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Chapter- 1 

Virology 

 

 

 
Virology is the study of viruses and virus-like agents: their structure, classification and 
evolution, their ways to infect and exploit cells for virus reproduction, the diseases they 
cause, the techniques to isolate and culture them, and their use in research and therapy. 
Virology is often considered a part of microbiology or of pathology. 

Virus structure and classification 

A major branch of virology is virus classification. Viruses can be classified according to 
the host cell they infect: animal viruses, plant viruses, fungal viruses, and bacteriophages 
(viruses infecting bacteria, which include the most complex viruses). Another 
classification uses the geometrical shape of their capsid (often a helix or an icosahedron) 
or the virus's structure (e.g. presence or absence of a lipid envelope). Viruses range in 
size from about 30 nm to about 450 nm, which means that most of them cannot be seen 
with light microscopes. The shape and structure of viruses has been studied by electron 
microscopy, NMR spectroscopy, and X-ray crystallography. 

The most useful and most widely used classification system distinguishes viruses 
according to the type of nucleic acid they use as genetic material and the viral replication 
method they employ to coax host cells into producing more viruses: 

• DNA viruses (divided into double-stranded DNA viruses and the much less 
common single-stranded DNA viruses), 

• RNA viruses (divided into positive-sense single-stranded RNA viruses, negative-
sense single-stranded RNA viruses and the much less common double-stranded 
RNA viruses), 

• reverse transcribing viruses (double-stranded reverse-transcribing DNA viruses 
and single-stranded reverse-transcribing RNA viruses including retroviruses). 

In addition virologists also study subviral particles, infectious entities even smaller than 
viruses: viroids (naked circular RNA molecules infecting plants), satellites (nucleic acid 
molecules with or without a capsid that require a helper virus for infection and 
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reproduction), and prions (proteins that can exist in a pathological conformation that 
induces other prion molecules to assume that same conformation). 

The latest report by the International Committee on Taxonomy of Viruses (2005) lists 
5450 viruses, organized in over 2,000 species, 287 genera, 73 families and 3 orders. 

The taxa in virology are not necessarily monophyletic. In fact, the evolutionary 
relationships of the various virus groups remain unclear, and three hypotheses regarding 
their origin exist: 

1. Viruses arose from non-living matter, separately from and in parallel to other life 
forms, possibly in the form of self-reproducing RNA ribozymes similar to viroids. 

2. Viruses arose from earlier, more competent cellular life forms that became 
parasites to host cells and subsequently lost most of their functionality; examples 
of such tiny parasitic prokaryotes are Mycoplasma and Nanoarchaea. 

3. Viruses arose as parts of the genome of cells, most likely transposons or plasmids, 
that acquired the ability to "break free" from the host cell and infect other cells. 

It is of course possible that different alternatives apply to different virus groups. 

Of particular interest here is mimivirus, a giant virus that infects amoebae and carries 
much of the molecular machinery traditionally associated with bacteria. Is it a simplified 
version of a parasitic prokaryote, or did it originate as a simpler virus that acquired genes 
from its host? 

The evolution of viruses, which often occurs in concert with the evolution of their hosts, 
is studied in the field of viral evolution. 

While viruses reproduce and evolve, they don't engage in metabolism and depend on a 
host cell for reproduction. The often-debated question of whether they are alive or not is a 
matter of definition that does not affect the biological reality of viruses. 

Viral diseases and host defenses 

One main motivation for the study of viruses is the fact that they cause many important 
infectious diseases, among them the common cold, influenza, rabies, measles, many 
forms of diarrhea, hepatitis, yellow fever, polio, smallpox and AIDS. Herpes simplex 
causes cold sores and genital herpes and is under investigation as a possible factor in 
Alzheimer's. 

Some viruses, known as oncoviruses, contribute to certain forms of cancer. The best 
studied example is the association between Human papillomavirus and cervical cancer: it 
is now acknowledged that almost all cases of cervical cancer are caused by certain strains 
of this sexually transmitted virus. Another example is infection with hepatitis B and 
hepatitis C viruses, which are associated with liver cancer. 
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Some subviral particles also cause disease: the transmissible spongiform 
encephalopathies, which include Kuru, Creutzfeldt-Jakob disease and bovine spongiform 
encephalopathy ("mad cow disease"), are caused by prions, and hepatitis D is due to a 
satellite virus. 

The study of the manner in which viruses cause disease is viral pathogenesis. The degree 
to which a virus causes disease is its virulence. 

When the immune system of a vertebrate encounters a virus, it produces specific 
antibodies which bind to the virus and mark it for destruction. The presence of these 
antibodies is often used to determine whether a person has been exposed to a given virus 
in the past, with tests such as ELISA. Vaccinations protect against viral diseases, in part, 
by eliciting the production of antibodies. Specifically constructed monoclonal antibodies 
can also be used to detect the presence of viruses, with a technique called fluorescence 
microscopy. 

A second defense of vertebrates against viruses, cell-mediated immunity, involves 
immune cells known as T cells: the body's cells constantly display short fragments of 
their proteins on the cell's surface, and if a T cell recognizes a suspicious viral fragment 
there, the host cell is destroyed and the virus-specific T-cells proliferate. This mechanism 
is jump-started by certain vaccinations. 

RNA interference, an important cellular mechanism found in plants, animals and many 
other eukaryotes, most likely evolved as a defense against viruses. An elaborate 
machinery of interacting enzymes detects double-stranded RNA molecules (which occur 
as part of the life cycle of many viruses) and then proceeds to destroy all single-stranded 
versions of those detected RNA molecules. 

Every lethal viral disease presents a paradox: killing its host is obviously of no benefit to 
the virus, so how and why did it evolve to do so? Today it is believed that most viruses 
are relatively benign in their natural hosts; the lethal viral diseases are explained as 
resulting from an "accidental" jump of the virus from a species in which it is benign to a 
new one that is not accustomed to it. For example, serious influenza viruses probably 
have pigs or birds as their natural host, and HIV is thought to derive from the benign non-
human primate virus SIV. 

While it has been possible to prevent (certain) viral diseases by vaccination for a long 
time, the development of antiviral drugs to treat viral diseases is a comparatively recent 
development. The first such drug was interferon, a substance that is naturally produced 
by certain immune cells when an infection is detected and stimulates other parts of the 
immune system. 

Molecular biology research and viral therapy 

Bacteriophages, the viruses which infect bacteria, can be relatively easily grown as viral 
plaques on bacterial cultures. Bacteriophages occasionally move genetic material from 
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one bacterial cell to another in a process known as transduction, and this horizontal gene 
transfer is one reason why they served as a major research tool in the early development 
of molecular biology. The genetic code, the function of ribozymes, the first recombinant 
DNA and early genetic libraries were all arrived at using bacteriophages. Certain genetic 
elements derived from viruses, such as highly effective promoters, are commonly used in 
molecular biology research today. 

Growing animal viruses outside of the living host animal is more difficult. Classically, 
fertilized chicken eggs have often been used, but cell cultures are increasingly employed 
for this purpose today. 

Since some viruses that infect eukaryotes need to transport their genetic material into the 
host cell's nucleus, they are attractive tools for introducing new genes into the host 
(known as transformation or transfection). Modified retroviruses are often used for this 
purpose, as they integrate their genes into the host's chromosomes. 

This approach of using viruses as gene vectors is being pursued in the gene therapy of 
genetic diseases. An obvious problem to be overcome in viral gene therapy is the 
rejection of the transforming virus by the immune system. 

Phage therapy, the use of bacteriophages to combat bacterial diseases, was a popular 
research topic before the advent of antibiotics and has recently seen renewed interest. 

Oncolytic viruses are viruses that preferably infect cancer cells. While early efforts to 
employ these viruses in the therapy of cancer failed, there have been reports in 2005 and 
2006 of encouraging preliminary results. 

History of virology 

A very early form of vaccination known as variolation was developed several thousand 
years ago in China. It involved the application of materials from smallpox sufferers in 
order to immunize others. In 1717 Lady Mary Wortley Montagu observed the practice in 
Istanbul and attempted to popularize it in Britain, but encountered considerable 
resistance. In 1796 Edward Jenner developed a much safer method, using cowpox to 
successfully immunize a young boy against smallpox, and this practice was widely 
adopted. Vaccinations against other viral diseases followed, including the successful 
rabies vaccination by Louis Pasteur in 1886. The nature of viruses however was not clear 
to these researchers. 
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Martinus Beijerinck 

In 1892 Dimitri Ivanovski showed that a disease of tobacco plants, tobacco mosaic 
disease, could be transmitted by extracts that were passed through filters fine enough to 
exclude even the smallest known bacteria. In 1898 Martinus Beijerinck, also working on 
tobacco plants, found that this "filterable agent" grew in the host and was thus not a mere 
toxin. The question of whether the agent was a "living fluid" or a particle was however 
still open. 

In 1903 it was suggested for the first time that transduction by viruses might cause 
cancer. Such an oncovirus in chickens was described by Francis Peyton Rous in 1911; it 
was later called Rous sarcoma virus 1 and understood to be a retrovirus. Several other 
cancer-causing retroviruses have since been described. 

The existence of viruses that infect bacteria (bacteriophages) was first recognized by 
Frederick Twort in 1911, and, independently, by Felix d'Herelle in 1917. Since bacteria 
could be grown easily in culture, this led to an explosion of virology research. 

The cause of the devastating Spanish flu pandemic of 1918 was initially unclear. In late 
1918, French scientists showed that a "filter-passing virus" could transmit the disease to 
people and animals, fulfilling Koch's postulates. 

While plant viruses and bacteriophages can be grown comparatively easily, animal 
viruses normally require a living host animal, which complicates their study immensely. 
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In 1931 it was shown that influenza virus could be grown in fertilized chicken eggs, a 
method that is still used today to produce vaccines. In 1937, Max Theiler managed to 
grow the yellow fever virus in chicken eggs and produced a vaccine from an attenuated 
virus strain; this vaccine saved millions of lives and is still being used today. 

Max Delbrück, an important investigator in the area of bacteriophages, described the 
basic life cycle of a virus in 1937: rather than "growing", a virus particle is assembled 
from its constituent pieces in one step; eventually it leaves the host cell to infect other 
cells. The Hershey-Chase experiment in 1952 showed that only DNA and not protein 
enters a bacterial cell upon infection with bacteriophage T2. Transduction of bacteria by 
bacteriophages was first described in the same year. 

In 1949 John F. Enders, Thomas Weller and Frederick Robbins reported that they had 
been able to grow poliovirus in cultured human embryonal cells, the first significant 
example of an animal virus grown outside of animals or chicken eggs. This work aided 
Jonas Salk in deriving a polio vaccine from killed polio viruses; this vaccine was shown 
to be effective in 1955. 

The first virus that could be crystalized and whose structure could therefore be elucidated 
in detail was tobacco mosaic virus (TMV), the virus that had been studied earlier by 
Ivanovski and Beijerink. In 1935, Wendell Stanley achieved its crystallization for 
electron microscopy and showed that it remains active even after crystallization. Clear X-
ray diffraction pictures of the crystallized virus were obtained by Bernal and Fankuchen 
in 1941. Based on such pictures, Rosalind Franklin proposed the full structure of the 
tobacco mosaic virus in 1955. Also in 1955, Heinz Fraenkel-Conrat and Robley Williams 
showed that purified TMV RNA and its capsid (coat) protein can assemble by themselves 
to form functional viruses, suggesting that this simple mechanism is likely the natural 
assembly mechanism within the host cell, as Delbrück had proposed earlier. 

In 1963, the Hepatitis B virus was discovered by Baruch Blumberg who went on to 
develop a vaccine against Hepatitis B. 

In 1965, Howard Temin described the first retrovirus: an RNA-virus that was able to 
insert its genome in the form of DNA into the host's genome. Reverse transcriptase, the 
key enzyme that retroviruses use to translate their RNA into DNA, was first described in 
1970, independently by Howard Temin and David Baltimore. The first retrovirus 
infecting humans was identified by Robert Gallo in 1974. Later it was found that reverse 
transcriptase is not specific to retroviruses; retrotransposons which code for reverse 
transcriptase are abundant in the genomes of all eukaryotes. About 10-40% of the human 
genome derives from such retrotransposons. 

In 1975 the functioning of oncoviruses was clarified considerably. Until that time, it was 
thought that these viruses carried certain genes called oncogenes which, when inserted 
into the host's genome, would cause cancer. Michael Bishop and Harold Varmus showed 
that the oncogene of Rous sarcoma virus is in fact not specific to the virus but is 
contained in the genome of healthy animals of many species. The oncovirus can switch 
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this pre-existing benign proto-oncogene on, turning it into a true oncogene that causes 
cancer. 

1976 saw the first recorded outbreak of Ebola hemorrhagic fever, a highly lethal virally 
transmitted disease. 

In 1977, Frederick Sanger achieved the first complete sequencing of the genome of any 
organism, the bacteriophage Phi X 174. In the same year, Richard Roberts and Phillip 
Sharp independently showed that the genes of adenovirus contain introns and therefore 
require gene splicing. It was later realized that almost all genes of eukaryotes have 
introns as well. 

A worldwide vaccination campaign led by the UN World Health Organization resulted in 
the eradication of smallpox in 1979. 

In 1982, Stanley Prusiner discovered prions and showed that they cause scrapie. 

The first cases of AIDS were reported in 1981, and HIV, the retrovirus causing it, was 
identified in 1983 by Robert Gallo and Luc Montagnier. Tests detecting HIV infection by 
detecting the presence of HIV antibody were developed. Subsequent tremendous research 
efforts turned HIV into the best studied virus. Human Herpes Virus 8, the cause of 
Kaposi's sarcoma which is often seen in AIDS patients, was identified in 1994. Several 
antiretroviral drugs were developed in the late 1990s, decreasing AIDS mortality 
dramatically in developed countries. 

The Hepatitis C virus was identified using novel molecular cloning techniques in 1987, 
leading to screening tests that dramatically reduced the incidence of post-transfusion 
hepatitis. 

The first attempts at gene therapy involving viral vectors began in the early 1980s, when 
retroviruses were developed that could insert a foreign gene into the host's genome. They 
contained the foreign gene but did not contain the viral genome and therefore could not 
reproduce. Tests in mice were followed by tests in humans, beginning in 1989. The first 
human studies attempted to correct the genetic disease severe combined 
immunodeficiency (SCID), but clinical success was limited. In the period from 1990 to 
1995, gene therapy was tried on several other diseases and with different viral vectors, 
but it became clear that the initially high expectations were overstated. In 1999 a further 
setback occurred when 18-year-old Jesse Gelsinger died in a gene therapy trial. He 
suffered a severe immune response after having received an adenovirus vector. Success 
in the gene therapy of two cases of X-linked SCID was reported in 2000. 

In 2002 it was reported that poliovirus had been synthetically assembled in the 
laboratory, representing the first synthetic organism. Assembling the 7741-base genome 
from scratch, starting with the virus's published RNA sequence, took about two years. In 
2003 a faster method was shown to assemble the 5386-base genome of the bacteriophage 
Phi X 174 in 2 weeks. 
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The giant mimivirus, in some sense an intermediate between tiny prokaryotes and 
ordinary viruses, was described in 2003 and sequenced in 2004. 

The strain of Influenza A virus subtype H1N1 that killed up to 50 million people during 
the Spanish flu pandemic in 1918 was reconstructed in 2005. Sequence information was 
pieced together from preserved tissue samples of flu victims; viable virus was then 
synthesized from this sequence. The 2009 flu pandemic involved another strain of 
Influenza A H1N1, commonly known as "swine flu". 

By 1985, Harald zur Hausen had shown that two strains of Human papillomavirus (HPV) 
cause most cases of cervical cancer. Two vaccines protecting against these strains were 
released in 2006. 

In 2006 and 2007 it was reported that introducing a small number of specific transcription 
factor genes into normal skin cells of mice or humans can turn these cells into pluripotent 
stem cells, known as Induced Pluripotent Stem Cells. The technique uses modified 
retroviruses to transform the cells; this is a potential problem for human therapy since 
these viruses integrate their genes at a random location in the host's genome, which can 
interrupt other genes and potentially causes cancer. 
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Chapter- 2 

History of Virology 

 

 

 

 
 
Electron micrograph of the rod-shaped particles of tobacco mosaic virus that are too 
small to be seen using a light microscope 
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The history of virology – the scientific study of viruses and the infections they cause – 
begins in the closing years of the 19th century. Although Louis Pasteur and Edward 
Jenner developed the first vaccines to protect against viral infections, they did not know 
that viruses existed. The first evidence of the existence of viruses came from experiments 
with filters that had pores small enough to retain bacteria. In 1892, Dmitry Ivanovsky 
used one of these filters to show that sap from a diseased tobacco plant remained 
infectious to healthy tobacco plants despite having been filtered. Martinus Beijerinck 
called the filtered, infectious substance a "virus" and this discovery is considered to be 
the beginning of virology. In the 20th century many viruses were discovered. 

Pioneers 

 
 

Martinus Beijerinck in his laboratory in 1921 

Despite his other successes, Louis Pasteur (1822–1895) was unable to find a causative 
agent for rabies and speculated about a pathogen too small to be detected using a 
microscope. In 1884, the French microbiologist Charles Chamberland (1851–1931) 
invented a filter – known today as the Chamberland filter – that had pores smaller than 
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bacteria. Thus, he could pass a solution containing bacteria through the filter and 
completely remove them from the solution. 

In 1892, the Russian biologist Dmitry Ivanovsky (1864–1920) used this filter to study 
what is now known as the tobacco mosaic virus. His experiments showed that crushed 
leaf extracts from infected tobacco plants remain infectious after filtration. Ivanovsky 
suggested the infection might be caused by a toxin produced by bacteria, but did not 
pursue the idea. 

In 1898, the Dutch microbiologist Martinus Beijerinck (1851–1931) repeated the 
experiments and became convinced that the filtered solution contained a new form of 
infectious agent. He observed that the agent multiplied only in cells that were dividing 
and he called it a contagium vivum fluidum (soluble living germ) and re-introduced the 
word virus. Beijerinck maintained that viruses were liquid in nature, a theory later 
discredited by the American biochemist and virologist Wendell Meredith Stanley (1904–
1971), who proved they were particles. In the same year Friedrich Loeffler (1852–1915) 
and Paul Frosch (1860–1928) passed the first animal virus through a similar filter and 
discovered the cause of foot-and-mouth disease. 

In 1881, Carlos Finlay (1833–1915), a Cuban physician, first suggested that mosquitoes 
were carrying the cause of yellow fever, a theory that was proved in 1900 by Walter Reed 
(1851–1902). During 1901 and 1902, William Crawford Gorgas (1854–1920) organised 
the destruction of the mosquitoes' breeding habitats in Cuba, which dramatically reduced 
the prevalence of the disease. Gorgas later organised the elimination of the mosquitoes 
from Panama, which allowed the Panama Canal to be opened in 1914. The virus was 
finally isolated by Max Theiler (1899–1972) in 1932 who went on to develop a 
successful vaccine. 

By 1928 enough was known about viruses to enable Thomas Milton Rivers (1888–1962) 
to write the first book about all known viruses and his Filtrable Viruses was published in 
1928. Rivers, who survived typhoid fever at the age of twelve, went on to have a 
distinguished career in virology. He was born in Jonebro, Georgia USA, was awarded a 
BA degree from Emory College in 1909 and graduated in medicine at Johns Hopkins 
University in 1915. In 1926, he was invited to speak at a meeting organised by the 
Society of American Bacteriology where he said for the first time, "Viruses appear to be 
obligate parasites in the sense that their reproduction is dependent on living cells." 

That viruses were particles was not considered unnatural and fitted in nicely with the 
germ theory. It is assumed that Dr. J. Buist of Edinburgh was the first person to see virus 
particles in 1886, when he reported seeing "micrococci" in vaccine lymph. But he had 
probably seen clumps of vaccinia virus. In the years that followed, as optical microscopes 
were improved "inclusion bodies" were seen in many virus-infected cells, but these 
aggregates of virus particles were still too small to reveal any detailed structure. It was 
not until the invention of the electron microscope in 1931 by the German engineers Ernst 
Ruska (1906–1988) and Max Knoll (1887–1969), that virus particles, especially 
bacteriophages, were shown to have a complex structure. The sizes of viruses determined 
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using this new microscope fitted in well with those estimated by filtration experiments. 
Viruses were expected to be small, but the range of sizes came as a surprise. Some were 
only a little smaller than the smallest known bacteria, and the smaller viruses were of 
similar sizes to complex organic molecules. 

In 1935, Wendell Stanley examined the tobacco mosaic virus and found it was mostly 
made of protein. In 1939, Stanley and Max Lauffer (1914) separated the virus into protein 
and RNA parts. The discovery of RNA in the particles was important because in 1928, 
Fred Griffith (c.1879–1941) provided the first evidence that its "cousin", DNA, formed 
genes. 

In Pasteur's day, and for many years after his death the word "virus" was used to describe 
any cause of infectious disease. Painstaking work, by many bacteriologists, soon 
discovered the cause of numerous infections. However, some infections remained, many 
of them horrendous, but for which no bacterial cause could be found. These agents were 
invisible and could only be grown in living animals. The discovery of viruses was the key 
that unlocked the door that withheld the secrets of the cause of these mysterious 
infections. And, although Koch's postulates could not be fulfilled for many of these 
infections, this did not stop the pioneer virologists from looking for viruses in infections 
for which no other cause could be found. 

Bacteriophages 

 
 

Bacteriophage 
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Discovery 

Bacteriophages are the viruses that infect and reproduce in bacteria. They were 
discovered in the early 20th century, by the English bacteriologist Frederick Twort 
(1877–1950). But before this time, in 1896, the bacteriologist Ernest Hanbury Hankin 
(1865–1939) reported that something in the waters of the River Ganges could kill Vibrio 
cholera – the cause of cholera. Whatever it was in the water could be passed through 
filters that remove bacteria but was destroyed by boiling. Twort discovered the action of 
bacteriophages on staphylococci bacteria. He noticed that when grown on nutrient agar 
some colonies of the bacteria became watery or "glassy". He collected some of these 
watery colonies and passed them through a Chamberland filter to remove the bacteria and 
discovered that when the filtrate was added to fresh cultures of bacteria, they in turn 
became watery. He proposed that the agent might be "an amoeba, an ultramicroscopic 
virus, a living protoplasm, or an enzyme with the power of growth". 

Félix d'Herelle (1873–1949) was a mainly self-taught French-Canadian microbiologist. In 
1917 he discovered that "an invisible antagonist", when added to bacteria on agar, would 
produce areas of dead bacteria. The antagonist, now known to be a bacteriophage could 
pass through a Chamberland filter. He accurately diluted a suspension of these viruses 
and discovered that the highest dilutions (lowest virus concentrations), rather than killing 
all the bacteria, formed discrete areas of dead organisms. Counting these areas and 
multiplying by the dilution factor allowed him to calculate the number of viruses in the 
original suspension. He realised that he had discovered a new form of virus and later 
coined the term "bacteriophage". Between 1918 and 1921 d'Herelle discovered different 
types of bacteriophages that could infect several other species of bacteria including 
Vibrio cholera. Bacteriophages were heralded as a potential treatment for diseases such 
as typhoid and cholera, but their promise was forgotten with the development of 
penicillin. Since the early 1970s, bacteria have continued to develop resistance to 
antibiotics such as penicillin, and this has led to a renewed interest in the use of 
bacteriophages to treat serious infections. 

Early research 1920–1940 

 
 

Felix d'Herelle 
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D'Herelle travelled widely to promote the use of bacteriophages in the treatment of 
bacterial infections. In 1928, he became professor of biology at Yale and founded several 
research institutes. He was convinced that bacteriophages were viruses despite opposition 
from established bacteriologists such as the Nobel Prize winner Jules Bordet (1870–
1961). Bordet argued that bacteriophages were not viruses but just enzymes released 
from "lysogenic" bacteria. He said "the invisible world of d'Herelle does not exist". But 
in the 1930s, the proof that bacteriophages were viruses was provided by Christopher 
Andrews (1896–1988) and others. They showed that these viruses differed in size and in 
their chemical and serological properties. In 1940, the first electron micrograph image of 
a bacteriophage was published and this silenced sceptics who had argued that 
bacteriophages were relatively simple enzymes and not viruses. Numerous other types of 
bacteriophages were quickly discovered and were shown to infect bacteria wherever they 
are found. But this early research was interrupted by World War II. Even d'Herelle was 
silenced. Despite his Canadian citizenship, he was interned by the Vichy Government 
until the end of the war. 

Modern era 

Knowledge of bacteriophages increased in the 1940s following the formation of the 
Phage Group by scientists throughout the US. Among the members were Max Delbrück 
(1906–1981) who founded a course on bacteriophages at Cold Spring Harbor Laboratory. 
He showed that bacterial resistance to infection by bacteriophages was caused by random 
genetic mutations and not by adaptation. Other key members of the Phage Group 
included Salvador Luria (1912–1991) and Alfred Hershey (1908–1997). During the 
1950s, Hershey and Chase made important discoveries on the replication of DNA during 
their studies on a bacteriophage called T2. Together with Delbruck they were jointly 
awarded the 1969 Nobel Prize in Physiology or Medicine "for their discoveries 
concerning the replication mechanism and the genetic structure of viruses". Since then, 
the study of bacteriophages has provided insights into the switching on and off of genes, 
and a useful mechanism for introducing foreign genes into bacteria and many other 
fundamental mechanisms of molecular biology. 

Plant viruses 

In 1882, Adolf Mayer (1843–1942) described a condition of tobacco plants, which he 
called "mosaic disease" ("mozaïkziekte"). The diseased plants had variegated leaves that 
were mottled. He excluded the possibility of a fungal infection and could not detect any 
bacterium and speculated that a "soluble, enzyme-like infectious principle was involved". 
He did not pursue his idea any further, and it was the filtration experiments of Ivanovsky 
and Beijerinck that suggested the cause was a previously unrecognised infectious agent. 
After tobacco mosaic was recognized as a virus disease, virus infections of many other 
plants were discovered. 

The importance of tobacco mosaic virus in the history of viruses cannot be overstated. It 
was the first virus to be discovered, and the first to be crystallised and its structure shown 
in detail. The first X-ray diffraction pictures of the crystallised virus were obtained by 
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Bernal and Fankuchen in 1941. On the basis of her pictures, Rosalind Franklin 
discovered the full DNA structure of the virus in 1955. In the same year, Heinz Fraenkel-
Conrat and Robley Williams showed that purified tobacco mosaic virus RNA and its coat 
protein can assemble by themselves to form functional viruses, suggesting that this 
simple mechanism was probably the means through which viruses were created within 
their host cells. 

By 1935 many plant diseases were thought to be caused by viruses. In 1922, John Kunkel 
Small (1869–1938) discovered that insects could act as vectors and transmit virus to 
plants. In the following decade many diseases of plants were shown to be caused by 
viruses that were carried by insects and in 1939, Francis Holmes, a pioneer in plant 
virology, described 129 viruses that caused disease of plants. Modern, intensive 
agriculture provides a rich environment for many plant viruses. In 1948, in Kansas, US, 
7% of the wheat crop was destroyed by wheat streak mosaic virus. The virus was spread 
by mites called Aceria tulipae. 

In 1970, the Russian plant virologist Joseph Atabekov discovered that many plant viruses 
only infect a single species of host plant. The International Committee on Taxonomy of 
Viruses now recognises over 900 plant viruses. 

20th century 

By the end of the 19th century, viruses were defined in terms of their infectivity, their 
ability to be filtered, and their requirement for living hosts. Up until this time, viruses had 
only been grown in plants and animals, but in 1906, Ross Granville Harrison (1870–
1959) invented a method for growing tissue in lymph, and, in 1913, E Steinhardt, C 
Israeli, and RA Lambert used this method to grow vaccinia virus in fragments of guinea 
pig corneal tissue. In 1928, HB and MC Maitland grew vaccinia virus in suspensions of 
minced hens' kidneys. Their method was not widely adopted until the 1950s, when 
poliovirus was grown on a large scale for vaccine production. 
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Influenza 

 
 
A woman working during the 1918–1919 influenza epidemic – the face mask probably 
afforded minimal protection. 

Although the influenza virus that caused the 1918–1919 influenza pandemic was not 
discovered until the 1930s, the descriptions of the disease and subsequent research has 
proved it was to blame. The pandemic killed 40–50 million people in less than a year, but 
the proof that it was caused by a virus was not obtained until 1933. Influenza viruses are 
relatively large and are difficult to pass through a Chamberland filter and this led many 
scientists, including the eminent German bacteriologist Richard Pfeiffer (1858–1945), to 
conclude that the cause was a bacterium. A major breakthrough came in 1931, when the 
American pathologist Ernest William Goodpasture grew influenza and several other 
viruses in fertilised chickens' eggs. 

Poliomyelitis 

In 1949, John F. Enders (1897–1985) Thomas Weller (1915–2008), and Frederick 
Robbins (1916–2003) grew polio virus for the first time in cultured human embryo cells, 
the first virus to be grown without using solid animal tissue or eggs. Infections by 
poliovirus most often cause the mildest of symptoms. This was not known until the virus 
was isolated in cultured cells and many people were shown to have had mild infections 
that did not lead to poliomyelitis. But, unlike other viral infections, the incidence of polio 
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– the rarer severe form of the infection – increased in the 20th century and reached a peak 
around 1952. The invention of a cell culture system for growing the virus enabled Jonas 
Salk (1914–1995) to make an effective polio vaccine. 

Epstein-Barr virus 

Denis Parsons Burkitt (1911–1993) was born in Enniskillen, County Fermanagh, Ireland. 
He was the first to describe a type of cancer that now bears his name Burkitt's lymphoma. 
This type of cancer was endemic in equatorial Africa and was the commonest malignancy 
of children in the early 1960s. In an attempt to find a cause for the cancer, Burkitt sent 
cells from the tumour to Anthony Epstein (b. 1921) a British virologist, who along with 
Yvonne Barr and Bert Achong (1928–1996), and after many failures, discovered viruses 
that resembled herpes virus in the fluid that surrounded the cells. The virus was later 
shown to be a previously unrecognised herpes virus, which is now called Epstein-Barr 
virus. Surprisingly, Epstein-Barr virus is a very common but relatively mild infection of 
Europeans. Why it can cause such a devastating illness in Africans is not fully 
understood, but reduced immunity to virus caused by malaria might be to blame. Epstein-
Barr virus is important in the history of viruses for being the first virus shown to cause 
cancer. 

Late 20th century 

 
 

A rotavirus particle 
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The second half of the 20th century was the golden age of virus discovery and most of 
the 2,000 recognised species of animal, plant, and bacterial viruses were discovered 
during these years. In 1946, Bovine virus diarrhea was discovered, which is still possibly 
the commonest pathogen of cattle throughout the world and in 1957, equine arterivirus 
was discovered. In the 1950s, improvements in virus isolation and detection methods 
resulted in the discovery of several important human viruses including, Varicella zoster 
virus, the paramyxoviruses, – which include measles virus, and respiratory syncytial virus 
– and the rhinoviruses that cause the common cold. In the 1960s more viruses were 
discovered. In 1963, the hepatitis B virus was discovered by Baruch Blumberg (b. 1925), 
and in 1965, Howard Temin (1934–1994) described the first retrovirus. Reverse 
transcriptase, the key enzyme that retroviruses use to translate their RNA into DNA, was 
first described in 1970, independently by Howard Temin and David Baltimore (b. 1938). 
This was important to the development of antiviral drugs – a key turning-point in the 
history of viral infections. In 1983 Luc Montagnier (b. 1932) and his team at the Pasteur 
Institute in France, first isolated the retrovirus now called HIV. New viruses and strains 
of viruses were discovered in every decade of the second half of the 20th century. These 
discoveries have continued in the 21st century as new viral diseases such as SARS and 
nipah virus have emerged. Despite scientists' achievements over the past one hundred 
years, viruses continue to pose new threats and challenges. 

Some of the many viruses that were discovered in the 20th 
century 

Year Virus 
1908 poliovirus 
1911 Rous sarcoma virus 
1915 bacteriophage of staphylococci 
1917 bacteriophage of shigellae 
1918 bacteriophage of salmonellae 
1927 yellow fever virus 
1930 western equine encephalitis virus 
1933 eastern equine encephalitis virus 
1934 mumps virus 
1935 Japanese encephalitis virus 
1943 Dengue virus 
1949 enteroviruses 
1952 Varicella zoster virus 
1953 adenovirus 
1954 measles virus 
1956 paramyxoviruses, rhinovirus 
1958 monkeypox 
1962 rubella virus 
1963 hepatitis B virus 
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1964 Epstein–Barr virus 
1965 retroviruses 
1966 Lassa fever virus 
1967 Marburg virus 
1972 norovirus 
1973 rotavirus, hepatitis A virus 
1975 parvovirus B19 
1976 Ebola virus 
1980 human T-lymphotropic virus 1 
1982 human T-lymphotropic virus 2 
1983 HIV 
1986 human herpesvirus 6 
1989 hepatitis C virus 
1990 hepatitis E virus, Human herpesvirus 7 
1994 henipavirus 
1997 Anelloviridae 
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Chapter- 3 

Virus 

 

 

 
Viruses 

 
Rotavirus 

Virus classification 
Group: I–VII 

Groups 
I: dsDNA viruses 
II: ssDNA viruses 
III: dsRNA viruses 
IV: (+)ssRNA viruses 
V: (−)ssRNA viruses 
VI: ssRNA-RT viruses 
VII: dsDNA-RT viruses 
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A virus is a small infectious agent that can replicate only inside the living cells of 
organisms. Most viruses are too small to be seen directly with a light microscope. Viruses 
infect all types of organisms, from animals and plants to bacteria and archaea. Since the 
initial discovery of the tobacco mosaic virus by Martinus Beijerinck in 1898, about 5,000 
viruses have been described in detail, although there are millions of different types. 
Viruses are found in almost every ecosystem on Earth and are the most abundant type of 
biological entity. The study of viruses is known as virology, a sub-speciality of 
microbiology. 

Virus particles (known as virions) consist of two or three parts: the genetic material made 
from either DNA or RNA, long molecules that carry genetic information; a protein coat 
that protects these genes; and in some cases an envelope of lipids that surrounds the 
protein coat when they are outside a cell. The shapes of viruses range from simple helical 
and icosahedral forms to more complex structures. The average virus is about one one-
hundredth the size of the average bacterium. 

The origins of viruses in the evolutionary history of life are unclear: some may have 
evolved from plasmids – pieces of DNA that can move between cells – while others may 
have evolved from bacteria. In evolution, viruses are an important means of horizontal 
gene transfer, which increases genetic diversity. 

Viruses spread in many ways; plant viruses are often transmitted from plant to plant by 
insects that feed on sap, such as aphids, while animal viruses can be carried by blood-
sucking insects. These disease-bearing organisms are known as vectors. Influenza viruses 
are spread by coughing and sneezing. The norovirus and rotavirus, common causes of 
viral gastroenteritis, are transmitted by the faecal-oral route and are passed from person to 
person by contact, entering the body in food or water. HIV is one of several viruses 
transmitted through sexual contact and by exposure to infected blood. Viruses can infect 
only a limited range of host cells called the "host range". This can be narrow or, as when 
a virus is capable of infecting many species, broad. 

Viral infections in animals provoke an immune response that usually eliminates the 
infecting virus. Immune responses can also be produced by vaccines, which confer an 
artificially acquired immunity to the specific viral infection. However, some viruses 
including those causing AIDS and viral hepatitis evade these immune responses and 
result in chronic infections. Antibiotics have no effect on viruses, but several antiviral 
drugs have been developed. 

Etymology 

The word is from the Latin virus referring to poison and other noxious substances, first 
used in English in 1392. Virulent, from Latin virulentus (poisonous), dates to 1400. A 
meaning of "agent that causes infectious disease" is first recorded in 1728, before the 
discovery of viruses by Dmitry Ivanovsky in 1892. The plural is viruses. The adjective 
viral dates to 1948. The term virion is also used to refer to a single infective viral particle. 
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History 

 
 

Martinus Beijerinck in his laboratory in 1921 

Louis Pasteur was unable to find a causative agent for rabies and speculated about a 
pathogen too small to be detected using a microscope. In 1884, the French microbiologist 
Charles Chamberland invented a filter (known today as the Chamberland filter or 
Chamberland-Pasteur filter) with pores smaller than bacteria. Thus, he could pass a 
solution containing bacteria through the filter and completely remove them from the 
solution. In 1892, the Russian biologist Dmitry Ivanovsky used this filter to study what is 
now known as the tobacco mosaic virus. His experiments showed that crushed leaf 
extracts from infected tobacco plants remain infectious after filtration. Ivanovsky 
suggested the infection might be caused by a toxin produced by bacteria, but did not 
pursue the idea. At the time it was thought that all infectious agents could be retained by 
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filters and grown on a nutrient medium – this was part of the germ theory of disease. In 
1898, the Dutch microbiologist Martinus Beijerinck repeated the experiments and 
became convinced that the filtered solution contained a new form of infectious agent. He 
observed that the agent multiplied only in cells that were dividing, but as his experiments 
did not show that it was made of particles, he called it a contagium vivum fluidum 
(soluble living germ) and re-introduced the word virus. Beijerinck maintained that viruses 
were liquid in nature, a theory later discredited by Wendell Stanley, who proved they 
were particulate. In the same year Friedrich Loeffler and Frosch passed the first animal 
virus – agent of foot-and-mouth disease (aphthovirus) – through a similar filter. 

In the early 20th century, the English bacteriologist Frederick Twort discovered a group 
of viruses that infect bacteria, now called bacteriophages (or commonly phages), and the 
French-Canadian microbiologist Félix d'Herelle described viruses that, when added to 
bacteria on agar, would produce areas of dead bacteria. He accurately diluted a 
suspension of these viruses and discovered that the highest dilutions (lowest virus 
concentrations), rather than killing all the bacteria, formed discrete areas of dead 
organisms. Counting these areas and multiplying by the dilution factor allowed him to 
calculate the number of viruses in the original suspension. Phages were heralded as a 
potential treatment for diseases such as typhoid and cholera, but their promise was 
forgotten with the development of penicillin. The study of phages provided insights into 
the switching on and off of genes, and a useful mechanism for introducing foreign genes 
into bacteria. 

By the end of the 19th century, viruses were defined in terms of their infectivity, their 
ability to be filtered, and their requirement for living hosts. Viruses had been grown only 
in plants and animals. In 1906, Ross Granville Harrison invented a method for growing 
tissue in lymph, and, in 1913, E. Steinhardt, C. Israeli, and R. A. Lambert used this 
method to grow vaccinia virus in fragments of guinea pig corneal tissue. In 1928, H. B. 
Maitland and M. C. Maitland grew vaccinia virus in suspensions of minced hens' 
kidneys. Their method was not widely adopted until the 1950s, when poliovirus was 
grown on a large scale for vaccine production. 

Another breakthrough came in 1931, when the American pathologist Ernest William 
Goodpasture grew influenza and several other viruses in fertilized chickens' eggs. In 
1949, John F. Enders, Thomas Weller, and Frederick Robbins grew polio virus in 
cultured human embryo cells, the first virus to be grown without using solid animal tissue 
or eggs. This work enabled Jonas Salk to make an effective polio vaccine. 

The first images of viruses were obtained upon the invention of electron microscopy in 
1931 by the German engineers Ernst Ruska and Max Knoll. In 1935, American 
biochemist and virologist Wendell Meredith Stanley examined the tobacco mosaic virus 
and found it was mostly made of protein. A short time later, this virus was separated into 
protein and RNA parts. The tobacco mosaic virus was the first to be crystallised and its 
structure could therefore be elucidated in detail. The first X-ray diffraction pictures of the 
crystallised virus were obtained by Bernal and Fankuchen in 1941. On the basis of her 
pictures, Rosalind Franklin discovered the full DNA structure of the virus in 1955. In the 
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same year, Heinz Fraenkel-Conrat and Robley Williams showed that purified tobacco 
mosaic virus RNA and its coat protein can assemble by themselves to form functional 
viruses, suggesting that this simple mechanism was probably the means through which 
viruses were created within their host cells. 

The second half of the 20th century was the golden age of virus discovery and most of 
the 2,000 recognised species of animal, plant, and bacterial viruses were discovered 
during these years. In 1957, equine arterivirus and the cause of Bovine virus diarrhea (a 
pestivirus) were discovered. In 1963, the hepatitis B virus was discovered by Baruch 
Blumberg, and in 1965, Howard Temin described the first retrovirus. Reverse 
transcriptase, the key enzyme that retroviruses use to translate their RNA into DNA, was 
first described in 1970, independently by Howard Martin Temin and David Baltimore. In 
1983 Luc Montagnier's team at the Pasteur Institute in France, first isolated the retrovirus 
now called HIV. 

Origins 

Viruses are found wherever there is life and have probably existed since living cells first 
evolved. The origin of viruses is unclear because they do not form fossils, so molecular 
techniques have been the most useful means of investigating how they arose. These 
techniques rely on the availability of ancient viral DNA or RNA, but, unfortunately, most 
of the viruses that have been preserved and stored in laboratories are less than 90 years 
old. There are three main hypotheses that try to explain the origins of viruses: 

Regressive hypothesis  
Viruses may have once been small cells that parasitised larger cells. Over time, 
genes not required by their parasitism were lost. The bacteria rickettsia and 
chlamydia are living cells that, like viruses, can reproduce only inside host cells. 
They lend support to this hypothesis, as their dependence on parasitism is likely to 
have caused the loss of genes that enabled them to survive outside a cell. This is 
also called the degeneracy hypothesis, or reduction hypothesis. 

Cellular origin hypothesis  
Some viruses may have evolved from bits of DNA or RNA that "escaped" from 
the genes of a larger organism. The escaped DNA could have come from plasmids 
(pieces of naked DNA that can move between cells) or transposons (molecules of 
DNA that replicate and move around to different positions within the genes of the 
cell). Once called "jumping genes", transposons are examples of mobile genetic 
elements and could be the origin of some viruses. They were discovered in maize 
by Barbara McClintock in 1950. This is sometimes called the vagrancy 
hypothesis, or the escape hypothesis. 

Coevolution hypothesis  
This is also called the virus-first hypothesis and proposes that viruses may have 
evolved from complex molecules of protein and nucleic acid at the same time as 
cells first appeared on earth and would have been dependent on cellular life for 
billions of years. Viroids are molecules of RNA that are not classified as viruses 
because they lack a protein coat. However, they have characteristics that are 
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common to several viruses and are often called subviral agents. Viroids are 
important pathogens of plants. They do not code for proteins but interact with the 
host cell and use the host machinery for their replication. The hepatitis delta virus 
of humans has an RNA genome similar to viroids but has a protein coat derived 
from hepatitis B virus and cannot produce one of its own. It is therefore a 
defective virus and cannot replicate without the help of hepatitis B virus. 
Similarly, the virophage 'sputnik' is dependent on mimivirus, which infects the 
protozoan Acanthamoeba castellanii. These viruses that are dependent on the 
presence of other virus species in the host cell are called satellites and may 
represent evolutionary intermediates of viroids and viruses. 

Historically, there were problems with all of these hypotheses: The regressive hypothesis 
did not explain why even the smallest of cellular parasites do not resemble viruses in any 
way. The escape hypothesis did not explain the complex capsids and other structures on 
virus particles. And, the virus-first hypothesis contravened the definition of viruses in that 
they require host cells. However, viruses are now recognised as ancient and to have 
origins that pre-date the divergence of life into the three domains. This discovery has led 
modern virologists to reconsider and re-evaluate these three classical hypotheses. 

The evidence for an ancestral world of RNA cells and computer analysis of viral and host 
DNA sequences are giving a better understanding of the evolutionary relationships 
between different viruses and may help identify the ancestors of modern viruses. To date, 
such analyses have not proved which of these hypotheses are correct. However, it seems 
unlikely that all currently known viruses have a common ancestor and viruses have 
probably arisen numerous times in the past by one or more mechanisms. 

Prions are infectious protein molecules that do not contain DNA or RNA. They cause an 
infection in sheep called scrapie and cattle bovine spongiform encephalopathy ("mad 
cow" disease). In humans they cause kuru and Creutzfeldt-Jakob disease. They are able to 
replicate because some proteins can exist in two different shapes and the prion changes 
the normal shape of a host protein into the prion shape. This starts a chain reaction where 
each prion protein converts many host proteins into more prions, and these new prions 
then go on to convert even more protein into prions. Although they are fundamentally 
different from viruses and viroids, their discovery gives credence to the idea that viruses 
could have evolved from self-replicating molecules. 

Microbiology 

Life properties 

Opinions differ on whether viruses are a form of life, or organic structures that interact 
with living organisms. They have been described as "organisms at the edge of life", since 
they resemble organisms in that they possess genes and evolve by natural selection, and 
reproduce by creating multiple copies of themselves through self-assembly. Although 
they have genes, they do not have a cellular structure, which is often seen as the basic 
unit of life. Viruses do not have their own metabolism, and require a host cell to make 
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new products. They therefore cannot naturally reproduce outside a host cell – although 
bacterial species such as rickettsia and chlamydia are considered living organisms despite 
the same limitation. Accepted forms of life use cell division to reproduce, whereas 
viruses spontaneously assemble within cells. They differ from autonomous growth of 
crystals as they inherit genetic mutations while being subject to natural selection. Virus 
self-assembly within host cells has implications for the study of the origin of life, as it 
lends further credence to the hypothesis that life could have started as self-assembling 
organic molecules. 

Structure 

 
 
Diagram of how a virus capsid can be constructed using multiple copies of just two 
protein molecules 

Viruses display a wide diversity of shapes and sizes, called morphologies. Generally 
viruses are much smaller than bacteria. Most viruses that have been studied have a 
diameter between 10 and 300 nanometres. Some filoviruses have a total length of up to 
1400 nm; their diameters are only about 80 nm. Most viruses cannot be seen with a light 
microscope so scanning and transmission electron microscopes are used to visualise 
virions. To increase the contrast between viruses and the background, electron-dense 
"stains" are used. These are solutions of salts of heavy metals, such as tungsten, that 
scatter the electrons from regions covered with the stain. When virions are coated with 
stain (positive staining), fine detail is obscured. Negative staining overcomes this 
problem by staining the background only. 
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A complete virus particle, known as a virion, consists of nucleic acid surrounded by a 
protective coat of protein called a capsid. These are formed from identical protein 
subunits called capsomers. Viruses can have a lipid "envelope" derived from the host cell 
membrane. The capsid is made from proteins encoded by the viral genome and its shape 
serves as the basis for morphological distinction. Virally coded protein subunits will self-
assemble to form a capsid, generally requiring the presence of the virus genome. 
Complex viruses code for proteins that assist in the construction of their capsid. Proteins 
associated with nucleic acid are known as nucleoproteins, and the association of viral 
capsid proteins with viral nucleic acid is called a nucleocapsid. The capsid and entire 
virus structure can be mechanically (physically) probed through atomic force 
microscopy. In general, there are four main morphological virus types: 

 
 

RNA coiled in a helix of repeating protein sub-units 
 

 
 

Electron micrograph of icosahedral adenovirus 
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Herpes viruses have a lipid envelope 

 
Helical  

These viruses are composed of a single type of capsomer stacked around a central 
axis to form a helical structure, which may have a central cavity, or hollow tube. 
This arrangement results in rod-shaped or filamentous virions: these can be short 
and highly rigid, or long and very flexible. The genetic material, generally single-
stranded RNA, but ssDNA in some cases, is bound into the protein helix by 
interactions between the negatively charged nucleic acid and positive charges on 
the protein. Overall, the length of a helical capsid is related to the length of the 
nucleic acid contained within it and the diameter is dependent on the size and 
arrangement of capsomers. The well-studied tobacco mosaic virus is an example 
of a helical virus. 

Icosahedral  
Most animal viruses are icosahedral or near-spherical with icosahedral symmetry. 
A regular icosahedron is the optimum way of forming a closed shell from 
identical sub-units. The minimum number of identical capsomers required is 
twelve, each composed of five identical sub-units. Many viruses, such as 
rotavirus, have more than twelve capsomers and appear spherical but they retain 
this symmetry. Capsomers at the apices are surrounded by five other capsomers 
and are called pentons. Capsomers on the triangular faces are surrounded by six 
others and are call hexons. 

Envelope  
Some species of virus envelop themselves in a modified form of one of the cell 
membranes, either the outer membrane surrounding an infected host cell, or 
internal membranes such as nuclear membrane or endoplasmic reticulum, thus 



_________________WORLD TECHNOLOGIES_________________

WT

gaining an outer lipid bilayer known as a viral envelope. This membrane is 
studded with proteins coded for by the viral genome and host genome; the lipid 
membrane itself and any carbohydrates present originate entirely from the host. 
The influenza virus and HIV use this strategy. Most enveloped viruses are 
dependent on the envelope for their infectivity. 

Complex  
These viruses possess a capsid that is neither purely helical, nor purely 
icosahedral, and that may possess extra structures such as protein tails or a 
complex outer wall. Some bacteriophages, such as Enterobacteria phage T4 have 
a complex structure consisting of an icosahedral head bound to a helical tail, 
which may have a hexagonal base plate with protruding protein tail fibres. This 
tail structure acts like a molecular syringe, attaching to the bacterial host and then 
injecting the viral genome into the cell. 

The poxviruses are large, complex viruses that have an unusual morphology. The viral 
genome is associated with proteins within a central disk structure known as a nucleoid. 
The nucleoid is surrounded by a membrane and two lateral bodies of unknown function. 
The virus has an outer envelope with a thick layer of protein studded over its surface. The 
whole virion is slightly pleiomorphic, ranging from ovoid to brick shape. Mimivirus is 
the largest known virus, with a capsid diameter of 400 nm. Protein filaments measuring 
100 nm project from the surface. The capsid appears hexagonal under an electron 
microscope, therefore the capsid is probably icosahedral. 

Some viruses that infect Archaea have complex structures that are unrelated to any other 
form of virus, with a wide variety of unusual shapes, ranging from spindle-shaped 
structures, to viruses that resemble hooked rods, teardrops or even bottles. Other archaeal 
viruses resemble the tailed bacteriophages, and can have multiple tail structures. 

Genome 

Genomic diversity among viruses 

Property Parameters 

Nucleic acid 

• DNA 
• RNA 
• Both DNA 

and RNA (at 
different 
stages in the 
life cycle) 

Shape 

• Linear 
• Circular 
• Segmented 

Strandedness • Single-
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stranded 
• Double-

stranded 
• Double-

stranded with 
regions of 
single-
strandedness 

Sense 

• Positive sense 
(+) 

• Negative 
sense (−) 

• Ambisense 
(+/−) 

An enormous variety of genomic structures can be seen among viral species; as a group 
they contain more structural genomic diversity than plants, animals, archaea, or bacteria. 
There are millions of different types of viruses, although only about 5,000 of them have 
been described in detail. A virus has either DNA or RNA genes and is called a DNA 
virus or a RNA virus respectively. The vast majority of viruses have RNA genomes. 
Plant viruses tend to have single-stranded RNA genomes and bacteriophages tend to have 
double-stranded DNA genomes. 

Viral genomes are circular, as in the polyomaviruses, or linear, as in the adenoviruses. 
The type of nucleic acid is irrelevant to the shape of the genome. Among RNA viruses 
and certain DNA viruses, the genome is often divided up into separate parts, in which 
case it is called segmented. For RNA viruses, each segment often codes for only one 
protein and they are usually found together in one capsid. However, all segments are not 
required to be in the same virion for the virus to be infectious, as demonstrated by brome 
mosaic virus and several other plant viruses. 

A viral genome, irrespective of nucleic acid type, is almost always either single-stranded 
or double-stranded. Single-stranded genomes consist of an unpaired nucleic acid, 
analogous to one-half of a ladder split down the middle. Double-stranded genomes 
consist of two complementary paired nucleic acids, analogous to a ladder. The virus 
particles of some virus families, such as those belonging to the Hepadnaviridae, contain a 
genome that is partially double-stranded and partially single-stranded. 

For most viruses with RNA genomes and some with single-stranded DNA genomes, the 
single strands are said to be either positive-sense (called the plus-strand) or negative-
sense (called the minus-strand), depending on whether or not they are complementary to 
the viral messenger RNA (mRNA). Positive-sense viral RNA is in the same sense as viral 
mRNA and thus at least a part of it can be immediately translated by the host cell. 
Negative-sense viral RNA is complementary to mRNA and thus must be converted to 
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positive-sense RNA by an RNA-dependent RNA polymerase before translation. DNA 
nomenclature for viruses with single-sense genomic ssDNA is similar to RNA 
nomenclature, in that the coding strand for the viral mRNA is complementary to it (−), 
and the non-coding strand is a copy of it (+). However, several types of ssDNA and 
ssRNA viruses have genomes which are ambisense in that transcription can occur off 
both strands in a double-stranded replicative intermediate. Examples include 
geminiviruses, which are ssDNA plant viruses and arenaviruses, which are ssRNA 
viruses of animals. 

Genome size varies greatly between species. The smallest viral genomes – the ssDNA 
circoviruses, family Circoviridae – code for only two proteins and have a genome size of 
only 2 kilobases; the largest – mimiviruses – have genome sizes of over 1.2 megabases 
and code for over one thousand proteins. RNA viruses generally have smaller genome 
sizes than DNA viruses because of a higher error-rate when replicating, and have a 
maximum upper size limit. Beyond this limit, errors in the genome when replicating 
render the virus useless or uncompetitive. To compensate for this, RNA viruses often 
have segmented genomes – the genome is split into smaller molecules – thus reducing the 
chance that an error in a single-component genome will incapacitate the entire genome. 
In contrast, DNA viruses generally have larger genomes because of the high fidelity of 
their replication enzymes. Single-strand DNA viruses are an exception to this rule, 
however, as mutation rates for these genomes can approach the extreme of the ssRNA 
virus case. 
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How antigenic shift, or reassortment, can result in novel and highly pathogenic strains of 
human influenza 

Viruses undergo genetic change by several mechanisms. These include a process called 
genetic drift where individual bases in the DNA or RNA mutate to other bases. Most of 
these point mutations are "silent" – they do not change the protein that the gene encodes – 
but others can confer evolutionary advantages such as resistance to antiviral drugs. 
Antigenic shift occurs when there is a major change in the genome of the virus. This can 
be a result of recombination or reassortment. When this happens with influenza viruses, 
pandemics might result. RNA viruses often exist as quasispecies or swarms of viruses of 
the same species but with slightly different genome nucleoside sequences. Such 
quasispecies are a prime target for natural selection. 

Segmented genomes confer evolutionary advantages; different strains of a virus with a 
segmented genome can shuffle and combine genes and produce progeny viruses or 
(offspring) that have unique characteristics. This is called reassortment or viral sex. 

Genetic recombination is the process by which a strand of DNA is broken and then joined 
to the end of a different DNA molecule. This can occur when viruses infect cells 
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simultaneously and studies of viral evolution have shown that recombination has been 
rampant in the species studied. Recombination is common to both RNA and DNA 
viruses. 

Replication cycle 

Viral populations do not grow through cell division, because they are acellular. Instead, 
they use the machinery and metabolism of a host cell to produce multiple copies of 
themselves, and they assemble in the cell. 

 
 

A typical virus replication cycle 
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Some bacteriophages inject their genomes into bacterial cells 

The life cycle of viruses differs greatly between species but there are six basic stages in 
the life cycle of viruses: 

• Attachment is a specific binding between viral capsid proteins and specific 
receptors on the host cellular surface. This specificity determines the host range of 
a virus. For example, HIV infects a limited range of human leucocytes. This is 
because its surface protein, gp120, specifically interacts with the CD4 molecule – 
a chemokine receptor – which is most commonly found on the surface of CD4+ 
T-Cells. This mechanism has evolved to favour those viruses that only infect cells 
in which they are capable of replication. Attachment to the receptor can induce 
the a viral envelope protein to undergo changes that results in the fusion of viral 
and cellular membranes, or changes of non-enveloped virus surface proteins that 
allow the virus to enter. 

• Penetration follows attachment: virions enter the host cell through receptor 
mediated endocytosis or membrane fusion. This is often called viral entry. The 
infection of plant and probably fungal cells is different from that of animal cells. 
Plants have a rigid cell wall made of cellulose, and fungi one of chitin, so most 
viruses can only get inside the cells after trauma to the cell wall. However, nearly 
all plant viruses (such as tobacco mosaic virus) can also move directly from cell 
to cell, in the form of single-stranded nucleoprotein complexes, through pores 



_________________WORLD TECHNOLOGIES_________________

WT

called plasmodesmata. This process requires movement proteins, which are virus-
encoded proteins probably originally derived from plant proteins, which interact 
with the plasmodesmatal transport machinery Bacteria, like plants, have strong 
cell walls that a virus must breach to infect the cell. However, given that bacterial 
cell walls are much less thick than plant cell walls due to their much smaller size, 
some viruses have evolved mechanisms that inject their genome into the bacterial 
cell across the cell wall, while the viral capsid remains outside. 

• Uncoating is a process in which the viral capsid is removed: this may be by 
degradation by viral enzymes or host enzymes or by simple dissociation; the end 
result is the releasing of the viral genomic nucleic acid. 

• Replication of viruses primarily involves multiplication of the genome; however, 
this involves synthesis of viral messenger RNA (mRNA) for all viruses except 
some positive sense RNA viruses, from "early" genes; viral protein synthesis, 
possible assembly of viral proteins, then viral genome replication mediated by 
early or regulatory protein expression. This may be followed, for complex viruses 
with larger genomes, by one or more further rounds of mRNA synthesis: "late" 
gene expression is generally of structural or virion proteins. 

• Following the structure-mediated self-assembly of the virus particles, some 
modification of the proteins often occurs. In viruses such as HIV, this 
modification (sometimes called maturation) occurs after the virus has been 
released from the host cell. 

• Viruses can be released from the host cell by lysis, a process that kills the cell by 
bursting its membrane and cell wall if present: this is a feature of many bacterial 
and some animal viruses. Some viruses undergo a lysogenic cycle where the viral 
genome is incorporated by genetic recombination into a specific place in the 
host's chromosome. The viral genome is then known as a "provirus" or, in the 
case of bacteriophages a "prophage". Whenever the host divides, the viral genome 
is also replicated. The viral genome is mostly silent within the host; however, at 
some point, the provirus or prophage may give rise to active virus, which may 
lyse the host cells. Enveloped viruses (e.g., HIV) typically are released from the 
host cell by budding. During this process the virus acquires its envelope, which is 
a modified piece of the host's plasma or other, internal membrane. 

The genetic material within virus particles, and the method by which the material is 
replicated, varies considerably between different types of viruses. 

DNA viruses  
The genome replication of most DNA viruses takes place in the cell's nucleus. If 
the cell has the appropriate receptor on its surface, these viruses enter the cell 
sometimes by direct fusion with the cell membrane (e.g.: herpesviruses) or – more 
usually – by receptor-mediated endocytosis. Most DNA viruses are entirely 
dependent on the host cell's DNA and RNA synthesising machinery, and RNA 
processing machinery; however, viruses with larger genomes may encode much 
of this machinery themselves. In eukaryotes the viral genome must cross the cell's 
nuclear membrane to access this machinery, while in bacteria it need only enter 
the cell. 
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RNA viruses  
Replication usually takes place in the cytoplasm. RNA viruses can be placed into 
four different groups depending on their modes of replication. The polarity 
(whether or not it can be used directly by ribosomes to make proteins) of single-
stranded RNA viruses largely determines the replicative mechanism; the other 
major criterion is whether the genetic material is single-stranded or double-
stranded. All RNA viruses use their own RNA replicase enzymes to create copies 
of their genomes. 

Reverse transcribing viruses  
These have ssRNA (Retroviridae, Metaviridae, Pseudoviridae) or dsDNA 
(Caulimoviridae, and Hepadnaviridae) in their particles. Reverse transcribing 
viruses with RNA genomes (retroviruses), use a DNA intermediate to replicate, 
whereas those with DNA genomes (pararetroviruses) use an RNA intermediate 
during genome replication. Both types use a reverse transcriptase, or RNA-
dependent DNA polymerase enzyme, to carry out the nucleic acid conversion. 
Retroviruses integrate the DNA produced by reverse transcription into the host 
genome as a provirus as a part of the replication process; pararetroviruses do not, 
although integrated genome copies of especially plant pararetroviruses can give 
rise to infectious virus. They are susceptible to antiviral drugs that inhibit the 
reverse transcriptase enzyme, e.g. zidovudine and lamivudine. An example of the 
first type is HIV, which is a retrovirus. Examples of the second type are the 
Hepadnaviridae, which includes Hepatitis B virus. 

Effects on the host cell 

The range of structural and biochemical effects that viruses have on the host cell is 
extensive. These are called cytopathic effects. Most virus infections eventually result in 
the death of the host cell. The causes of death include cell lysis, alterations to the cell's 
surface membrane and apoptosis. Often cell death is caused by cessation of its normal 
activities because of suppression by virus-specific proteins, not all of which are 
components of the virus particle. 

Some viruses cause no apparent changes to the infected cell. Cells in which the virus is 
latent and inactive show few signs of infection and often function normally. This causes 
persistent infections and the virus is often dormant for many months or years. This is 
often the case with herpes viruses. Some viruses, such as Epstein-Barr virus, can cause 
cells to proliferate without causing malignancy, while others, such as papillomaviruses, 
are established causes of cancer. 

Host range 

Viruses are by far the most abundant parasites on earth and they have been found to 
infect all types of cellular life including animals, plants and bacteria. However, different 
types of viruses can only infect a limited range of hosts and many are species-specific. 
Some, such as smallpox virus for example, can only infect one species – in this case 
humans, and are said to have a narrow host range. Other viruses, such as rabies virus, can 
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infect different species of mammals and are said to have a broad range. The viruses that 
infect plants are harmless to animals and most viruses that infect other animals are 
harmless to humans. The host range of some bacteriophages is limited to a single strain of 
bacteria and they can be used to trace the source of outbreaks of infections by a method 
called phage typing. 

Classification 

Classification seeks to describe the diversity of viruses by naming and grouping them on 
the basis of similarities. In 1962, André Lwoff, Robert Horne, and Paul Tournier were the 
first to develop a means of virus classification, based on the Linnaean hierarchical 
system. This system bases classification on phylum, class, order, family, genus, and 
species. Viruses were grouped according to their shared properties (not those of their 
hosts) and the type of nucleic acid forming their genomes. Later the International 
Committee on Taxonomy of Viruses was formed. However, viruses are not classified on 
the basis of phylum or class, as their small genome size and high rate of mutation makes 
it difficult to determine their ancestry beyond Order. As such, the Baltimore 
Classification is used to supplement the more traditional hierarchy. 

ICTV classification 

The International Committee on Taxonomy of Viruses (ICTV) developed the current 
classification system and wrote guidelines that put a greater weight on certain virus 
properties to maintain family uniformity. A unified taxonomy (a universal system for 
classifying viruses) has been established. The 7th lCTV Report formalised for the first 
time the concept of the virus species as the lowest taxon (group) in a branching hierarchy 
of viral taxa. However, at present only a small part of the total diversity of viruses has 
been studied, with analyses of samples from humans finding that about 20% of the virus 
sequences recovered have not been seen before, and samples from the environment, such 
as from seawater and ocean sediments, finding that the large majority of sequences are 
completely novel. 

The general taxonomic structure is as follows: 

Order (-virales)  
Family (-viridae)  
Subfamily (-virinae)  
Genus (-virus)  
Species (-virus) 

In the current (2008) ICTV taxonomy, five orders have been established, the 
Caudovirales, Herpesvirales, Mononegavirales, Nidovirales, and Picornavirales. The 
committee does not formally distinguish between subspecies, strains, and isolates. In total 
there are 5 orders, 82 families, 11 subfamilies, 307 genera, 2,083 species and about 3,000 
types yet unclassified. 
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Baltimore classification 

 
 
The Baltimore Classification of viruses is based on the method of viral mRNA synthesis. 

The Nobel Prize-winning biologist David Baltimore devised the Baltimore classification 
system. The ICTV classification system is used in conjunction with the Baltimore 
classification system in modern virus classification. 

The Baltimore classification of viruses is based on the mechanism of mRNA production. 
Viruses must generate mRNAs from their genomes to produce proteins and replicate 
themselves, but different mechanisms are used to achieve this in each virus family. Viral 
genomes may be single-stranded (ss) or double-stranded (ds), RNA or DNA, and may or 
may not use reverse transcriptase (RT). Additionally, ssRNA viruses may be either sense 
(+) or antisense (−). This classification places viruses into seven groups: 

• I: dsDNA viruses (e.g. Adenoviruses, Herpesviruses, Poxviruses) 
• II: ssDNA viruses (+)sense DNA (e.g. Parvoviruses) 
• III: dsRNA viruses (e.g. Reoviruses) 
• IV: (+)ssRNA viruses (+)sense RNA (e.g. Picornaviruses, Togaviruses) 
• V: (−)ssRNA viruses (−)sense RNA (e.g. Orthomyxoviruses, Rhabdoviruses) 
• VI: ssRNA-RT viruses (+)sense RNA with DNA intermediate in life-cycle (e.g. 

Retroviruses) 
• VII: dsDNA-RT viruses (e.g. Hepadnaviruses) 

As an example of viral classification, the chicken pox virus, varicella zoster (VZV), 
belongs to the order Herpesvirales, family Herpesviridae, subfamily Alphaherpesvirinae, 
and genus Varicellovirus. VZV is in Group I of the Baltimore Classification because it is 
a dsDNA virus that does not use reverse transcriptase. 
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Viruses and human disease 

 
 

Overview of the main types of viral infection and the most notable species involved 

Examples of common human diseases caused by viruses include the common cold, 
influenza, chickenpox and cold sores. Many serious diseases such as ebola, AIDS, avian 
influenza and SARS are caused by viruses. The relative ability of viruses to cause disease 
is described in terms of virulence. Other diseases are under investigation as to whether 
they too have a virus as the causative agent, such as the possible connection between 
human herpes virus six (HHV6) and neurological diseases such as multiple sclerosis and 
chronic fatigue syndrome. There is controversy over whether the borna virus, previously 
thought to cause neurological diseases in horses, could be responsible for psychiatric 
illnesses in humans. 

Viruses have different mechanisms by which they produce disease in an organism, which 
largely depends on the viral species. Mechanisms at the cellular level primarily include 
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cell lysis, the breaking open and subsequent death of the cell. In multicellular organisms, 
if enough cells die the whole organism will start to suffer the effects. Although viruses 
cause disruption of healthy homeostasis, resulting in disease, they may exist relatively 
harmlessly within an organism. An example would include the ability of the herpes 
simplex virus, which causes cold sores, to remain in a dormant state within the human 
body. This is called latency and is a characteristic of the herpes viruses including Epstein-
Barr virus, which causes glandular fever, and varicella zoster virus, which causes 
chickenpox and shingles. Most people have been infected with at least one of these types 
of herpes virus. However, these latent viruses might sometimes be beneficial, as the 
presence of the virus can increase immunity against bacterial pathogens, such as Yersinia 
pestis. 

Some viruses can cause life-long or chronic infections, where the viruses continue to 
replicate in the body despite the host's defence mechanisms. This is common in hepatitis 
B virus and hepatitis C virus infections. People chronically infected are known as 
carriers, as they serve as reservoirs of infectious virus. In populations with a high 
proportion of carriers, the disease is said to be endemic. 

Epidemiology 

Viral epidemiology is the branch of medical science that deals with the transmission and 
control of virus infections in humans. Transmission of viruses can be vertical, that is from 
mother to child, or horizontal, which means from person to person. Examples of vertical 
transmission include hepatitis B virus and HIV where the baby is born already infected 
with the virus. Another, more rare, example is the varicella zoster virus, which although 
causing relatively mild infections in humans, can be fatal to the foetus and newly born 
baby. 

Horizontal transmission is the most common mechanism of spread of viruses in 
populations. Transmission can occur when: body fluids are exchanged during sexual 
activity, e.g. HIV; blood is exchanged by contaminated transfusion or needle sharing, e.g. 
hepatitis C; a child is born to an infected mother, e.g. hepatitis B; exchange of saliva by 
mouth, e.g. Epstein-Barr virus; contaminated food or water is ingested, e.g. norovirus; 
aerosols containing virions are inhaled, e.g. influenza virus; and insect vectors such as 
mosquitoes penetrate the skin of a host, e.g. dengue. The rate or speed of transmission of 
viral infections depends on factors that include population density, the number of 
susceptible individuals, (i.e. those who are not immune), the quality of health care and the 
weather. 

Epidemiology is used to break the chain of infection in populations during outbreaks of 
viral diseases. Control measures are used that are based on knowledge of how the virus is 
transmitted. It is important to find the source, or sources, of the outbreak and to identify 
the virus. Once the virus has been identified, the chain of transmission can sometimes be 
broken by vaccines. When vaccines are not available sanitation and disinfection can be 
effective. Often infected people are isolated from the rest of the community and those 
that have been exposed to the virus placed in quarantine. To control the outbreak of foot 
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and mouth disease in cattle in Britain in 2001, thousands of cattle were slaughtered. Most 
viral infections of humans and other animals have incubation periods during which the 
infection causes no signs or symptoms. Incubation periods for viral diseases range from a 
few days to weeks but are known for most infections. Somewhat overlapping, but mainly 
following the incubation period, there is a period of communicability; a time when an 
infected individual or animal is contagious and can infect another person or animal. This 
too is known for many viral infections and knowledge the length of both periods is 
important in the control of outbreaks. When outbreaks cause an unusually high 
proportion of cases in a population, community or region they are called epidemics. If 
outbreaks spread worldwide they are called pandemics. 

Epidemics and pandemics 

 
 

Transmission electron microscope image of a recreated 1918 influenza virus 

Native American populations were devastated by contagious diseases, particularly 
smallpox, brought to the Americas by European colonists. It is unclear how many Native 
Americans were killed by foreign diseases after the arrival of Columbus in the Americas, 
but the numbers have been estimated to be close to 70% of the indigenous population. 
The damage done by this disease significantly aided European attempts to displace and 
conquer the native population. 

A pandemic is a worldwide epidemic. The 1918 flu pandemic, commonly referred to as 
the Spanish flu, was a category 5 influenza pandemic caused by an unusually severe and 
deadly influenza A virus. The victims were often healthy young adults, in contrast to 
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most influenza outbreaks, which predominantly affect juvenile, elderly, or otherwise 
weakened patients. 

The Spanish flu pandemic lasted from 1918 to 1919. Older estimates say it killed 40–
50 million people, while more recent research suggests that it may have killed as many as 
100 million people, or 5% of the world's population in 1918. Most researchers believe 
that HIV originated in sub-Saharan Africa during the 20th century; it is now a pandemic, 
with an estimated 38.6 million people now living with the disease worldwide. The Joint 
United Nations Programme on HIV/AIDS (UNAIDS) and the World Health Organization 
(WHO) estimate that AIDS has killed more than 25 million people since it was first 
recognised on June 5, 1981, making it one of the most destructive epidemics in recorded 
history. In 2007 there were 2.7 million new HIV infections and 2 million HIV-related 
deaths. 

 
 

Marburg virus 

Several highly lethal viral pathogens are members of the Filoviridae. Filoviruses are 
filament-like viruses that cause viral hemorrhagic fever, and include the ebola and 
marburg viruses. The Marburg virus attracted widespread press attention in April 2005 
for an outbreak in Angola. Beginning in October 2004 and continuing into 2005, the 
outbreak was the world's worst epidemic of any kind of viral hemorrhagic fever. 
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Cancer 

Viruses are an established cause of cancer in humans and other species. Viral cancers 
only occur in a minority of infected persons (or animals). Cancer viruses come from a 
range of virus families, including both RNA and DNA viruses, and so there is no single 
type of "oncovirus" (an obsolete term originally used for acutely transforming 
retroviruses). The development of cancer is determined by a variety of factors such as 
host immunity and mutations in the host. Viruses accepted to cause human cancers 
include some genotypes of human papillomavirus, hepatitis B virus, hepatitis C virus, 
Epstein-Barr virus, Kaposi's sarcoma-associated herpesvirus and human T-lymphotropic 
virus. The most recently discovered human cancer virus is a polyomavirus (Merkel cell 
polyomavirus) that causes most cases of a rare form of skin cancer called Merkel cell 
carcinoma. Hepatitis viruses can develop into a chronic viral infection that leads to liver 
cancer. Infection by human T-lymphotropic virus can lead to tropical spastic paraparesis 
and adult T-cell leukemia. Human papillomaviruses are an established cause of cancers 
of cervix, skin, anus, and penis. Within the Herpesviridae, Kaposi's sarcoma-associated 
herpesvirus causes Kaposi's sarcoma and body cavity lymphoma, and Epstein–Barr virus 
causes Burkitt's lymphoma, Hodgkin’s lymphoma, B lymphoproliferative disorder and 
nasopharyngeal carcinoma. Merkel cell polyomavirus closely related to SV40 and mouse 
polyomaviruses that have been used as animal models for cancer viruses for over 50 
years. 

Host defence mechanisms 

The body's first line of defence against viruses is the innate immune system. This 
comprises cells and other mechanisms that defend the host from infection in a non-
specific manner. This means that the cells of the innate system recognise, and respond to, 
pathogens in a generic way, but unlike the adaptive immune system, it does not confer 
long-lasting or protective immunity to the host. 

RNA interference is an important innate defence against viruses. Many viruses have a 
replication strategy that involves double-stranded RNA (dsRNA). When such a virus 
infects a cell, it releases its RNA molecule or molecules, which immediately bind to a 
protein complex called dicer that cuts the RNA into smaller pieces. A biochemical 
pathway called the RISC complex is activated, which degrades the viral mRNA and the 
cell survives the infection. Rotaviruses avoid this mechanism by not uncoating fully 
inside the cell and by releasing newly produced mRNA through pores in the particle's 
inner capsid. The genomic dsRNA remains protected inside the core of the virion. 

When the adaptive immune system of a vertebrate encounters a virus, it produces specific 
antibodies that bind to the virus and render it non-infectious. This is called humoral 
immunity. Two types of antibodies are important. The first, called IgM, is highly 
effective at neutralizing viruses but is only produced by the cells of the immune system 
for a few weeks. The second, called IgG, is produced indefinitely. The presence of IgM 
in the blood of the host is used to test for acute infection, whereas IgG indicates an 
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infection sometime in the past. IgG antibody is measured when tests for immunity are 
carried out. 

 
 
Two rotaviruses: the one on the right is coated with antibodies that stop its attaching to 
cells and infecting them 

A second defence of vertebrates against viruses is called cell-mediated immunity and 
involves immune cells known as T cells. The body's cells constantly display short 
fragments of their proteins on the cell's surface, and if a T cell recognises a suspicious 
viral fragment there, the host cell is destroyed by killer T cells and the virus-specific T-
cells proliferate. Cells such as the macrophage are specialists at this antigen presentation. 
The production of interferon is an important host defence mechanism. This is a hormone 
produced by the body when viruses are present. Its role in immunity is complex, but it 
eventually stops the viruses from reproducing by killing the infected cell and its close 
neighbours. 

Not all virus infections produce a protective immune response in this way. HIV evades 
the immune system by constantly changing the amino acid sequence of the proteins on 
the surface of the virion. These persistent viruses evade immune control by sequestration, 
blockade of antigen presentation, cytokine resistance, evasion of natural killer cell 
activities, escape from apoptosis, and antigenic shift. Other viruses, called neurotropic 
viruses, are disseminated by neural spread where the immune system may be unable to 
reach them. 

Prevention and treatment 

Because viruses use vital metabolic pathways within host cells to replicate, they are 
difficult to eliminate without using drugs that cause toxic effects to host cells in general. 
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The most effective medical approaches to viral diseases are vaccinations to provide 
immunity to infection, and antiviral drugs that selectively interfere with viral replication. 

Vaccines 

Vaccination is a cheap and effective way of preventing infections by viruses. Vaccines 
were used to prevent viral infections long before the discovery of the actual viruses. Their 
use has resulted in a dramatic decline in morbidity (illness) and mortality (death) 
associated with viral infections such as polio, measles, mumps and rubella. Smallpox 
infections have been eradicated. Vaccines are available to prevent over thirteen viral 
infections of humans, and more are used to prevent viral infections of animals. Vaccines 
can consist of live-attenuated or killed viruses, or viral proteins (antigens). Live vaccines 
contain weakened forms of the virus, which do not cause the disease but nonetheless 
confer immunity. Such viruses are called attenuated. Live vaccines can be dangerous 
when given to people with a weak immunity, (who are described as 
immunocompromised), because in these people, the weakened virus can cause the 
original disease. Biotechnology and genetic engineering techniques are used to produce 
subunit vaccines. These vaccines use only the capsid proteins of the virus. Hepatitis B 
vaccine is an example of this type of vaccine. Subunit vaccines are safe for 
immunocompromised patients because they cannot cause the disease. The yellow fever 
virus vaccine, a live-attenuated strain called 17D, is probably the safest and most 
effective vaccine ever generated. 

Antiviral drugs 

 
 

Guanosine 
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The guanosine analogue Aciclovir 

Antiviral drugs are often nucleoside analogues, (fake DNA building blocks), which 
viruses mistakenly incorporate into their genomes during replication. The life-cycle of the 
virus is then halted because the newly synthesised DNA is inactive. This is because these 
analogues lack the hydroxyl groups, which, along with phosphorus atoms, link together 
to form the strong "backbone" of the DNA molecule. This is called DNA chain 
termination. Examples of nucleoside analogues are aciclovir for Herpes simplex virus 
infections and lamivudine for HIV and Hepatitis B virus infections. Aciclovir is one of 
the oldest and most frequently prescribed antiviral drugs. Other antiviral drugs in use 
target different stages of the viral life cycle. HIV is dependent on a proteolytic enzyme 
called the HIV-1 protease for it to become fully infectious. There is a large class of drugs 
called protease inhibitors that inactivate this enzyme. 

Hepatitis C is caused by an RNA virus. In 80% of people infected, the disease is chronic, 
and without treatment, they are infected for the remainder of their lives. However, there 
is now an effective treatment that uses the nucleoside analogue drug ribavirin combined 
with interferon. The treatment of chronic carriers of the hepatitis B virus by using a 
similar strategy using lamivudine has been developed. 
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Infection in other species 

Viruses infect all cellular life and, although viruses occur universally, each cellular 
species has its own specific range that often infect only that species. Some viruses, called 
satellites, can only replicate within cells that have already been infected by another virus. 
Viruses are important pathogens of livestock. Diseases such as Foot and Mouth Disease 
and bluetongue are caused by viruses. Companion animals such as cats, dogs, and horses, 
if not vaccinated, are susceptible to serious viral infections. Canine parvovirus is caused 
by a small DNA virus and infections are often fatal in pups. Like all invertebrates, the 
honey bee is susceptible to many viral infections. Fortunately, most viruses co-exist 
harmlessly in their host and cause no signs or symptoms of disease. 

Plants 

 
 

Peppers infected by mild mottle virus 

There are many types of plant virus, but often they cause only a loss of yield, and it is not 
economically viable to try to control them. Plant viruses are often spread from plant to 
plant by organisms, known as vectors. These are normally insects, but some fungi, 
nematode worms and single-celled organisms have been shown to be vectors. When 
control of plant virus infections is considered economical, for perennial fruits for 
example, efforts are concentrated on killing the vectors and removing alternate hosts such 
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as weeds. Plant viruses are harmless to humans and other animals because they can 
reproduce only in living plant cells. 

Plants have elaborate and effective defence mechanisms against viruses. One of the most 
effective is the presence of so-called resistance (R) genes. Each R gene confers resistance 
to a particular virus by triggering localised areas of cell death around the infected cell, 
which can often be seen with the unaided eye as large spots. This stops the infection from 
spreading. RNA interference is also an effective defence in plants. When they are 
infected, plants often produce natural disinfectants that kill viruses, such as salicylic acid, 
nitric oxide, and reactive oxygen molecules. 

Plant virus particles or virus-like particles (VLPs) have applications in both 
biotechnology and nanotechnology. The capsids of most plant viruses are simple and 
robust structures and can be produced in large quantities either by the infection of plants 
or by expression in a variety of heterologous systems. Plant virus particles can be 
modified genetically and chemically to encapsulate foreign material and can be 
incorporated into supramolecular structures for use in biotechnology. 

Bacteria 

 
 
Transmission electron micrograph of multiple bacteriophages attached to a bacterial cell 
wall 
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Bacteriophages are a common and diverse group of viruses and are the most abundant 
form of biological entity in aquatic environments – there are up to ten times more of these 
viruses in the oceans than there are bacteria, reaching levels of 250,000,000 
bacteriophages per millilitre of seawater. These viruses infect specific bacteria by binding 
to surface receptor molecules and then entering the cell. Within a short amount of time, in 
some cases just minutes, bacterial polymerase starts translating viral mRNA into protein. 
These proteins go on to become either new virions within the cell, helper proteins, which 
help assembly of new virions, or proteins involved in cell lysis. Viral enzymes aid in the 
breakdown of the cell membrane, and, in the case of the T4 phage, in just over twenty 
minutes after injection over three hundred phages could be released. 

The major way bacteria defend themselves from bacteriophages is by producing enzymes 
that destroy foreign DNA. These enzymes, called restriction endonucleases, cut up the 
viral DNA that bacteriophages inject into bacterial cells. Bacteria also contain a system 
that uses CRISPR sequences to retain fragments of the genomes of viruses that the 
bacteria have come into contact with in the past, which allows them to block the virus's 
replication through a form of RNA interference. This genetic system provides bacteria 
with acquired immunity to infection. 

Archaea 

Some viruses replicate within archaea: these are double-stranded DNA viruses with 
unusual and sometimes unique shapes. These viruses have been studied in most detail in 
the thermophilic archaea, particularly the orders Sulfolobales and Thermoproteales. 
Defences against these viruses may involve RNA interference from repetitive DNA 
sequences within archaean genomes that are related to the genes of the viruses. 

Role in aquatic ecosystems 

Viruses are the most abundant biological entity in aquatic environments: a teaspoon of 
seawater contains about one million of them. They are essential to the regulation of 
saltwater and freshwater ecosystems. Most of these viruses are bacteriophages, which are 
harmless to plants and animals. They infect and destroy the bacteria in aquatic microbial 
communities, comprising the most important mechanism of recycling carbon in the 
marine environment. The organic molecules released from the bacterial cells by the 
viruses stimulates fresh bacterial and algal growth. 

Microorganisms constitute more than 90% of the biomass in the sea. It is estimated that 
viruses kill approximately 20% of this biomass each day and that there are fifteen times 
as many viruses in the oceans as there are bacteria and archaea. Viruses are the main 
agents responsible for the rapid destruction of harmful algal blooms, which often kill 
other marine life. The number of viruses in the oceans decreases further offshore and 
deeper into the water, where there are fewer host organisms. 
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The effects of marine viruses are far-reaching; by increasing the amount of 
photosynthesis in the oceans, viruses are indirectly responsible for reducing the amount 
of carbon dioxide in the atmosphere by approximately 3 gigatonnes of carbon per year. 

Like any organism, marine mammals are susceptible to viral infections. In 1988 and 2002 
thousands of harbour seals were killed in Europe by phocine distemper virus. Many other 
viruses, including caliciviruses, herpesviruses, adenoviruses and parvoviruses, circulate 
in marine mammal populations. 

Role in evolution 

Viruses are an important natural means of transferring genes between different species, 
which increases genetic diversity and drives evolution. It is thought that viruses played a 
central role in the early evolution, before the diversification of bacteria, archaea and 
eukaryotes and at the time of the last universal common ancestor of life on Earth. Viruses 
are still one of the largest reservoirs of unexplored genetic diversity on the Earth. 

Applications 

Life sciences and medicine 

 
 

Scientist studying the H5N1 influenza virus 
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Viruses are important to the study of molecular and cellular biology as they provide 
simple systems that can be used to manipulate and investigate the functions of cells. The 
study and use of viruses have provided valuable information about aspects of cell 
biology. For example, viruses have been useful in the study of genetics and helped our 
understanding of the basic mechanisms of molecular genetics, such as DNA replication, 
transcription, RNA processing, translation, protein transport, and immunology. 

Geneticists often use viruses as vectors to introduce genes into cells that they are 
studying. This is useful for making the cell produce a foreign substance, or to study the 
effect of introducing a new gene into the genome. In similar fashion, virotherapy uses 
viruses as vectors to treat various diseases, as they can specifically target cells and DNA. 
It shows promising use in the treatment of cancer and in gene therapy. Eastern European 
scientists have used phage therapy as an alternative to antibiotics for some time, and 
interest in this approach is increasing, because of the high level of antibiotic resistance 
now found in some pathogenic bacteria. 

Expression of heterologous proteins by viruses is the basis of several manufacturing 
processes that are currently being used for the production of various proteins such as 
vaccine antigens and antibodies. Industrial processes have been recently developed using 
viral vectors and a number of pharmaceutical proteins are currently in pre-clinical and 
clinical trials. 

Materials science and nanotechnology 

Current trends in nanotechnology promise to make much more versatile use of viruses. 
From the viewpoint of a materials scientist, viruses can be regarded as organic 
nanoparticles. Their surface carries specific tools designed to cross the barriers of their 
host cells. The size and shape of viruses, and the number and nature of the functional 
groups on their surface, is precisely defined. As such, viruses are commonly used in 
materials science as scaffolds for covalently linked surface modifications. A particular 
quality of viruses is that they can be tailored by directed evolution. The powerful 
techniques developed by life sciences are becoming the basis of engineering approaches 
towards nanomaterials, opening a wide range of applications far beyond biology and 
medicine. 

Because of their size, shape, and well-defined chemical structures, viruses have been 
used as templates for organizing materials on the nanoscale. Recent examples include 
work at the Naval Research Laboratory in Washington, DC, using Cowpea Mosaic Virus 
(CPMV) particles to amplify signals in DNA microarray based sensors. In this 
application, the virus particles separate the fluorescent dyes used for signalling to prevent 
the formation of non-fluorescent dimers that act as quenchers. Another example is the use 
of CPMV as a nanoscale breadboard for molecular electronics. 
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Synthetic viruses 

Many viruses can be synthesized de novo (“from scratch”) and the first synthetic virus 
was created in 2002. Although somewhat of a misconception, it is not the actual virus 
that is synthesized, but rather its DNA genome (in case of a DNA virus), or a cDNA copy 
of its genome (in case of RNA viruses). For many virus families the naked synthetic 
DNA or RNA (once enzymatically converted back from the synthetic cDNA) is 
infectious when introduced into a cell. That is, they contain all the necessary information 
to produce new viruses. This technology is now being used to investigate novel vaccine 
strategies. The ability to synthesize viruses has far-reaching consequences, since viruses 
can no longer be regarded as extinct, as long as the information of their genome sequence 
is known and permissive cells are available. Currently, the full-length genome sequences 
of 2408 different viruses (including smallpox) are publicly available at an online 
database, maintained by the National Institute of Health. 

Weapons 

The ability of viruses to cause devastating epidemics in human societies has led to the 
concern that viruses could be weaponised for biological warfare. Further concern was 
raised by the successful recreation of the infamous 1918 influenza virus in a laboratory. 
The smallpox virus devastated numerous societies throughout history before its 
eradication. There are officially only two centers in the world which keep stocks of 
smallpox virus – the Russian Vector laboratory, and the United States Centers for Disease 
Control. But fears that it may be used as a weapon are not totally unfounded; the vaccine 
for smallpox has sometimes severe side-effects – during the last years before the 
eradication of smallpox disease more people became seriously ill as a result of 
vaccination than did people from smallpox — and smallpox vaccination is no longer 
universally practiced. Thus, much of the modern human population has almost no 
established resistance to smallpox. 
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Chapter- 4 

Virus Classification 

 

 

 
Virus classification is the process of naming viruses and placing them into a taxonomic 
system. Similar to the classification systems used for cellular organisms, virus 
classification is the subject of ongoing debate and proposals. This is mainly due to the 
pseudo-living nature of viruses, which are not yet definitively classified as living or non-
living. As such, they do not fit neatly into the established biological classification system 
in place for cellular organisms. 

Viruses are mainly classified by phenotypic characteristics, such as morphology, nucleic 
acid type, mode of replication, host organisms, and the type of disease they cause. 
Currently there are two main schemes used for the classification of viruses: the ICTV 
system and Baltimore classification system, which places viruses into one of seven 
groups. Accompanying this broad method of classification are specific naming 
conventions and further classification guidelines set out by the International Committee 
on Taxonomy of Viruses. 

ICTV classification 

The International Committee on Taxonomy of Viruses began to devise and implement 
rules for the naming and classification of viruses early in the 1990s, an effort that 
continues to the present day. The ICTV is the only body charged by the International 
Union of Microbiological Societies (IUMS) with the task of developing, refining, and 
maintaining a universal virus taxonomy. The system shares many features with the 
classification system of cellular organisms, such as taxon structure. Viral classification 
starts at the level of order and follows as thus, with the taxon suffixes given in italics: 

Order (-virales)  
Family (-viridae)  
Subfamily (-virinae)  
Genus (-virus)  
Species 
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So far, six orders have been established by the ICTV: the Caudovirales, Herpesvirales, 
Mononegavirales, Nidovirales, Picornavirales, and Tymovirales. These orders span 
viruses with varying host ranges. Caudovirales are tailed dsDNA (group I) 
bacteriophages, Herpesvirales contains large eukaryotic dsDNA viruses, 
Mononegavirales includes non-segmented (-) strand ssRNA (Group V) plant and animal 
viruses, Nidovirales is composed of (+) strand ssRNA (Group IV) viruses with vertebrate 
hosts, Picornavirales contains small (+) strand ssRNA viruses that infect a variety of 
plant, insect, and animal hosts, and Tymovirales contains monopartite ssRNA viruses that 
infect plants. Other variations occur between the orders, for example, Nidovirales are 
isolated for their differentiation in expressing structural and non-structural proteins 
separately. However, this system of nomenclature differs from other taxonomic codes on 
several points. A minor point is that names of orders and families are italicized, as in the 
ICBN. Most notably, species names generally take the form of [Disease] virus. The 
establishment of an order is based on the inference that the virus families contained 
within a single order have most likely evolved from a common ancestor. The majority of 
virus families remain unplaced. Currently (2009) 6 orders, 87 families, 19 subfamilies, 
348 genera, and 2,288 species of virus have been defined. 

Baltimore classification 

 
 
The Baltimore Classification of viruses is based on the method of viral mRNA synthesis 
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Baltimore classification (first defined in 1971) is a classification system that places 
viruses into one of seven groups depending on a combination of their nucleic acid (DNA 
or RNA), strandedness (single-stranded or double-stranded), Sense, and method of 
replication. Named after David Baltimore, a Nobel Prize-winning biologist, these groups 
are designated by Roman numerals and discriminate viruses depending on their mode of 
replication, and genome type. Other classifications are determined by the disease caused 
by the virus or its morphology, neither of which are satisfactory due to different viruses 
either causing the same disease or looking very similar. In addition, viral structures are 
often difficult to determine under the microscope. Classifying viruses according to their 
genome means that those in a given category will all behave in a similar fashion, offering 
some indication of how to proceed with further research. Viruses can be placed in one of 
the seven following groups: 

• I: dsDNA viruses (e.g. Adenoviruses, Herpesviruses, Poxviruses) 
• II: ssDNA viruses (+)sense DNA (e.g. Parvoviruses) 
• III: dsRNA viruses (e.g. Reoviruses) 
• IV: (+)ssRNA viruses (+)sense RNA (e.g. Picornaviruses, Togaviruses) 
• V: (−)ssRNA viruses (−)sense RNA (e.g. Orthomyxoviruses, Rhabdoviruses) 
• VI: ssRNA-RT viruses (+)sense RNA with DNA intermediate in life-cycle (e.g. 

Retroviruses) 
• VII: dsDNA-RT viruses (e.g. Hepadnaviruses) 

DNA viruses 

• Group I: viruses possess double-stranded DNA. 
• Group II: viruses possess single-stranded DNA. 

Virus Family Examples (common 
names) 

Virion 
naked/enveloped 

Capsid 
Symmetry 

Nucleic 
acid 
type 

Group 

1.Adenoviridae 
Adenovirus, 
Infectious canine 
hepatitis virus 

Naked Icosahedral ds I 

2.Papillomaviridae Papillomavirus Naked Icosahedral ds 
circular I 

3.Parvoviridae Parvovirus B19, 
Canine parvovirus Naked Icosahedral ss II 

4.Herpesviridae 

Herpes simplex virus, 
varicella-zoster virus, 
cytomegalovirus, 
Epstein-Barr virus 

Enveloped Icosahedral ds I 

5.Poxviridae 

Smallpox virus, cow 
pox virus, sheep pox 
virus, orf virus, 
monkey pox virus, 

Complex coats Complex ds I 
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vaccinia virus 

6.Hepadnaviridae Hepatitis B virus Enveloped Icosahedral 
circular, 
partially 
ds 

VII 

7.Polyomaviridae 

Polyoma virus; JC 
virus (progressive 
multifocal 
leukoencephalopathy) 

Naked Icosahedral ds 
circular I 

8.Anelloviridae Torque teno virus Naked Icosahedral ss 
circular II 

RNA viruses 

• Group III: viruses possess double-stranded RNA genomes, e.g. rotavirus. These 
genomes are always segmented. 

• Group IV: viruses possess positive-sense single-stranded RNA genomes. Many 
well known viruses are found in this group, including the picornaviruses (which is 
a family of viruses that includes well-known viruses like Hepatitis A virus, 
enteroviruses, rhinoviruses, poliovirus, and foot-and-mouth virus), SARS virus, 
hepatitis C virus, yellow fever virus, and rubella virus. 

• Group V: viruses possess negative-sense single-stranded RNA genomes. The 
deadly Ebola and Marburg viruses are well known members of this group, along 
with influenza virus, measles, mumps and rabies. 

Virus Family Examples (common 
names) 

Virion 
naked/enveloped 

Capsid 
Symmetry 

Nucleic 
acid 
type 

Group 

1.Reoviridae Reovirus, Rotavirus Naked Icosahedral ds III 

2.Picornaviridae 

Enterovirus, 
Rhinovirus, 
Hepatovirus, 
Cardiovirus, 
Aphthovirus, 
Poliovirus, 
Parechovirus, 
Erbovirus, 
Kobuvirus, 
Teschovirus, 
Coxsackie 

Naked Icosahedral ss IV 

3.Caliciviridae Norwalk virus, 
Hepatitis E virus Naked Icosahedral ss IV 

4.Togaviridae Rubella virus Enveloped Icosahedral ss IV 

5.Arenaviridae Lymphocytic 
choriomeningitis Enveloped Complex ss(-) V 
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virus 

6.Flaviviridae 
Dengue virus, 
Hepatitis C virus, 
Yellow fever virus 

Enveloped Icosahedral ss IV 

7.Orthomyxoviridae 

Influenzavirus A, 
Influenzavirus B, 
Influenzavirus C, 
Isavirus, 
Thogotovirus 

Enveloped Helical ss(-) V 

8.Paramyxoviridae 

Measles virus, 
Mumps virus, 
Respiratory syncytial 
virus, Rinderpest 
virus, Canine 
distemper virus 

Enveloped Helical ss(-) V 

9.Bunyaviridae 
California 
encephalitis virus, 
Hantavirus 

Enveloped Helical ss(-) V 

10.Rhabdoviridae Rabies virus Enveloped Helical ss(-) V 

11.Filoviridae Ebola virus, Marburg 
virus Enveloped Helical ss(-) V 

12.Coronaviridae Corona virus Enveloped Helical ss IV 
13.Astroviridae Astrovirus Naked Icosahedral ss IV 
14.Bornaviridae Borna disease virus Enveloped Helical ss(-) V 

15.Arteriviridae Arterivirus, Equine 
Arteritis Virus Enveloped Icosahedral ss IV 

Reverse transcribing viruses 

• Group VI: viruses possess single-stranded RNA genomes and replicate using 
reverse transcriptase. The retroviruses are included in this group, of which HIV is 
a member. 

• Group VII: viruses possess double-stranded DNA genomes and replicate using 
reverse transcriptase. The hepatitis B virus can be found in this group. 

Holmes classification 

Holmes (1948) used Carolus Linnaeus's system of binomial nomenclature to classify 
viruses into 3 groups under one order, Virales. They are placed as follows: 

• Group I: Phaginae (attacks bacteria) 
• Group II: Phytophaginae (attacks plants) 
• Group III: Zoophaginae (attacks animals) 
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LHT System of Virus Classification 

The LHT System of Virus Classification is based on chemical and physical characters 
like nucleic acid (DNA or RNA), Symmetry (Helical or Icosahedral or Complex), 
presence of envelope, diameter of capsid, number of capsomers. This classification was 
approved by the Provisional Committee on Nomenclature of Virus (PNVC) of the 
International Association of Microbiological Societies (1962). It is as follows: 

• Phylum Vira (divided into 2 subphyla) 

• Subphylum Deoxyvira (DNA viruses) 

• Class Deoxybinala (dual symmetry) 

• Order Urovirales 

• Family Phagoviridae 

• Class Deoxyhelica (Helical symmetry) 

• Order Chitovirales 

• Family Poxviridae 

• Class Deoxycubica (cubical symmetry) 

• Order Peplovirales 

• Family Herpesviridae (162 capsomeres) 

• Order Haplovirales (no envelope) 

• Family Iridoviridae (812 capsomeres) 
• Family Adenoviridae (252 capsomeres) 
• Family Papiloviridae (72 capsomeres) 
• Family Paroviridae (32 capsomeres) 
• Family Microviridae (12 capsomeres) 

• Subphylum Ribovira (RNA viruses) 

• Class Ribocubica 

• Order Togovirales 

• Family Arboviridae 
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• Order Lymovirales 

• Family Napoviridae 
• Family Reoviridae 

• Class Ribohelica 

• Order Sagovirales 

• Family Stomataviridae 
• Family Paramyxoviridae 
• Family Myxoviridae 

• Order Rhabdovirales 

• Suborder Flexiviridales 

• Family Mesoviridae 
• Family Peptoviridae 

• Suborder Rigidovirales 

• Family Pachyviridae 
• Family Protoviridae 
• Family Polichoviridae 

Subviral agents 

The following agents are smaller than viruses but have some of their properties. 

Viroids 

• Family Pospiviroidae  
o Genus Pospiviroid; type species: Potato spindle tuber viroid 
o Genus Hostuviroid; type species: Hop stunt viroid 
o Genus Cocadviroid; type species: Coconut cadang-cadang viroid 
o Genus Apscaviroid; type species: Apple scar skin viroid 
o Genus Coleviroid; type species: Coleus blumei viroid 1 

• Family Avsunviroidae  
o Genus Avsunviroid; type species: Avocado sunblotch viroid 
o Genus Pelamoviroid; type species: Peach latent mosaic viroid 
o Genus Elaviroid; type species: Eggplant latent viroid 
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Satellites 

Satellites depend on co-infection of a host cell with a helper virus for productive 
multiplication. Their nucleic acids have substantially distinct nucleotide sequences from 
either their helper virus or host. When a satellite subviral agent encodes the coat protein 
in which it is encapsulated, it's then called a satellite virus. 

• Satellite viruses  
o Single-stranded RNA satellite viruses  

 Subgroup 1: Chronic bee-paralysis satellite virus 
 Subgroup 2: Tobacco necrosis satellite virus 

• Satellite nucleic acids  
o Single-stranded satellite DNAs 
o Double-stranded satellite RNAs 
o Single-stranded satellite RNAs  

 Subgroup 1: Large satellite RNAs 
 Subgroup 2: Small linear satellite RNAs 
 Subgroup 3: Circular satellite RNAs (virusoids) 

Prions 

Prions, named for their description as "proteinaceous and infectious particles," lack any 
detectable (as of 2002) nucleic acids or virus-like particles. They resist inactivation 
procedures that normally affect nucleic acids. 

• Mammalian prions:  
o Agents of spongiform encephalopathies 

• Fungal prions:  
o PSI+ prion of Saccharomyces cerevisiae 
o URE3 prion of Saccharomyces cerevisiae 
o RNQ/PIN+ prion of Saccharomyces cerevisiae 
o Het-s prion of Podospora anserina 
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Chapter- 5 

DNA Virus and RNA Virus 

 

 

 

DNA virus 
A DNA virus is a virus that has DNA as its genetic material and replicates using a DNA-
dependent DNA polymerase. The nucleic acid is usually double-stranded DNA (dsDNA) 
but may also be single-stranded DNA (ssDNA). DNA viruses belong to either Group I or 
Group II of the Baltimore classification system for viruses. Single-stranded DNA is 
usually expanded to double-stranded in infected cells. Although Group VII viruses such 
as hepatitis B contain a DNA genome, they are not considered DNA viruses according to 
the Baltimore classification, but rather reverse transcribing viruses because they replicate 
through an RNA intermediate. 

Group I: dsDNA viruses 

• Order Caudovirales  
o Family Myoviridae - includes Enterobacteria phage T4 
o Family Podoviridae 
o Family Siphoviridae - includes Enterobacteria phage λ 

• Order Herpesvirales  
o Family Alloherpesviridae 
o Family Herpesviridae - includes human herpesviruses, Varicella Zoster 

virus 
o Family Malacoherpesviridae 

• Unassigned families  
o Family Ascoviridae 
o Family Adenoviridae - includes viruses which cause human adenovirus 

infection 
o Family Asfarviridae - includes African swine fever virus 
o Family Baculoviridae 
o Family Coccolithoviridae 
o Family Corticoviridae 
o Family Fuselloviridae 
o Family Guttaviridae 
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o Family Iridoviridae 
o Family Lipothrixviridae 
o Family Mimiviridae 
o Family Nimaviridae 
o Family Papillomaviridae 
o Family Phycodnaviridae 
o Family Plasmaviridae 
o Family Polyomaviridae - includes Simian virus 40, JC virus 
o Family Poxviridae - includes Cowpox virus, smallpox 
o Family Rudiviridae 
o Family Tectiviridae 

• Unassigned genera  
o Ampullavirus 
o Nudivirus 
o Salterprovirus 
o Sputnik virophage 
o Rhizidiovirus 

Group II: ssDNA viruses 

• Unassigned bacteriophage families  
o Family Inoviridae 
o Family Microviridae 

• Unassigned families  
o Family Anelloviridae 
o Family Circoviridae 
o Family Geminiviridae 
o Family Nanoviridae 
o Family Parvoviridae - includes Parvovirus B19 

Developments 

Herpes viruses are double stranded DNA viruses assigned to Group I. The Herpesviridae 
Study Group has proposed that herpes viruses be assigned to a newly defined order, 
Herpesvirales. They also propose that the currently unassigned family Herpesviridae be 
reassigned to the new herpes order. In addition, they propose that the families 
Alloherpesviridae and Malacoherpesviridae also be assigned to the new order. 
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RNA virus 
An RNA virus is a virus that has RNA (ribonucleic acid) as its genetic material. This 
nucleic acid is usually single-stranded RNA (ssRNA) but may be double-stranded RNA 
(dsRNA). The ICTV classifies RNA viruses as those that belong to Group III, Group IV 
or Group V of the Baltimore classification system of classifying viruses, and does not 
consider viruses with DNA intermediates as RNA viruses. Notable human diseases 
caused by RNA viruses include SARS, influenza and hepatitis C. 

Another term for RNA viruses that explicitly excludes retroviruses is ribovirus. 

Characteristics 

Single-stranded RNA viruses and RNA Sense 

RNA viruses can be further classified according to the sense or polarity of their RNA into 
negative-sense and positive-sense, or ambisense RNA viruses. Positive-sense viral RNA 
is similar to mRNA and thus can be immediately translated by the host cell. Negative-
sense viral RNA is complementary to mRNA and thus must be converted to positive-
sense RNA by an RNA polymerase before translation. As such, purified RNA of a 
positive-sense virus can directly cause infection though it may be less infectious than the 
whole virus particle. Purified RNA of a negative-sense virus is not infectious by itself as 
it needs to be transcribed into positive-sense RNA, however each virion can be 
transcribed to several positive-sense RNAs. Ambisense RNA viruses resemble negative-
sense RNA viruses, except they also translate genes from the positive strand. 

Double-stranded RNA viruses 

The double-stranded (ds)RNA viruses represent a diverse group of viruses that vary 
widely in host range (humans, animals, plants, fungi, and bacteria), genome segment 
number (one to twelve), and virion organization (T-number, capsid layers, or turrets). 
Members of this group include the rotaviruses, renowned globally as the most common 
cause of gastroenteritis in young children, and bluetongue virus, an economically 
important pathogen of cattle and sheep. In recent years, remarkable progress has been 
made in determining, at atomic and subnanometeric levels, the structures of a number of 
key viral proteins and of the virion capsids of several dsRNA viruses, highlighting the 
significant parallels in the structure and replicative processes of many of these viruses.  

Mutation rates 

RNA viruses generally have very high mutation rates compared to DNA viruses, because 
viral RNA polymerases lack the proof-reading ability of DNA polymerases. This is one 
reason why it is difficult to make effective vaccines to prevent diseases caused by RNA 
viruses. Retroviruses also have a high mutation rate even though their DNA intermediate 
integrates into the host genome (and is thus subject to host DNA proofreading once 
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integrated), because errors during reverse transcription are embedded into both strands of 
DNA before integration. Some genes of RNA virus are important to the viral replication 
cycles and mutations are not tolerated. For example, the region of the hepatitis C virus 
genome that encodes the core protein is highly conserved, because it contains an RNA 
structure involved in an internal ribosome entry site. 

Replication 

Animal RNA viruses are classified into three distinct groups depending on their genome 
and mode of replication (and the numerical groups based on the older Baltimore 
classification): 

• Double-stranded RNA viruses (Group III) contain from one to a dozen different 
RNA molecules, each of which codes for one or more viral proteins. 

• Positive-sense ssRNA viruses (Group IV) have their genome directly utilized as if 
it were mRNA, producing a single protein which is modified by host and viral 
proteins to form the various proteins needed for replication. One of these includes 
RNA-dependent RNA polymerase, which copies the viral RNA to form a double-
stranded replicative form, in turn this directs the formation of new virions. 

• Negative-sense ssRNA viruses (Group V) must have their genome copied by an 
RNA polymerase to form positive-sense RNA. This means that the virus must 
bring along with it the RNA-dependent RNA polymerase enzyme. The positive-
sense RNA molecule then acts as viral mRNA, which is translated into proteins 
by the host ribosomes. The resultant protein goes on to direct the synthesis of new 
virions, such as capsid proteins and RNA replicase, which is used to produce new 
negative-sense RNA molecules. 

Retroviruses (Group VI) have a single-stranded RNA genome but are generally not 
considered RNA viruses because they use DNA intermediates to replicate. Reverse 
transcriptase, a viral enzyme that comes from the virus itself after it is uncoated, converts 
the viral RNA into a complementary strand of DNA, which is copied to produce a double 
stranded molecule of viral DNA. After this DNA is integrated, expression of the encoded 
genes may lead the formation of new virions. 

Group III - dsRNA viruses 

• Family Birnaviridae 
• Family Chrysoviridae 
• Family Cystoviridae 
• Family Hypoviridae 
• Family Partitiviridae 
• Family Reoviridae - includes Rotavirus 
• Family Totiviridae 
• Unassigned genera  

o Endornavirus 
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Group IV - positive-sense ssRNA viruses 

• Order Nidovirales  
o Family Arteriviridae 
o Family Coronaviridae - includes Coronavirus, SARS 
o Family Roniviridae 

• Order Picornavirales  
o Family Dicistroviridae 
o Family Iflaviridae 
o Family Marnaviridae 
o Family Picornaviridae - includes Poliovirus, the common cold virus, 

Hepatitis A virus 
o Family Secoviridae includes subfamily Comovirinae 

• Order Tymovirales  
o Family Alphaflexiviridae 
o Family Betaflexiviridae 
o Family Gammaflexiviridae 
o Family Tymoviridae 

• Unassigned  
o Family Astroviridae 
o Family Barnaviridae 
o Family Bromoviridae 
o Family Caliciviridae - includes Norwalk virus 
o Family Closteroviridae 
o Family Flaviviridae - includes Yellow fever virus, West Nile virus, 

Hepatitis C virus, Dengue fever virus 
o Family Leviviridae 
o Family Luteoviridae - includes Barley yellow dwarf virus 
o Family Narnaviridae 
o Family Nodaviridae 
o Family Potyviridae 
o Family Tetraviridae 
o Family Togaviridae - includes Rubella virus, Ross River virus, Sindbis 

virus, Chikungunya virus 
o Family Tombusviridae 
o Unassigned genera  

 Genus Benyvirus 
 Genus Furovirus 
 Genus Hepevirus - includes Hepatitis E virus 
 Genus Hordeivirus 
 Genus Idaeovirus 
 Genus Ourmiavirus 
 Genus Pecluvirus 
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 Genus Pomovirus 
 Genus Sobemovirus 
 Genus Tobamovirus - includes tobacco mosaic virus 
 Genus Tobravirus 
 Genus Umbravirus 

Group V - negative-sense ssRNA viruses 

• Order Mononegavirales  
o Family Bornaviridae - Borna disease virus 
o Family Filoviridae - includes Ebola virus, Marburg virus 
o Family Paramyxoviridae - includes Measles virus, Mumps virus, Nipah 

virus, Hendra virus 
o Family Rhabdoviridae - includes Rabies virus 

• Unassigned  
o Family Arenaviridae - includes Lassa virus 
o Family Bunyaviridae - includes Hantavirus, Crimean-Congo hemorrhagic 

fever 
o Family Orthomyxoviridae - includes Influenza viruses 
o Unassigned genera:  

 Genus Deltavirus 
 Genus Nyavirus - includes Nyamanini and Midway viruses 
 Genus Ophiovirus 
 Genus Tenuivirus 
 Genus Varicosavirus 
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Chapter- 6 

HIV 

 

 

HIV 

 
Diagram of HIV 

ICD-10 B20-B24 
ICD-9 042-044 
OMIM 609423 
MedlinePlus 000602 
eMedicine article/783434 
MeSH D006678 

Human immunodeficiency virus (HIV) is a lentivirus (a member of the retrovirus 
family) that causes acquired immunodeficiency syndrome (AIDS), a condition in humans 
in which the immune system begins to fail, leading to life-threatening opportunistic 
infections. Infection with HIV occurs by the transfer of blood, semen, vaginal fluid, pre-
ejaculate, or breast milk. Within these bodily fluids, HIV is present as both free virus 
particles and virus within infected immune cells. The four major routes of transmission 
are unsafe sex, contaminated needles, breast milk, and transmission from an infected 
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mother to her baby at birth (perinatal transmission). Screening of blood products for HIV 
has largely eliminated transmission through blood transfusions or infected blood products 
in the developed world. 

HIV infection in humans is considered pandemic by the World Health Organization 
(WHO). Nevertheless, complacency about HIV may play a key role in HIV risk. From its 
discovery in 1981 to 2006, AIDS killed more than 25 million people. HIV infects about 
0.6% of the world's population. In 2005, AIDS claimed an estimated 2.4–3.3 million 
lives, of which more than 570,000 were children. A third of these deaths occurred in Sub-
Saharan Africa, retarding economic growth and increasing poverty. At that time, it was 
estimated that HIV would infect 90 million people in Africa, resulting in a minimum 
estimate of 18 million orphans. Antiretroviral treatment reduces both the mortality and 
the morbidity of HIV infection, but routine access to antiretroviral medication is not 
available in all countries. 

HIV infects primarily vital cells in the human immune system such as helper T cells (to 
be specific, CD4+ T cells), macrophages, and dendritic cells. HIV infection leads to low 
levels of CD4+ T cells through three main mechanisms: First, direct viral killing of 
infected cells; second, increased rates of apoptosis in infected cells; and third, killing of 
infected CD4+ T cells by CD8 cytotoxic lymphocytes that recognize infected cells. When 
CD4+ T cell numbers decline below a critical level, cell-mediated immunity is lost, and 
the body becomes progressively more susceptible to opportunistic infections. 

Most untreated people infected with HIV-1 eventually develop AIDS. These individuals 
mostly die from opportunistic infections or malignancies associated with the progressive 
failure of the immune system. HIV progresses to AIDS at a variable rate affected by 
viral, host, and environmental factors; most will progress to AIDS within 10 years of HIV 
infection: some will have progressed much sooner, and some will take much longer. 
Treatment with anti-retrovirals increases the life expectancy of people infected with HIV. 
Even after HIV has progressed to diagnosable AIDS, the average survival time with 
antiretroviral therapy was estimated to be more than 5 years as of 2005. Without 
antiretroviral therapy, someone who has AIDS typically dies within a year. 

Classification 
Comparison of HIV species 

Species Virulence Infectivity Prevalence Inferred origin 
HIV-1 High High Global Common Chimpanzee 
HIV-2 Lower Low West Africa Sooty Mangabey 

HIV is a member of the genus Lentivirus, part of the family of Retroviridae. Lentiviruses 
have many common morphologies and biological properties. Many species are infected 
by lentiviruses, which are characteristically responsible for long-duration illnesses with a 
long incubation period. Lentiviruses are transmitted as single-stranded, positive-sense, 
enveloped RNA viruses. Upon entry of the target cell, the viral RNA genome is 
converted to double-stranded DNA by a virally encoded reverse transcriptase that is 
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present in the virus particle. This viral DNA is then integrated into the cellular DNA by a 
virally encoded integrase, along with host cellular co-factors, so that the genome can be 
transcribed. After the virus has infected the cell, two pathways are possible: either the 
virus becomes latent and the infected cell continues to function or the virus becomes 
active and replicates, and a large number of virus particles that can then infect other cells 
are liberated. 

There are two species of HIV known to exist: HIV-1 and HIV-2. HIV-1 is the virus that 
was initially discovered and termed both LAV and HTLV-III. It is more virulent, more 
infective, and is the cause of the majority of HIV infections globally. The lower 
infectivity of HIV-2 compared to HIV-1 implies that fewer of those exposed to HIV-2 
will be infected per exposure. Because of its relatively poor capacity for transmission, 
HIV-2 is largely confined to West Africa. 

Signs and symptoms 

 
 
A generalized graph of the relationship between HIV copies (viral load) and CD4 counts 
over the average course of untreated HIV infection; any particular individual's disease 
course may vary considerably.                      CD4+ T cell count (cells per µL)                      HIV RNA copies 
per mL of plasma 

Infection with HIV-1 is associated with a progressive decrease of the CD4+ T cell count 
and an increase in viral load. The stage of infection can be determined by measuring the 
patient's CD4+ T cell count, and the level of HIV in the blood. 

HIV infection has four basic stages: incubation period, acute infection, latency stage and 
AIDS. The initial incubation period upon infection is asymptomatic and usually lasts 
between two and four weeks. The second stage, acute infection, lasts an average of 28 
days and can include symptoms such as fever, lymphadenopathy (swollen lymph nodes), 
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pharyngitis (sore throat), rash, myalgia (muscle pain), malaise, and mouth and esophageal 
sores. 

The latency stage, which occurs third, shows few or no symptoms and can last anywhere 
from two weeks to twenty years and beyond. AIDS, the fourth and final stage of HIV 
infection shows as symptoms of various opportunistic infections. 

A study of French hospital patients found that approximately 0.5% of HIV-1 infected 
individuals retain high levels of CD4 T-cells and a low or clinically undetectable viral 
load without anti-retroviral treatment. These individuals are classified as HIV controllers 
or long-term nonprogressors. 

Acute infection 

 
 

Main symptoms of acute HIV infection 

The initial infection with HIV generally occurs after transfer of body fluids from an 
infected person to an uninfected one. The first stage of infection, the primary, or acute 
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infection, is a period of rapid viral replication that immediately follows the individual's 
exposure to HIV leading to an abundance of virus in the peripheral blood with levels of 
HIV commonly approaching several million viruses per mL. 

This response is accompanied by a marked drop in the numbers of circulating CD4+ T 
cells. This acute viremia is associated in virtually all patients with the activation of CD8+ 
T cells, which kill HIV-infected cells, and subsequently with antibody production, or 
seroconversion. The CD8+ T cell response is thought to be important in controlling virus 
levels, which peak and then decline, as the CD4+ T cell counts rebound. A good CD8+ T 
cell response has been linked to slower disease progression and a better prognosis, though 
it does not eliminate the virus. 

During this period (usually 2–4 weeks post-exposure) most individuals (80 to 90%) 
develop an influenza or mononucleosis-like illness called acute HIV infection, the most 
common symptoms of which may include fever, lymphadenopathy, pharyngitis, rash, 
myalgia, malaise, mouth and esophageal sores, and may also include, but less commonly, 
headache, nausea and vomiting, enlarged liver/spleen, weight loss, thrush, and 
neurological symptoms. Infected individuals may experience all, some, or none of these 
symptoms. The duration of symptoms varies, averaging 28 days and usually lasting at 
least a week. 

Because of the nonspecific nature of these symptoms, they are often not recognized as 
signs of HIV infection. Even if patients go to their doctors or a hospital, they will often 
be misdiagnosed as having one of the more common infectious diseases with the same 
symptoms. As a consequence, these primary symptoms are not used to diagnose HIV 
infection, as they do not develop in all cases and because many are caused by other more 
common diseases. However, recognizing the syndrome can be important because the 
patient is much more infectious during this period. 

Chronic infection 

A strong immune defense reduces the number of viral particles in the blood stream, 
marking the start of secondary or chronic HIV infection. The secondary stage of HIV 
infection can vary between two weeks and 20 years. During this phase of infection, HIV 
is active within lymph nodes, which typically become persistently swollen, in response to 
large amounts of virus that becomes trapped in the follicular dendritic cells (FDC) 
network. The surrounding tissues that are rich in CD4+ T cells may also become infected, 
and viral particles accumulate both in infected cells and as free virus. Individuals who are 
in this phase are still infectious. During this time, CD4+ CD45RO+ T cells carry most of 
the proviral load. 

During this stage of infection early initiation of antiretroviral therapy significantly 
improves survival, as compared with deferred therapy. 
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AIDS 

When CD4+ T cell numbers decline below a critical level of 200 cells per µL, cell-
mediated immunity is lost, and infections with a variety of opportunistic microbes appear. 
The first symptoms often include moderate and unexplained weight loss, recurring 
respiratory tract infections (such as sinusitis, bronchitis, otitis media, pharyngitis), 
prostatitis, skin rashes, and oral ulcerations. 

Common opportunistic infections and tumors, most of which are normally controlled by 
robust CD4+ T cell-mediated immunity then start to affect the patient. Typically, 
resistance is lost early on to oral Candida species and to Mycobacterium tuberculosis, 
which leads to an increased susceptibility to oral candidiasis (thrush) and tuberculosis. 
Later, reactivation of latent herpes viruses may cause worsening recurrences of herpes 
simplex eruptions, shingles, Epstein-Barr virus-induced B-cell lymphomas, or Kaposi's 
sarcoma. 

Pneumonia caused by the fungus Pneumocystis jirovecii is common and often fatal. In the 
final stages of AIDS, infection with cytomegalovirus (another herpes virus) or 
Mycobacterium avium complex is more prominent. Not all patients with AIDS get all 
these infections or tumors, and there are other tumors and infections that are less 
prominent but still significant. 

Transmission 
Estimated per-act risk for acquisition of HIV by exposure route 

Exposure Route 
Estimated infections 
per 10,000 exposures 
to an infected source 

Blood transfusion 9,000 
Childbirth 2,500 
Needle-sharing injection drug use 67 
Percutaneous needle stick 30 
Receptive anal intercourse (2009 and 2010 studies) 170‡ [30–890] / 143 [48-285] 
Receptive anal intercourse (based on data of a 1992 
study) 50 

Insertive anal intercourse for uncircumcised men (2010 
study) 62a [7-168] 

Insertive anal intercourse for circumcised men (2010 
study) 11a [2–24] 

Insertive anal intercourse (based on data of a 1992 
study) 6.5 

Low-income country female-to-male 38‡ [13–110] 
Low-income country male-to-female 30‡ [14–63] 
Receptive penile-vaginal intercourse 10 
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Insertive penile-vaginal intercourse 5 
Fellating a man 1†b 
Man being fellated 0.5†b 
The data shown represents the rate of transmission when condoms were not used. Note 
that risk rates may change due to other factors such as commercial sex exposure, phase 

of HIV infection, presence or history of genital ulcers, and national income levels. 
Bracketed values represent 95% confidence interval 
† "best-guess estimate" 
‡ Pooled transmission probability estimate 
a Other studies found insufficient evidence that male circumcision protects against HIV 
infection among men who have sex with men 
b Oral trauma, sores, inflammation, concomitant sexually transmitted infections, 
ejaculation in the mouth, and systemic immune suppression may increase HIV 
transmission rate. 

Three main transmission routes for HIV have been identified. HIV-2 is transmitted much 
less frequently by the mother-to-child and sexual route than HIV-1. 

Sexual 

The majority of HIV infections are acquired through unprotected sexual relations. 
Complacency about HIV plays a key role in HIV risk. Sexual transmission can occur 
when infected sexual secretions of one partner come into contact with the genital, oral, or 
rectal mucous membranes of another. In high-income countries, the risk of female-to-
male transmission is 0.04% per act and male-to-female transmission is 0.08% per act. For 
various reasons, these rates are 4 to 10 times higher in low-income countries. The rate for 
receptive anal intercourse is much higher, 1.7% per act. 

A 1999 meta-analysis of studies of condom use showed that the consistent use of latex 
condoms reduces the risk of sexual transmission of HIV by about 85%. However, 
spermicide may actually increase the transmission rate. 

Randomized, controlled trials in which uncircumcised men were randomly assigned to be 
medically circumcised in sterile conditions and given counseling and other men were not 
circumcised have been conducted in South Africa, Kenya, and Uganda showing 
reductions in female-to-male sexual HIV transmission of 60%, 53%, and 51%, 
respectively. As a result, a panel of experts convened by WHO and the UNAIDS 
Secretariat has "recommended that male circumcision now be recognized as an additional 
important intervention to reduce the risk of heterosexually acquired HIV infection in 
men." Among men who have sex with men, there is insufficient evidence that male 
circumcision protects against HIV infection or other Sexually Transmitted Infections. 

Studies of HIV among women having undergone female genital cutting (FGC) have 
reported mixed results, but with some evidence of increased risk of transmission. 
Programmes that aim to encourage sexual abstinence while also encouraging and 



_________________WORLD TECHNOLOGIES_________________

WT

teaching safer sex strategies for those who are sexually active can reduce short- and long-
term HIV risk behaviour among young people in high-income countries, according to a 
2007 Cochrane Review of studies. 

Blood products 

In general, if infected blood comes into contact with any open wound, HIV may be 
transmitted. This transmission route can account for infections in intravenous drug users, 
hemophiliacs, and recipients of blood transfusions (though most transfusions are checked 
for HIV in the developed world) and blood products. It is also of concern for persons 
receiving medical care in regions where there is prevalent substandard hygiene in the use 
of injection equipment, such as the reuse of needles in Third World countries. Health care 
workers such as nurses, laboratory workers, and doctors have also been infected, 
although this occurs more rarely. Since transmission of HIV by blood became known 
medical personnel are required to protect themselves from contact with blood by the use 
of universal precautions. People giving and receiving tattoos, piercings, and scarification 
procedures can also be at risk of infection. 

HIV has been found at low concentrations in the saliva, tears, and urine of infected 
individuals, but there are no recorded cases of infection by these secretions and the 
potential risk of transmission is negligible. It is not possible for mosquitoes to transmit 
HIV. 

Mother-to-child 

The transmission of the virus from the mother to the child can occur in utero (during 
pregnancy), intrapartum (at childbirth), or via breast feeding. In the absence of treatment, 
the transmission rate up to birth between the mother and child is around 25%. However, 
where combination antiretroviral drug treatment and Cesarian section are available, this 
risk can be reduced to as low as one percent. Postnatal mother-to-child transmission may 
be largely prevented by complete avoidance of breast feeding; however, this has 
significant associated morbidity. Exclusive breast feeding and the provision of extended 
antiretroviral prophylaxis to the infant are also efficacious in avoiding transmission. 
UNAIDS estimate that 430,000 children were infected worldwide in 2008 (19% of all 
new infections), primarily by this route, and that a further 65,000 infections were averted 
through the provision of antiretroviral prophylaxis to HIV-positive women. 

Multiple infection 

Unlike some other viruses, infection with HIV does not provide immunity against 
additional infections, in particular, in the case of more genetically distant viruses. Both 
inter- and intra-clade multiple infections have been reported, and even associated with 
more rapid disease progression. Multiple infections are divided into two categories 
depending on the timing of the acquisition of the second strain. Coinfection refers to two 
strains that appear to have been acquired at the same time (or too close to distinguish). 
Reinfection (or superinfection) is infection with a second strain at a measurable time after 
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the first. Both forms of dual infection have been reported for HIV in both acute and 
chronic infection around the world. 

Virology 

 
 
Scanning electron micrograph of HIV-1 (in green) budding from cultured lymphocyte. 
Multiple round bumps on cell surface represent sites of assembly and budding of virions. 
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Structure and genome 

HIV is different in structure from other retroviruses. It is roughly spherical with a 
diameter of about 120 nm, around 60 times smaller than a red blood cell, yet large for a 
virus. It is composed of two copies of positive single-stranded RNA that codes for the 
virus's nine genes enclosed by a conical capsid composed of 2,000 copies of the viral 
protein p24. The single-stranded RNA is tightly bound to nucleocapsid proteins, p7, and 
enzymes needed for the development of the virion such as reverse transcriptase, 
proteases, ribonuclease and integrase. A matrix composed of the viral protein p17 
surrounds the capsid ensuring the integrity of the virion particle. 

This is, in turn, surrounded by the viral envelope that is composed of two layers of fatty 
molecules called phospholipids taken from the membrane of a human cell when a newly 
formed virus particle buds from the cell. Embedded in the viral envelope are proteins 
from the host cell and about 70 copies of a complex HIV protein that protrudes through 
the surface of the virus particle. This protein, known as Env, consists of a cap made of 
three molecules called glycoprotein (gp) 120, and a stem consisting of three gp41 
molecules that anchor the structure into the viral envelope. This glycoprotein complex 
enables the virus to attach to and fuse with target cells to initiate the infectious cycle. 
Both these surface proteins, especially gp120, have been considered as targets of future 
treatments or vaccines against HIV. 

The RNA genome consists of at least seven structural landmarks (LTR, TAR, RRE, PE, 
SLIP, CRS, and INS), and nine genes (gag, pol, and env, tat, rev, nef, vif, vpr, vpu, and 
sometimes a tenth tev, which is a fusion of tat env and rev), encoding 19 proteins. Three 
of these genes, gag, pol, and env, contain information needed to make the structural 
proteins for new virus particles. For example, env codes for a protein called gp160 that is 
broken down by a viral enzyme to form gp120 and gp41. The six remaining genes, tat, 
rev, nef, vif, vpr, and vpu (or vpx in the case of HIV-2), are regulatory genes for proteins 
that control the ability of HIV to infect cells, produce new copies of virus (replicate), or 
cause disease. 

The two Tat proteins (p16 and p14) are transcriptional transactivators for the LTR 
promoter acting by binding the TAR RNA element. The TAR may also be processed into 
microRNAs that regulate the apoptosis genes ERCC1 and IER3. The Rev protein (p19) is 
involved in shuttling RNAs from the nucleus and the cytoplasm by binding to the RRE 
RNA element. The Vif protein (p23) prevents the action of APOBEC3G (a cell protein 
that deaminates DNA:RNA hybrids and/or interferes with the Pol protein). The Vpr 
protein (p14) arrests cell division at G2/M. The Nef protein (p27) down-regulates CD4 
(the major viral receptor), as well as the MHC class I and class II molecules. 

Nef also interacts with SH3 domains. The Vpu protein (p16) influences the release of 
new virus particles from infected cells. The ends of each strand of HIV RNA contain an 
RNA sequence called the long terminal repeat (LTR). Regions in the LTR act as switches 
to control production of new viruses and can be triggered by proteins from either HIV or 
the host cell. The Psi element is involved in viral genome packaging and recognized by 
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Gag and Rev proteins. The SLIP element (TTTTTT) is involved in the frameshift in the 
Gag-Pol reading frame required to make functional Pol. 

Tropism 

 

Diagram of the immature and mature forms of HIV 

The term viral tropism refers to which cell types HIV infects. HIV can infect a variety of 
immune cells such as CD4+ T cells, macrophages, and microglial cells. HIV-1 entry to 
macrophages and CD4+ T cells is mediated through interaction of the virion envelope 
glycoproteins (gp120) with the CD4 molecule on the target cells and also with chemokine 
coreceptors. 

Macrophage (M-tropic) strains of HIV-1, or non-syncitia-inducing strains (NSI) use the 
β-chemokine receptor CCR5 for entry and are, thus, able to replicate in macrophages and 
CD4+ T cells. This CCR5 coreceptor is used by almost all primary HIV-1 isolates 
regardless of viral genetic subtype. Indeed, macrophages play a key role in several 
critical aspects of HIV infection. They appear to be the first cells infected by HIV and 
perhaps the source of HIV production when CD4+ cells become depleted in the patient. 
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Macrophages and microglial cells are the cells infected by HIV in the central nervous 
system. In tonsils and adenoids of HIV-infected patients, macrophages fuse into 
multinucleated giant cells that produce huge amounts of virus. 

T-tropic isolates, or syncitia-inducing (SI) strains replicate in primary CD4+ T cells as 
well as in macrophages and use the α-chemokine receptor, CXCR4, for entry. Dual-tropic 
HIV-1 strains are thought to be transitional strains of HIV-1 and thus are able to use both 
CCR5 and CXCR4 as co-receptors for viral entry. 

The α-chemokine SDF-1, a ligand for CXCR4, suppresses replication of T-tropic HIV-1 
isolates. It does this by down-regulating the expression of CXCR4 on the surface of these 
cells. HIV that use only the CCR5 receptor are termed R5; those that use only CXCR4 
are termed X4, and those that use both, X4R5. However, the use of coreceptor alone does 
not explain viral tropism, as not all R5 viruses are able to use CCR5 on macrophages for 
a productive infection and HIV can also infect a subtype of myeloid dendritic cells, 
which probably constitute a reservoir that maintains infection when CD4+ T cell numbers 
have declined to extremely low levels. 

Some people are resistant to certain strains of HIV. For example, people with the CCR5-
Δ32 mutation are resistant to infection with R5 virus, as the mutation stops HIV from 
binding to this coreceptor, reducing its ability to infect target cells. 

Sexual intercourse is the major mode of HIV transmission. Both X4 and R5 HIV are 
present in the seminal fluid, which is passed from a male to his sexual partner. The 
virions can then infect numerous cellular targets and disseminate into the whole 
organism. However, a selection process leads to a predominant transmission of the R5 
virus through this pathway. How this selective process works is still under investigation, 
but one model is that spermatozoa may selectively carry R5 HIV as they possess both 
CCR3 and CCR5 but not CXCR4 on their surface and that genital epithelial cells 
preferentially sequester X4 virus. In patients infected with subtype B HIV-1, there is 
often a co-receptor switch in late-stage disease and T-tropic variants appear that can 
infect a variety of T cells through CXCR4. These variants then replicate more 
aggressively with heightened virulence that causes rapid T cell depletion, immune system 
collapse, and opportunistic infections that mark the advent of AIDS. Thus, during the 
course of infection, viral adaptation to the use of CXCR4 instead of CCR5 may be a key 
step in the progression to AIDS. A number of studies with subtype B-infected individuals 
have determined that between 40 and 50% of AIDS patients can harbour viruses of the SI 
and, it is presumed, the X4 phenotypes. 

HIV-2 is much less pathogenic than HIV-1 and is restricted in its worldwide distribution. 
The adoption of "accessory genes" by HIV-2 and its more promiscuous pattern of 
coreceptor usage (including CD4-independence) may assist the virus in its adaptation to 
avoid innate restriction factors present in host cells. Adaptation to use normal cellular 
machinery to enable transmission and productive infection has also aided the 
establishment of HIV-2 replication in humans. A survival strategy for any infectious 
agent is not to kill its host but ultimately become a commensal organism. Having 
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achieved a low pathogenicity, over time, variants more successful at transmission will be 
selected. 

Replication cycle 

 
 

The HIV replication cycle 

Entry to the cell 

HIV enters macrophages and CD4+ T cells by the adsorption of glycoproteins on its 
surface to receptors on the target cell followed by fusion of the viral envelope with the 
cell membrane and the release of the HIV capsid into the cell. 
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Entry to the cell begins through interaction of the trimeric envelope complex (gp160 
spike) and both CD4 and a chemokine receptor (generally either CCR5 or CXCR4, but 
others are known to interact) on the cell surface. gp120 binds to integrin α4β7 activating 
LFA-1 the central integrin involved in the establishment of virological synapses, which 
facilitate efficient cell-to-cell spreading of HIV-1. The gp160 spike contains binding 
domains for both CD4 and chemokine receptors. 

The first step in fusion involves the high-affinity attachment of the CD4 binding domains 
of gp120 to CD4. Once gp120 is bound with the CD4 protein, the envelope complex 
undergoes a structural change, exposing the chemokine binding domains of gp120 and 
allowing them to interact with the target chemokine receptor. This allows for a more 
stable two-pronged attachment, which allows the N-terminal fusion peptide gp41 to 
penetrate the cell membrane. Repeat sequences in gp41, HR1, and HR2 then interact, 
causing the collapse of the extracellular portion of gp41 into a hairpin. This loop structure 
brings the virus and cell membranes close together, allowing fusion of the membranes 
and subsequent entry of the viral capsid. 

After HIV has bound to the target cell, the HIV RNA and various enzymes, including 
reverse transcriptase, integrase, ribonuclease, and protease, are injected into the cell. 
During the microtubule-based transport to the nucleus, the viral single-strand RNA 
genome is transcribed into double-strand DNA, which is then integrated into a host 
chromosome. 

HIV can infect dendritic cells (DCs) by this CD4-CCR5 route, but another route using 
mannose-specific C-type lectin receptors such as DC-SIGN can also be used. DCs are 
one of the first cells encountered by the virus during sexual transmission. They are 
currently thought to play an important role by transmitting HIV to T-cells when the virus 
is captured in the mucosa by DCs. The presence of FEZ-1, which occurs naturally in 
neurons, is believed to prevent the infection of cells by HIV. 

Replication and transcription 

Shortly after the viral capsid enters the cell, an enzyme called reverse transcriptase 
liberates the single-stranded (+)RNA genome from the attached viral proteins and copies 
it into a complementary DNA (cDNA) molecule. The process of reverse transcription is 
extremely error-prone, and the resulting mutations may cause drug resistance or allow the 
virus to evade the body's immune system. The reverse transcriptase also has ribonuclease 
activity that degrades the viral RNA during the synthesis of cDNA, as well as DNA-
dependent DNA polymerase activity that creates a sense DNA from the antisense cDNA. 
Together, the cDNA and its complement form a double-stranded viral DNA that is then 
transported into the cell nucleus. The integration of the viral DNA into the host cell's 
genome is carried out by another viral enzyme called integrase. 
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Reverse transcription of the HIV genome into double strand DNA 

This integrated viral DNA may then lie dormant, in the latent stage of HIV infection. To 
actively produce the virus, certain cellular transcription factors need to be present, the 
most important of which is NF-κB (NF kappa B), which is upregulated when T-cells 
become activated. This means that those cells most likely to be killed by HIV are those 
currently fighting infection. 

During viral replication, the integrated DNA provirus is transcribed into mRNA, which is 
then spliced into smaller pieces. These small pieces are exported from the nucleus into 
the cytoplasm, where they are translated into the regulatory proteins Tat (which 
encourages new virus production) and Rev. As the newly produced Rev protein 
accumulates in the nucleus, it binds to viral mRNAs and allows unspliced RNAs to leave 
the nucleus, where they are otherwise retained until spliced. At this stage, the structural 
proteins Gag and Env are produced from the full-length mRNA. The full-length RNA is 
actually the virus genome; it binds to the Gag protein and is packaged into new virus 
particles. 
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HIV-1 and HIV-2 appear to package their RNA differently; HIV-1 will bind to any 
appropriate RNA, whereas HIV-2 will preferentially bind to the mRNA that was used to 
create the Gag protein itself. This may mean that HIV-1 is better able to mutate (HIV-1 
infection progresses to AIDS faster than HIV-2 infection and is responsible for the 
majority of global infections). 

Assembly and release 

The final step of the viral cycle, assembly of new HIV-1 virons, begins at the plasma 
membrane of the host cell. The Env polyprotein (gp160) goes through the endoplasmic 
reticulum and is transported to the Golgi complex where it is cleaved by protease and 
processed into the two HIV envelope glycoproteins gp41 and gp120. These are 
transported to the plasma membrane of the host cell where gp41 anchors the gp120 to the 
membrane of the infected cell. The Gag (p55) and Gag-Pol (p160) polyproteins also 
associate with the inner surface of the plasma membrane along with the HIV genomic 
RNA as the forming virion begins to bud from the host cell. Maturation occurs either in 
the forming bud or in the immature virion after it buds from the host cell. During 
maturation, HIV proteases cleave the polyproteins into individual functional HIV 
proteins and enzymes. The various structural components then assemble to produce a 
mature HIV virion. This cleavage step can be inhibited by protease inhibitors. The mature 
virus is then able to infect another cell. 

Genetic variability 

 
 

The phylogenetic tree of the SIV and HIV 
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HIV differs from many viruses in that it has very high genetic variability. This diversity 
is a result of its fast replication cycle, with the generation of about 1010 virions every day, 
coupled with a high mutation rate of approximately 3 x 10−5 per nucleotide base per cycle 
of replication and recombinogenic properties of reverse transcriptase. 

This complex scenario leads to the generation of many variants of HIV in a single 
infected patient in the course of one day. This variability is compounded when a single 
cell is simultaneously infected by two or more different strains of HIV. When 
simultaneous infection occurs, the genome of progeny virions may be composed of RNA 
strands from two different strains. This hybrid virion then infects a new cell where it 
undergoes replication. As this happens, the reverse transcriptase, by jumping back and 
forth between the two different RNA templates, will generate a newly synthesized 
retroviral DNA sequence that is a recombinant between the two parental genomes. This 
recombination is most obvious when it occurs between subtypes. 

The closely related simian immunodeficiency virus (SIV) has evolved into many strains, 
classified by the natural host species. SIV strains of the African green monkey (SIVagm) 
and sooty mangabey (SIVsmm) are thought to have a long evolutionary history with their 
hosts. These hosts have adapted to the presence of the virus, which is present at high 
levels in the host's blood but evokes only a mild immune response, does not cause the 
development of simian AIDS, and does not undergo the extensive mutation and 
recombination typical of HIV infection in humans. 

In contrast, when these strains infect species that have not adapted to SIV ("heterologous" 
hosts such as rhesus or cynomologus macaques), the animals develop AIDS and the virus 
generates genetic diversity similar to what is seen in human HIV infection. Chimpanzee 
SIV (SIVcpz), the closest genetic relative of HIV-1, is associated with increased 
mortality and AIDS-like symptoms in its natural host. Both SIVcpz and HIV-1 appear to 
have been transmitted relatively recently to chimpanzee and human populations, so their 
hosts have not yet adapted to the virus. Both viruses have also lost a function of the Nef 
gene that is present in most SIVs; without this function, T cell depletion is more likely, 
leading to immunodeficiency. 

Three groups of HIV-1 have been identified on the basis of differences in the envelope 
(env) region: M, N, and O. Group M is the most prevalent and is subdivided into eight 
subtypes (or clades), based on the whole genome, which are geographically distinct. The 
most prevalent are subtypes B (found mainly in North America and Europe), A and D 
(found mainly in Africa), and C (found mainly in Africa and Asia); these subtypes form 
branches in the phylogenetic tree representing the lineage of the M group of HIV-1. 
Coinfection with distinct subtypes gives rise to circulating recombinant forms (CRFs). In 
2000, the last year in which an analysis of global subtype prevalence was made, 47.2% of 
infections worldwide were of subtype C, 26.7% were of subtype A/CRF02_AG, 12.3% 
were of subtype B, 5.3% were of subtype D, 3.2% were of CRF_AE, and the remaining 
5.3% were composed of other subtypes and CRFs. Most HIV-1 research is focused on 
subtype B; few laboratories focus on the other subtypes. The existence of a fourth group, 
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"P", has been hypothesised based on a virus isolated in 2009. The strain is apparently 
derived from gorilla SIV (SIVgor), first isolated from western lowland gorillas in 2006. 

The genetic sequence of HIV-2 is only partially homologous to HIV-1 and more closely 
resembles that of SIVsmm. 

Diagnosis 

Many HIV-positive people are unaware that they are infected with the virus. For 
example, less than 1% of the sexually active urban population in Africa have been tested 
and this proportion is even lower in rural populations. Furthermore, only 0.5% of 
pregnant women attending urban health facilities are counselled, tested or receive their 
test results. Again, this proportion is even lower in rural health facilities. Since donors 
may therefore be unaware of their infection, donor blood and blood products used in 
medicine and medical research are routinely screened for HIV. 

HIV-1 testing consists of initial screening with an enzyme-linked immunosorbent assay 
(ELISA) to detect antibodies to HIV-1. Specimens with a nonreactive result from the 
initial ELISA are considered HIV-negative unless new exposure to an infected partner or 
partner of unknown HIV status has occurred. Specimens with a reactive ELISA result are 
retested in duplicate. If the result of either duplicate test is reactive, the specimen is 
reported as repeatedly reactive and undergoes confirmatory testing with a more specific 
supplemental test (e.g., Western blot or, less commonly, an immunofluorescence assay 
(IFA)). Only specimens that are repeatedly reactive by ELISA and positive by IFA or 
reactive by Western blot are considered HIV-positive and indicative of HIV infection. 
Specimens that are repeatedly ELISA-reactive occasionally provide an indeterminate 
Western blot result, which may be either an incomplete antibody response to HIV in an 
infected person or nonspecific reactions in an uninfected person. 

Although IFA can be used to confirm infection in these ambiguous cases, this assay is not 
widely used. In general, a second specimen should be collected more than a month later 
and retested for persons with indeterminate Western blot results. Although much less 
commonly available, nucleic acid testing (e.g., viral RNA or proviral DNA amplification 
method) can also help diagnosis in certain situations. In addition, a few tested specimens 
might provide inconclusive results because of a low quantity specimen. In these 
situations, a second specimen is collected and tested for HIV infection. 

Modern HIV testing is extremely accurate. The chance of a false-positive result in the 
two-step testing protocol is estimated to be 0.0004% to 0.0007% in the general U.S. 
population. 

Screening 

President of South Africa, Jacob Zuma is launching HIV testing for secondary schools in 
March 2011 on weekends and holidays. The government believes that knowing HIV 
status could allow early access to life-saving treatment and help prevent the spread of the 



_________________WORLD TECHNOLOGIES_________________

WT

infection. But critics warn of psychological harm for thirteen-year-olds from positive test 
results.  

Treatment 

 
 

Abacavir – a nucleoside analog reverse transcriptase inhibitors (NARTIs or NRTIs) 

There is currently no publicly available vaccine or cure for HIV or AIDS. However, a 
vaccine that is a combination of two previously unsuccessful vaccine candidates was 
reported in September 2009 to have resulted in a 30% reduction in infections in a trial 
conducted in Thailand. Additionally, a course of antiretroviral treatment administered 
immediately after exposure, referred to as post-exposure prophylaxis, is believed to 
reduce the risk of infection if begun as quickly as possible. In July 2010, a vaginal gel 
containing tenofovir, a reverse transcriptase inhibitor, was shown to reduce HIV infection 
rates by 39 percent in a trial conducted in South Africa. 
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However, due to the incomplete protection provided by the vaccine and/or post-exposure 
prophylaxis, the avoidance of exposure to the virus is expected to remain the only reliable 
way to escape infection for some time yet. Current treatment for HIV infection consists 
of highly active antiretroviral therapy, or HAART. This has been highly beneficial to 
many HIV-infected individuals since its introduction in 1996, when the protease 
inhibitor-based HAART initially became available. Current HAART options are 
combinations (or "cocktails") consisting of at least three drugs belonging to at least two 
types, or "classes," of antiretroviral agents. Typically, these classes are two nucleoside 
analogue reverse transcriptase inhibitors (NARTIs or NRTIs) plus either a protease 
inhibitor or a non-nucleoside reverse transcriptase inhibitor (NNRTI). 

There is no empirical evidence for withholding treatment at any stage of HIV infection, 
and death rates are almost twice as high when therapy is deferred (until the CD4 count 
falls below 500) compared to starting therapy when the CD4 count is above 500. 
However, the timing for starting HIV treatment is still subject to debate. 

The United States Panel on Antiretroviral Guidelines for Adults and Adolescents in 2009 
recommended that antiretroviral therapy should be initiated in all patients with a CD4 
count less than 350, with treatment also recommended for patients with CD4 counts 
between 350 and 500. However, for patients with CD4 counts over 500, the expert Panel 
was evenly divided, with 50% in favor of starting antiretroviral therapy at this stage of 
HIV disease, and 50% viewing initiating therapy at this stage as optional. They noted that 
"Patients initiating antiretroviral therapy should be willing and able to commit to lifelong 
treatment and should understand the benefits and risks of therapy and the importance of 
adherence". 

New classes of drugs such as entry inhibitors provide treatment options for patients 
infected with viruses already resistant to common therapies, although they are not widely 
available and not typically accessible in resource-limited settings. Because AIDS 
progression in children is more rapid and less predictable than in adults, in particular, in 
young infants, more aggressive treatment is recommended for children than adults. In 
developed countries where HAART is available, doctors assess their patients thoroughly: 
measuring the viral load, how fast CD4 declines, and patient readiness. They then decide 
when to recommend starting treatment. 

HAART neither cures the patient nor uniformly removes all symptoms; high levels of 
HIV-1, often HAART-resistant, return if treatment is stopped. Moreover, it would take 
more than a lifetime for HIV infection to be cleared using HAART. Despite this, many 
HIV-infected individuals have experienced remarkable improvements in their general 
health and quality of life, which has led to a large reduction in HIV-associated morbidity 
and mortality in the developed world. One study suggests the average life expectancy of 
an HIV infected individual is 32 years from the time of infection if treatment is started 
when the CD4 count is 350/µL. Life expectancy is further enhanced if antiretroviral 
therapy is initiated before the CD4 count falls below 500/µL. 
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In the absence of HAART, progression from HIV infection to AIDS has been observed to 
occur at a median of between nine to ten years and the median survival time after 
developing AIDS is only 9.2 months. However, HAART sometimes achieves far less 
than optimal results, in some circumstances being effective in less than fifty percent of 
patients. This is due to a variety of reasons such as medication intolerance/side effects, 
prior ineffective antiretroviral therapy and infection with a drug-resistant strain of HIV. 
However, non-adherence and non-persistence with antiretroviral therapy is the major 
reason most individuals fail to benefit from HAART. 

The reasons for non-adherence and non-persistence with HAART are varied and 
overlapping. Major psychosocial issues, such as poor access to medical care, inadequate 
social supports, psychiatric disease and drug abuse contribute to non-adherence. The 
complexity of these HAART regimens, whether due to pill number, dosing frequency, 
meal restrictions or other issues along with side effects that create intentional non-
adherence also contribute to this problem. The side effects include lipodystrophy, 
dyslipidemia, insulin resistance, an increase in cardiovascular risks, and birth defects. 

Anti-retroviral drugs are expensive, and the majority of the world's infected individuals 
do not have access to medications and treatments for HIV and AIDS. Research to 
improve current treatments includes decreasing side effects of current drugs, further 
simplifying drug regimens to improve adherence, and determining the best sequence of 
regimens to manage drug resistance. Unfortunately, only a vaccine is thought to be able 
to halt the pandemic. This is because a vaccine would cost less, thus being affordable for 
developing countries, and would not require daily treatment. However, after over 20 
years of research, HIV-1 remains a difficult target for a vaccine. 

HIV latent reservoir 

Despite the success of highly active antiretroviral therapy (HAART) in controlling HIV 
infection and reducing HIV-associated mortality, current drug regimens are unable to 
completely eradicate HIV infection. Many people on HAART achieve suppression of 
HIV to levels below the limit of detection of standard clinical assays for many years. 
However, upon withdrawal of HAART, HIV viral loads rebound quickly with a 
concomitant decline in CD4+ T-Cells, which, in most cases, without a resumption of 
treatment, leads to AIDS. 

To successfully reproduce itself, HIV must convert its RNA genome to DNA, which is 
then imported into the host cell's nucleus and inserted into the host genome through the 
action of HIV integrase. Because HIV's primary cellular target, CD4+ T-Cells, function 
as the memory cells of the immune system, integrated HIV can remain dormant for the 
duration of these cells' lifetime. Memory T-Cells may survive for many years and 
possibly for decades. The latent HIV reservoir can be measured by co-culturing CD4+ T-
Cells from infected patients with CD4+ T-Cells from uninfected donors and measuring 
HIV protein or RNA. 
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The failure of vaccine candidates to protect against HIV infection and progression to 
AIDS has led to a renewed focus on the biological mechanisms responsible for HIV 
latency. A limited period of therapy combining anti-retrovirals with drugs targeting the 
latent reservoir may one day allow for total eradication of HIV infection. 

Other treatments being researched 

Stem cell transplantation 

In 2007, a 40-year-old HIV-positive patient was given a stem cell transplant as part of his 
treatment for acute myelogenous leukemia (AML). The bone marrow used was chosen 
for being homozygous for a CCR5-Δ32 mutation that confers resistance to HIV infection. 
After 600 days without antiretroviral drug treatment, HIV levels in the person's blood, 
bone marrow, and bowel were below the limit of detection, though it was suspected that 
the virus was still present in other tissues. The treatment is not considered a a possible 
cure because of its anecdotal nature, the mortality risk associated with bone marrow 
transplants, and other concerns. 

Banlec 

In 2010, a chemical called BanLec was reported to be a potent inhibitor of HIV 
replication. Researchers found that BanLec bound to the HIV-1 envelope protein gp120, 
which is high in sugar content, inhibiting viral entry into human cells. The researchers 
suggest that such an inhibitor of HIV infection may find use as a topical treatment, such 
as a vaginal microbicide, and may be cheaper to produce than current antiviral topical 
treatments. BanLec is not FDA approved for the treatment of HIV-1 infection and it 
should not be used to treat or prevent HIV-1 infection. 

A combination of peptides that stimulate integration together with the protease inhibitor 
Ro 31-8959 cause apoptotic cell death of cultured cells that were infected with HIV 
without apparent damage to uninfected cells. No animal or human tests of this 
combination have been reported. 

Virus entry inhibitors 

In December 2010, an experimental treatment with a peptide – similar to a protein but 
shorter – called VIR-576, that may stop the HIV virus from “docking” with a human cell 
was reported. A small clinical trial showed a 95 percent reduction in the amount of HIV 
in patients' blood, but with a treatment requiring expensive and regular injections. 

Immunomodulatory agents 

In addition to controlling viral replication, new therapies that are able to assist in the 
recovery of the immune system have been explored, including IL-2 and IL-7. 
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Prognosis 

Without treatment, the net median survival time after infection with HIV is estimated to 
be 9 to 11 years, depending on the HIV subtype, and the median survival rate after 
diagnosis of AIDS in resource-limited settings where treatment is not available ranges 
between 6 and 19 months, depending on the study. In areas where it is widely available, 
the development of HAART as effective therapy for HIV infection and AIDS reduced the 
death rate from this disease by 80%, and raised the life expectancy for a newly diagnosed 
HIV-infected person to 20–50 years. 

As new treatments continue to be developed and because HIV continues to evolve 
resistance to treatments, estimates of survival time are likely to continue to change. 
Without antiretroviral therapy, death normally occurs within a year after the individual 
progresses to AIDS. Most patients die from opportunistic infections or malignancies 
associated with the progressive failure of the immune system. The rate of clinical disease 
progression varies widely between individuals and has been shown to be affected by 
many factors such as host susceptibility and immune function health care and co-
infections, as well as which particular strain of the virus is involved. 

Epidemiology 

 
 
Estimated prevalence of HIV among young adults (15–49) per country at the end of 2005 
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Numbers of people living with, newly infected with, and killed by HIV (1990–2008) 

UNAIDS and the WHO estimated that AIDS killed more than 25 million people between 
1981, when it was first recognized, and 2005, making it one of the most destructive 
pandemics in recorded history. Despite improved access to antiretroviral treatment and 
care in many regions of the world, the AIDS pandemic claimed an estimated 2.8 million 
(between 2.4 and 3.3 million) lives in 2005 of which more than half a million (570,000) 
were children. 

UNAIDS estimated that 33.3 million people were living with HIV at the end of 2009, up 
from 26.2 million people in 1999. They also estimated AIDS-related deaths in 2009 at 
1.8 million people, down from a peak of 2.1 million in 2004, new infections at 2.6 
million, down from a peak of 3.2 million in 1997, and the number of people in low- or 
middle-income countries receiving antiretroviral therapy in 2009 at 5.2 million, up from 
4.0 million in 2008. 

Sub-Saharan Africa remains by far the worst-affected region, with an estimated 
22.5 million people currently living with HIV (67% of the global total), 1.3 million 
deaths (72% of the global total) and 1.8 million new infections (69% of the global total). 
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However, the number of new infections declined by 19% across the region between 2001 
and 2009, and by more than 25% in 22 sub-Saharan African countries during this period. 
Asia is the second-worst affected region, with 4.9 million people living with HIV (15% 
of the global total).  

The latest evaluation report of the World Bank's Operations Evaluation Department 
assesses the development effectiveness of the World Bank's country-level HIV/AIDS 
assistance defined as policy dialogue, analytic work, and lending with the explicit 
objective of reducing the scope or impact of the AIDS epidemic. This is the first 
comprehensive evaluation of the World Bank's HIV/AIDS support to countries, from the 
beginning of the epidemic through mid-2004. Because the Bank aims to assist in 
implementation of national government programmes, their experience provides important 
insights on how national AIDS programmes can be made more effective. 

The development of HAART as effective therapy for HIV infection has substantially 
reduced the death rate from this disease in those areas where these drugs are widely 
available. As the life expectancy of persons with HIV has increased in countries where 
HAART is widely used, the continuing spread of the disease has caused the number of 
persons living with HIV to increase substantially. 

In Africa, the number of mother-to-child-transmission (MTCT) cases and the prevalence 
of AIDS is beginning to reverse decades of steady progress in child survival. Countries 
such as Uganda are attempting to curb the MTCT epidemic by offering VCT (voluntary 
counselling and testing), PMTCT (prevention of mother-to-child transmission) and ANC 
(ante-natal care) services, which include the distribution of antiretroviral therapy. 

History 

Origins 

HIV is thought to have originated in non-human primates in sub-Saharan Africa and was 
transferred to humans late in the 19th or early in the 20th century. The first paper 
recognizing a pattern of opportunistic infections characteristic of AIDS was published in 
1981. 

Both HIV-1 and HIV-2 are believed to have originated in West-Central Africa and to 
have jumped species (a process known as zoonosis) from non-human primates to 
humans. HIV-1 appears to have originated in southern Cameroon through the evolution 
of SIV(cpz), a simian immunodeficiency virus (SIV) that infects wild chimpanzees (HIV-
1 descends from the SIVcpz endemic in the chimpanzee subspecies Pan troglodytes 
troglodytes). The closest relative of HIV-2 is SIV(smm), a virus of the sooty mangabey 
(Cercocebus atys atys), an Old World monkey living in litoral West Africa (from 
southern Senegal to western Ivory Coast. New World monkeys such as the owl monkey 
are resistant to HIV-1 infection, possibly because of a genomic fusion of two viral 
resistance genes. 
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There is evidence that humans who participate in bushmeat activities, either as hunters or 
as bushmeat vendors, commonly acquire SIV. However, only a few of these infections 
were able to cause epidemics in humans, and all did so in the late 19th—early 20th 
century. To explain why HIV became epidemic only by that time, there are several 
theories, each invoking specific driving factors that may have promoted SIV adaptation 
to humans, or initial spread: social changes following colonialism, rapid transmission of 
SIV through unsafe or unsterile injections (that is, injections in which the needle is reused 
without being sterilised), colonial abuses and unsafe smallpox vaccinations or injections, 
or prostitution and the concomitant high frequency of genital ulcer diseases (such as 
syphilis) in nascent colonial cities 

Discovery 

AIDS was first clinically observed between late 1980 and early 1981. Injection drug users 
and gay men with no known cause of impaired immunity showed symptoms of 
Pneumocystis carinii pneumonia (PCP), a rare opportunistic infection that was known to 
present itself in people with very compromised immune systems. Soon thereafter, 
additional gay men developed a previously-rare skin cancer called Kaposi’s sarcoma 
(KS). Many more cases of PCP and KS quickly emerged, alerting U.S. Centers for 
Disease Control and Prevention (CDC). A CDC task force was formed to monitor the 
outbreak. After recognizing a pattern of anomalous symptoms presenting themselves in 
patients, the task force named the condition acquired immune deficiency syndrome 
(AIDS). 

In 1983, two separate research groups led by Robert Gallo and Luc Montagnier 
independently declared that a novel retrovirus may have been infecting AIDS patients, 
and published their findings in the same issue of the journal Science. Gallo claimed that a 
virus his group had isolated from an AIDS patient was strikingly similar in shape to other 
human T-lymphotropic viruses (HTLVs) his group had been the first to isolate. Gallo's 
group called their newly isolated virus HTLV-III. At the same time, Montagnier's group 
isolated a virus from a patient presenting lymphadenopathy (swelling of the lymph nodes) 
of the neck and physical weakness, two classic symptoms of AIDS. Contradicting the 
report from Gallo's group, Montagnier and his colleagues showed that core proteins of 
this virus were immunologically different from those of HTLV-I. Montagnier's group 
named their isolated virus lymphadenopathy-associated virus (LAV). HIV was chosen as 
a compromise between the two claims (LAV and HTLV-III). 

Whether Gallo or Montagnier deserve more credit for the discovery of the virus that 
causes AIDS has been a matter of considerable controversy. Together with his colleague 
Françoise Barré-Sinoussi, Montagnier was awarded one half of the 2008 Nobel Prize in 
Physiology or Medicine for his "discovery of human immunodeficiency virus". Harald 
zur Hausen also shared the Prize for his discovery that human papilloma virus leads to 
cervical cancer, but Gallo was left out. Gallo said that it was "a disappointment" that he 
was not named a co-recipient. Montagnier said he was "surprised" Gallo was not 
recognized by the Nobel Committee: "It was important to prove that HIV was the cause 
of AIDS, and Gallo had a very important role in that. I'm very sorry for Robert Gallo." 
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AIDS denialism 

A small group of individuals continue to dispute the connection between HIV and AIDS, 
the existence of HIV itself, or the validity of HIV testing and treatment methods. These 
claims, known as AIDS denialism, have been examined and rejected by the scientific 
community. However, they have had a significant political impact, particularly in South 
Africa, where the government's official embrace of AIDS denialism was responsible for 
its ineffective response to that country's AIDS epidemic, and has been blamed for 
hundreds of thousands of avoidable deaths and HIV infections. 
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Chapter- 7 

AIDS 

 

 

 

Acquired immunodeficiency syndrome (AIDS) 

 
The red ribbon is a symbol for solidarity with HIV-positive 

people and those living with AIDS. 
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ICD-10 B24. 

ICD-9 042 

DiseasesDB 5938 

MedlinePlus 000594 

eMedicine emerg/253 

MeSH D000163 

List of abbreviations used here- 

AIDS: Acquired immune 
deficiency syndrome 
HIV: Human immunodeficiency 
virus 
CD4+: CD4+ T helper cells 
CCR5: Chemokine (C-C motif) 
receptor 5 
CDC: Centers for Disease Control 
and Prevention 
WHO: World Health Organization 
PCP: Pneumocystis pneumonia 
TB: Tuberculosis 
MTCT: Mother-to-child 
transmission 
HAART: Highly active 
antiretroviral therapy 
STI/STD: Sexually transmitted 
infection/disease 

Acquired immune deficiency syndrome or acquired immunodeficiency syndrome 
(AIDS) is a disease of the human immune system caused by the human 
immunodeficiency virus (HIV). This condition progressively reduces the effectiveness of 
the immune system and leaves individuals susceptible to opportunistic infections and 
tumors. HIV is transmitted through direct contact of a mucous membrane or the 
bloodstream with a bodily fluid containing HIV, such as blood, semen, vaginal fluid, 
preseminal fluid, and breast milk. This transmission can involve anal, vaginal or oral sex, 
blood transfusion, contaminated hypodermic needles, exchange between mother and baby 
during pregnancy, childbirth, breastfeeding or other exposure to one of the above bodily 
fluids. 

AIDS is now a pandemic. As of 2009, AVERT estimated that there are 33.3 million 
people worldwide living with HIV/AIDS, with 2.6 million new HIV infections per year 
and 1.8 million annual deaths due to AIDS. In 2007, UNAIDS estimated: 33.2 million 
people worldwide had AIDS that year; AIDS killed 2.1 million people in the course of 
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that year, including 330,000 children, and 76% of those deaths occurred in sub-Saharan 
Africa. According to UNAIDS 2009 report, worldwide some 60 million people have been 
infected, with some 25 million deaths, and 14 million orphaned children in southern 
Africa alone since the epidemic began. 

Genetic research indicates that HIV originated in west-central Africa during the late 
nineteenth or early twentieth century. AIDS was first recognized by the U.S. Centers for 
Disease Control and Prevention in 1981 and its cause, HIV, identified in the early 1980s. 

Although treatments for AIDS and HIV can slow the course of the disease, there is no 
known cure or vaccine. Antiretroviral treatment reduces both the mortality and the 
morbidity of HIV infection, but these drugs are expensive and routine access to 
antiretroviral medication is not available in all countries. Due to the difficulty in treating 
HIV infection, preventing infection is a key aim in controlling the AIDS pandemic, with 
health organizations promoting safe sex and needle-exchange programmes in attempts to 
slow the spread of the virus. 

History and origin 

AIDS was first reported June 5, 1981, when the U.S. Centers for Disease Control (CDC) 
recorded a cluster of Pneumocystis carinii pneumonia (now still classified as PCP but 
known to be caused by Pneumocystis jirovecii) in five homosexual men in Los Angeles. 
In the beginning, the CDC did not have an official name for the disease, often referring to 
it by way of the diseases that were associated with it, for example, lymphadenopathy, the 
disease after which the discoverers of HIV originally named the virus. They also used 
Kaposi's Sarcoma and Opportunistic Infections, the name by which a task force had been 
set up in 1981. 

In the general press, the term GRID, which stood for Gay-related immune deficiency, had 
been coined. The CDC, in search of a name, and looking at the infected communities 
coined “the 4H disease,” as it seemed to single out Haitians, homosexuals, hemophiliacs, 
and heroin users. However, after determining that AIDS was not isolated to the 
homosexual community, the term GRID became misleading and AIDS was introduced at 
a meeting in July 1982. By September 1982 the CDC started using the name AIDS, and 
properly defined the illness. 

The earliest known positive identification of the HIV-1 virus comes from the Congo in 
1959 and 1960 though genetic studies indicate that it passed into the human population 
from chimpanzees around fifty years earlier. A recent study states that a strain of HIV-1 
probably moved from Africa to Haiti and then entered the United States around 1969. 

The HIV virus descends from the related simian immunodeficiency virus (SIV), which 
infects apes and monkeys in Africa. There is evidence that humans who participate in 
bushmeat activities, either as hunters or as bushmeat vendors, commonly acquire SIV. 
However, only a few of these infections were able to cause epidemics in humans, and all 
did so in the late 19th—early 20th century. To explain why HIV became epidemic only by 
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that time, there are several theories, each invoking specific driving factors that may have 
promoted SIV adaptation to humans, or initial spread: social changes following 
colonialism, rapid transmission of SIV through unsafe or unsterile injections (that is, 
injections in which the needle is reused without being sterilised), colonial abuses and 
unsafe smallpox vaccinations or injections, or prostitution and the concomitant high 
frequency of genital ulcer diseases (such as syphilis) in nascent colonial cities. 

A more controversial theory known as the OPV AIDS hypothesis suggests that the AIDS 
epidemic was inadvertently started in the late 1950s in the Belgian Congo by Hilary 
Koprowski's research into a poliomyelitis vaccine. According to scientific consensus, this 
scenario is not supported by the available evidence. 

Signs and symptoms 

 
 

Main symptoms of AIDS 
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X-ray of Pneumocystis pneumonia (PCP). There is increased white (opacity) in the lower 
lungs on both sides, characteristic of PCP 

The symptoms of AIDS are primarily the result of conditions that do not normally 
develop in individuals with healthy immune systems. Most of these conditions are 
infections caused by bacteria, viruses, fungi and parasites that are normally controlled by 
the elements of the immune system that HIV damages. 

Opportunistic infections are common in people with AIDS. These infections affect nearly 
every organ system. 

People with AIDS also have an increased risk of developing various cancers such as 
Kaposi's sarcoma, cervical cancer and cancers of the immune system known as 
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lymphomas. Additionally, people with AIDS often have systemic symptoms of infection 
like fevers, sweats (particularly at night), swollen glands, chills, weakness, and weight 
loss. The specific opportunistic infections that AIDS patients develop depend in part on 
the prevalence of these infections in the geographic area in which the patient lives. 

Pulmonary 

Pneumocystis pneumonia (originally known as Pneumocystis carinii pneumonia, and still 
abbreviated as PCP, which now stands for Pneumocystis pneumonia) is relatively rare in 
healthy, immunocompetent people, but common among HIV-infected individuals. It is 
caused by Pneumocystis jirovecii. 

Before the advent of effective diagnosis, treatment and routine prophylaxis in Western 
countries, it was a common immediate cause of death. In developing countries, it is still 
one of the first indications of AIDS in untested individuals, although it does not generally 
occur unless the CD4 count is less than 200 cells per µL of blood. 

Tuberculosis (TB) is unique among infections associated with HIV because it is 
transmissible to immunocompetent people via the respiratory route, and is not easily 
treatable once identified, Multidrug resistance is a serious problem. Tuberculosis with 
HIV co-infection (TB/HIV) is a major world health problem according to the World 
Health Organization: in 2007, 456,000 deaths among incident TB cases were HIV-
positive, a third of all TB deaths and nearly a quarter of the estimated 2 million HIV 
deaths in that year. 

Even though its incidence has declined because of the use of directly observed therapy 
and other improved practices in Western countries, this is not the case in developing 
countries where HIV is most prevalent. In early-stage HIV infection (CD4 count >300 
cells per µL), TB typically presents as a pulmonary disease. In advanced HIV infection, 
TB often presents atypically with extrapulmonary (systemic) disease a common feature. 
Symptoms are usually constitutional and are not localized to one particular site, often 
affecting bone marrow, bone, urinary and gastrointestinal tracts, liver, regional lymph 
nodes, and the central nervous system. 

Gastrointestinal 

Esophagitis is an inflammation of the lining of the lower end of the esophagus (gullet or 
swallowing tube leading to the stomach). In HIV-infected individuals, this is normally 
due to fungal (candidiasis) or viral (herpes simplex-1 or cytomegalovirus) infections. In 
rare cases, it could be due to mycobacteria. 

Unexplained chronic diarrhea in HIV infection is due to many possible causes, including 
common bacterial (Salmonella, Shigella, Listeria or Campylobacter) and parasitic 
infections; and uncommon opportunistic infections such as cryptosporidiosis, 
microsporidiosis, Mycobacterium avium complex (MAC) and viruses, astrovirus, 
adenovirus, rotavirus and cytomegalovirus, (the latter as a course of colitis). 
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In some cases, diarrhea may be a side effect of several drugs used to treat HIV, or it may 
simply accompany HIV infection, particularly during primary HIV infection. It may also 
be a side effect of antibiotics used to treat bacterial causes of diarrhea (common for 
Clostridium difficile). In the later stages of HIV infection, diarrhea is thought to be a 
reflection of changes in the way the intestinal tract absorbs nutrients, and may be an 
important component of HIV-related wasting. 

Neurological and psychiatric 

HIV infection may lead to a variety of neuropsychiatric sequelae, either by infection of 
the now susceptible nervous system by organisms, or as a direct consequence of the 
illness itself. 

Toxoplasmosis is a disease caused by the single-celled parasite called Toxoplasma 
gondii; it usually infects the brain, causing toxoplasma encephalitis, but it can also infect 
and cause disease in the eyes and lungs. Cryptococcal meningitis is an infection of the 
meninx (the membrane covering the brain and spinal cord) by the fungus Cryptococcus 
neoformans. It can cause fevers, headache, fatigue, nausea, and vomiting. Patients may 
also develop seizures and confusion; left untreated, it can be lethal. 

Progressive multifocal leukoencephalopathy (PML) is a demyelinating disease, in which 
the gradual destruction of the myelin sheath covering the axons of nerve cells impairs the 
transmission of nerve impulses. It is caused by a virus called JC virus which occurs in 
70% of the population in latent form, causing disease only when the immune system has 
been severely weakened, as is the case for AIDS patients. It progresses rapidly, usually 
causing death within months of diagnosis. 

AIDS dementia complex (ADC) is a metabolic encephalopathy induced by HIV infection 
and fueled by immune activation of HIV infected brain macrophages and microglia. 
These cells are productively infected by HIV and secrete neurotoxins of both host and 
viral origin. Specific neurological impairments are manifested by cognitive, behavioral, 
and motor abnormalities that occur after years of HIV infection and are associated with 
low CD4+ T cell levels and high plasma viral loads. 

Prevalence is 10–20% in Western countries but only 1–2% of HIV infections in India. 
This difference is possibly due to the HIV subtype in India. AIDS related mania is 
sometimes seen in patients with advanced HIV illness; it presents with more irritability 
and cognitive impairment and less euphoria than a manic episode associated with true 
bipolar disorder. Unlike the latter condition, it may have a more chronic course. This 
syndrome is less often seen with the advent of multi-drug therapy. 
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Tumors 

 
 

Kaposi's sarcoma 

Patients with HIV infection have substantially increased incidence of several cancers. 
This is primarily due to co-infection with an oncogenic DNA virus, especially Epstein-
Barr virus (EBV), Kaposi's sarcoma-associated herpesvirus (KSHV) (also known as 
human herpesvirus-8 [HHV-8]), and human papillomavirus (HPV). 

Kaposi's sarcoma (KS) is the most common tumor in HIV-infected patients. The 
appearance of this tumor in young homosexual men in 1981 was one of the first signals 
of the AIDS epidemic. Caused by a gammaherpes virus called Kaposi's sarcoma-
associated herpes virus (KSHV), it often appears as purplish nodules on the skin, but can 
affect other organs, especially the mouth, gastrointestinal tract, and lungs. High-grade B 
cell lymphomas such as Burkitt's lymphoma, Burkitt's-like lymphoma, diffuse large B-
cell lymphoma (DLBCL), and primary central nervous system lymphoma present more 
often in HIV-infected patients. These particular cancers often foreshadow a poor 
prognosis. Epstein-Barr virus (EBV) or KSHV cause many of these lymphomas. In HIV-
infected patients, lymphoma often arises in extranodal sites such as the gastrointestinal 
tract. When they occur in an HIV-infected patient, KS and aggressive B cell lymphomas 
confer a diagnosis of AIDS. 

Invasive cervical cancer in HIV-infected women is also considered AIDS-defining, it is 
caused by human papillomavirus (HPV). 
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In addition to the AIDS-defining tumors listed above, HIV-infected patients are at 
increased risk of certain other tumors, notably Hodgkin's disease, anal and rectal 
carcinomas, hepatocellular carcinomas, head and neck cancers, and lung cancer. Some of 
these are causes by viruses, such as Hodgkin's disease (EBV), anal/rectal cancers (HPV), 
head and neck cancers (HPV), and hepatocellular carcinoma (hepatitis B or C). Other 
contributing factors include exposure to carcinogens (cigarette smoke for lung cancer), or 
living for years with subtle immune defects. 

Interestingly, the incidence of many common tumors, such as breast cancer or colon 
cancer, does not increase in HIV-infected patients. In areas where HAART is extensively 
used to treat AIDS, the incidence of many AIDS-related malignancies has decreased, but 
at the same time malignant cancers overall have become the most common cause of death 
of HIV-infected patients. In recent years, an increasing proportion of these deaths have 
been from non-AIDS-defining cancers. 

Other infections 

AIDS patients often develop opportunistic infections that present with non-specific 
symptoms, especially low-grade fevers and weight loss. These include opportunistic 
infection with Mycobacterium avium-intracellulare and cytomegalovirus (CMV). CMV 
can cause colitis, as described above, and CMV retinitis can cause blindness. 

Penicilliosis due to Penicillium marneffei is now the third most common opportunistic 
infection (after extrapulmonary tuberculosis and cryptococcosis) in HIV-positive 
individuals within the endemic area of Southeast Asia. 

An infection that often goes unrecognized in AIDS patients is Parvovirus B19. Its main 
consequence is anemia, which is difficult to distinguish from the effects of antiretroviral 
drugs used to treat AIDS itself. 
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Cause 

 
 
Scanning electron micrograph of HIV-1, colored green, budding from a cultured 
lymphocyte. 
 

 
 
A generalized graph of the relationship between HIV copies (viral load) and CD4 counts 
over the average course of untreated HIV infection; any particular individual's disease 
course may vary considerably.                      CD4+ T Lymphocyte count (cells/mm³)                      HIV RNA 
copies per mL of plasma 
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AIDS is the ultimate clinical consequence of infection with HIV. HIV is a retrovirus that 
primarily infects vital organs of the human immune system such as CD4+ T cells (a 
subset of T cells), macrophages and dendritic cells. It directly and indirectly destroys 
CD4+ T cells. 

Once HIV has killed so many CD4+ T cells that there are fewer than 200 of these cells 
per microliter (µL) of blood, cellular immunity is lost. Acute HIV infection usually 
progresses over time to clinical latent HIV infection and then to early symptomatic HIV 
infection and later to AIDS, which is identified either on the basis of the amount of CD4+ 
T cells remaining in the blood, and/or the presence of certain infections, as noted above. 

In the absence of antiretroviral therapy, the median time of progression from HIV 
infection to AIDS is nine to ten years, and the median survival time after developing 
AIDS is only 9.2 months. However, the rate of clinical disease progression varies widely 
between individuals, from two weeks up to 20 years. 

Many factors affect the rate of progression. These include factors that influence the 
body's ability to defend against HIV such as the infected person's general immune 
function. Older people have weaker immune systems, and therefore have a greater risk of 
rapid disease progression than younger people. 

Poor access to health care and the existence of coexisting infections such as tuberculosis 
also may predispose people to faster disease progression. The infected person's genetic 
inheritance plays an important role and some people are resistant to certain strains of 
HIV. An example of this is people with the homozygous CCR5-Δ32 variation are 
resistant to infection with certain strains of HIV. HIV is genetically variable and exists as 
different strains, which cause different rates of clinical disease progression. 

There are a number HIV and AIDS misconceptions. Three of the most common are that 
AIDS can spread through casual contact, that sexual intercourse with a virgin will cure 
AIDS, and that HIV can infect only homosexual men and drug users. Other 
misconceptions are that any act of anal intercourse between gay men can lead to AIDS 
infection, and that open discussion of homosexuality and HIV in schools will lead to 
increased rates of homosexuality and AIDS. 

Sexual transmission 

Sexual transmission occurs with the contact between sexual secretions of one person with 
the rectal, genital or oral mucous membranes of another. Unprotected sexual acts are 
riskier for the receptive partner than for the insertive partner, and the risk for transmitting 
HIV through unprotected anal intercourse is greater than the risk from vaginal intercourse 
or oral sex. 

However, oral sex is not entirely safe, as HIV can be transmitted through both insertive 
and receptive oral sex. Sexual assault greatly increases the risk of HIV transmission as 
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condoms are rarely employed and physical trauma to the vagina or rectum occurs 
frequently, facilitating the transmission of HIV. 

Drug use has been studied as a possible predictor of HIV transmission. Perry N. Halkitis 
found that methamphetamine usage does significantly relate to unprotected sexual 
behavior. As a result of these findings, methamphetamine users are at a higher risk for 
contracting HIV. 

Other sexually transmitted infections (STI) increase the risk of HIV transmission and 
infection, because they cause the disruption of the normal epithelial barrier by genital 
ulceration and/or microulceration; and by accumulation of pools of HIV-susceptible or 
HIV-infected cells (lymphocytes and macrophages) in semen and vaginal secretions. 
Epidemiological studies from sub-Saharan Africa, Europe and North America suggest 
that genital ulcers, such as those caused by syphilis and/or chancroid, increase the risk of 
becoming infected with HIV by about fourfold. There is also a significant although lesser 
increase in risk from STIs such as gonorrhea, chlamydia and trichomoniasis, which all 
cause local accumulations of lymphocytes and macrophages. 

Transmission of HIV depends on the infectiousness of the index case and the 
susceptibility of the uninfected partner. Infectivity seems to vary during the course of 
illness and is not constant between individuals. An undetectable plasma viral load does 
not necessarily indicate a low viral load in the seminal liquid or genital secretions. 

However, each 10-fold increase in the level of HIV in the blood is associated with an 
81% increased rate of HIV transmission. Women are more susceptible to HIV-1 infection 
due to hormonal changes, vaginal microbial ecology and physiology, and a higher 
prevalence of sexually transmitted diseases. 

People who have been infected with one strain of HIV can still be infected later on in 
their lives by other, more virulent strains. 

Infection is unlikely in a single encounter. High rates of infection have been linked to a 
pattern of overlapping long-term sexual relationships. This allows the virus to quickly 
spread to multiple partners who in turn infect their partners. A pattern of serial 
monogamy or occasional casual encounters is associated with lower rates of infection. 

HIV spreads readily through heterosexual sex in Africa, but less so elsewhere. One 
possibility being researched is that schistosomiasis, which affects up to 50% of women in 
parts of Africa, damages the lining of the vagina. 
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Blood products 

 
 

CDC poster from 1989 highlighting the threat of AIDS associated with drug use 

This transmission route is particularly relevant to intravenous drug users, hemophiliacs 
and recipients of blood transfusions and blood products. Sharing and reusing syringes 
contaminated with HIV-infected blood represents a major risk for infection with HIV. 

Needle sharing is the cause of one third of all new HIV-infections in North America, 
China, and Eastern Europe. The risk of being infected with HIV from a single prick with 
a needle that has been used on an HIV-infected person is thought to be about 1 in 150 
(see table above). Post-exposure prophylaxis with anti-HIV drugs can further reduce this 
risk. 
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This route can also affect people who give and receive tattoos and piercings. Universal 
precautions are frequently not followed in both sub-Saharan Africa and much of Asia 
because of both a shortage of supplies and inadequate training. 

The WHO estimates that approximately 2.5% of all HIV infections in sub-Saharan Africa 
are transmitted through unsafe healthcare injections. Because of this, the United Nations 
General Assembly has urged the nations of the world to implement precautions to prevent 
HIV transmission by health workers. 

The risk of transmitting HIV to blood transfusion recipients is extremely low in 
developed countries where improved donor selection and HIV screening is performed. 
However, according to the WHO, the overwhelming majority of the world's population 
does not have access to safe blood and between 5% and 10% of the world's HIV 
infections come from transfusion of infected blood and blood products. 

Perinatal transmission 

The transmission of the virus from the mother to the child can occur in utero during the 
last weeks of pregnancy and at childbirth. In the absence of treatment, the transmission 
rate between a mother and her child during pregnancy, labor and delivery is 25%. 

However, when the mother takes antiretroviral therapy and gives birth by caesarean 
section, the rate of transmission is just 1%. The risk of infection is influenced by the viral 
load of the mother at birth, with the higher the viral load, the higher the risk. 
Breastfeeding also increases the risk of transmission by about 4 %. 

Pathophysiology 

The pathophysiology of AIDS is complex, as is the case with all syndromes. Ultimately, 
HIV causes AIDS by depleting CD4+ T helper lymphocytes. This weakens the immune 
system and allows opportunistic infections. T lymphocytes are essential to the immune 
response and without them, the body cannot fight infections or kill cancerous cells. The 
mechanism of CD4+ T cell depletion differs in the acute and chronic phases. 

During the acute phase, HIV-induced cell lysis and killing of infected cells by cytotoxic 
T cells accounts for CD4+ T cell depletion, although apoptosis may also be a factor. 
During the chronic phase, the consequences of generalized immune activation coupled 
with the gradual loss of the ability of the immune system to generate new T cells appear 
to account for the slow decline in CD4+ T cell numbers. 

Although the symptoms of immune deficiency characteristic of AIDS do not appear for 
years after a person is infected, the bulk of CD4+ T cell loss occurs during the first weeks 
of infection, especially in the intestinal mucosa, which harbors the majority of the 
lymphocytes found in the body. The reason for the preferential loss of mucosal CD4+ T 
cells is that a majority of mucosal CD4+ T cells express the CCR5 coreceptor, whereas a 
small fraction of CD4+ T cells in the bloodstream do so. 
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HIV seeks out and destroys CCR5 expressing CD4+ cells during acute infection. A 
vigorous immune response eventually controls the infection and initiates the clinically 
latent phase. However, CD4+ T cells in mucosal tissues remain depleted throughout the 
infection, although enough remain to initially ward off life-threatening infections. 

Continuous HIV replication results in a state of generalized immune activation persisting 
throughout the chronic phase. Immune activation, which is reflected by the increased 
activation state of immune cells and release of proinflammatory cytokines, results from 
the activity of several HIV gene products and the immune response to ongoing HIV 
replication. Another cause is the breakdown of the immune surveillance system of the 
mucosal barrier caused by the depletion of mucosal CD4+ T cells during the acute phase 
of disease. 

This results in the systemic exposure of the immune system to microbial components of 
the gut’s normal flora, which in a healthy person is kept in check by the mucosal immune 
system. The activation and proliferation of T cells that results from immune activation 
provides fresh targets for HIV infection. However, direct killing by HIV alone cannot 
account for the observed depletion of CD4+ T cells since only 0.01–0.10% of CD4+ T 
cells in the blood are infected. 

A major cause of CD4+ T cell loss appears to result from their heightened susceptibility 
to apoptosis when the immune system remains activated. Although new T cells are 
continuously produced by the thymus to replace the ones lost, the regenerative capacity 
of the thymus is slowly destroyed by direct infection of its thymocytes by HIV. 
Eventually, the minimal number of CD4+ T cells necessary to maintain a sufficient 
immune response is lost, leading to AIDS 

Cells affected 

The virus, entering through which ever route, acts primarily on the following cells: 

• Lymphoreticular system:  
o CD4+ T-Helper cells 
o Macrophages 
o Monocytes 
o B-lymphocytes 

• Certain endothelial cells 
• Central nervous system:  

o Microglia of the nervous system 
o Astrocytes 
o Oligodendrocytes 
o Neurones – indirectly by the action of cytokines and the gp-120 
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The effect 

The virus has cytopathic effects but how it does it is still not quite clear. It can remain 
inactive in these cells for long periods, though. This effect is hypothesized to be due to 
the CD4-gp120 interaction. 

• The most prominent effect of HIV is its T-helper cell suppression and lysis. The 
cell is simply killed off or deranged to the point of being function-less (they do 
not respond to foreign antigens). The infected B-cells can not produce enough 
antibodies either. Thus the immune system collapses leading to the familiar AIDS 
complications, like infections and neoplasms (vide supra). 

• Infection of the cells of the CNS cause acute aseptic meningitis, subacute 
encephalitis, vacuolar myelopathy and peripheral neuropathy. Later it leads to 
even AIDS dementia complex. 

• The CD4-gp120 interaction (see above) is also permissive to other viruses like 
Cytomegalovirus, Hepatitis virus, Herpes simplex virus, etc. These viruses lead to 
further cell damage i.e. cytopathy. 

Diagnosis 

The diagnosis of AIDS in a person infected with HIV is based on the presence of certain 
signs or symptoms. Since June 5, 1981, many definitions have been developed for 
epidemiological surveillance such as the Bangui definition and the 1994 expanded World 
Health Organization AIDS case definition. However, clinical staging of patients was not 
an intended use for these systems as they are neither sensitive, nor specific. In developing 
countries, the World Health Organization staging system for HIV infection and disease, 
using clinical and laboratory data, is used and in developed countries, the Centers for 
Disease Control (CDC) Classification System is used. 

WHO disease staging system 

In 1990, the World Health Organization (WHO) grouped these infections and conditions 
together by introducing a staging system for patients infected with HIV-1. An update 
took place in September 2005. Most of these conditions are opportunistic infections that 
are easily treatable in healthy people. 

• Stage I: HIV infection is asymptomatic and not categorized as AIDS 
• Stage II: includes minor mucocutaneous manifestations and recurrent upper 

respiratory tract infections 
• Stage III: includes unexplained chronic diarrhea for longer than a month, severe 

bacterial infections and pulmonary tuberculosis 
• Stage IV: includes toxoplasmosis of the brain, candidiasis of the esophagus, 

trachea, bronchi or lungs and Kaposi's sarcoma; these diseases are indicators of 
AIDS. 
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CDC classification system 

There are two main definitions for AIDS, both produced by the Centers for Disease 
Control and Prevention (CDC). The older definition is to referring to AIDS using the 
diseases that were associated with it, for example, lymphadenopathy, the disease after 
which the discoverers of HIV originally named the virus. In 1993, the CDC expanded 
their definition of AIDS to include all HIV positive people with a CD4+ T cell count 
below 200 per µL of blood or 14% of all lymphocytes. The majority of new AIDS cases 
in developed countries use either this definition or the pre-1993 CDC definition. The 
AIDS diagnosis still stands even if, after treatment, the CD4+ T cell count rises to above 
200 per µL of blood or other AIDS-defining illnesses are cured. 

HIV test 

Many people are unaware that they are infected with HIV. Less than 1% of the sexually 
active urban population in Africa has been tested, and this proportion is even lower in 
rural populations. Furthermore, only 0.5% of pregnant women attending urban health 
facilities are counseled, tested or receive their test results. Again, this proportion is even 
lower in rural health facilities. Therefore, donor blood and blood products used in 
medicine and medical research are screened for HIV. 

HIV tests are usually performed on venous blood. Many laboratories use fourth 
generation screening tests which detect anti-HIV antibody (IgG and IgM) and the HIV 
p24 antigen. The detection of HIV antibody or antigen in a patient previously known to 
be negative is evidence of HIV infection. Individuals whose first specimen indicates 
evidence of HIV infection will have a repeat test on a second blood sample to confirm the 
results. 

The window period (the time between initial infection and the development of detectable 
antibodies against the infection) can vary since it can take 3–6 months to seroconvert and 
to test positive. Detection of the virus using polymerase chain reaction (PCR) during the 
window period is possible, and evidence suggests that an infection may often be detected 
earlier than when using a fourth generation EIA screening test. 

Positive results obtained by PCR are confirmed by antibody tests. Routinely used HIV 
tests for infection in neonates and infants (i.e., patients younger than 2 years), born to 
HIV-positive mothers, have no value because of the presence of maternal antibody to 
HIV in the child's blood. HIV infection can only be diagnosed by PCR, testing for HIV 
pro-viral DNA in the children's lymphocytes. 
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Prevention 
Estimated per act risk for acquisition 
of HIV by exposure route (US only)  

Exposure Route 

Estimated 
infections 
per 10,000 
exposures 

to an infected 
source 

Blood Transfusion 9,000 
Childbirth (to child) 2,500 
Needle-sharing injection drug use 67 
Percutaneous needle stick 30 
Receptive anal intercourse* 50 
Insertive anal intercourse* 6.5 
Receptive penile-vaginal intercourse* 10 
Insertive penile-vaginal intercourse* 5 
Receptive oral intercourse*§ 1 
Insertive oral intercourse*§ 0.5 

* assuming no condom use 
§ source refers to oral intercourse 

performed on a man 

The three main transmission routes of HIV are sexual contact, exposure to infected body 
fluids or tissues, and from mother to fetus or child during perinatal period. It is possible 
to find HIV in the saliva, tears, and urine of infected individuals, but there are no 
recorded cases of infection by these secretions, and the risk of infection is negligible. 
Anti-retroviral treatment of infected patients also significantly reduces their ability to 
transmit HIV to others, by reducing the amount of virus in their bodily fluids to 
undetectable levels. 

Sexual contact 

The majority of HIV infections are acquired through unprotected sexual relations 
between partners, one of whom has HIV. The primary mode of HIV infection worldwide 
is through sexual contact between members of the opposite sex. 

During a sexual act, only male or female condoms can reduce the risk of infection with 
HIV and other STDs. The best evidence to date indicates that typical condom use reduces 
the risk of heterosexual HIV transmission by approximately 80% over the long-term, 
though the benefit is likely to be higher if condoms are used correctly on every occasion. 

The male latex condom, if used correctly without oil-based lubricants, is the single most 
effective available technology to reduce the sexual transmission of HIV and other 
sexually transmitted infections. Manufacturers recommend that oil-based lubricants such 



_________________WORLD TECHNOLOGIES_________________

WT

as petroleum jelly, butter, and lard not be used with latex condoms, because they dissolve 
the latex, making the condoms porous. If lubrication is desired, manufacturers 
recommend using water-based lubricants. Oil-based lubricants can be used with 
polyurethane condoms. 

Female condoms are commonly made from polyurethane, but are also made from nitrile 
and latex. They are larger than male condoms and have a stiffened ring-shaped opening 
with an inner ring designed to be inserted into the vagina keeping the condom in place; 
inserting the female condom requires squeezing this ring. Female condoms have been 
shown to be an important HIV prevention strategy by preliminary studies which suggest 
that overall protected sexual acts increase relative to unprotected sexual acts where 
female condoms are available. At present, availability of female condoms is very low and 
the price remains prohibitive for many women. 

Studies on couples where one partner is infected show that with consistent condom use, 
HIV infection rates for the uninfected partner are below 1% per year. Prevention 
strategies are well-known in developed countries, but epidemiological and behavioral 
studies in Europe and North America suggest that a substantial minority of young people 
continue to engage in high-risk practices despite HIV/AIDS knowledge, underestimating 
their own risk of becoming infected with HIV. 

Randomized controlled trials have shown that male circumcision lowers the risk of HIV 
infection among heterosexual men by up to 60%. It is expected that this procedure will be 
actively promoted in many of the countries affected by HIV, although doing so will 
involve confronting a number of practical, cultural and attitudinal issues. However, 
programs to encourage condom use, including providing them free to those in poverty, 
are estimated to be 95 times more cost effective than circumcision at reducing the rate of 
HIV in sub-Saharan Africa. 

Some experts fear that a lower perception of vulnerability among circumcised men may 
result in more sexual risk-taking behavior, thus negating its preventive effects. However, 
one randomized controlled trial indicated that adult male circumcision was not associated 
with increased HIV risk behavior. 

Studies of HIV infection rates among women who have undergone female genital cutting 
(FGC) have reported mixed results. 

A three-year study in South Africa, completed in 2010, found that an anti-microbial 
vaginal gel could reduce infection rates among women by 50% after one year of use, and 
by 39% after two and a half years. The results of the study, which was conducted by the 
Centre for the Aids Programme of Research in South Africa (CAPRISA), were published 
in Science magazine in July 2010, and were then presented at an international aids 
conference in Vienna. 
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Body fluid exposure 

Health care workers can reduce exposure to HIV by employing precautions to reduce the 
risk of exposure to contaminated blood. These precautions include barriers such as 
gloves, masks, protective eyeware or shields, and gowns or aprons which prevent 
exposure of the skin or mucous membranes to blood borne pathogens. Frequent and 
thorough washing of the skin immediately after being contaminated with blood or other 
bodily fluids can reduce the chance of infection. Finally, sharp objects like needles, 
scalpels and glass, are carefully disposed of to prevent needlestick injuries with 
contaminated items. Since intravenous drug use is an important factor in HIV 
transmission in developed countries, harm reduction strategies such as needle-exchange 
programmes are used in attempts to reduce the infections caused by drug abuse. 

Mother-to-child 

Current recommendations state that when replacement feeding is acceptable, feasible, 
affordable, sustainable and safe, HIV-infected mothers should avoid breast-feeding their 
infant. However, if this is not the case, exclusive breast-feeding is recommended during 
the first months of life and discontinued as soon as possible. It should be noted that 
women can breastfeed children who are not their own. 

Education 

One way to change risky behavior is health education. Several studies have shown the 
positive impact of education and health literacy on cautious sex behavior. Education 
works only if it leads to higher health literacy and general cognitive ability. This ability is 
relevant to understand the relationship between own risky behavior and possible 
outcomes like HIV-transmission. In July 2010, a UNAIDS Inter-Agency Task Team 
(IATT) on Education commissioned literature review found there was a need for more 
research into non-African (especially non-South African contexts), more research on the 
actual implementation of sex-education programmes (such as teacher training, access to 
related services through schools and the community, or parental attitudes to HIV and 
AIDS education) and more longitudinal studies on the deeper complexities of the 
relationship between education and HIV. 

Management 

There is currently no publicly available vaccine for HIV or cure for HIV or AIDS. The 
only known methods of prevention are based on avoiding exposure to the virus or, failing 
that, an antiretroviral treatment directly after a highly significant exposure, called post-
exposure prophylaxis (PEP). PEP has a very demanding four week schedule of dosage. It 
also has very unpleasant side effects including diarrhea, malaise, nausea and fatigue. 
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Antiviral therapy 

 
 

Abacavir – a nucleoside analog reverse transcriptase inhibitor (NARTI or NRTI) 
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The chemical structure of Abacavir 

Current treatment for HIV infection consists of highly active antiretroviral therapy, or 
HAART. This has been highly beneficial to many HIV-infected individuals since its 
introduction in 1996 when the protease inhibitor-based HAART initially became 
available. Current optimal HAART options consist of combinations (or "cocktails") 
consisting of at least three drugs belonging to at least two types, or "classes," of 
antiretroviral agents. 

Typical regimens consist of two nucleoside analogue reverse transcriptase inhibitors 
(NARTIs or NRTIs) plus either a protease inhibitor or a non-nucleoside reverse 
transcriptase inhibitor (NNRTI). Because HIV disease progression in children is more 
rapid than in adults, and laboratory parameters are less predictive of risk for disease 
progression, particularly for young infants, treatment recommendations are more 
aggressive for children than for adults. In developed countries where HAART is 
available, doctors assess the viral load, CD4 counts, rapidity of CD4 decline and patient 
readiness while deciding when to recommend initiating treatment. Traditionally, 
treatment has been recommended for otherwise asymptomatic patients when CD4 cell 
counts fall to 200-250 cells per microliter of blood. However, beginning treatment earlier 
(at a CD4 level of 350 cells/microliter) may significantly reduce the risk of death. 

Standard goals of HAART include improvement in the patient’s quality of life, reduction 
in complications, and reduction of HIV viremia below the limit of detection, but it does 
not cure the patient of HIV nor does it prevent the return, once treatment is stopped, of 
high blood levels of HIV, often HAART resistant. Moreover, it would take more than the 
lifetime of an individual to be cleared of HIV infection using HAART. 

Despite this, many HIV-infected individuals have experienced remarkable improvements 
in their general health and quality of life, which has led to the plummeting of HIV-
associated morbidity and mortality. In the absence of HAART, progression from HIV 
infection to AIDS occurs at a median of between nine to ten years and the median 
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survival time after developing AIDS is only 9.2 months. HAART is thought to increase 
survival time by between 4 and 12 years. 

For some patients, which can be more than fifty percent of patients, HAART achieves far 
less than optimal results, due to medication intolerance/side effects, prior ineffective 
antiretroviral therapy and infection with a drug-resistant strain of HIV. Non-adherence 
and non-persistence with therapy are the major reasons why some people do not benefit 
from HAART. The reasons for non-adherence and non-persistence are varied. Major 
psychosocial issues include poor access to medical care, inadequate social supports, 
psychiatric disease and drug abuse. HAART regimens can also be complex and thus hard 
to follow, with large numbers of pills taken frequently. 

Side effects can also deter people from persisting with HAART, these include 
lipodystrophy, dyslipidaemia, diarrhoea, insulin resistance, an increase in cardiovascular 
risks and birth defects. Anti-retroviral drugs are expensive, and the majority of the 
world's infected individuals do not have access to medications and treatments for HIV 
and AIDS. However, the costs of anti-retroviral drugs have fallen recently in low-income 
countries. Moreover, a study in South Africa showed that patients' quality of life indices 
benefit from anti-retroviral treatment (Bhargava and Booysen, 2010) especially if 
healthcare services are adequate. In the absence of a cure for AIDS, anti-retroviral 
treatment is likely to be a cost-effective strategy for enhancing well-being of AIDS 
patients and their dependents. 

Complementary and alternative medicine 

In the US, approximately 60% of HIV patients use various forms of complementary or 
alternative medicine (CAM). Despite the widespread use of CAM by people living with 
HIV/AIDS, the effectiveness of these therapies has not been established. A 2005 
Cochrane review of existing high-quality scientific evidence concluded: "There is 
insufficient evidence to support the use of herbal medicines in HIV-infected individuals 
and AIDS patients." Acupuncture has only been proposed for symptomatic relief, but not 
to treat or cure HIV or AIDS. 

Vitamin or mineral supplementation has shown benefit in some studies. Daily doses of 
selenium can suppress HIV viral burden with an associated improvement of the CD4 
count. Selenium can be used as an adjunct therapy to standard antiviral treatments, but 
cannot itself cure the infection. More evidence is needed before it can be established that 
selenium supplementation reduces mortality rates. There is some evidence that vitamin A 
supplementation in children reduces mortality and improves growth. A large Tanzanian 
trial in immunologically and nutritionally compromised pregnant and lactating women 
showed a number of benefits to daily multivitamin supplementation for both mothers and 
children. Dietary intake of micronutrients at RDA levels by HIV-infected adults is 
recommended by the World Health Organization (WHO). The WHO further states that 
several studies indicate that supplementation of vitamin A, zinc, and iron can produce 
adverse effects in HIV positive adults. 
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Prognosis 

Without treatment, the net median survival time after infection with HIV is estimated to 
be 9 to 11 years, depending on the HIV subtype, and the median survival rate after 
diagnosis of AIDS in resource-limited settings where treatment is not available ranges 
between 6 and 19 months, depending on the study. In areas where it is widely available, 
the development of HAART as effective therapy for HIV infection and AIDS reduced the 
death rate from this disease by 80%, and raised the life expectancy for a newly diagnosed 
HIV-infected person to about 20 years. 

As new treatments continue to be developed and because HIV continues to evolve 
resistance to treatments, estimates of survival time are likely to continue to change. 
Without antiretroviral therapy, death normally occurs within a year after the individual 
progresses to AIDS. Most patients die from opportunistic infections or malignancies 
associated with the progressive failure of the immune system. The rate of clinical disease 
progression varies widely between individuals and has been shown to be affected by 
many factors such as host susceptibility and immune function health care and co-
infections, as well as which particular strain of the virus is involved. 

Even with anti-retroviral treatment, over the long term HIV-infected patients may 
experience neurocognitive disorders, osteoporosis, neuropathy, cancers, nephropathy, and 
cardiovascular disease. It is not always clear whether these conditions result from the 
infection, related complications, or are side effects of treatment. 

The largest cause of AIDS morbidity today, globally, is tuberculosis co-infection. In 
Africa, HIV is the single most important factor contributing to the increase in the 
incidence of TB since 1990. 

Epidemiology 

 
 
Estimated prevalence of HIV among young adults (15–49) per country at the end of 2005 
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Estimated number of people living with HIV/AIDS by country 
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The AIDS pandemic can also be seen as several epidemics of separate subtypes; the 
major factors in its spread are sexual transmission and vertical transmission from mother 
to child at birth and through breast milk. Despite recent, improved access to antiretroviral 
treatment and care in many regions of the world, the AIDS pandemic claimed an 
estimated 2.1 million (range 1.9–2.4 million) lives in 2007 of which an estimated 330,000 
were children under 15 years. Globally, an estimated 33.2 million people lived with HIV 
in 2007, including 2.5 million children. An estimated 2.5 million (range 1.8–4.1 million) 
people were newly infected in 2007, including 420,000 children. 

Sub-Saharan Africa remains by far the worst affected region. In 2007 it contained an 
estimated 68% of all people living with AIDS and 76% of all AIDS deaths, with 
1.7 million new infections bringing the number of people living with HIV to 22.5 million, 
and with 11.4 million AIDS orphans living in the region. Unlike other regions, most 
people living with HIV in sub-Saharan Africa in 2007 (61%) were women. Adult 
prevalence in 2007 was an estimated 5.0%, and AIDS continued to be the single largest 
cause of mortality in this region. 

South Africa has the largest population of HIV patients in the world, followed by Nigeria 
and India. South & South East Asia are second worst affected; in 2007 this region 
contained an estimated 18% of all people living with AIDS, and an estimated 300,000 
deaths from AIDS. India has an estimated 2.5 million infections and an estimated adult 
prevalence of 0.36%. Life expectancy has fallen dramatically in the worst-affected 
countries; for example, in 2006 it was estimated that it had dropped from 65 to 35 years 
in Botswana. 

In the United States, young African-American women are also at unusually high risk for 
HIV infection. African Americans make up 10% of the population but about half of the 
HIV/AIDS cases nationwide. This is due in part to a lack of information about AIDS and 
a perception that they are not vulnerable, as well as to limited access to health-care 
resources and a higher likelihood of sexual contact with at-risk male sexual partners. 

There are also geographic disparities in AIDS prevalence in the United States, where it is 
most common in rural areas and in the southern states, particularly in the Appalachian 
and Mississippi Delta regions and along the border with Mexico. Approximately 1.1 
million persons are living with HIV/AIDS in the United States, and more than 56,000 
new infections occur every single year. 
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Society and culture 

Stigma 

 
 
Ryan White became a poster child for HIV after being expelled from school because of 
his infection. 

AIDS stigma exists around the world in a variety of ways, including ostracism, rejection, 
discrimination and avoidance of HIV infected people; compulsory HIV testing without 
prior consent or protection of confidentiality; violence against HIV infected individuals 
or people who are perceived to be infected with HIV; and the quarantine of HIV infected 
individuals. Stigma-related violence or the fear of violence prevents many people from 
seeking HIV testing, returning for their results, or securing treatment, possibly turning 
what could be a manageable chronic illness into a death sentence and perpetuating the 
spread of HIV. 

AIDS stigma has been further divided into the following three categories: 

• Instrumental AIDS stigma—a reflection of the fear and apprehension that are 
likely to be associated with any deadly and transmissible illness. 

• Symbolic AIDS stigma—the use of HIV/AIDS to express attitudes toward the 
social groups or lifestyles perceived to be associated with the disease. 

• Courtesy AIDS stigma—stigmatization of people connected to the issue of 
HIV/AIDS or HIV- positive people. 

Often, AIDS stigma is expressed in conjunction with one or more other stigmas, 
particularly those associated with homosexuality, bisexuality, promiscuity, prostitution, 
and intravenous drug use. 

In many developed countries, there is an association between AIDS and homosexuality or 
bisexuality, and this association is correlated with higher levels of sexual prejudice such 
as anti-homosexual attitudes. There is also a perceived association between AIDS and all 
male-male sexual behavior, including sex between uninfected men. 
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Economic impact 

 
 
Changes in life expectancy in some hard-hit African countries.                      Botswana                      
Zimbabwe                      Kenya                      South Africa                     Uganda 

HIV and AIDS affects economic growth by reducing the availability of human capital. 
Without proper nutrition, health care and medicine that is available in developed 
countries, large numbers of people suffer and die from AIDS-related complications. They 
will not only be unable to work, but will also require significant medical care. The 
forecast is that this will probably cause a collapse of economies and societies in countries 
with a significant AIDS population. In some heavily infected areas, the epidemic has left 
behind many orphans cared for by elderly grandparents. 

The increased mortality has results in a smaller skilled population and labor force. This 
smaller labor force consists of increasingly younger people, with reduced knowledge and 
work experience leading to reduced productivity. An increase in workers’ time off to look 
after sick family members or for sick leave lowers productivity. Increased mortality 
reduces the mechanisms that generate human capital and investment in people, through 
loss of income and the death of parents. 
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By affecting mainly young adults, AIDS reduces the taxable population, in turn reducing 
the resources available for public expenditures such as education and health services not 
related to AIDS resulting in increasing pressure for the state's finances and slower growth 
of the economy. This results in a slower growth of the tax base, an effect that is 
reinforced if there are growing expenditures on treating the sick, training (to replace sick 
workers), sick pay and caring for AIDS orphans. This is especially true if the sharp 
increase in adult mortality shifts the responsibility and blame from the family to the 
government in caring for these orphans. 

On the level of the household, AIDS results in both the loss of income and increased 
spending on healthcare by the household. The income effects of this lead to spending 
reduction as well as a substitution effect away from education and towards healthcare and 
funeral spending. A study in Côte d'Ivoire showed that households with an HIV/AIDS 
patient spent twice as much on medical expenses as other households. 

Religion and AIDS 

The topic of religion and AIDS has become highly controversial in the past twenty years, 
primarily because many prominent religious leaders have publicly declared their 
opposition to the use of condoms, which scientists feel is currently the only means of 
stopping the epidemic. Other issues involve religious participation in global health care 
services and collaboration with secular organizations such as UNAIDS and the World 
Health Organization. 

AIDS denialism 

A small number of activists question the connection between HIV and AIDS, the 
existence of HIV, or the validity of current treatment methods (even going so far as to 
claim that the drug therapy itself was the cause of AIDS deaths). Though these claims 
have been examined and thoroughly rejected by the scientific community, they continue 
to be promulgated through the Internet and have had a significant political impact. In 
South Africa, former President Thabo Mbeki's embrace of AIDS denialism resulted in an 
ineffective governmental response to the AIDS epidemic that has been blamed for 
hundreds of thousands of AIDS-related deaths. 

KGB disinformation 

Operation INFEKTION was a worldwide Soviet active measures operation to spread 
information that the United States had created HIV/AIDS. Surveys show that a 
significant number of people believed - and continue to believe - in such claims. 

Government reaction 

In 2010, former US President Bill Clinton said that countries receiving aid to combat the 
epidemic should redirect funding to local organizations who could spend it most 
effectively and efficiently. He said, 
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"In too many countries, too much money goes to pay for too many people to go to too 
many meetings, [and] get on too many airplanes."  

Research directions 

It has been postulated that only a vaccine can halt the pandemic because a vaccine would 
possibly cost less, thus being affordable for developing countries, and would not require 
daily treatments. However, even after almost 30 years of research, HIV-1 remains a 
difficult target for a vaccine. 

Research to improve current treatments includes decreasing side effects of current drugs, 
further simplifying drug regimens to improve adherence, and determining the best 
sequence of regimens to manage drug resistance. A number of studies have shown that 
measures to prevent opportunistic infections can be beneficial when treating patients with 
HIV infection or AIDS. Vaccination against hepatitis A and B is advised for patients who 
are not infected with these viruses and are at risk of becoming infected. Patients with 
substantial immunosuppression are also advised to receive prophylactic therapy for 
Pneumocystis jiroveci pneumonia (PCP), and many patients may benefit from 
prophylactic therapy for toxoplasmosis and Cryptococcus meningitis as well. 

Researchers have discovered an abzyme that can destroy the protein gp120 CD4 binding 
site. This protein is common to all HIV variants as it is the attachment point for B 
lymphocytes and subsequent compromising of the immune system. 

Researchers from the Hebrew University of Jerusalem have also discovered that a 
combination of peptides that stimulate integration together with the protease inhibitor Ro 
31-8959 caused apoptotic cell death of HIV-infected cells with total extermination of the 
virus but did not harm healthy cells. It could take several years before a commercial 
treatment based on this discovery becomes available. 

Reactivation of the retrocyclin pseudogene has been proposed as a possible prevention 
method, as was demonstrated in a proof-of-concept study in tissue culture cells. 

In Berlin, Germany, a 42-year-old leukemia patient, Timothy Ray Brown (also referred to 
as the "Berlin Patient"), infected with HIV for more than a decade was given an 
experimental transplant of bone marrow with cells that contained an unusual natural 
variant of the CCR5 cell-surface receptor. This CCR5-Δ32 variant has been shown to 
make some cells from people who are born with it resistant to infection with some strains 
of HIV. Almost two years after the transplant, and even after the patient reportedly 
stopped taking antiretroviral medications, HIV has not been detected in the patient's 
blood. As of December 2010, three years after the transplant, Brown was still free of any 
detectable HIV in his blood and was described, in a paper in the journal Blood, as 
"cured." 



_________________WORLD TECHNOLOGIES_________________

WT

Chapter- 8 

Babesia 

 

 

 
Babesia 

 
Scientific classification 

Domain: Eukaryota 
Kingdom: Chromalveolata 
Superphylum: Alveolata 
Phylum: Apicomplexa 
Class: Aconoidasida 
Order: Piroplasmida 
Family: Babesiidae 
Genus: Babesia 

Species 
Babesia bigemina 
Babesia bovis 
Babesia canis 
Babesia cati 
Babesia divergens 
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Babesia duncani 
Babesia felis 
Babesia gibsoni 
Babesia herpailuri 
Babesia jakimovi 
Babesia major 
Babesia microti 
Babesia ovate 
Babesia pantherae 

Babesia is a protozoan parasite of the blood that causes a hemolytic disease known as 
Babesiosis. There are over 100 species of Babesia identified; however only a handful 
have been documented as pathogenic in humans. 

In the United States, Babesia microti is the most common strain associated with humans 
with other species infecting cattle, livestock and occasionally domestic animals. People 
who contract Babesiosis suffer from malaria-like symptoms. As a result malaria is a 
common misdiagnosis for the disease. 

Classification 

Babesia is a protozoan parasite of which Babesia microti and Babesia divergens are the 
two species to most frequently infect humans. Infections from other species of Babesia 
have been documented in humans but are not habitually seen. Babesiosis is also known as 
Piroplasmosis. Due to historical misclassifications, this protozoan was labeled with many 
names that are no longer used. Common names of the disease include Texas Cattle Fever, 
Redwater Fever, Tick Fever, and Nantucket Fever. 

History 

For centuries, babesiosis was known to be a serious illness for wild and domesticated 
animals, especially cattle. Victor Babeş, a Romanian scientist who first documented the 
disease in 1888, described symptoms of a severe hemolytic illness seen uniquely in cattle 
and sheep. Some years later, Americans Theobald Smith and Fred Kilborne identified the 
parasite as the cause of Texas Cattle Fever, the same disease described by Babeş. Smith 
and Kilborne also identified the tick as the agent of transmission, a discovery that first 
introduced the concept of arthropods functioning as disease vectors. Long believed to be 
a disease that only affected non-human mammals, it wasn’t until 1957 that the first case 
of babesiosis was seen in humans. The first case was observed in a splenectomized 
patient as were all people diagnosed up until 1969. The first case of babesiosis seen in a 
non-splenectomized patient proved that the protozoan parasite was pathogenic to all 
people. 
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Clinical presentation 

The severity of B. microti infections varies. For 25% of cases in adults and half of cases 
in children, the disease is asymptomatic or mild with flu-like symptoms. In cases of 
symptomatic infection, symptoms are characterized by irregular fevers, chills, headaches, 
general lethargy, pain and malaise. In severe cases, hemolytic anemia, jaundice, shortness 
of breath, and hemoglobinuria are documented due to the lytic effects of parasitic 
multiplication. Immunocompetent individuals with healthy spleens often recover without 
treatment. Splenectomized patients are more susceptible to contracting the disease and 
the course of infection often ends fatally within 5 to 8 days of symptom onset. 
Parasitemia levels can reach up to 85% in patients without spleens compared to 1-10% in 
individuals with spleens and effective immune systems. Splenectomized patients suffer 
from severe hemolytic anemia with occasional incidences of hepatomegaly and 
splenomegaly documented. 

Complications that arise from B. microti infections include acute respiratory failure, 
congestive heart failure, and renal failure. Infections can be fatal in 5-10% of hospitalized 
patients with increased risk of death in the immunosuppressed, the elderly, and those co-
infected with Lyme disease. B. divergens infections have a much higher fatality rate 
(42%) and present with the most severe symptoms. Infected individuals suffer from 
hemoglobinuria followed by jaundice, a persistently high fever, chills and sweats. If left 
untreated, B. divergens infections can develop into shock-like symptoms with pulmonary 
edema and renal failure. 

Signs of infection usually arise 1 to 8 weeks after a bite from an infectious tick. 
Infections from B. divergens have a shorter latent period usually ranging from 1–3 weeks. 

Transmission 

Babesia is spread through the saliva of a tick when it bites. At its nymphal stage, a tick 
will bite into the skin for a blood meal. The tick, if not removed, will stay attached for 3 
to 6 days with longer periods of feeding associated with a higher probability of acquiring 
the parasite. The parasite can survive in the tick as it molts through its various 
developmental stages resulting in all stages being potentially infectious. Some species of 
Babesia can be transmitted from a female tick to its offspring before migrating to salivary 
glands for feeding. B. microti, the most common variety of Babesia in humans however, 
has not been shown to transmit transovarially. 

In the Americas, Ixodes scapularis is the most common vector. This hard tick, commonly 
known as a deer tick, is also the vector for other tick-associated illnesses such as Lyme 
disease. Many species of Babesia only infect non-human mammalian hosts, most 
commonly cattle, horses, and sheep. B. microti and B. divergens are the two main 
pathogenic species in humans. Their reservoirs are theorized to be the white-footed 
mouse (Peromuscus leucopus Rafinesque), microtus voles (Microtus spp.), and the white-
tailed deer (Odocoileus virginianus). These woodland species are hypothesized reservoirs 
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because although they are known to harbor the disease, complete reservoir competence 
has not yet been shown. 

Most cases of transmission between humans are attributed to a tick vector. However, as 
of 2003 the Centers for Disease Control and Prevention (CDC) acknowledged more than 
40 cases of Babesiosis contracted from packed red blood cell (PRBC) transfusions and 2 
infections documented from organ transplantation. PRBC transfusions that cause 
infections were identified through testing of the blood donor for B. microti antibodies. 
The occurrence of PRBC transfusions as a mechanism of Babesia transmission puts 
pressure on governmental organizations, such as the CDC, to heighten standard measures 
for screening blood donations. 

Morphology 

Babesia enters erythrocytes at the sporozoite stage. Within the red blood cell, the 
protozoa become cyclical and develop into a trophozoite ring. The trophozoites morph 
into merozoites, which have a tetrad structure coined a Maltese-cross form. The tetrad 
morphology, which can be seen with Geimsa staining of a thin blood smear, is unique to 
Babesia and serves as a distinguishing feature from Plasmodium falciparum, a protozoan 
of similar morphology that causes Malaria. Trophozoite and merozoite growth ruptures 
the host erythrocyte leading to the release of vermicules, the infectious parasitic bodies, 
which rapidly spread the protozoa throughout the blood. 

Life cycle 

The life cycle of B. microti requires a biological stage in a rodent or deer host. To begin, 
the Ixodidae introduces the sporozoites into the rodent when taking a blood meal. 
Sporozoites enter erythrocytes in the blood and begin the cyclical development between 
trophozoites and merozoites. Rather than producing more trophozoites, some merozoites 
produce gametocytes. The definitive tick host, Ixodidae, takes up the gametocytes when 
attached for a blood meal. The gametes are fertilized in the gut of the tick and develop 
into sporozoites in the salivary glands. The sporozoites are introduced into a human upon 
inoculation at the bite of an infected tick. Even as an incidental host, the phase changes 
that occur in the parasite are the same within humans as in the biological hosts. Babesia 
can be diagnosed at the trophozoite stage and can be transmitted from human to human 
either through the tick vector or through blood transfusions. 
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Life Cycle of Babesia 

Diagnosis and treatment 

Diagnostic tests 

As a protozoan parasite, the most effective way to identify Babesia infection is through 
blood sample testing. It is important to pay specific attention to particular morphologies 
of Babesia in blood smears because its substantial similarity to the malarial parasite 
Plasmodium falciparum results in many patients suffering from Babesiosis being 
misdiagnosed. The few distinguishing factors for Babesia include protozoa with varying 
shapes and sizes, the potential to contain vacuoles, and the lack of pigment production. 
Trophozoites within an erythrocyte that appear in a tetrad formation are also indicative of 
Babesia. A trained eye is necessary to distinguish the two species. 
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Even with much study of Babesiosis and Malaria, misdiagnosis with blood smear can be 
frequent and problematic. To supplement a blood smear, diagnoses should be made with 
an indirect fluorescent antibody (IFA) test. IFA testing has a much higher specificity than 
stained blood smears with antibody detection in 88-96 % of infected patients. Diagnostic 
measures through antibody testing are also particularly useful for identifying serum 
prevalence in asymptomatic individuals. Due to the transmissibility of Babesia through 
blood transfusions, IFA testing would be an effective means of screening for the disease 
in blood donations. 

Historically, Babesiosis diagnosis was carried out with xenodiagnosis in hamsters for B. 
microti and in gerbils for B.divergens. While successful at identifying the disease, this 
diagnostic technique has been abandoned for faster diagnostic measures. 

Treatment 

There are several ways to manage and treat Babesiosis in animal. In many cases, patients 
spontaneously recover having only experienced mild symptoms undiagnosed as the 
disease. This occurrence is almost always seen in B. microti infections, which are 
generally more common in the United States. For B. divergens and more severe B. 
microti infections, the standard treatment historically for symptomatic individuals was 
oral or intravenous Clindamycin with oral quinine. With the results of research completed 
in 2000 however, treatment regimens have been increasingly leaning towards oral 
Atovaquone with oral azithromycin. The latter medications are preferred as they are 
equally effective and exhibit fewer associated adverse reactions. In severe cases, blood 
exchange transfusions have been performed to lower the parasitic load in the individual. 
Other rudimentary treatment measures include addressing and correcting abnormal 
clinical signals. 

Epidemiology 

Of the species to infect humans, B. microti is most common in the Americas whereas B. 
divergens is the predominant strain found in Europe. Endemic areas are regions of tick 
habitat, including the forest regions of the Northeastern United States and temperate 
regions of Europe. Ixodidae, the tick vector of B. microti, also transmits the better-known 
Lyme disease. For reasons that remain unclear, in areas endemic to both Lyme disease 
and Babesiosis, Lyme disease transmission prevails and is more predominant in the 
region. Prevalence of Babesiosis is regions endemic to Malaria remains unknown due to 
the likelihood of misdiagnosis as Malaria. As the disease results in a high number of 
asympomatic individuals, many populations can possess high seroprevalence without 
much documentation of illness. For example, in Rhode Island and Nantucket, 
seroprevalence has been measured to be 20-25%. Prevalence of Babesiosis is most 
documented during the months of May to September where there is high tick activity in 
endemic regions. 
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Prevention 

The most effective public health measure for Babesia is avoidance of tick exposure. This 
can be performed through personal prevention strategies such as avoiding tick infested 
areas (especially during high tick season between May and September), remaining 
covered with light clothing, searching for ticks after being outdoors and removing 
discovered ticks from the skin. Other preventative measures include applying 
Diethyltoluamide (DEET), a common bug repellent that is effective against ticks, 
amongst other insects. (For people who react adversely to DEET, alternative insect 
repellents should be used.) On a state level, if health departments are particularly 
motivated, tick elimination is a possibility. In 1906, efforts were made to eradicate the 
tick vector of the bovine disease form of Babesiosis in the United States. This eradication 
was recorded as being successfully completed four decades later. Complete eradication 
efforts would be a long-term project, which would significantly reduce the prevalence of 
both Babesiosis and Lyme disease. However, as public health departments are often short 
on funding, preventative measures seem to be more recommended over vector control. 
Due to the relatively low prevalence of the disease and the presence of several reservoirs, 
Babesiosis is currently not a candidate for vaccine-based prevention. 
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Babesiosis 

 

ICD-10 B60.0 

ICD-9 088.82 

DiseasesDB 1200 

MeSH D001404 

Babesiosis is a malaria-like parasitic disease caused by Babesia, a genus of protozoal 
piroplasms. After trypanosomes, Babesia are thought to be the second most common 
blood parasites of mammals and they can have a major impact on health of domestic 
animals in areas without severe winters. Human babesiosis is uncommon, but reported 
cases have risen recently because of expanded medical awareness. 
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Terminology 

The disease is named for the genus of the causative organism, which was in turn named 
after the bacteriologist Victor Babeş. Equine babesiosis is also known as piroplasmosis. 

Epidemiology 

Babesiosis is a vector-borne illness usually transmitted by Ixodes ticks. Babesia microti 
uses the same tick vector, Ixodes scapularis, as Lyme disease and ehrlichiosis, and may 
occur in conjunction with these other diseases. In endemic areas, the organism can also 
be transmitted by blood transfusion. 

In North America, the disease is prominently found in eastern Long-Island, its barrier 
island, Fire Island, and islands of Nantucket and Martha's Vineyard off of the coast of 
Massachusetts. More generally it can be found in the northern midwestern and New 
England states. It is sometimes called "The Malaria of The Northeast." Cases of 
babesiosis have been reported in a wide range of European countries. Disease in Europe 
is usually due to infection with Babesia divergens, while in the United States Babesia 
microti and Babesia duncani are the species most commonly associated with human 
disease. Babesiosis has also been observed in Korea. 

Most cases of babesia infection are asymptomatic or include mild fevers and anemia and 
go unnoticed. In more severe cases, there are symptoms similar to malaria, with fevers up 
to 105°F / 40°C, shaking chills, and severe anemia (hemolytic anemia). Organ failure 
may follow including adult respiratory distress syndrome. Severe cases occur mostly in 
people who have had their spleen removed surgically. Severe cases are also more likely 
to occur in the very young, very old, and persons with immunodeficiency, such as 
HIV/AIDS patients. 

A reported increase in babesiosis diagnoses in the 2000s is thought to be caused by more 
widespread testing and higher numbers of people with immunodeficiencies coming in 
contact with ticks, the disease vector. Little is known about the occurrence of Babesia 
species in malaria-endemic areas, where Babesia can easily be misdiagnosed as 
Plasmodium. 
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Pathophysiology 

 
 

Babesia life cycle 

Babesia parasites reproduce in red blood cells, where they can be seen as cross-shaped 
inclusions (4 merozoites asexually budding but attached together forming a structure 
looking like a "Maltese Cross") and cause hemolytic anemia, quite similar to malaria. 

Note that unlike the Plasmodium parasites that cause malaria, Babesia species lack an 
exo-erythrocytic phase, so the liver is usually not affected. 

In animals Babesia canis rossi, Babesia bigemina, and Babesia bovis cause particularly 
severe forms of the disease that include a severe haemolytic anaemia, with positive 
erythrocyte-in-saline-agglutination test indicating an immune mediated component to the 
haemolysis. Common sequelae include haemoglobinuria "red-water", disseminated 
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intravascular coaguation (DIC) and "cerebral babesiosis" caused by sludging of 
erythrocytes in cerebral capilaries. 

Diagnosis 

A high index of suspicion is necessary to diagnose babesiosis. Babesiosis develops only 
in patients who live in or travel to an endemic area or receive a contaminated blood 
transfusion within the preceding 9 weeks, so this aspect of the medical history is vital. 
Babesiosis may be suspected when a person with such an exposure history develops 
persistent fevers and hemolytic anemia. The definitive diagnostic test for babesiosis is the 
identification of parasites on a Giemsa-stained thin blood smear. So-called "Maltese cross 
formations" on the blood film are essentially diagnostic of babesiosis, since they are not 
seen in malaria, the primary differential diagnosis. Careful examination of multiple blood 
smears may be necessary, since Babesia may infect less than 1% of circulating red blood 
cells and thus be easily overlooked. 

Serologic testing for antibodies against Babesia (both IgG and IgM) can detect low-level 
infection in cases where there is a high clinical suspicion but negative blood film 
examinations. Serology is also useful for differentiating babesiosis from malaria in cases 
where people are at risk for both infections. Since detectable antibody responses require 
approximately one week after infection to develop, serologic testing may be falsely 
negative early in the disease course. 

A polymerase chain reaction (PCR) test has been developed for the detection of Babesia 
from the peripheral blood. PCR may be at least as sensitive and specific as blood film 
examination in diagnosing babesiosis, though it is also significantly more expensive. 
Most often, PCR testing is used in conjunction with blood film examination and possibly 
serologic testing. 

Other laboratory findings include decreased numbers of red blood cells and platelets on 
complete blood count. 

In animals Babesiosis is suspected by observation of clinical signs (haemoglobinuria and 
anaemia) in animals in endemic areas. Diagnosis is confirmed by observation of 
merozoites on thin film blood smear examined at maximum magnification under oil using 
Romonovski stains (methylene blue and eosin). This is a routine part of the veterinary 
examination of dogs and ruminants in regions where babesiosis is endemic. 

Babesia canis and Babesia bigemina are "large babesias" that form paired merozoites in 
the erythrocytes, commonly described as resembling "two pears hanging together", rather 
than the "Maltese Cross" of the "small babesias". Their merozoites are approximately 
twice the size of small babesias. 

Cerebral babesiosis is suspected in-vivo when neurological signs (often severe) are seen 
in cattle that are positive for babesia bovis on blood smear, however this has yet to be 
proven in any scientific arena. Outspoken red discolouration of the grey matter on post-
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mortem further strengthens suspicion of cerebral babesiosis. Diagnosis is confirmed post-
mortem by observation of babesia infected erythrocytes sludged in the cerebral cortical 
capilaries in a brain smear. 

Treatment 

Most cases of babesiosis resolve without any specific treatment. For ill patients, treatment 
is usually a two-drug regimen. The regimen of quinine and clindamycin has been used, 
but is often poorly tolerated; recent evidence suggests that a regimen of atovaquone and 
azithromycin can be equally effective. In life-threatening cases, exchange transfusion is 
performed. In this procedure, the infected red blood cells are removed and replaced with 
fresh ones. 

Veterinary treatment of Babesiosis does not normally use antibiotics. In animals 
diminazen (Berenil), imidocarb or trypan blue would be the drugs of choice for treatment 
of Babesia canis rossi (Dogs in Africa), Babesia bovis, and Babesia bigemina (cattle in 
Southern Africa). 

There is a vaccine that is effective against Babesia canis canis (dogs in the mediterranean 
region) but this is ineffective against Babesia canis rossi. Babesia imitans causes a mild 
form of the disease that frequently resolves without treatment (dogs in South East Asia). 
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The study of animal viruses is important from a veterinary viewpoint and many of these 
viruses cause diseases that are economically devastating. Many animal viruses are also 
important from a human medical perspective. The emergence of the SARS virus in the 
human population, coming from an animal source, highlights the importance of animals 
in bearing infectious agents; avian influenza viruses can directly infect humans. In 
addition research into animal viruses has made an important contribution to our 
understanding of viruses in general, their replication, molecular biology, evolution and 
interaction with the host. 

Foot-and-Mouth Disease Virus 

Foot-and-mouth disease virus (FMDV) is the prototypic member of the Aphthovirus 
genus in the Picornaviridae family. This picornavirus is the etiological agent of an acute 
systemic vesicular disease that affects cattle worldwide, foot-and-mouth disease. FMDV 
is a highly variable and transmissible virus. It enters the body through inhalation. Soon 
after infection, the single stranded positive RNA that constitutes the viral genome is 
efficiently translated using a cap-independent mechanism driven by the internal ribosome 
entry site element (IRES). This process occurs concomitantly with the inhibition of 
cellular protein synthesis, caused by the expression of viral proteases. Processing of the 
viral polyprotein is achieved cotranslationally by viral encoded proteases, giving rise to 
the different mature viral proteins. Viral RNA as well as viral proteins interact with 
different components of the host cell, acting as key determinants of viral pathogenesis. In 
depth knowledge of the molecular basis of the viral cycle is needed to control viral 
pathogenesis and disease spreading. 

Pestiviruses 

Pestiviruses account for important diseases in animals such as Classical swine fever 
(CSF) and Bovine viral diarrhea / Mucosal disease (BVD/MD). According to the current 
O.I.E. list CSF and BVD/MD are notifiable diseases and eradication programs are 
administered in many countries worldwide. The molecular biology of pestiviruses shares 
many similarities and peculiarities with the human hepaciviruses. Genome organisation 
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and translation strategy are highly similar for the members of both genera. One hallmark 
of pestiviruses is their unique strategy to establish persistent infection during pregnancy. 
Persistent infection with pestiviruses often goes unnoticed; for BVDV frequently 
nonhomologous RNA recombination events lead to the appearance of genetically distinct 
viruses that are lethal to the host. 

Arteriviruses 

In 1996, the family Arteriviridae was included within the order Nidovirales. Arteriviruses 
are small, enveloped, animal viruses with an icosahedral core containing a positive-sense 
RNA genome. The family includes equine arteritis virus (EAV), porcine reproductive and 
respiratory syndrome virus (PRRSV), lactate dehydrogenase elevating virus (LDV) of 
mice and simian haemorrhagic fever virus (SHFV). Three of these viruses were first 
discovered and characterized in the 1950/60s, whereas PRRSV was first isolated in 
Europe and in North America in the early 1990s. The arteriviruses are highly species 
specific, but share many biological and molecular properties, including virion 
morphology, a unique set of structural proteins, genome organization and replication 
strategy, and the ability to establish prolonged or true persistent infection in their natural 
hosts. However, the epidemiology and pathogenesis of the infection caused by each virus 
is distinct, as are the diseases they cause. 

Coronaviruses 

Coronavirus (CoV) genome replication takes place in the cytoplasm in a membrane-
protected microenvironment, and starts with the translation of the genome to produce the 
viral replicase. CoV transcription involves a discontinuous RNA synthesis (template 
switch) during the extension of a negative copy of the subgenomic mRNAs. The 
requirement for basepairing during transcription has been formally demonstrated in 
arteriviruses and CoVs. CoV N protein is required for coronavirus RNA synthesis, and 
has RNA chaperone activity that may be involved in template switch. Both viral and 
cellular proteins are required for replication and transcription. CoVs initiate translation by 
cap-dependent and cap-independent mechanisms. Cell macromolecular synthesis may be 
controlled after CoV infection by locating some virus proteins in the host cell nucleus. 
Infection by different coronaviruses cause in the host alteration in the transcription and 
translation patterns, in the cell cycle, the cytoskeleton, apoptosis and coagulation 
pathways, inflammation, and immune and stress responses. The balance between genes 
up- and down-regulated could explain the pathogenesis caused by these viruses. 
Coronavirus expression systems based on single genome constructed by targeted 
recombination, or by using infectious cDNAs, have been developed. The possibility of 
expressing different genes under the control of transcription regulating sequences (TRSs) 
with programmable strength, and engineering tissue and species tropism indicates that 
CoV vectors are flexible. CoV based vectors have emerged with high potential for 
vaccine development and, possibly, for gene therapy. 
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Influenza 

Influenza is caused by RNA viruses of the family Orthomyxoviridae and affects birds and 
mammals. 

Avian Influenza 

Wild aquatic birds are the natural hosts for a large variety of influenza A viruses. 
Occasionally viruses are transmitted from this reservoir to other species and may then 
cause devastating outbreaks in domestic poultry or give rise to human influenza 
pandemics. Proteolytic activation of the hemagglutinin is an important determinant for 
pathogenicity and adaptation of the receptor binding specificity of the hemagglutinin and 
adaptation of the polymerase to new hosts play important roles in interspecies 
transmission. 

Bluetongue Virus 

Bluetongue virus (BTV), a member of Orbivirus genus within the Reoviridae family 
causes serious disease in livestock (sheep, goat, cattle). Partly due to this BTV has been 
in the forefront of molecular studies for the last three decades and now represents one of 
the best understood viruses at the molecular and structural levels. BTV, like the other 
members of the family is a complex non-enveloped virus with seven structural proteins 
and a RNA genome consisting of 10 double-stranded (ds) RNA segments of different 
sizes. It has been possible to determine the complex nature of the virion through 3D 
structure reconstructions (diameter ~ 800 Å); the atomic structure of proteins and the 
internal capsid (~ 700 Å, the first large highly complex structure ever solved); the 
definition of the virus encoded enzymes required for RNA replication; the ordered 
assembly of the capsid shell and the protein sequestration required for it; and the role of 
host proteins in virus entry and virus release. These areas are important for BTV 
replication but they also indicate the pathways that may be used by related viruses, which 
include viruses that are pathogenic to man and animals, thus providing the basis for 
developing strategies for intervention or prevention. 

Porcine Circoviruses 

Porcine Circoviruses (PCV) are the smallest viruses replicating autonomously in 
eukaryotic cells. The virions are non-enveloped and spherical with a diameter of 16-
18 nm and the covalently closed and single-stranded DNA genomes comprise less than 
1800 nucleotides. The genomes encode only two major open reading frames. The gene 
products Rep, Rep' and Cap are involved in viral replication, regulation of transcription 
and capsid formation. Due to their highly limited coding capacity, circoviruses are 
supposed to rely principally on the host's machinery for synthesis of macromolecules. 
Two types of PCV are known, which differ with respect to their pathogenicity. Porcine 
circovirus type 1 (PCV1) is not linked with a disease, while porcine circovirus type 2 
(PCV2) is the etiological agent of Postweaning Multisystemic Wasting Syndrome 
(PMWS), a new emerging and multifactorial disease in swine. PCV1 and PCV2 show a 
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high degree of sequence homology and a similar genomic organisation; nevertheless, the 
basis of the distinct pathogenicity has not yet been unravelled. 

Herpesviruses 

Herpesviruses are highly successful pathogens infecting animals and man. Although there 
is a wide variety of different herpesviruses with different biological characteristics, they 
have in common basic properties such as morphology of the virion, highly regulated 
transcription and establishment of latency. In animal virology the most important 
herpesviruses belong to the Alphaherpesvirinae. Research on pseudorabies virus, the 
causative agent of Aujeszky's disease in pigs, has pioneered animal disease control with 
genetically modified vaccines. PrV is now extensively studied as a model for basic 
processes during lytic herpesvirus infection, and for unravelling molecular mechanisms 
of herpesvirus neurotropism, whereas bovine herpesvirus 1, the causative agent of bovine 
infectious rhinotracheitis and pustular vulvovaginitis, is analyzed to elucidate molecular 
mechanisms of latency. The avian infectious laryngotracheitis virus is phylogenetically 
distant from these two viruses and serves to underline similarity and diversity within the 
Alphaherpesvirinae. 

African Swine Fever Virus 

African swine fever virus (ASFV) is a large double-stranded DNA virus which replicates 
in the cytoplasm of infected cells and is the only member of the Asfarviridae family. In 
common with other viral haemorrhagic fevers, the main target cells for replication are 
those of monocyte, macrophage lineage. The virus causes a haemorrhagic fever with high 
mortality rates in pigs, but persistently infects its natural hosts, warthogs, bushpigs and 
soft ticks of the Ornithodoros species with no disease signs. The virus encodes enzymes 
required for replication and transcription of the genome, including elements of a base 
excision repair system, structural proteins and many proteins that are not essential for 
replication in cells but have roles in virus survival and transmission in its hosts. Virus 
replication takes place in perinuclear factory areas. Assembly of the icosahedral capsid 
occurs on modified membranes from the endoplasmic reticulum. Products from 
proteolytically processed polyproteins form the core shell between the internal membrane 
and the nucleoprotein core. An additional outer membrane is gained as particles bud from 
the plasma membrane. The virus encodes proteins that inhibit signalling pathways in 
infected macrophages and thus modulate transcriptional activation of immune response 
genes. In addition the virus encodes proteins which inhibit apoptosis of infected cells to 
facilitate production of progeny virions. Viral membrane proteins with similarity to 
cellular adhesion proteins modulate interaction of virus-infected cells and extracellular 
virions with host components. 

Lentivirus 

Lentiviruses comprise a genus of diverse viruses in the Retroviridae family which are 
united in their ability to infect and persist in macrophages. Infections are characterized by 
immune system dysfunctions following sometimes lengthy incubation periods. The 
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viruses in this genus include primate lentiviruses such as HIV as well as animal 
lentiviruses including equine infectious anemia virus (EIAV). A feature of lentiviruses is 
their ability to hijack macrophages so that they are simultaneously involved in the 
dissemination and control of virus spread throughout the host, leading to disease 
induction and/or transmission to a new host. Despite the devastating infections that 
lentiviruses cause, they also have enormous potential as research tools due to their ability 
to integrate into the host genome and are being exploited for use as delivery vehicles in 
gene therapy. 

Flaviviruses 

Flaviviruses constitute a family of linear, single-stranded RNA(+) viruses. Flaviviruses 
include the West Nile virus, dengue virus, Tick-borne Encephalitis Virus, Yellow Fever 
Virus, and several other viruses. Many flavivirus species can replicate in both 
mammalian and insect cells. Most flaviviruses are arthropod borne and multiply in both 
vertebrates and arthropods. 

Paramyxoviruses 

Paramyxoviruses are a diverse family of non-segmented negative strand RNA viruses 
that include many highly pathogenic viruses affecting humans, animals, and birds. In 
recent years the advent of reverse genetics has led to a greater understanding of the 
genomics, molecular biology and viral pathogenesis. Paramyxoviruses cause a range of 
diseases in animal species: canine distemper virus (dogs), phocine distemper virus 
(seals), cetacean morbillivirus (dolphins and porpoises) Newcastle disease virus (birds) 
and rinderpest virus (cattle). Some paramyxoviruses such as the henipaviruses are 
zoonotic pathogens, occurring naturally in an animal host, but also able to infect humans. 

Hendra and Nipah Virus 

Over the past decade, the previously unknown paramyxoviruses Hendra virus (HeV) and 
Nipah virus (NiV) have emerged in humans and livestock in Australia and Southeast 
Asia. Collectively they are known as henipaviruses. Both viruses are contagious, highly 
virulent, and capable of infecting a number of mammalian species and causing potentially 
fatal disease. Due to the lack of a licensed vaccine or antiviral therapies, HeV and NiV 
are designated as biosafety level 4 agents. The genomic structure of both viruses is that of 
a typical paramyxovirus. However, due to limited sequence homology and little 
immunological cross-reactivity with other paramyxoviruses, HeV and NiV have been 
classified into a new genus within the family Paramyxoviridae named Henipavirus. 

Insect viruses 

Viruses that are pathogenic to insects cause millions of dollars worth of damage to 
industries such as sericulture, apiculture and aquaculture (e.g. infection of honeybees and 
silk worms). On the other hand, viruses that are pathogenic to insect pests can be 
exploited as biological control agents. Some insect viruses, e.g. baculovirus, have been 
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commercially exploited for use as gene expression and delivery vectors in both insect and 
mammalian cells. 

Interferon 

Interferons (IFNs) play pivotal roles in shaping the immune responses in mammals and 
are particularly important for the control of viral infections and cell growth, and immune 
regulation. These proteins rapidly induce an "anti-viral state" in cells that surround 
infected cells. In order to survive, viruses have evolved multiple strategies to evade the 
anti-viral effects of IFNs. Elucidating the molecular and cellular biology of the virus-
interferon interaction is key to understanding issues such as viral pathogenesis, latency, 
and the development of novel antivirals. 
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Chapter- 11 

List of Infectious Diseases 

 

 

 
List of infectious diseases in Humans 

Infectious Disease Causative Agent 
Acinetobacter infections Acinetobacter baumannii 

Actinomycosis Actinomyces israelii, Actinomyces gerencseriae and 
Propionibacterium propionicus 

African sleeping sickness 
(African trypanosomiasis) Trypanosoma brucei 

AIDS (Acquired immune 
deficiency syndrome) HIV (Human immunodeficiency virus) 

Amebiasis Entamoeba histolytica 
Anaplasmosis Anaplasma genus 
Anthrax Bacillus anthracis 
Arcanobacterium haemolyticum 
infection Arcanobacterium haemolyticum 

Argentine hemorrhagic fever Junin virus 
Ascariasis Ascaris lumbricoides 
Aspergillosis Aspergillus genus 
Astrovirus infection Astroviridae family 
Babesiosis Babesia genus 
Bacillus cereus infection Bacillus cereus 
Bacterial pneumonia multiple bacteria 
Bacterial vaginosis (BV) multiple bacteria 
Bacteroides infection Bacteroides genus 
Balantidiasis Balantidium coli 
Baylisascaris infection Baylisascaris genus 
BK virus infection BK virus 
Black piedra Piedraia hortae 
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Blastocystis hominis infection Blastocystis hominis 
Blastomycosis Blastomyces dermatitidis 
Bolivian hemorrhagic fever Machupo virus 
Borrelia infection Borrelia genus 

Botulism (and Infant botulism) 
Clostridium botulinum; Note: Botulism is not an 
infection by Clostridium botulinum but caused by the 
intake of botulinum toxin. 

Brazilian hemorrhagic fever Sabia 
Brucellosis Brucella genus 

Burkholderia infection usually Burkholderia cepacia and other Burkholderia 
species 

Buruli ulcer Mycobacterium ulcerans 
Calicivirus infection (Norovirus 
and Sapovirus) Caliciviridae family 

Campylobacteriosis Campylobacter genus 
Candidiasis (Moniliasis; Thrush) usually Candida albicans and other Candida species 
Cat-scratch disease Bartonella henselae 
Cellulitis usually Group A Streptococcus and Staphylococcus 
Chagas Disease (American 
trypanosomiasis) Trypanosoma cruzi 

Chancroid Haemophilus ducreyi 
Chickenpox Varicella zoster virus (VZV) 
Chlamydia Chlamydia trachomatis 
Chlamydophila pneumoniae 
infection Chlamydophila pneumoniae 

Cholera Vibrio cholerae 
Chromoblastomycosis usually Fonsecaea pedrosoi 
Clonorchiasis Clonorchis sinensis 
Clostridium difficile infection Clostridium difficile 
Coccidioidomycosis Coccidioides immitis and Coccidioides posadasii 
Colorado tick fever (CTF) Colorado tick fever virus (CTFV) 
Common cold (Acute viral 
rhinopharyngitis; Acute coryza) usually rhinoviruses and coronaviruses. 

Creutzfeldt-Jakob disease (CJD) CJD prion 
Crimean-Congo hemorrhagic 
fever (CCHF) Crimean-Congo hemorrhagic fever virus 

Cryptococcosis Cryptococcus neoformans 
Cryptosporidiosis Cryptosporidium genus 

Cutaneous larva migrans (CLM) usually Ancylostoma braziliense; multiple other 
parasites 
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Cyclosporiasis Cyclospora cayetanensis 
Cysticercosis Taenia solium 
Cytomegalovirus infection Cytomegalovirus 

Dengue fever Dengue viruses (DEN-1, DEN-2, DEN-3 and DEN-4) 
– Flaviviruses 

Dientamoebiasis Dientamoeba fragilis 
Diphtheria Corynebacterium diphtheriae 
Diphyllobothriasis Diphyllobothrium 
Dracunculiasis Dracunculus medinensis 
Ebola hemorrhagic fever Ebolavirus (EBOV) 
Echinococcosis Echinococcus genus 
Ehrlichiosis Ehrlichia genus 
Enterobiasis (Pinworm infection) Enterobius vermicularis 
Enterococcus infection Enterococcus genus 
Enterovirus infection Enterovirus genus 
Epidemic typhus Rickettsia prowazekii 
Erythema infectiosum (Fifth 
disease) Parvovirus B19 

Exanthem subitum Human herpesvirus 6 (HHV-6) and Human 
herpesvirus 7 (HHV-7) 

Fasciolopsiasis Fasciolopsis buski 
Fasciolosis Fasciola hepatica and Fasciola gigantica 
Fatal familial insomnia (FFI) FFI prion 
Filariasis Filarioidea superfamily 
Food poisoning by Clostridium 
perfringens Clostridium perfringens 

Free-living amebic infection multiple 
Fusobacterium infection Fusobacterium genus 
Gas gangrene (Clostridial 
myonecrosis) 

usually Clostridium perfringens; other Clostridium 
species 

Geotrichosis Geotrichum candidum 
Gerstmann-Sträussler-Scheinker 
syndrome (GSS) GSS prion 

Giardiasis Giardia intestinalis 
Glanders Burkholderia mallei 
Gnathostomiasis Gnathostoma spinigerum and Gnathostoma hispidum 
Gonorrhea Neisseria gonorrhoeae 
Granuloma inguinale 
(Donovanosis) Klebsiella granulomatis 
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Group A streptococcal infection Streptococcus pyogenes 
Group B streptococcal infection Streptococcus agalactiae 
Haemophilus influenzae infection Haemophilus influenzae 
Hand, foot and mouth disease 
(HFMD) 

Enteroviruses, mainly Coxsackie A virus and 
Enterovirus 71 (EV71) 

Hantavirus Pulmonary Syndrome 
(HPS) Sin Nombre virus 

Helicobacter pylori infection Helicobacter pylori 
Hemolytic-uremic syndrome 
(HUS) Escherichia coli O157:H7 

Hemorrhagic fever with renal 
syndrome (HFRS) Bunyaviridae family 

Hepatitis A Hepatitis A Virus 
Hepatitis B Hepatitis B Virus 
Hepatitis C Hepatitis C Virus 
Hepatitis D Hepatitis D Virus 
Hepatitis E Hepatitis E Virus 
Herpes simplex Herpes simplex virus 1 and 2 (HSV-1 and HSV-2) 
Histoplasmosis Histoplasma capsulatum 
Hookworm infection Ancylostoma duodenale and Necator americanus 
Human bocavirus infection Human bocavirus (HBoV) 
Human ewingii ehrlichiosis Ehrlichia ewingii 
Human granulocytic 
anaplasmosis (HGA) Anaplasma phagocytophilum 

Human metapneumovirus 
infection Human metapneumovirus (hMPV) 

Human monocytic ehrlichiosis Ehrlichia chaffeensis 
Human papillomavirus (HPV) 
infection Human papillomavirus (HPV) 

Human parainfluenza virus 
infection Human parainfluenza viruses (HPIV) 

Hymenolepiasis Hymenolepis nana and Hymenolepis diminuta 
Epstein-Barr Virus Infectious 
Mononucleosis (Mono) Epstein-Barr Virus (EBV) 

Influenza (flu) Orthomyxoviridae family 
Isosporiasis Isospora belli 
Kawasaki disease unknown; evidence supports that it is infectious 
Keratitis multiple 
Kingella kingae infection Kingella kingae 
Kuru Kuru prion 
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Lassa fever Lassa virus 
Legionellosis (Legionnaires' 
disease) Legionella pneumophila 

Legionellosis (Pontiac fever) Legionella pneumophila 
Leishmaniasis Leishmania genus 

Leprosy Mycobacterium leprae and Mycobacterium 
lepromatosis 

Leptospirosis Leptospira genus 
Listeriosis Listeria monocytogenes 

Lyme disease (Lyme borreliosis) usually Borrelia burgdorferi and other Borrelia 
species 

Lymphatic filariasis 
(Elephantiasis) Wuchereria bancrofti and Brugia malayi 

Lymphocytic choriomeningitis Lymphocytic choriomeningitis virus (LCMV) 
Malaria Plasmodium genus 
Marburg hemorrhagic fever 
(MHF) Marburg virus 

Measles Measles virus 
Melioidosis (Whitmore's disease) Burkholderia pseudomallei 
Meningitis multiple 
Meningococcal disease Neisseria meningitidis 
Metagonimiasis usually Metagonimus yokagawai 
Microsporidiosis Microsporidia phylum 
Molluscum contagiosum (MC) Molluscum contagiosum virus (MCV) 
Mumps Mumps virus 
Murine typhus (Endemic typhus) Rickettsia typhi 
Mycoplasma pneumonia Mycoplasma pneumoniae 

Mycetoma numerous species of bacteria (Actinomycetoma) and 
fungi (Eumycetoma) 

Myiasis parasitic dipterous fly larvae 
Neonatal conjunctivitis 
(Ophthalmia neonatorum) 

most commonly Chlamydia trachomatis and Neisseria 
gonorrhoeae 

(New) Variant Creutzfeldt-Jakob 
disease (vCJD, nvCJD) vCJD prion 

Nocardiosis usually Nocardia asteroides and other Nocardia 
species 

Onchocerciasis (River blindness) Onchocerca volvulus 
Paracoccidioidomycosis (South 
American blastomycosis) Paracoccidioides brasiliensis 

Paragonimiasis usually Paragonimus westermani and other 
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Paragonimus species 
Pasteurellosis Pasteurella genus 
Pediculosis capitis (Head lice) Pediculus humanus capitis 
Pediculosis corporis (Body lice) Pediculus humanus corporis 
Pediculosis pubis (Pubic lice, 
Crab lice) Phthirus pubis 

Pelvic inflammatory disease 
(PID) multiple 

Pertussis (Whooping cough) Bordetella pertussis 
Plague Yersinia pestis 
Pneumococcal infection Streptococcus pneumoniae 
Pneumocystis pneumonia (PCP) Pneumocystis jirovecii 
Pneumonia multiple 
Poliomyelitis Poliovirus 
Prevotella infection Prevotella genus 
Primary amoebic 
meningoencephalitis (PAM) usually Naegleria fowleri 

Progressive multifocal 
leukoencephalopathy JC virus 

Psittacosis Chlamydophila psittaci 
Q fever Coxiella burnetii 
Rabies Rabies virus 
Rat-bite fever Streptobacillus moniliformis and Spirillum minus 
Respiratory syncytial virus 
infection Respiratory syncytial virus (RSV) 

Rhinosporidiosis Rhinosporidium seeberi 
Rhinovirus infection Rhinovirus 
Rickettsial infection Rickettsia genus 
Rickettsialpox Rickettsia akari 
Rift Valley fever (RVF) Rift Valley fever virus 
Rocky mountain spotted fever 
(RMSF) Rickettsia rickettsii 

Rotavirus infection Rotavirus 
Rubella Rubella virus 
Salmonellosis Salmonella genus 
SARS (Severe Acute Respiratory 
Syndrome) SARS coronavirus 

Scabies Sarcoptes scabiei 
Schistosomiasis Schistosoma genus 
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Sepsis multiple 
Shigellosis (Bacillary dysentery) Shigella genus 
Shingles (Herpes zoster) Varicella zoster virus (VZV) 
Smallpox (Variola) Variola major or Variola minor 
Sporotrichosis Sporothrix schenckii 
Staphylococcal food poisoning Staphylococcus genus 
Staphylococcal infection Staphylococcus genus 
Strongyloidiasis Strongyloides stercoralis 
Syphilis Treponema pallidum 
Taeniasis Taenia genus 
Tetanus (Lockjaw) Clostridium tetani 
Tinea barbae (Barber's itch) usually Trichophyton genus 
Tinea capitis (Ringworm of the 
Scalp) usually Trichophyton tonsurans 

Tinea corporis (Ringworm of the 
Body) usually Trichophyton genus 

Tinea cruris (Jock itch) usually Epidermophyton floccosum, Trichophyton 
rubrum, and Trichophyton mentagrophytes 

Tinea manuum (Ringworm of the 
Hand) Trichophyton rubrum 

Tinea nigra usually Hortaea werneckii 
Tinea pedis (Athlete’s foot) usually Trichophyton genus 
Tinea unguium (Onychomycosis) usually Trichophyton genus 
Tinea versicolor (Pityriasis 
versicolor) Malassezia genus 

Toxocariasis (Ocular Larva 
Migrans (OLM)) Toxocara canis or Toxocara cati 

Toxocariasis (Visceral Larva 
Migrans (VLM)) Toxocara canis or Toxocara cati 

Toxoplasmosis Toxoplasma gondii 
Trichinellosis Trichinella spiralis 
Trichomoniasis Trichomonas vaginalis 
Trichuriasis (Whipworm 
infection) Trichuris trichiura 

Tuberculosis usually Mycobacterium tuberculosis 
Tularemia Francisella tularensis 
Ureaplasma urealyticum 
infection Ureaplasma urealyticum 

Venezuelan equine encephalitis Venezuelan equine encephalitis virus 
Venezuelan hemorrhagic fever Guanarito virus 
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Viral pneumonia multiple viruses 
West Nile Fever West Nile virus 
White piedra (Tinea blanca) Trichosporon beigelii 
Yersinia pseudotuberculosis 
infection Yersinia pseudotuberculosis 

Yersiniosis Yersinia enterocolitica 
Yellow fever Yellow fever virus 

Zygomycosis Mucorales order (Mucormycosis) and 
Entomophthorales order (Entomophthoramycosis) 

 


