlier, a group at the Research Institute for Experimental Medicine 

in Leningrad/St . 

Petersburg began a program of attenuating influenza viruses in the 1950s. This culminated 

in the development  

and local distribution of live attenuated, cold-adapted influenza A and B vaccines with 

properties similar to the  

Maassab strains. These vaccines have been tested in very large field studies in Russia313 

with very good  

results. In addition to the changes in the polymerase, membrane, nucleoprotein and non-

structural protein  

sequences, it has been shown recently that mutations in the NA sequence may also be 

temperature-sensitive. 

Mutating a specific cysteine pair in the NA gene yielded a stable phenotype. 

 

 المحاضرة التاسعة

 

Lecture 9: 

Herd immunity: The term herd immunity refers to the fact that the risk of infection among 

susceptible  

individuals in a population is reduced by the presence of adequate numbers of immune 

individuals. This effect  

is reflected in dramatic decreases in the incidence of disease, even when all susceptible 

individuals have not  

been vaccinated. However, the threshold of immunity needed for this indirect protective 

effect depends on  



many factors, including the transmissibility of the infectious agent, the nature of the 

vaccine-induced immunity, 

and the distribution of the immune individuals. Individuals protected by herd immunity 

remain susceptible to  

infection upon exposure. This can lead to outbreaks of disease when a group of susceptible 

individuals  

accumulate, such as mumps outbreaks among university students in the United States. 

Certain viral vaccines are  

recommended for use by the general public. Other vaccines are recommended only for use 

by persons at special  

risk because of occupation, travel, or lifestyle. In general, live-virus vaccines are 

contraindicated for pregnant  

women. There was a theoretical possibility that antibody response might be diminished or 

that interference  

might occur if two or more live-virus vaccines were given at the same time. In practice, 

however, simultaneous  

administration of live-virus vaccines can be safe and effective. Trivalent live oral polio 

vaccine or a combined  

live measles, mumps, and rubella vaccine is effective. Antibody response to each 

component of these  

combination vaccines is comparable with antibody response to the individual vaccines 

given separately. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 المحاضرة العاشرة

Lecture 10: 

 

Determinants Mechanisms of Primary Vaccine Antibody Responses in Healthy 

PeopleLive vs inactivated 

Higher intensity of innate responses, higher antigen content following replication, and 

more prolonged antigen  

persistence generally result in higher Ab responses to live than to inactivated vaccines. 

Protein vs polysaccharide Recruitment of T-cell help and induction of germinal center 

(GCs) (i.e., memory  

induction) results in higher and more prolonged Ab responses to protein or 

glycoconjugate than to  

polysaccharide (PS) vaccines. 

Adjuvants Modulation of antigen delivery and persistence (depot or slow-release 

formulations) and/or  

enhancement of follicular T-helper cells (Tfh) responses (immunomodulator) may 

support or limit Ab  

responses. 

 

 

 

Live Vaccines: Live attenuated viral vaccines represent the most effective means of 

inducing a broad immune  

response against viruses that can be cultivated in vitro. These vaccines mimic a 

natural infection and thereby  

induce both cellular and humoral responses required for efficient defense against 

subsequent exposure to the  



natural agent. In most cases, this is achieved with a single dose. 

Poliovirus Vaccines: Poliovirus is a positive-strand RNA virus, a member of the 

enterovirus family. Infection 

with poliovirus is often asymptomatic, but in a subset of cases infection results in 

severe damage of motor  

neurons which in turn results in muscle wasting and paralysis The first vaccine 

against polio was a formalin�inactivated preparation introduced. This was an 

effective vaccine up to a point, but it soon became clear that a  

more potent vaccine would be required to achieve optimal control of poliomyelitis. 

There were several 

competing approaches to a live attenuated vaccine in the 1950s. One, described by 

Cox,30 involved passage of  

poliovirus in suckling hamster brain and subsequent adaptation to the yolk sac of 

embryonated eggs. 

Measles Vaccines:Measles virus, member of the paramyxovirus family, is the most 

contagious viral pathogen 

known to man. Before the advent of effective vaccines, essentially the entire birth 

cohort was infected by a very  

early age. Although measles is normally a self-limiting disease in healthy subjects, the 

rash, cough and high  

fever make it an extremely unpleasant experience. The author remembers vividly 

having measles at the age of  

five and being quite miserable. Measles is a particularly nasty disease for two reasons. 

First, measles virus is  

immunosuppressive, and this results in a variety of opportunistic infections. Natural 

measles infection also has a  

group of relatively rare but serious long-term sequelae including measles inclusion 

body encephalitis and  

subacute sclerosing panencephalitis. Early vaccine development began in the 1950s 

with an inactivated virus  

strategy which was abandoned due to short-lived immunogenicity and the appearance 

of atypical measles 

disease in vaccines exposed to wild-type virus. This phenomenon is attributed to 

inappropriate priming of CD4  

T-cell responses typical of an Arthus reaction. 

Attenuation of Measles Viruses: Current live attenuated measles vaccines can be 

traced to the isolation of  

measles virus by Enders and Peebles in 1954. This virus was attenuated by Enders and 

co-workers, by passage 



in human kidney and human amnion cells to yield the Edmonston-Enders strain 

(Edmonston was the surname of  

the child from whom the virus was isolated). This strain went on to become the parent 

of several live attenuated  

measles vaccines developed in the United States, Europe, Russia, Czechoslovakia and 

Japan. A recent analysis  

of 

  

the nucleic acid sequences of the major viral antigen genes shows remarkably small 

differences between 
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